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HTLV Tax gene expression in patients with
lymphoproliferative disorders

E A Cardoso, N Miranda, P Gameiro, M J Frade, M Figueiredo, A Parreira

Abstract
Aims-To study the expression of the
human T lymphotropic virus (HTLV) Tax
gene in peripheral blood mononuclear
cells.
Methods-Blood was collected from 72
patients with lymphoproliferative disor-
ders. Serum from all patients was assayed
for antibodies directed against HTLV-I
structural proteins by ELISA and western
blotting. RNA was purified from fresh
blood cells and amplified by reverse tran-
scription polymerase chain reaction (RT-
PCR). After Southern blotting, the PCR
products were hybridised with a "P end-
labelled probe specific for the Tax gene.
Results-All samples were seronegative. A
specific band for the Tax gene was found
in five samples. Each of the patients posi-
tive for Tax gene expression had a differ-
ent type oflymphoproliferative disorder.
Conclusions-Infection by HTLV-I cannot
be assessed solely by immunological as-
says, particularly when only disrupted
virions are used. Sensitive molecular biol-
ogy assays are essential for detecting viral
gene expression in fresh blood cells.
(7 Clin Pathol 1996;49:938-941)
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Human T-cell leukaemia virus type I (HTLV-I)
has been implicated in the aetiology of adult T
cell leukaemia (ATL) 2 and tropical spastic
paraparesis/HTLV-I associated myelopathy
(TSP/HAM).' Another retrovirus, HTLV-II,
has been isolated from a hairy cell leukaemia
(HCL) of T-cell phenotype.4 Both viruses are

closely related and indistinguishable by com-

mon serological assays.5 Seroepidemiological
studies indicate that only 1 to 2% of people
infected with HTLV-I will eventually develop
the disease. Other disorders have been tenta-
tively associated, direct or indirectly, with these
viruses, including Sjogren's syndrome,6
chronic infective dermatitis,7 polymyositis,8
T-cell alveolitis,9 retinitis and uveitis," B-cell
chronic lymphocytic leukaemia (CLL)," and
lymphoma mimicking Hodgkin's disease. 12

The relation with virus infection was based on

serological or molecular tests. However, there
are insufficient data to judge whether these
findings are fortuitous or whether there is a

genuine association with HTLV.
Although T-cells seem to be the preferential

target for the virus, other haemopoietic cells

may carry integrated viral DNA." 14 A broad
range of cell lines is also susceptible to
infection.'5 These cells contain the HTLV
genome and synthesise viral RNA, but are
restricted in their expression of viral structural
proteins. Efficient expression of the HTLV
genome requires both virus and host specific
proteins and is dependent on the viral long ter-
minal repeat (LTR). Of particular importance
is the viral Tax gene, localised in the pX region,
which has been implicated in tumorigenesis."
It transactivates viral and several cellular
genes"" and is capable of immortalising cells
in vitro.'9 It has been suggested that the
deregulation of these cellular genes is a critical
step for the Tax mediated transformation proc-
ess in HTLV leukaemogenesis.'4" Several host
specific cellular protein factors have been
shown to interact with the virus LTR and pre-
sumably influence the expression of the viral
genome and several cellular growth regulatory
genes and cytokins."..23 It was found that a sig-
nificant fraction of patients with ATL carry
deleted viral genomes in their cells'7 with pref-
erential retention of the Tax gene. These data
apparently suggest that the HTLV oncogenic
effect may be observed in the absence of viral
replication. However, the significance of differ-
ent Tax mRNA levels, in infected cells, is not
fully understood."4

Except for those with TSP/HAM, most car-
riers of and patients with HTLV-I associated
disease have low antibody titres."'6 In fresh
blood cells the presence of antigens or expres-
sion of viral genes cannot be detected using
conventional methods, such as immunofluo-
rescence or northern blotting."7 It is possible
that estimates ofHTLV associated disease will
be increased in the light of molecular, rather
than just serological evidence of infection. The
reverse transcription polymerase chain reac-
tion (RT-PCR) seems to be the most suitable
assay for this purpose.8' 9

Previous seroepidemiological studies from
our group indicate that Portugal is not an
endemic area for HTLV and the prevalence of
seropositivity is 0.55% in the general popula-
tion."0 To our knowledge there were no
reported cases ofATL in Portugal and the few
known cases of TSP/HAM were described in
black people native to former Portuguese Afri-
can colonies."
The aim of the present study was to investi-

gate whether molecular evidence of HTLV
infection could be found in patients with
different types of lymphoproliferative disor-
ders, even in the absence of detectable
antibody.
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Table 1 Clinical and histological classification ofpatients

Classification Number ofpatients

All patients 72
Age (mean (range)) 54.26 (16-89)
Male/female 34/38
All patients by diagnosis
Hodgkin's disease 16
Non-Hodgkin's lymphoma

B-cell 34
T-cell 7

Hairy B-cell leukaemia 2
Acute lymphoblastic leukaemia

B-cell 1
T-cell 1

Chronic lymphocytic leukaemia
B-cell 1 1

Methods
The study population comprised 72 patients
with a cytological or histological, or both, diag-
nosis of lymphoproliferative disease (Hodg-
kin's disease or non-Hodgkin's lymphoma).
Blood samples were collected over a period of
18 months. The demographic and clinico-
pathological details of the patients are shown in
table 1. Risk factors for HTLV infection (blood
transfusions, drug misuse, sexual promiscuity
and/or residence in endemic regions) were

noted for each patient.
Thirteen patients had been transfused in the

past. One patient was a drug addict and HIV
positive. Seven patients lived, for variable peri-
ods of time, in areas endemic for HTLV. One
heterosexual patient had a history of sexual
promiscuity.

IMMUNOLOGICAL ASSAYS
Serum from all patients was tested for the
presence of anti-HTLV antibodies by ELISA
(Sanofi-Pasteur and Diagnostic Biotechnology
commercial kits) with disrupted virus and con-

firmatory tests were carried out by western
blotting (DB).

PREPARATION OF RNA

Peripheral blood mononuclear cells were iso-
lated on a Ficoll-Hypaque density gradient and
lysed by the addition of guanidine thiocyanate.
After ultracentrifugation in caesium chloride,
the RNA was quantified, divided into aliquots
and stored at -70°C pending analysis. The
same procedure was carried out with HUT
102 cells, which served as a positive control. To
avoid contamination, RNA extraction and
RT-PCR were performed in Biohazard laminar
flow hoods, in different rooms. All material
used was treated with diethyl pyrocarbonate
and sterilised. Sterile micropipette tips had fil-
ters to prevent contamination of the micropi-
pette with aerosols. No more than two samples
were handled at a time.

Integrity of the RNA was analysed by
electrophoresis in formaldehyde containing
agarose gels.

RT-PCR
RT-PCR was performed as recommended by
the manufacturer (Perkin-Elmer Cetus). Re-
verse transcription was performed in a 20 gl
volume, containing 1 ,g total RNA, at 42°C for
45 minutes, followed by five minutes at 99°C
and five minutes at 5°C. Reverse transcriptase

from M-MLV (BRL) was used in some cases.
Random hexamer primers were used for the
RT-PCR assay. Controls without reverse tran-
scriptase, RNA and Taq polymerase were
always included in each test.

PCR PRIMERS AND PROBES
Primers SK43 and SK44 recognise Tax regions
7358-7377/7496-7516 in HTLV-I and 7248-
7267/7386-7406 in HTLV-II. They were
probed with SK45, which is common to both
viruses. Primers SK54 and SK55 recognise
positions 3365-3384 and 3465-3483 of the
HTLV-I pol gene. They were probed with
SK56, which is specific for the HTLV-I pol
gene. SK58 and SK59 recognise positions
4198-4217 and 4281-4300 of the HTLV-II
pol gene. They were probed with SK60, which
is specific for the HTLV-II pol gene.
PCR was performed in a final volume of 100

jl, including 20 pl of the reverse transcription
product, in a DNA Thermal Cycler (Perkin-
Elmer/Cetus) for 30 cycles. PCR conditions
were as follows: 15 seconds at 94°C (denatura-
tion), 30 seconds at 530C (annealing), 30 sec-
onds at 68°C (elongation), followed by a
further 10 minutes at 68°C. Twenty microlitres
of each sample were tested for DNA integrity
by electrophoresis. In the confirmatory tests
these volumes were increased to 40 ,l for the
patients' samples and reduced to 0.5 ,ul for the
positive control, as the signal was too strong
when 20 pl was used. Positive controls were
run in slots away from the patient samples to
avoid contamination.

SOUTHERN BLOT ANALYSIS
Hybridisation was performed using the stand-
ard method with slight modifications. After
denaturation and neutralisation, DNA was
transferred to nylon membranes (Hybond N+,
Amersham). Pre-hybridisation was performed
for at least two hours, followed by overnight
hybridisation (incubation). Solutions were
composed of sodium phosphate buffer 20 mM,
5x SSC, lOx Denhart's solution, 7% SDS, 100
gg/ml salmon testes DNA. Dextran sulphate, at
final concentration of 10%, was added to the
hybridisation solution. Probes were 32P end-
labelled using T4 kinase. Hybridisation and
stringency temperatures were calculated for
each probe.32 Washes were carried out in 2x
SSC for 10 minutes, 2x SSC plus 0.1% SDS
three times for 10 minutes and finally lx SSC
plus 1% SDS for 10 minutes. Cronex 4 film
(Dupont) was used for autoradiography, with
exposure for two hours at room temperature
and for 24 hours at -70°C.

TREATMENT WITH DNAse
All positive samples were treated with 75 units
of RNAse free DNAse (Sigma) following pub-
lished protocols.32 This amount of DNAse
completely abolished the amplification of 1 ,ug
RNA from HUT 102 cells, in the absence of
reverse transcriptase (data not shown); DNAse
treatment was performed at different times for
each sample. RT-PCR and hybridisation were
repeated for these samples.
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Table 2 Clinical and histological details ofpatients expressi

Patient Age Sex Diagnosis
number (years)

1 44 Male Hairy cell leukaemia (B-lineaj
2 17 Female T-cell acute lymphoblaatic 1eu
3 50 Female B-cell chronic lymphocytic lei
4 82 Male High grade T-cell non-Hodgk
5 64 Female High grade B-cell non-Hodgk
6 67 Female B-cell centrocytic non-Hodgk

known data about the low seroprevalence for
this virus in Portugal, which is similar in most

Of'4 western countries. However, we detected, in
this series, molecular evidence of HTLV infec-

234 5 6
tion in five (6.9%) patients in whom the

234 5 6 ~expression of, at least, one viral gene could be
!LV Tax gene expression by demonstrated. Our results also indicate that in
emn blot hybridisation. Lane C, this series, as pol gene expression was not
)atient samples. detected, viral replication seems to be absent.

The disagreement between the serological
7e detected in only one of and molecular techniques may be explained by
c)sitive" samples from this the lack of sensitivity of the former method.
when analysed by west- Alternatively, infection by a defective virus

expressing the Tax gene only could explain this
for the patients' RNA, discrepancy. The Tax gene protein was not
3ed gave rise to detectable included in the serological tests used. The
with ethydium bromide. RT-PGR assay system is a sensitive method for
lers showed the presence the detection of target gene expression, al-
)and, with the expected though it does not provide useful additional
en RNA from HUT 102 information about integrated proviral DNA, as
bands were seen when does classic Southern blot analysis. Studies on
HTLV-II were used. cellular DNA would indicate which virus is
~frmsi patentswith involved and whether it is defective.A arospeifi batindsofi5 The positive RT-PCR result in patient 4

?ected with the Tax prim- became negative after DNAse treatment. This
few instances., the bands observation could result from a provirus not
osure for just two hours. expressing the genes we looked for and from
with the pol probes for which DNA fragments contaminated the RNA
rLV-II, even after expo- sample; alternatively, the level of expression
epositive patient samples may be below the detection threshold of the
mnt screening assays. No RT-PGR method used.
ation was found, at any Two patients with B-cell chronic lympho-
-ontrols. proliferative disorders (CL-L and HCL) were
h DNAse, five of the six positive, although we were unable to identify
re, although fainter bands the cellular target of viral infection. HTLV-I
lification due to reminis- infection has been associated indirectly with
its was ruled out as treat- B-cell CLL," but never, to our knowledge,
,ompletely degrades any with B-cell HGL; only the rare form of
F' 102 cells, as described T-lineage HGL was reported as probably
ly case giving a negative resulting from HTLV-II infection.4 It has been
gical false positive. This suggested that genes from the pX region of the
:ar old man with a high human retroviruses could act upon non-
idgkin's lymphoma with infected cells.'14 T-his effect could lead to
edied during the course continuous immunological stimulation and
4, table 2). None of the ultimately contribute to the emergence of a

:t table 2 had been in neoplastic clone." Whether this phenomenon
t5 had a history of sexual is related to the occurrence of B-CLL or is just
2 had been transfused a fortuitous finding, is a matter of conjecture.
ro associated benign neo- Alternatively, these patients may be infected by
na of the left eye and an as yet unknown retrovirus with great
)arotid) as well as leukae- homology for that region. Human retroviruses

of this group have a well conserved genome,
especially in the pX region.' Endogenous
human DNA sequences, similar to these
viruses, have already been reported.'" Although

with lymphoproliferative the present series is relatively small, no
this study, only one had particular association with any lymphoprolif-
directed against HTLV; erative disorder could be identified, reinforcing
nifirmed on western blot- the concept that apart from ATL, there is no
-e in agreement with the causal relation between HTLV infection and

haematological malignancy.~ing the HTLV Tax gene The real incidence of Tax gene expression in
healthy and serological negative populations is

Risk factors for not yet known and therefore we cannotHTLV

ge) No ~~~~determine the true significance of our finidings.
Lkaemia Yea We also cannot infer that Tax gene expression
uskaemia No has any oncogenic potential in these patients.
in'a lymphoma No Our results indicate that infection with~in'aymphoaYeaHTLV cannot be assessed solely by immuno-
dn'slymphomaNological assays, particularly when only disrupted
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virions are used, as has also been shown by
others.7 26 36 Sensitive molecular biology assays
are essential for detecting viral gene expression
in fresh blood cells.
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