Vol.30 No.2 MARCH 2010

Inflammation and Regeneration

103

Mini Review

Natural history of human T-lymphotropic virus
type 1 infection and immune system imbalances

Akihiko Okayama

Department of Rheumatology, Infectious Diseases and Laboratory Medicine, Miyazaki, Japan

The human T-lymphotropic virus type 1 (HTLV-1) is the causative agent of adult T-cell leukemia/lymphoma
(ATL) and HTLV-1-associated myelopathy/tropical spastic paraparesis (HAM/TSP). In addition, increased
incidences of infectious diseases, autoimmune diseases, chronic inflammatory diseases and virus-associ-
ated malignancies have been reported in HTLV-1 carriers. HTLV-1 infection causes the continuous activa-
tion and clonal expansion of T cells. The levels of regulatory T cells and naive T-cells are decreased in the
peripheral blood of asymptomatic carriers. Spontaneous proliferation of peripheral blood mononuclear cells
and subclinical deficiencies in both type 1 and type 2 immunity are also observed. It is possible that the
immune system imbalances seen in HTLV-1 infection account for the disease manifestations described
above, although the precise mechanism remains unclear.
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Introduction

The human T-lymphotropic virus type 1 (HTLV-1) has been
shown to be a causative agent of adult T-cell leukemia/lymphoma
(ATL), one of the most aggressive hematological malignant
diseases'?. The mechanism of leukemogenesis has not yet been
determined; however, monoclonal expansion of T-cells with the
provirus integrated into the genome is essential. HTLV-1 also
causes the progressive neurological disease known as HTLV-1-

associated myelopathy/tropical spastic paraparesis (HAM/TSP)?.

Infiltration of mononuclear cells into the spinal cord with an
increased level of proviral loads in the peripheral load is observed
in patients with HAM/TSP. Polyclonal expansion of HTLV-1
positive cells in the peripheral blood is also seen. Therefore,
HTLV-1 causes two different types of disease in humans; namely,
lymphocytic malignancy and non-malignant disease. In addi-
tion, there is evidence that HTLV-1 infection contributes to a
broader spectrum of diseases, such as uveitis, arthropathy, poly-

myositis, pneumonitis, and infective dermatitis in children
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Table 1 Diseases reported to be associated with

HTLV-1 infection

Adult T-cell leukemia/lymphoma
HTLV-1-associated myelopathy/tropical spastic paraparesis
HTLV-1-associated uveitis
Infectious diseases
Infective dermatitis (children)
Strongyloidiasis
Autoimmune diseases/Chronic inflammatory diseases
Polymiositis
Sjogren's syndrome
Arthropathy
Pneumonitis
Virus-associated malignancies
Hepatitis C virus infection-associated hepatocellular car-

cinoma

(Table 1)*®. HTLV-1 infection also increases the risk of Strongy-
loides stercoralis infection and hepatocellular carcinoma due to
hepatitis C virus infection'®'". In this mini-review, immune ab-
normality due to HTLV-1 infection and its possible connection
to the development of HTLV-1-associated diseases among as-

ymptomatic carriers are discussed.

HTLV-1 infection

HTLV-1 transmission is mediated by live cells and not via
cell-free body fluids'?. The RNA genome undergoes reverse tran-
scription into a DNA provirus that is integrated into the host
genome'?. HTLV-1 growth and propagation are supported pri-
marily by CD4+ cells. One of the key regulatory elements of
HTLV-1 replication is the Tax protein, which activates transcrip-
tion of the viral genome'?. HTLV-1 Tax protein has also been
shown to promote the proliferation of infected cells and to be a
good target for the host cellular immune response to the virus'+!>.

The major natural routes of infection of HTLV-1 are from
mother to infant and sexual contact'®. Blood transfusion was
once a route of HTLV-1 infection; however, the efficient screen-
ing of blood products has prevented new infection thus far'”.
Therefore, when we find a middle-aged person who tests posi-
tive for HTLV-1, he or she may have been infected from his/her
mother while in infancy or from his/her spouse or blood prod-
ucts after reaching adulthood. Identifying the infection route is
important because ATL appears to develop primarily in persons

who acquire HTLV-1 perinatally, whereas HAM/TSP is associ-

ated with exposure to HTLV-I later in life'®.

Asymptomatic carriers are positive for HTLV-1 antibody. The
peripheral blood mononuclear cells (PBMCs), primarily CD4
positive T-cells, harbor HTLV-1 provirus'. The level of provi-
ral load is likely determined within a year of infection®”. The
development of a humoral and, probably, cellular immune re-
sponse to virus occurs during this period. The nature of the host
immune response may affect the burden of HTLV-1, which var-
ies widely among asymptomatic carriers?”. Most individuals in-
fected with HTLV-1 develop into asymptomatic carriers with
low proviral loads; however, some develop into carriers with
high proviral loads®”. Proviral load appears to remain stable, once
a set point has been achieved®*??. The maintenance of the level
of proviral load seems largely due to the relationship between
the clonal expansion of HTLV-1-infected cells and the immune

response to them?2¥,

Phenotypic change of T cells and immune
dysfunction in HTLV-1 infection

The phenotypic changes of T-cells, which have been reported
thus far, are described in Table 2. HTLV-1 infection has been
shown to cause the expression of activation markers, such as
interleukin-2 (IL-2) receptor, in T-cells'”. HTLV-1 Tax has been
reported to activate the promoter for IL-2 and IL-2 receptor'®.
Proliferation of unstimulated PBMCs in cell culture without
interleukin 2 is observed in the HTLV-1 carriers (spontaneous
proliferation)®. Spontaneous proliferation of PBMCs from
HTLV-1 carriers is due to the polyclonal expansion of cells and
correlates directly with the expression of viral genes such as
Tax?. Activated T cells infected with HTLV-1 may subsequently
activate resting T-cells through interaction among T cells.

Changes in circulating leukocytes, specifically an increase in
the percentage of lymphocytes and a decrease in the percentage
of eosinophils and basophils, have been reported in asymptom-
atic HTLV-1 carriers®”. CD4+ and CD25+ cell levels were also
shown to be increased among asymptomatic carriers®®. The larg-
est increase was seen in asymptomatic carriers whose peripheral
blood smears were positive for atypical lymphocytes.

Recently, CD4+CD25+ cells were reported to be the surface
phenotype of regulatory T-cells (Treg)*. The majority of CD4+
CD25+T cells were positive for Foxp3, a master gene for Treg,
in normal individuals®. Increased expression of Foxp3 was re-
ported in ATL cells®”. However, not all CD4+CD25+T cells in
the asymptomatic HTLV-1carriers were reported to be positive
for the expression of Foxp3. In another words, CD4+ CD25+T

cells in HTLV-1 carriers were inconsistently composed of the
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Table 2 Abnormalities of immune system reported
in HTLV-1 asymptomatic carriers

Continuous activation of T-cells

Clonal expansion of certain population of T-cells
Change of the level of regulatory T-cells
Decreased level of naive T-cells

Spontaneous proliferation of peripheral blood mononuclear cells
Increased level of CD4+CD25+T-cells

Decreased reaction to recall antigen

Decreased level of serum IgE

two populations with and without Foxp3, suggesting that the
former are Treg and that the latter are either activated T cells or
aberrant Treg downregulating Foxp3 expression. Foxp3 expres-
sion in CD4+CD25+T cells from HAM/TSP patients was re-
ported to be lower than that from HTLV-1 negative individuals®?.
Moreover, HTLV-1 Tax was shown to have a direct inhibitory
effect on Foxp3 expression and the function of CD4+CD25+T
cells. It was suggested that the imbalance of CD25 and Foxp3
expression in asymptomatic carriers is closely related to HTLV-1
infection. This modulation of Foxp3 in asymptomatic carriers
may be causatively implicated in the autoimmune-like diseases
in HTLV-1 infection.

In addition to HTLV-1 Tax, expression of HTLV-1 HBZ,
which is transcribed from 3'LTR, has been shown to promote
the proliferation of infected cells®. It has been postulated that
clonal proliferation of HTLV-1-infected cells is likely respon-
sible for maintaining proviral loads in carriers. Expansion of cer-
tain clones of HTLV-1-infected cells is frequently observed in
asymptomatic carriers®?. In a particular case, only one clone of
HTLV-1 infected cells occupied almost 1% of the total PBMCs
in the asymptomatic carrier®. This abnormal growth of certain
T-cells due to HTLV-1 infection, especially in asymptomatic
carriers with high proviral loads, may cause the immune system
imbalance. In addition, the number of naive T cells was reported
to be low in the HTLV-1 carriers®®. It was suggested that the
low number of naive T-cells was due to the suppressed produc-
tion of T-cells in the thymus, which may account for the immu-
nodeficiency observed in HTLV-1 infection.

HTLV-1 carriers have been shown to have a reduced response
to recall antigens. For example, we previously showed that as-
ymptomatic carriers had a significantly reduced delayed-type

hypersensitivity response to purified protein derivative skin
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testing®”. The reduced response to recall antigens was shown to
be more evident in the HTLV-1 carriers who show a spontane-
ous proliferation of PBMCs*®. HTLV-1 carriers were also shown
to have lower levels of IgE and may have subclinical deficiencies
in both type 1 and type 2 immunity*”. Indeed, when the relation-
ship between strongyloidiasis and HTLV-1 infection was evalu-
ated in Okinawa, Japan, serum IgE levels and peripheral eosino-
phil counts were significantly lower in HTLV-1 co-infected pa-
tients compared with patients without HTLV-1 infection*®. A
low frequency of atopy among HTLV-1 carriers was also re-

ported in Brazil*".

The natural history of HTLV-1 infection
and disease manifestations

A hypothesis for the natural history of HTLV-1 infection and
its association of disease manifestations is shown in Figure 1.
The major infection routes of HTLV-1 are breast feeding by the
mother during the child's infancy and between spouses after
reaching adulthood. The level of HTLV-1 proviral load is likely
determined within a year of infection and varies widely among
asymptomatic carriers. The balance between the proliferation of
HTLV-1-infected cells and the host immune response to them
determines the proviral load, which remains stable, once a set
point has been achieved. HTLV-1 carriers with low proviral loads
may remain in an asymptomatic state for their entire lives. In
case of the carriers with high proviral loads, continuous activa-
tion and clonal expansion of T cells due to HTLV-1 infection
may occur frequently. Escape from the immune system and ac-
cumulation of genetic abnormalities may lead the clonally ex-
panded T cells infected with HTLV-1 to the initial stage of ATL.
Even in HTLV-1 carriers who do not develop ATL, decreased
levels of regulatory T cells and naive T-cells are observed in the
peripheral blood. Spontaneous proliferation of PBMCs and sub-
clinical deficiencies in both type 1 and type 2 immunity are also
observed. These immune system imbalances may result in an
increased incidence of opportunistic infections, autoimmune dis-
eases, chronic inflammatory diseases and virus-associated ma-
lignancies in HTLV-1 infection.

However, there has been no direct evidence to connect HTLV-1
infection and opportunistic infections, autoimmune diseases,
chronic inflammatory diseases and virus-associated malignan-
cies. T-cell dysfunction may not be the only factor involved in
the process of the immune deficiencies seen in HTLV-1 infec-
tion. Indeed, impairment of antigen-presenting cells or inability
of PBMC from HTLV-1-infected individuals to respond to

interleukin-12 might also account for the immunodeficiency
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Fig.1 Natural history of human T-cell lymphotropic virus type 1 in-

fection and possible association with the disease manifesta-

tions (hypothesis)

observed in HTLV-1 infection*?. In addition, the natural history
of HTLV-1 has been shown to differ markedly by geographic
area, due in part to the host response to infection. For example,
HTLV-1 infection was associated with diminished T-cell-medi-
ated immunity in Japanese persons and with activated T-cell
immunity in Jamaicans*’. Markers of immune activation corre-
lated more strongly with anti-HTLV-1 titers and provirus load
in Jamaican than in Japanese individuals. Therefore, further stud-
ies are needed to clarify the mechanism of HTLV-1's contribu-

tion to the disease manifestations described above.
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