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Review

Human T-cell leukaemia virus type | and adult T-cell

leukaemia-lymphoma

Kenji Ishitsuka, Kazuo Tamura

Adult T-cell leukaemia-lymphoma (ATL) is a malignancy of peripheral T lymphocytes caused by human
T-lymphotropic virus type I (HTLV-1), and its prognosis is poor. There are an estimated 5 million to 20 million
HTLV-1 infected individuals worldwide; their lifetime risk of developing ATL is 3-5%, and high HTLV-1 proviral
loads have been shown to be an independent risk factor. Recent advances in the treatment of ATL are the introduction
of treatment targeted against CC chemokine receptor 4 (CCR4), which is abundantly expressed on most ATL cells,
and allogeneic haemopoietic stem-cell transplantation for aggressive ATL. Promising outcomes are also reported
with early intervention for indolent ATL with interferon « and zidovudine. Clinical trials should incorporate a
validated prognostic index to assess the results, because of the difficulties associated with undertaking large-scale
trials and significant diversity of clinical features with ATL, even in the same clinical subtypes (acute, lymphoma,

chronic, and smoldering).

Introduction

Adult T-cell leukaemia-lymphoma (ATL) is a malignancy
of peripheral T lymphocytes caused by human
T-lymphotropic virus type I (HTLV-1), and its prognosis
is poor compared with other aggressive non-Hodgkin
lymphomas. The clinical entity of ATL was first proposed
in 1977 as a distinct T-cell neoplasm frequently observed
in southwestern Japan, and the RNA retrovirus HTLV-1
was subsequently isolated as the causative virus.'?
HTLV-1 also causes HTLV-l-associated myelopathy-
tropical spastic paraparesis (HAM-TSP), a chronic
inflammatory disease of the CNS characterised by slowly
progressive spastic paraparesis, lower limb sensory
disturbance, and bladder or bowel dysfunction.*
Differences in the immune response to HTLV-1 in
infected individuals, which are at least partially
dependent on the HLA haplotypes—ie, low immune
responders to HTLV-1 infected cells are at risk of ATL
but high immune responders to HTLV-1 infected cells
are at risk of HAM-TSP—have been proposed as the
reasons why the same virus causes two distinctive
diseases, one a malignant disease and the other an
inflammatory disease.® By contrast, a less efficient
response by cytotoxic T cells against HTLV-1 is reported
to be the cause of risk of HAM-TSP since it causes a
higher proviral load and higher antigen expression that
activates and expands antigen-specific T-cell responses,
followed by induction of large amount of
proinflammatory cytokines and chemokines.” In HTLV-1
carriers in Japan, the lifetime risk of ATL is estimated
3-5% (5-7% for men and 2-4% for women) and of
HAM-TSP is 0-25%.%

The clinical course of ATL is very heterogeneous, and
the Japan Clinical Oncology Group (JCOG) has proposed
four clinical subtypes (acute, lymphoma, chronic, and
smoldering types) based on the prognostic factors,
clinical features, and the natural history of the disease.
Acute, lymphoma, and unfavourable chronic types are
considered to be aggressive ATLs, and favourable chronic
and smoldering types are indolent ATLs."
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In this Review, we discuss the epidemiology of HTLV-1,
transmission of HTLV-1 and its prevention, recent
advances in the oncogenesis and pathophysiology of
ATL, identification of HTLV-1 carriers at high risk of
development of ATL, and the clinical features, treatment,
and prognostic index of this disease.

Epidemiology of HTLV-1

HTLV-1is endemic in southwestern Japan, the Caribbean,
intertropical Africa, the Middle East, South America, and
Papua New Guinea, and the prevalence of patients with
ATL and HAM-TSP has been linked to the distribution of
HTLV-1.2

The origin of HTLV-1 is considered to be primate T-cell
lymphotropic virus (PTLV) in African non-human
primates. It migrated within a simian reservoir towards
Asia, and evolved into simian T-cell leukaemia virus
type-1 (STLV-1). This STLV-1 lineage spread to Japan and
India, and Indonesia where it may have crossed the
simian-human barrier for the first time, which resulted
in the HTLV-1c (Australo-Melanesian) subtype. STLV-1
returned to Africa from Asia and evolved into several
subtypes of HTLV-1a (the cosmopolitan subtype), 1b (the
central African subtype), 1d, le, and 1f around 19000 to
35500 years ago. HTLV-la arose in west Africa, and
spread to the USA, Japan, the Middle East, and North
Africa (known as HTLV-1a late) because of the slave trade
and the increased mobility of human beings.”

An estimated 5 million to 20 million individuals are
infected with HTLV-1 worldwide.** In a study by Satake
and colleagues,® the seropositivity of HTLV-1 among
first-time blood donors was reported to be 0-32% (3787
of 1196 321) in Japan between 2006 and 2007 Adjusted
overall prevalences were estimated to be 0-66% in men
and 1-02% in women, and the number of HTLV-1 carriers
aged 0-99 years is estimated to be at least 1-08 million in
Japan, which is 10% lower than reported in the 1988
database cited in their article® Most carriers are aged
70-80 years; this finding differs from that reported in the
1988 database, in which the most carriers were aged
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50-60 years. A marked decrease in the prevalence of
HTLV-1 based on the age of the blood donor has been
reported. For example, the mean carrier rate for all
donors in one prefecture located in southwestern Japan
was 1-95%, whereas the rate was 8-7% in men aged
60~64 years, and 14-0% in women aged 60-64 years. Sex
differences in HTLV-1 prevalence increase after age
20 years, with more women infected than men. In
Brazil, the prevalence of HTLV-1 among first-time blood
donors was 0-14% (363 of 281760) between 2007 and
2009, and was significantly correlated with age (adjusted
odds ratio [aOR] 5-23 for age >50 vs <20 years), female
sex (aOR 1-97), and black (aOR 2-70 vs white) and mixed
race (aOR 1-78 vs white), and inversely correlated with
education (aOR 0-49, college graduates vs those who did
not complete high school).” By contrast, a study showed
that the prevalence of HTLV-1 in first-time blood donors
in European countries was 0-0-0048%, except for
Romania, where it was 0-05%.** Most HTLV-1 infected
donors in these countries were either from an endemic
area or had a sexual partner from an endemic area.®

Transmission and prevention of HTLV-1
Clustering of HTLV-1 carriers was reported in family
members of patients with ATL soon after the
identification of the virus, suggesting that this virus is
transmitted by close contact within the family.** Three
major HTLV-1 transmission routes are mother-to-child,
sexual intercourse, and blood transfusions containing
cellular components—ie, HTLV-1 infected lymphocytes.”

Transmission via transfusion has been almost
eliminated through viral screening of donated blood,
which has been done since 1986 in Japan, 1988 in the
USA, 1991 in France, 1993 in Brazil, and 2002 in the UK.
However, some European countries have not introduced
screening, and Norway and Finland decided to stop
screening because no positive donors were found after
7 and 13 years of testing, respectively.®

Sexual transmission is mainly male to female via
HTLV-linfected lymphocytes in semen, and can be
prevented by use of a latex condom. Although the
prevalence of HTLV-1 in the husbands of HTLV-1 carrier
wives was not higher than that in the general population,
the wives of carrier husbands in elderly populations were
almost invariably infected.® The prevalence of HTLV-1
increases in women in an age-dependent manner after
they reach their 20s, which supports the male-to-female
transmission of HTLV-1; however, individuals infected
with HTLV-1 after adolescence are considered to be at
very low risk of developing ATL. Therefore, mother-to-
child transmission is currently the most important risk
factor of HTLV-1infection associated with the subsequent
development of ATL. A Japanese long-term prospective
study* reported HTLV-1 transmission rates from infected
mother to child of 20-5% after the child was breastfed at
least 6 months, of 8-3% after breastfeeding for
less than 6 months, and of 2-4% when exclusively
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formula-fed. On the basis of these findings, a nationwide
programme to prevent mother-to-child infection was
initiated in Japan in April, 2011, by screening all pregnant
women for HTLV-1 infection and recommending either
exclusive formula feeding, freeze-thawing of expressed
breast milk to destroy HTLV-1-infected lymphocytes, or
breastfeeding for a maximum of 3 months if the mother
is infected, unless they give birth to high-risk infants
such as premature babies.

Oncogenesis and pathophysiology of ATL
HTLV-l-infected cells express the virus protein Tax,
which has various cellular functions including
activation of NF-xB, Akt signalling, and cyclin-
dependent kinases, and silencing of P53 function. Tax
has been considered to play a key partin the oncogenesis
of ATL in the early stages, because Tax could
immortalise T lymphocytes in vitro,”® and transgenic
mice which expressed Tax showed oncogenic
capabilities.* However, because Tax is a target for the
host cytotoxic T cells, there is some survival advantage
for Tax expression to be impaired to enable HTLV-1-
infected cells to escape immune surveillance and
survive in the host.” Studies have shown that Tax
transcript could not be detected in fresh ATL cells
derived from more than half of patients with this
disease because of the accumulation of non-sense
mutations, insertions and deletion in Tax, silencing of
viral transcription by DNA methylation of the provirus,
or deletion of the proviral 5'LTR.” It suggests the
possibility that Tax is not necessarily important to
develop ATL in the late stage of oncogenesis.

The universal expression of HTLV-1basic leucine zipper
(HBZ), an antisense mRNA transcribed from the 3" LTR,
has been reported in fresh ATL cells and HTLV-1- infected
cells.” The suppression of HBZ gene transcription
inhibits the proliferation of ATL cells, while expression of
HBZ gene promoted the proliferation of a human T cell
line in vitro.® HBZ selectively inhibits classic NF-«B
pathways without inhibiting alternative NF-«B pathways.
Moreover, HBZ induced the expression of FOXP3 in
naive T cells, which is consistent with one of the
established characteristic phenotypes of ATL cells.®®
These findings strongly suggest that HBZ and Tax play an
important part in the oncogenesis of ATL by HTLV-1.

The suppression of ATL cell growth and promotion of
apoptosis by inhibition of NF-«kB with miR-31 have been
reported in vitro.” Repression of miR-31, which negatively
regulates NF-kB signalling by inhibiting NF-kB-inducing
kinase (NIK), was confirmed by profiling cellular
microRNA on primary ATL cells. Therefore, the
activation of NIK by genetic and epigenetic loss of miR-
31 has been suggested as a possible mechanism for the
constitutive activation of NF-kB in ATL cells that are not
expressing Tax.»

An analysis using oligoarray comparative genomic
hybridisation against paired samples with acute-type ATL
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