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We have analyzed the functional activity of the p53 tumor suppressor in human T-cell lymphotropic virus
type 2 (HTLV-2)-transformed cells. Abundant levels of the p53 protein were detected in both HTLV-2A and -2B
virus-infected cell lines. The p53 was functionally inactive, however, both in transient-transfection assays using
a p53 reporter plasmid and in induction of p53-responsive genes in response to gamma irradiation. We further
investigated HTLV-2A Tax and HTLV-2B Tax effects on p53 activity. Interestingly, although Tax-2A and -2B
inactivate p53, the Tax-2A protein appears to inhibit p53 function less efficiently than either Tax-1 or Tax-2B.
In transient-cotransfection assays, Tax-1 and Tax-2B inactivated p53 by 80%, while Tax2A reduced p53 activity
by 20%. In addition, Tax-2A does not increase the steady-state level of cellular p53 as well as Tax-1 or -2B does
in the same assays. Cotransfection assays demonstrated that Tax-2A could efficiently transactivate CREB-
responsive promoters to the same level as Tax-1 and Tax-2B, indicating that the protein was functional. This
report provides evidence of the first functional difference between the HTLV-2A and -2B subtypes. This
comparison of the action of HTLV-1 and HTLV-2 Tax proteins on p53 function will provide important insights
into the mechanism of HTLV transformation.

Human T-cell lymphotropic virus type 1 (HTLV-1) and type
2 (HTLV-2) are closely related viruses which infect T cells and
share an important number of biological properties (22, 47).
HTLV-1 is the etiological agent of two different diseases, an
aggressive T-cell leukemia (ATL) (34) and a myelopathy trop-
ical spastic paraparesis/HTLV-1-associated myelopathy [TSP/
HAM]) (15). HTLV-2 has not been clearly demonstrated as
the agent of any T-cell malignancy (12). At the amino acid
level, the viral transactivator Tax from HTLV-1 and HTLV-2
have approximately 77 to 85% homology depending on the
part of the protein studied, the N-terminal part being the most
conserved between the two proteins. Tax-1 and Tax-2 can
transactivate their respective long terminal repeats (LTR) (2,
3, 7, 37). The existence of different HTLV-2 subtypes has been
uncovered only recently (11, 19, 20, 30, 48). Strikingly, the
Tax-2 proteins of the four different HTLV-2 subtypes (named
A, B, C, and D) have different lengths. Tax-2A is 331 amino
acids (aa) long, Tax-2B and Tax-2C are 356 aa, and Tax-2D is
344 aa long. Moreover, Tax-2B and -2C, whose lengths are very
similar to that of Tax-1 (353 aa), have totally different C-
terminal sequences (11, 18, 48). Conflicting studies have re-
ported as to the ability of Tax-1 and Tax-2 to activate heter-
ologous promoters (2, 3, 38). The functional regions or
domains important for transactivation through the CREB/
ATF and NF-kB signaling pathways are similar but not iden-
tical between the two proteins (38).

HTLV-2A has been shown to be predominant among intra-
venous drug users in North America and Europe and is wide-
spread worldwide (29). In contrast, HTLV-2B predominates in
Paleo-Indian groups, while HTLV-2C and -2D are detected in
remote populations of Brazil and Central African Pygmies,
respectively (11, 18, 25, 29, 43, 44, 48). The geographical loca-
tions of the HTLV-2B, -2C, and -2D-infected populations and
the relatively small number of infected individuals studied do
not allow for easy follow-up to determine whether they are at
higher risk for developing a disease.

Several studies have compared the transactivation and trans-
formation properties of the Tax-1 and Tax-2 proteins. Semmes
et al. (41) have reported that, in comparison to Tax-1, the
Tax-2A protein lacks the ability to induce micronuclei in
infected cells. In another study, Tanaka et al. reported that
Tax-2A was able to activate the ICAM-1 promoter in HeLa
cells but not in T-cell lines, whereas Tax-1 could activate the
ICAM-1 promoter in all cell lines tested (46). Finally, it has
been reported that Tax-2B is a more potent transactivator than
-2A (11). In transformation studies, the Tax-2A protein has
been shown to be essential for HTLV-mediated transforma-
tion of human T lymphocytes in culture (39), but there are no
published data concerning HTLV-2B, -2C, and -2D. Immor-
talized interleukin 2 (IL-2)-dependent cell lines obtained from
cell cultures of human T lymphocytes obtained from healthy
carriers infected with HTLV-2A and -2B, but not -2C or -2D
have been reported (17, 24).

Several laboratories have shown that wild-type p53 was tran-
scriptionally inactive in HTLV-1-infected cells and that Tax
protein alone could inactivate p53 function (1, 6, 14, 26, 31, 32,
51). Several models have been proposed to account for the p53
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inhibition. Pise-Masison et al. (32) have recently demonstrated
that this inactivation was associated with hyperphosphorylation
of serine 15, a residue located in the N-terminal activation
domain of the protein. This modification was sufficient for
inhibiting the binding of p53 to TFIID. In contrast, the labo-
ratories of Nyborg and Yoshida have reported that inhibition
of p53 function is due to squelching of CREB-binding protein
(CBP) by the HTLV-1 Tax protein (42, 49). In either case p53
inactivation, which results in both impairment of the DNA
repair pathway and inhibition of apoptosis, could be one of the
primary events which leads to the clonal expansion of the
HTLV-1-infected cells (4, 5, 50).

We have investigated the ability of Tax-2 proteins to regu-
late p53 function. We demonstrate here that HTLV-2A- and
-2B-immortalized and -transformed cells contained an in-
creased level of nuclear, wild-type, but transcriptionally inac-
tive p53 protein. We further demonstrate that in HTLV-2-
immortalized and -transformed cells, p53 activity is inhibited.
Interestingly, the Tax-2A protein inhibits p53 tumor suppres-
sor function less efficiently than either Tax-1 or Tax-2B. These
studies may provide a molecular correlation for a lower trans-
formation frequency of the HTLV-2 subtype A in vivo.

MATERIALS AND METHODS

Cell lines. The human myeloid cell line ML-1, the T-lymphocyte cell line
Jurkat, and the HTLV-1-transformed cell lines MT2 and C8166 were grown in
RPMI medium supplemented with 10% fetal bovine serum. HTLV-2-immortal-
ized or -transformed cell lines C19 (13), MO (24), and Pyg220 (17) were grown
in the same medium except with 20% fetal bovine serum and with 10% IL-2 for
Pyg220. Peripheral blood lymphocytes (PBLs) were grown in RPMI medium
supplemented with 20% fetal bovine serum and 10% IL-2. H1299 lung carci-
noma cells and MCF-7 breast cancer cells were grown in Dulbecco’s modified
Eagle’s medium supplemented with 10% fetal bovine serum.

p53 direct sequencing. Mutation detection analysis was performed by deter-
mining the nucleotide sequence of the three cDNA PCR products from the three
HTLV-2 cell lines and from mammary gland polyadenylated RNA used as a
wild-type sequence control. The first-strand cDNA synthesis was made by incu-
bating 50 ng of oligo(dT)12–18 with 5 mg of total RNA from the three cell lines
(CO, MO, and Pyg19) and with 5 mg of mammary gland polyadenylated RNA
(Clontech). After heating at 70°C for 10 min, the reverse transcription was
carried out at 42°C using Superscript RT (Gibco-BRL) according to the manu-
facturer’s instruction. Following DNA extension, the RNA template was digested
with RNase H for 20 min at 37°C. Ten percent of the cDNA product was used
for PCR amplification. The PCR mixture contained 50 mM KCl, 10 mM Tris (pH
8.4), 1.5 mM MgCl2, 10 mM each of the primers, 50 mM each of the four
deoxynucleoside triphosphates, and 5 U of Taq polymerase (Boehringer) in a
final volume of 100 ml. After an initial denaturation cycle at 94°C for 3 min,
amplification was carried out for 35 cycles at 94°C for 1 min, 55°C for 1 min, and
72°C for 2 min.

The oligonucleotide primer sequences were 59-TGCCAGAGGCTGCTCCCC
GCG-39 (forward) and 59-AACATCTCGAAGCGCTCACG-39 (reverse). The
PCR products (800 bp spanning exons 4 through 9) were purified using a PCR
product presequencing kit (Amersham Life Science). The PCR sequencing re-
action was performed using two primers, spanning exons 4 and 8, respectively:
59-TGCCAGAGGCTGCTCCCCGCG-39 and 59-ACCATCTCGAAGCGCTCA
CG-39. The reaction was performed using the Thermo-sequenase radiolabeled
terminator cycle sequencing kit (Amersham). The sequence cycling was carried
out as follows: 95°C for 30 s, 55°C for 30 s, and 72°C for 60 s, for a total of 35
cycles. After heating at 70°C for 2 to 10 min, samples were loaded in a 6%
denaturing gel (HR-1000, Genomix) and run on the GenomixLR sequencer
(Genomix-Beckman) for 2 h at 2,750 V, 125 W, and 50°C. After drying, the gel
was exposed to X-ray film (Bio-Max; Kodak) for 12 to 18 h at room temperature,
developed, and analyzed.

Irradiation, RNA isolation and RPA. Exponentially growing cells were g-irra-
diated with 6 Gy and incubated for 3 h. Cells were lysed in RNAzol B solution
(Tel-Test, Inc.), and total RNA was isolated according to the manufacturer’s
instructions. Fifteen micrograms of total RNA obtained from the different cells
was used for the RNase protection assay (RPA) experiment. The RiboQuant kit
was used according to the manufacturer’s instructions (Pharmingen) using the
human cytokine/chemokine multiprobe template hSTRESS-1. Samples were
loaded then on a 5% acrylamide–urea gel and run at a constant 65 W for 1 h.
Gels were subsequently dried and placed on a PhosphorImager cassette for an
overnight exposure. Signals were quantitated using the ImageQuant program
(Molecular Dynamics).

Transfections and luciferase assays. Transient-transfection experiments with
5 3 106 cells of Jurkat or HTLV-2-infected cells per sample were performed

using the Superfect procedure according to the manufacturer’s instructions (Qia-
gen). Adherent cells (H1299) were transfected using the Effectene procedure as
recommended by the manufacturer with an enhancer-DNA ratio of 8:1 and an
Effectene-DNA ratio of 5:1. The amount of DNA transfected was equalized by
addition of a control vector. All the transfections were carried out in the pres-
ence of a pRL-TK vector in order to normalize the results for the transfection
efficiencies. Reporter activities were assayed 24 h posttransfection using the
Dual-Luciferase reporter assay system (Promega). Luciferase assays were per-
formed with a Berthold LB9500C luminometer as described elsewhere (31).
PG13pyLuc contains 13 p53 consensus binding sites. pCMV-53, pcTAX, pG104-
Tax2A, pCG-Tax2B6wt, and pCG-Tax2B5 (cytomegalovirus [CMV]-driven con-
structs) as well as HTLV-1-luc were described previously (11, 31, 38).

Western blots. Cells were washed in phosphate-buffered saline and then lysed
in radio immunoprecipitation assay buffer (50 mM Tris [pH 8.0], 150 mM NaCl,
1% Nonidet P-40, 0.5% deoxycholate, 0.1% sodium dodecyl sulfate [SDS])
containing 1 mM phenylmethylsulfonyl fluoride, 1 mg of aprotinin per ml, 1 mg
of leupeptin per ml, and 5 mM sodium fluoride at 0°C for 30 min. Lysates were
cleared by centrifugation in a microcentrifuge at 14,000 rpm for 15 min. For each
cell lysate, a total of 30 mg of protein, as determined by the Bio-Rad protein
assay, was separated on an SDS-acrylamide denaturing gel, transferred to an
Immobilon membrane (Millipore, Bedford, Mass.), and probed with antibodies
against p53 (DO-1; Oncogene) or b-tubulin (Boehringer Mannheim). Detection
was performed with an enhanced chemiluminescence system (Amersham Corp.,
Arlington Heights, Ill.).

P-Ser15 and P-Ser392 antibody characterization. Whole-cell extracts were
made as described previously (32). Using agarose-linked DO-1 antibody, p53
complexes were immunoprecipitated from 500 mg of cell extract, separated on a
4 to 20% Tris–glycine gel, and analyzed by Western blot using anti-Ser15P,
anti-Ser392P, and anti-DO-1. The specificity of these antibodies has been de-
scribed previously (32, 48).

Tax expression in HTLV-2-infected cells. Total RNA was isolated from
HTLV-2-infected (MO, C19, and Pyg220) and HTLV-1-infected (MT2) growing
cell cultures. Reverse transcription was carried out using the Superscript pream-
plification system (Life Technologies). PCR was carried out as previously de-
scribed using degenerated primers which allow the amplification of all Tax
subtypes: primer RM1 (59 ATCCCGTGGMGAYTCCTSAA 39) and primer
RM2 (59 AACACGTAGACKGGGTATCC) (16), where Y stands for C or T, M
stands for A or C, S stands for G or C, and K stands for G or T. The 146-bp PCR
product was then resolved on a 2.5% agarose gel. We also determined Tax-1 and
-2B expression by Western blot using either a Tax-2B monoclonal or a Tax-1
monoclonal antibody.

RESULTS

Nuclear localization and protein and sequence analysis of
p53 in HTLV-2-infected, immortalized or transformed cell
lines. To analyze the level of p53 expression in HTLV-infected
cell lines, cellular extracts were prepared from two HTLV-1-
transformed lymphocytic lines (MT-2 and C8166), three
HTLV-2-infected lines (MO, C19, and Pyg220), and from con-
trol ML-1 and PBL cells, which contain wild-type p53. Cell
extracts were separated on an SDS-polyacrylamide gel, trans-
ferred to an Immobilon membrane, and probed with the p53
monoclonal antibody DO-1. PBLs as well as untreated and
g-irradiated ML-1 cell extracts were used as controls to show
low and induced (high) levels of p53 (Fig. 1A, lanes 1 to 3). As
previously reported, in comparison to control cells, the steady-
state level of p53 protein is elevated in HTLV-1-infected cells
(Fig. 1, compare lanes 4 and 5 with lane 1) (31, 36). Similarly,
we observed that the level of p53 protein in all three HTLV-2
cell lines was elevated (Fig. 1A, lanes 6 to 8). The same West-
ern blot membrane was then reprobed for b-tubulin (Fig. 1B).
The results of this experiment demonstrate that similar
amounts of extract were analyzed for each sample.

The cellular localization of p53 in the HTLV-2-infected cell
lines was determined by immunofluorescent staining and con-
focal microscopy. HTLV-2 MO cells were fixed and stained
with DAPI (49,69-diamidino-2-phenylindole) (nuclear staining)
and with the p53 DO-1 antibody. Confocal imaging of the
anti-p53-stained MO cells clearly demonstrated that the p53
was localized in the nucleus of the cell (data not shown).

To determine if the increase in the level of p53 was due to
p53 mutation, we next looked at the p53 sequence in the three
HTLV-2 cell lines. Total RNA was extracted from the expo-
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nentially growing HTLV-2 cell lines, and cDNA from exons 4
through 9 was directly sequenced as described in Materials and
Methods. This method offers the advantage of detecting het-
erozygous sequences in which one of the alleles may be mu-
tated. No mutations were found in the six exons sequenced in
any of the three HTLV-2-infected cell lines (data not shown).
This result suggests that the increased level of p53 was not due
to mutation in the protein coding sequences.

p53 is inactive in HTLV-2-immortalized and -transformed
cell lines. We next looked at the p53 transcriptional activity in
these cell lines as well as in Jurkat control cells. When the p53
reporter construct was transfected into the p53-negative Jurkat
cell line, we did not detect any activity (Fig. 2). When the p53
expression plasmid was cotransfected, we observed a 185-fold
increase in activity. In the MO HTLV-2 line, the levels of
endogenous p53 activity were very low (Fig. 2), similar to the
p53-negative Jurkat cell line. Moreover, when the cells were
cotransfected with a p53 expression vector, p53 transactivation
was not observed in the MO HTLV-2 cell line. The results of
these studies were normalized for transfection efficiency by
inclusion of the pRL-TK plasmid in the transfection mix. The
activity of the pRL-TK expression plasmid further demon-

strated that the lack of p53 activity was not due to cell death.
These results suggest that (i) the wild-type p53 present in the
HTLV-2 cell lines is transcriptionally inactive and (ii) similar
to HTLV-1-transformed cells, the cells are capable of rapidly
inhibiting exogenous p53 produced from the expression plas-
mid (31). Although transfection efficiency was low, similar re-
sults were observed in the C19 HTLV-2 cell line (data not
shown).

To investigate Tax transcription activity in the HTLV-2-
infected cells, we transfected the MO HTLV-2 cell line with
the HTLV-1-luc reporter plasmid. Upon transfection of
HTLV-1-luc, we detected a significant activity in MO and C19
cells, but not in the control Jurkat cell line (Fig. 3A, and data
not shown). These results demonstrate the presence of a tran-
scriptionally active Tax-2 protein in the cells.

To analyze Tax expression in the HTLV-2 cell lines, we
performed a series of reverse transcription (RT)-PCR experi-
ments. The design of the primers allows amplification of the
cDNA of all Tax subtypes (Fig. 3B). Under these conditions,
we detected the expression of the Tax RNA for all HTLV-1 or
HTLV-2 cell lines tested (Fig. 3C, lanes 2 to 4 and 6), but not
in the control PBLs (Fig. 3C, lane 5). Importantly, no PCR
product was observed in the absence of reverse transcription
(Fig. 3C, lane 1). The results of this experiment demonstrate
that Tax RNA is expressed in each of the HTLV-2-trans-
formed cell lines.

We next attempted to analyze the level of Tax protein ex-
pression using a panel of Tax antibodies including four Tax
monoclonals (Tab 169, 170, 171, and 172) from our laboratory,
three antibodies (IF7, 4C5, and 9F11) from C. Z. Giam against
different relatively conserved domains in Tax-1 and Tax-2, and
Tax antibodies from J. Semmes and W. Hall. Although each of
the antibodies worked well against the respective Tax protein,
none of the antibodies was able to detect Tax-1, Tax-2A, and
Tax-2B at the same time (data not shown). In light of these
experiments, we cloned each of the Tax coding sequences into
a common expression vector (pCMV-Tag) containing a Flag
tag. In transient-transfection assays, we were able to demon-
strate that similar amounts of Tax fusion protein were ex-
pressed (data not shown). Unfortunately, the presence of the
Flag tag at either the amino- or carboxy-terminal end of
the Tax protein abolished the activity of the Tax protein on the
HTLV-1 LTR in transient assays (data not shown). Similar
results have been obtained in the laboratory of Patrick Green
(personal communication). At this point, we are not aware of
any antibody that will allow one to detect Tax-1, -2A, and -2B.

p53 function in HTLV-2 cell lines is not responsive to g-ir-
radiation. To further test the transcriptional activity of p53 in
the HTLV-2 cells, we conducted a series of RPAs (Fig. 4A and
B). Exponentially growing cells were g-irradiated and har-
vested 3 h later. Total RNA was isolated from HTLV-1-in-
fected cells (MT-2 and C8166), ML-1 control cells, which con-
tain a wild-type p53, and three HTLV-2 lines (MO, C19, and
Pyg220) before and after g-irradiation. The RNA was then
subjected to hybridization with the human hSTRESS-1 probe
set to look at the induction of the p53-responsive genes bcl-x,
GADD45, p21, bax, and bcl-2, as well as p53 expression. This
probe set also contains two housekeeping genes, glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) and L32, which
are used as internal controls for each sample. Quantitative
analysis of the RPA profile is presented in Table 1. Upon
g-irradiation, GADD45 and p21 expression was induced 4.5-
and 19-fold, respectively, in p53-positive control ML-1 cells. In
contrast, there was no induction of the p53-responsive genes in
the three HTLV-2 cell lines (Table 1 and Fig. 4A, lanes 7 and
8; 4B, lanes 3 to 6). The lack of induction was not due to a

FIG. 1. Western blot analysis of (A) p53 and (B) b-tubulin in HTLV-infected
and control (ML-1) cells. Lanes 1, PBLs; lane 2, ML-1, no g-irradiation; lane 3,
ML-1, g-irradiation; lane 4, C8166; lane 5, MT2; lane 6, C19; lane 7, MO; lane
8, Pyg220.

FIG. 2. Transcriptional stimulation of p53 activity and Tax activity in differ-
ent cell lines. The p53 reporter plasmid PG13pyLuc (4 mg) was transfected into
HTLV-2 (MO) as well as Jurkat control cell lines in the presence (2 mg) or
absence (control) of pCMV-p53. In all experiments, the amount of total DNA
was adjusted to 6 mg by adding carrier DNA. pRL-TK (0.15 mg) was cotrans-
fected in all experiments. Transfection results are the mean 6 standard deviation
(SD) of three independent experiments, normalized to control (con) activity.
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problem in preparation or analysis of the RNA sample, since
the control GAPDH and L32 levels were fairly constant be-
tween the samples. Consistent with previous results, we did not
detect a significant change in the levels of GADD45 and p21
expression in HTLV-1 C8166 and MT2 cells (Table 1; Fig. 4A,
lanes 3 to 6) (31).

Hyperphosphorylation of p53 at Ser15 and Ser392 in
HTLV-2 cell lines. Hyperphosphorylation of serines 15 and 392
has been previously shown to correlate with the transcriptional
inactivation of p53 in HTLV-1-infected cells (32). Since the
p53 sequence is wild type in the HTLV-2-immortalized or
-transformed cell lines tested (MO, C19, and Pyg220), but
there is no response to ionizing radiation, we checked whether
this phenomenon also correlated with the hyperphosphoryla-
tion of these specific residues. For that purpose, p53 was im-
munoprecipitated from HTLV-1 (C8166), HTLV-2 (C19 and
Pyg220), and control (MCF-7) cell lines and separated by gel
electrophoresis. We then used affinity-purified antibodies spe-
cific for P-ser15, P-ser392, or WTp53 (32) (Fig. 5A, B, and C,
respectively). The specificity of the antibodies for phospho-p53
protein has been demonstrated previously (32, 40). Using the
DO-1 antibody as a control, we detected the presence of p53 in
the UV-treated wild-type p53-containing MCF-7 cells, as well
as in C8166 and two HTLV-2 cell lines (Fig. 5C). We also
detected a hyperphosphorylated residue 15 in all HTLV-in-
fected cells, but not in the noninduced MCF-7 control cells
(Fig. 5A). Finally, and consistent with what has been reported
for HTLV-1 cells, we detected hyperphosphorylated serine 392
in both HTLV-2 cell lines tested (Fig. 5B). Similar results were
also obtained for the MO cell line (data not shown). These
results are therefore similar to those reported for HTLV-1-
transformed cell lines in which hyperphosphorylation is corre-
lated with an inactive p53.

Comparison of the ability of HTLV-1 and HTLV-2 Tax to
inactivate p53. We next wanted to determine whether the Tax
protein was directly responsible for the p53 inactivation de-
tected in the three HTLV-2 cell lines. It was important in these
comparative studies to demonstrate the relative activity of
HTLV-1 and HTLV-2 Tax in the transfection assay. To this
end, we took advantage of the observation that Tax-1 and
Tax-2A proteins transactivate the HTLV-1 promoter with
roughly similar efficiency (38, 41, 46). Wild-type Tax, Tax-2A,
and Tax-2B CMV-driven expression plasmids were cotrans-
fected with the HTLV-1-luc reporter, which contains the
HTLV-1 LTR upstream of the luciferase gene. So that the
activity of the proteins could be analyzed in different cell types,
both Jurkat T lymphocytes and H1299 lung carcinoma cells
were used in the studies. All results were normalized for trans-
fection efficiency by cotransfection of the pRL-TK plasmid.
The results of these assays demonstrate that all three proteins
efficiently transactivated the HTLV-1 LTR in both the Jurkat
(Fig. 6A) and H1299 (Fig. 6B) cells. It is worth noting that in
both cell types, Tax-2A was as active as Tax-1 and -2B for
transactivating the HTLV-1 promoter. We also used as a con-
trol the Tax-2B5 mutant, which encodes a deleted (aa 1 to
301), inactive Tax protein. Indeed, upon transfection of this
mutant, we did not detect any transactivation of the HTLV-1-
luc promoter (Fig. 6A and B). These results are of particular
importance to the conclusions reached in this study. Since
there is no available antibody that will detect Tax-1, Tax-2A,
and Tax-2B, we must rely on the biological activity of the
proteins as an indication of expression level. Along these lines,
it is important to point out that three earlier studies (38, 41, 46)
all report that Tax-1 and Tax-2 proteins have similar transac-
tivation activity on the HTLV-1 LTR, which is exactly the
result we report.

FIG. 3. (A) HTLV-1-luc plasmid (4 mg) was transfected into HTLV-2 MO or Jurkat cells. The amount of total DNA was adjusted to 6 mg by adding carrier DNA.
pRL-TK (0.15 mg) was cotransfected in all experiments. Transfection results are the mean 6 SD of three independent experiments, normalized to control activity. (B)
Oligonucleotide primers and strategy for PCR following reverse transcription of RNA from HTLV-1 and HTLV-2 cell lines. (C) RT-PCR analysis. Lane 1, no RT
added, lane 2, Pyg220; lane 3, C8166; lane 4, MO; lane 5, peripheral blood mononuclear cells (PBMC); lane 6, C19; lane 7, size markers.
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We next wanted to determine the relative activities of the
different Tax proteins on p53 inactivation. Plasmids encoding
Tax-1, Tax-2A, and Tax-2B were titrated with the p53- and the
PG13pyLuc p53-responsive plasmids in Jurkat and H1299 cells
in the presence of an pRL-TK plasmid to normalize for trans-
fection efficiency. The results of these experiments demon-
strate that the Tax-1 and Tax-2B proteins were able to repress
the p53 activity in both cell types (Fig. 7A and B). At the
highest concentration of Tax-1 plasmid transfected, p53 activ-
ity was reduced by approximately 80%. Similarly, Tax-2B was
also able to inhibit p53 activity in both Jurkat and H1299 cells
(Fig. 7B). Strikingly, we reproducibly found that the ability of
Tax-2A to inhibit p53 was cell type dependent. In H1299 cells,
Tax-2A inhibited p53 activity by 60%, whereas Tax-1 and
Tax-2B inhibited p53 by 70 to 75% at 4 mg of Tax plasmid.

Remarkably, Tax-2A protein was significantly less efficient in
its ability to suppress p53 activity in Jurkat T cells, even at high
concentrations of plasmid (4 mg) (Fig. 7A).

We also performed Western blots of the transfected cell
extracts to examine the ability of Tax to increase the cellular
level of p53. Tax-1 and Tax-2B were found to increase the
steady-state level of p53 protein in Jurkat and H1299 cells (Fig.
8A and 8C), respectively. In agreement with the results ob-
tained in the p53 transactivation assays, we found that Tax-2A
was significantly weaker in its ability to increase the steady-
state level of p53 in Jurkat T lymphocytes (Fig. 8A). Again,
consistent with the ability of Tax-2A to inhibit p53 activity
slightly better in the H1299 cell, the Tax-2A protein was more
efficient at increasing the level of p53 in these cells (Fig. 8C).
A control Western blot with an antibody specific for b-tubulin
demonstrated that equivalent amounts of protein were ana-
lyzed in each of the samples (Fig. 8B and D).

DISCUSSION
HTLV-1 and HTLV-2 are highly related at both the nucle-

otide and protein sequence level (3). For example, the Tax
protein sequence is highly conserved between the two viruses,
with more than 77% identity at the amino acid level (41).
Strikingly, however, HTLV-2 is not clearly associated with any
malignancy. In fact, there have been only sporadic associations
of HTLV-2 with diseases such as a rare hairy T-cell variant
hairy cell leukemia (23) and some neurological diseases (27,
28). It is probable that differences in pathogenicity between
HTLV-1 and HTLV-2 are accounted for, in part, by the dif-
ferential activity of the tax gene on cellular promoters. Along

FIG. 4. Effect of g-irradiation on the expression of various p53-inducible genes. Fifteen micrograms of total RNA obtained from either (A) p53-inactive HTLV-2
(Pyg220) or HTLV-1 (MT2 and C8166) and (B) p53-inactive HTLV-2 (MO and C19) or (A and B) p53-active control (ML-1) cells were used before (–) and after (1)
g-irradiation. The RiboQuant kit was used according to the manufacturer’s instructions (Pharmingen) using the human cell cycle regulator multiprobe template
hSTRESS-1. Samples were then loaded on a 5% acrylamide–urea gel and run at a constant 65 W for 1 h. Gels were subsequently dried and placed on a PhosphorImager
cassette for overnight exposure.

TABLE 1. Effect of g-irradiation on the expression of various
DNA damage-inducible genes

Infecting
virus

Cell
line

Fold increase in relative mRNAa

p21 GADD45 Bax GAPDH

HTLV-1 ML-1 19 4.5 2 1
MT-2 1.5 1 1 1
C-8166 1.5 1 1 1

HTLV-2a MO 0.5 0.5 0.5 1
C19 1 1 1 1

HTLV-2b Pyg220 1 1 1 1

a Fold increase was determined by comparing the intensity of the signal before
and after g-irradiation. Each signal was normalized to GAPDH and L32 signals.
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these lines, there have been a few studies reporting phenotypic
differences between the HTLV-1 and HTLV-2 Tax proteins.
Semmes et al. (41) reported that the Tax-2A protein lacks
the ability to induce micronuclei in infected cells. Particu-
larly relevant to the Tax-2A cell type specificity reported
here, Tanaka et al. (46) also reported that Tax-2A was able
to activate the ICAM-1 promoter in HeLa cells but not in
T-cell lines, whereas Tax-1 could activate the ICAM-1 pro-
moter in all cell lines tested. Finally, recent data suggest that
HTLV-1 Tax and HTLV-2A Tax might activate transcription
from their homologous LTRs by utilizing different transcrip-
tion factors (H. Fan, personal communication).

It is important to address the apparent paradox between
inactivation of p53 in HTLV-2-transformed cells versus the
relatively weak inactivation of p53 by Tax-2A in transfected
Jurkat lymphocytes. If Tax-2A protein is not a strong repressor
of p53, how can one obtain HTLV-2A-transformed T-cell
lines containing an inactivated p53? One hypothesis could
be that the cells adapt to the presence of the HTLV-2 virus
and undergo metabolic changes. Changes in the cell metab-
olism may allow the Tax-dependent regulation of transcrip-
tion factors and/or kinases required to inactivate p53. Al-
ternatively, it is possible that other viral proteins contribute
to the inactivation of p53. While we have shown that Tax is

able to inactivate p53, we cannot rule out the possibility that
the expression of other viral proteins contributes to the effi-
ciency of p53 inactivation. For example, adenovirus encodes
several proteins, including E1B and E4orf6, which inactivate
p53 function (10, 35).

HTLV-1 causes clonal expansion of the infected cells in the
carrier of the virus. This result can be shown by PCR amplifi-
cation of the HTLV integration sites and explains the remark-
able genetic stability and the high proviral loads (50). One
explanation for that phenomenon could be inactivation of p53
functions. Indeed, if p53 functions are inactivated, the infected
cell might become more resistant to apoptosis. If this hypoth-
esis is valid, and if HTLV-2A is a weaker p53 inactivator, one
might then expect a lower viral load in HTLV-2A-infected
individuals than in HTLV-2B or HTLV-1 carriers. Although
there are very few studies aimed at looking at viral load as
well as at the clonal expansion level in HTLV-2-infected
cells in the context of the molecular subtype (8, 9), the
available data suggest that HTLV-2A-infected people have
a lower viral load than HTLV-2B-infected people (8, 9). The
levels of Tax-2 expression in vivo in these patients were not
determined.

As mentioned above, the discovery of HTLV-2 subtypes
took place only 7 years ago, not allowing prospective studies on
the possible higher incidence of hematological diseases in
HTLV-2B- versus -2A-infected individuals (19, 21, 30). ATL
occurs in 3 to 5 out of 100 HTLV-1-infected individuals, and

FIG. 5. p53 phosphorylation is increased on Ser15 and Ser392 in HTLV-1-
and HTLV-2-immortalized or -transformed cells. Antibodies specific for P-ser15
(A) and P-ser392 (B) and antibody DO-1, which reacts with phosphorylated and
nonphosphorylated p53 (C), were used in Western blot analyses of lysates from
C19, Pyg220, C8166, and MCF-7 cells (without [2] and with [1] UV treatment)
after immunoprecipitation with the DO-1 antibody as described in Materials and
Methods. ., immunoglobulin G heavy chain.

FIG. 6. HTLV-1 LTR activation by the different HTLV-1, HTLV-2A, and
HTLV-2B Tax cDNA constructs. Tax-2B5 is a Tax-2B deletion mutant that
retains no activity, Tax-2B6 represents the Tax-2B wild-type sequence. (A and B)
Titration of the different constructs on the HTLV-1-luc reporter plasmid. Jurkat
(A) or H1299 (B) cells were transfected with increasing amounts of Tax (2 and
4 mg) together with HTLV-1-luc (2 mg) and pRL-TK (0.15 mg) as described in
Materials and Methods with Superfect and Effectene reagents, respectively.
DNA concentrations were adjusted with vector control to that equivalent
amounts of DNA were used in all experiments. Results were normalized to
Renilla activity. The results presented in panels A and B are the mean 6 SD of
three experiments.
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therefore, the association between ATL and HTLV-1 infection
was uncovered only because of the large number of infected
individuals living in Japan (45). There is not really such a
population infected with HTLV-2B, perhaps giving the false
impression that 2B viruses are nonpathogenic. Future analysis
of HTLV-2-infected populations will show a better assessment
of virus-associated diseases.

In conclusion, we have presented evidence for an impor-
tant and novel phenotypic difference between HTLV-1 and
HTLV-2 Tax proteins. We show that the HTLV-2A Tax pro-
tein is a weaker inactivator of p53 than HTLV-1 or HTLV-2B
Tax in T cells. It will be of interest to follow dynamic epi-

demiological studies on HTLV-2A versus -2B-infected pop-
ulations to see if the latter are at higher risk of developing
hematological diseases. These studies will provide valuable
information on the pathogenicity of the HTLV viruses. It
will also be of interest to analyze the molecular mechanism
by which HTLV-2B inactivates p53 function. Two recent
reports by Van Orden et al. (49) and Suzuki et al. (42) have
suggested that Tax-1 inhibits p53 function by binding and
sequestering the coactivator CBP from p53. In contrast,
results from Pise-Masison et al. (33) suggest that Tax inhib-
its p53 function through induction of the NF-kB transcrip-
tion pathway, not through squelching of the coactivator

FIG. 7. Dose-dependent repression of p53 transactivation by Tax. Jurkat (A) or H1299 (B) cells were transfected with increasing amounts of Tax-1, -2A, or -2B6
(2 and 4 mg) together with PG13pyLuc (2 mg [A] or 0.5 mg [B]), pCMV-p53 (2 mg [A] or 0.3 mg [B]), and pRL-TK (0.15 mg) as described in Materials and
Methods with Superfect and Effectene reagents, respectively. DNA concentrations were adjusted with vector control so that an equivalent amount of DNA was
used in all experiments. Transfection results were normalized to Renilla activity. The results presented in panels A and B are representative of three independent
experiments.
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CBP. It will be of interest to determine the mechanism of
p53 inhibition by Tax-2B.
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