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Abstract

In the last 10 years HIV-1/human T-cell leukemia virus (HIV-1/HTLV) coinfection has emerged as a 
worldwide health problem. The numbers of HIV-1/HTLV-1 coinfections in South America and Africa 
are increasing, as well as HIV-1/HTLV-2 coinfections in the USA and Europe. Coinfections by either 
HTLV-1 or HTLV-2 and HIV-1 frequently occur in persons with a history of injection drug use. Since 
HTLV-1 preferentially infects CD4+ T-cells and HTLV-2 has a tropism for CD8+ T-cells, the influence of 
coinfection on HIV-1 disease progression may be different. 
The effect of HIV-1/HTLV-1 coinfection on HIV-1 pathogenesis is controversial as soluble factors pro-
duced by HTLV-1 infected cells can either enhance or suppress HIV-1 infection. In HTLV-1/HIV-1 coin-
fected patients, upregulation of HIV-1 expression was attributed to strong activation of cytokines that 
promoted HIV infection. The introduction of HAART has dramatically reduced HIV-1 morbidity and 
mortality, but has given rise to an increased number of inflammatory syndromes. While HAART is suc-
cessful for controlling HIV disease, it has little impact on HTLV-1/2 genome expression. The conse-
quence of coinfection, even with HAART, may well be the reported increase in neurologic disease.
Several epidemiologic and in vitro studies of the influence of HTLV infection on HIV-1 related AIDS 
progression suggest that HTLV-1 infection can promote HIV-1 replication and accelerate the clinical 
progression to AIDS. However, other studies have not confirmed these observations. The differences in 
study outcomes could be related to the occurrence of different HIV-1 phenotypes in clinical disease. 
In contrast, evidence points to a confirmed protective role of HTLV-2 that is manifested as improved 
survival and delayed progression to AIDS. The protective effect may be the result of maintaining nor-
mal-range levels of CD4 and CD8 counts, lowering HIV replication, and immune activation. As a corol-
lary, the number of long-term nonprogressors for AIDS in the HIV-1/HTLV-2 coinfected group was found 
to be significantly higher than in HIV-1 monoinfected cases. Investigations of the natural factors induced 
by HTLV-2 that influence HIV-1 replication show that CCL3L1 (an isoform of CCL3) is preferentially in-
duced in HTLV-2 exposed seronegative HIV individuals and in long-term nonprogressor HTLV-2/HIV-1 
coinfected persons. The CCL3L1 inhibits HIV replication and thus acts as a potent effector against both 
HIV infection and disease progression. As a complement to upregulation of CCL3L1, other chemokines 
and cytokines induced by HTLV-2 may contribute to induction of the Th1 response against invading 
pathogens, in contrast to the dominant Th2 response that appears to favor HIV infection.
The number of individuals with either single HIV-1 or HTLV-2 infection, in a cohort of Italian intrave-
nous drug users monitored for 20 years, decreased significantly over time. However, the magnitude 
of HTLV-2 decrease was significantly less than that of HIV-1, pointing to the need for increased at-
tention to, and control of, HTLV infection. 
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Introduction

The problem of HIV-1/human T-cell leukemia virus 
(HIV-1/HTLV) coinfection has emerged as a worldwide 
health problem in the last 20 years as increasing numbers 
of HIV-1/HTLV-1 infected individuals in South America 
and Africa and of HIV-1/HTLV-2 in the USA and Europe 
have been reported. The coinfection state raises a num-
ber of questions that should be carefully considered. 
Since HTLV-1 preferentially infects CD4+ T-cells and 
HTLV-2 has a preferential tropism for CD8+ T-cells, their 
influence on HIV-1 appears to differ substantially. An-
other issue is whether coinfected patients are more likely 
to develop further complications, and evidence of an in-
creased incidence of neurologic disorders and liver dis-
ease in HIV-1/HTLV-2 has been reported. The introduction 
of HAART has dramatically reduced HIV-1 morbidity and 
mortality but, giving rise to inflammatory syndromes, 
could result in increasing neurologic diseases in coin-
fected patients. The problem of HIV-1/HTLV-2 coinfection 
in relation to AIDS progression has recently been the ob-
ject of several investigations, and evidence was obtained 
that HTLV-2 may exert a protective role by maintaining 
CD4 and CD8 counts, lowering HIV replication and im-
mune activation and thus resulting in improved survival 
and delayed progression to AIDS. In particular, cytokine 
and chemokine network modulation by HTLV-2 has been 
proposed as strategic weapon against HIV infection. 

In this review we have taken in consideration the dif-
ferent issues of the molecular features of HIV and HTLV 
and focused on the consequences of coinfection on 
clinical diseases and viral load. Particular attention has 
been given to the understanding of the protective role 
exerted by HTLV-2 on AIDS progression.

First isolates, classification,  
and molecular features of HTLV and HIV

In late 1970, as a result of increasing efforts to find 
human tumor viruses, the first human retroviruses were 
identified and isolated1. First to be characterized was 
HTLV type 1 (HTLV-1), which was isolated from a pa-
tient with cutaneous T-cell lymphoma2. The second 
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human retrovirus was HTLV type 2 (HTLV-2) from a 
patient with a “hairy cell T-cell leukemia”3. The under-
standing of previously isolated HTLV strains facilitated 
isolation of the third human retrovirus, HIV4, and its sub-
sequent identification as the causative agent of AIDS5. 

Both HTLV and HIV belong to the Retroviridae family. 
However, HTLV isolates are delta-retroviruses, while HIV 
is a lentivirus. The HTLV-1 and HTLV-2, together with their 
simian counterparts, STLV-1 and STLV-2, are primate T-
lymphotropic viruses, which diverged from bovine leuke-
mia virus approximately 60,000 to 100,000 years ago6. 
Phylogenetic analysis of long terminal repeat and env 
sequences shows the existence of seven different 
HTLV-1 subtypes and four HTLV-2 subtypes7-10. Re-
cently, HTLV type 3 (HTLV-3) was discovered in two 
subjects from south Cameroon11. A fourth HTLV type 
(HTLV-4) was discovered in the same geographic area12.

The HIV-2 is distinct from HIV-1 and does not con-
tribute to the AIDS pandemic in the same way as HIV-1. 
Epidemiologically, HIV-2 is largely confined to West 
Africa. Both HIV-1 and HIV-2 are classified as different 
groups, also known as clades (M, N and O for HIV-1 
and A through H for HIV-2). Additionally there are nu-
merous subtypes, sub-subtypes and circulating recom-
binant forms13. 

The HTLV-1 and -2 have 65-70% nucleotide similar-
ity and share the same genomic organizational struc-
ture. Also, HTLV-1 and -2 subtypes are genetically stable 
as they have coexisted with humans for thousands of 
years. Their proviral genome is expanded primarily by 
clonal proliferation of HTLV-infected cells14,15. In contrast 
to HTLV, the inter- and intra-isolate sequence variation 
of HIV-1 is high16.

It is estimated that HTLV-1 has infected 10-20 million 
individuals worldwide, with a prevalence rate that is 
greater than 1% in Central Africa, the Caribbean, and 
southern Japan17. In native populations from North 
and South America, both HTLV-1 and -2 infections are 
endemic18. The HTLV-2 has also been detected among 
pygmy tribes of Africa19. In Europe and the USA, HTLV 
infections predominantly exist in high-risk groups such 
as sex workers and intravenous drug users (IDU). Among 
IDU, the frequency of HTLV-2 is higher than HTLV-1 in-
fection in both Europe and the USA20, especially when 
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there is needle sharing. The seroprevalence of HTLV-2 
infection in IDU, particularly in urban regions of the USA, 
is high21 and subtype 2a is the predominant circulating 
variant22. Subtype HTLV-2a is predominant in northern 
Europe23, while HTLV-2b is almost exclusively found 
in southern Europe, specifically Italy24 and Spain25. In 
both Italy and Spain, IDU are frequently coinfected by 
HTLV-2 and HIV-126-28. Coinfection with HIV-1 and HTLV 
has also been reported in different areas of Brazil29,30.

Transmission of HTLV-1/2 and HIV-1 is by sexual 
contact, exchange of contaminated blood products, 
and from mother-to-child via breast feeding. Both 
HTLV-1 and -2 can infect several cell types in vitro, 
including T-cells, B-cells, endothelial cells, and mono-
cytes31,32. Only T lymphocytes are transformed, as 
evidenced by interleukin-2 (IL-2)-independent growth 
in vitro33,34, and studies using recombinant HTLV indi-
cate that env is a major viral determinant for HTLV T-cell 
transformation tropism35. In vivo, HTLV-1 and -2 have 
different cellular tropisms. The HTLV-1 preferentially 
infects CD4+ T lymphocytes in asymptomatic leukemic 
or HTLV-associated myelopathy/tropical spastic para-
paresis (HAM/TSP) patients36. However, CD8+ T-cells 
from HAM/TSP patients were also found to be infected 
by HTLV-1 and may be an additional in vivo viral res-
ervoir37. In vivo, HTLV-2 shows a preferential tropism 
for CD8+ T-cells38, even though some authors have 
detected HTLV-2 proviral sequences in both CD4+ and 
CD8+ T-cell subsets32,39. The ubiquitous glucose trans-
porter 1 can function as a receptor for HTLV40. How-
ever, distinct cellular receptors for each type of HTLV 
have been proposed for binding and entry. For infec-
tion of CD8+ T-cells by HTLV-2, glucose transporter 1 
appears to be preferred, while heparin sulphate proteo-
glycan, which is abundantly expressed on CD4+ T-cells, 
promotes fusion and entry of HTLV-141. The CD4+ cells 
are the targets for HIV-1 infection via the primary CD4 
cellular receptor, which is a member of the immuno-
globulin superfamily. However, coreceptors are used by 
HIV-1 strains to infect specific cell types: for example, 
CXCR4 for T-cells and CCR5 for macrophages42,43.

The spread of HTLV is by cell-to-cell contact, which 
is consistent with a low infectious virion release15,44. The 
infectivity ratio for HTLV is lower than that of HIV-145,46.

The HIV-1 and HTLV genomes have similar architec-
ture, structurally consisting of long terminal repeats, 
gag, pol, env, and regulatory elements. In HTLV-1 the 
pX region includes the trans-regulatory tax and rex 
genes, and the accessory genes p12, p13, p30, and 
p21, which are involved in virus replication and prolif-
eration of infected cells47. Of note, in HTLV-1 but not 
HTLV-2 genome, the HTLV-1b-ZIP gene is in the minus 
strand of the pX region48. Rex controls virion produc-
tion by favoring posttranscriptional expression of the 
viral mRNA for structural and enzymatic proteins49,50. 
The HTLV-1 and -2 Tax proteins share more than 75% 

nucleotide similarity. Early in HTLV infection, viral RNA 
transcription is mediated by Tax. Both proteins have 
the ability to immortalize lymphocytes and transactivate 
host genes implicated in cell cycle progression and 
cell survival51-53. However, Tax-1 and Tax-2 are sub-
stantially different for inducing the pathologic process. 
Tax modulates the cell cycle by interacting with sev-
eral cellular factors54-57. In contrast to the suppression 
of hematopoiesis by Tax-158, Tax-2 promotes survival of 
CD34+ hematopoietic progenitor in vitro and increases 
telomerase activity59-61. Recently it has been demon-
strated that Tax-1 protein is centrally involved in the 
malignant transformation occurring in adult T-cell leu-
kemia62,63. The HIV-1 genome also includes several 
genes (vif, vpr, vpu, tat, rev, nef), the products of which 
are involved in regulation of synthesis, processing viral 
RNA, and other replicative functions.

The counterpart of Tax in HIV-1 is represented by 
Tat. Tat is a key viral regulatory protein that is neces-
sary for viral gene expression, cell-to-cell virus trans-
mission and disease progression64. Both Tax-2 and Tat 
interact with the major histocompatibility complex class II 
transcriptional activator (CIITA), resulting in inhibition 
of both HTLV-2 and HIV-1 infection65,66. In vitro, CIITA 
inhibits Tax-2 transactivation of HTLV-2 long terminal 
repeats through the binding to the transcription nucle-
ar factor Y67. Similarly, CIITA inhibits HIV-1 replication 
by targeting the viral transactivator Tat68. As a conse-
quence, permissive cells do not support either HTLV-2 
or HIV-1 replication when CIITA is expressed. 

The major differences between HIV and HTLV are 
related to the cytopathic effects, the time point of in-
terspecies transmission to humans, and genetic vari-
ability45. 

Clinical disease, viral load,  
and rate of HIV/HTLV coinfection

The HTLV-1 is the causative agent of adult T-cell 
leukemia, a malignancy of CD4+ T lymphocytes69, as 
well as a chronic neurologic disorder called HTLV-1-as-
sociated myelopathy/tropical spastic paraparesis 
(HAM/TSP)70-72. Both diseases are linked to immune 
response abnormalities mediated by the viral infection. 
The malignant process is initiated by HTLV-1 early in life 
and gives rise to adult T-cell leukemia in a small fraction 
of carriers (< 5%) after a latency period of 50-70 years. 
The pathologic process is the result of a multistep acti-
vation of many promoting factors73. Adult T-cell leuke-
mia has different clinical outcomes, including indolent 
(smoldering or chronic) and aggressive (lymphoma or 
acute) forms of disease. The onset of HAM/TSP gener-
ally occurs after the third or fourth decades of life and 
the risk of development is similar to adult T-cell leukemia. 
Inflammatory disorders caused by HTLV-1 include ar-
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thropathy, uveitis and infective dermatitis in children74, 
and HTLV-1 has also been associated with an in-
creased frequency of opportunistic infections9. 

 Although HTLV-2 has an imprecise etiologic role in hu-
man disease, cases of subacute myelopathy resem-
bling HAM/TSP have been reported75-77. Recently, 
HTLV-1 and -2 infections have been associated with 
a spectrum of neurologic abnormalities other than clas-
sical HAM/TSP78. In a prospective cohort study, HTLV-2 
infection in blood donors was associated with increased 
mortality79. High levels of HTLV-1 proviral load are a 
recognized risk factor for developing adult T-cell leu-
kemia and possibly HAM/TSP80,81. High Tax expression, 
rather than high proviral load, has been proposed as the 
cause of the association with HAM/TSP pathogenesis82. 

The difference in pathogenesis caused by HTLV-1 
and HTLV-2 is supported by the differences in proviral 
load values, which are significantly higher in HTLV-1 
than in HTLV-2 carriers83. Higher proviral load is found 
in persons infected with HTLV-2 subtype a than in per-
sons infected with HTLV-2 subtype b84. In HTLV-2 pa-
tients with high proviral load, a clonal expansion of in-
fected cells is observed85. The observations that i) there 
is an inverse correlation between age and proviral load 
in HTLV-2 carriers and ii) proviral load is lower in fe-
male HTLV-2 infected subjects83,86 remain controver-
sial. In recent reports, HTLV-1 and -2 proviral load val-
ues were found to be stable over time, suggesting that 
clonal expansion is counterbalanced by immunologic 
control of infection87. Both HTLV-1 and -2 infected sub-
jects with bladder or kidney infection tended to present 
with increasing proviral loads87. Also, HTLV-1 and -2 
are associated with long-term modification of blood cell 
counts, leading to an elevation of total lymphocyte counts 
in HTLV-2 subjects88. The HTLV-1 and -2 proviral load 
may be lower in sexually acquired infection86.

The consequences of coinfection with HIV-1 and 
HTLV have been reviewed89. In a long-term observa-
tional study of HIV/HTLV-1 and HIV/HTLV-2 coinfec-
tions of more than 3500 patients in New Orleans (USA), 
coinfected patients were more likely to have neuro-
logic complications, thrombocytopenia, respiratory and 
urinary tract infections, and hepatitis C90. In a retro-
spective case-control study conducted in Bahia (Bra-
zil), coinfection with HTLV-1 is associated with a short-
er survival time for HIV-1 infected patients91. Because 
a significant proportion of IDU are infected with HIV-1, 
most HTLV-2 positive cases reported in Europe show 
evidence of dual HIV-1/HTLV-2 infection. We have re-
cently observed an increased incidence of liver dis-
ease and hepatitis C virus (HCV) positivity among HIV-
1/HTLV-2 coinfected subjects, but without an increase 
in incidence of myelopathy, peripheral neuropathy, 
bronchitis and urinary tract infection28. However, the 
introduction of HAART has dramatically reduced both 
morbidity and mortality in HIV-1 infected persons. The 

type of disorders affecting this population has changed 
from opportunistic pathogens to a rising incidence of 
inflammatory syndromes92 that could precipitate neuro-
logic disease in HIV-1/HTLV coinfected patients. Both 
sporadic cases of neurologic disease and increased 
risk of developing peripheral neuropathy have been re-
ported in IDU who are coinfected with HIV-1/HTLV-293,94. 
In addition, an increase in HTLV-2 proviral load after 
beginning HAART has been observed95,96. Data from 
our laboratory confirm that antiretrovirals enhance 
HTLV-2 proviral load, suggesting an expansion of in-
fected cells28. When HTLV proviral load is higher in 
patients with HIV/HTLV-1 coinfection than in patients 
with HIV/HTLV-2 coinfection, HAART is of limited value 
in controlling HTLV expression97.

A single case of myelopathy resembling HAM/TSP in 
a patient coinfected by HIV-1 and HTLV-2 and belong-
ing to an IDU cohort has been reported98. The disease 
developed after HAART initiation and other viral infec-
tions as causes could be ruled out. The investigators 
also observed that, of a total 677 HTLV-2 infections 
reported in Spain, four cases presented neuromuscular 
abnormalities possibly associated with HTLV-2 infec-
tion, but only one case presented with HAM/TSP-like 
disease.

Our laboratory has a long-standing history of inves-
tigation of HIV-1/HTLV coinfection and AIDS, using 
virologic, clinical, and immunologic parameters for 
studies of AIDS progression in HIV-1/HTLV-2 coinfected 
and HIV-1 monoinfected subjects28. Our most recent 
serologic data for HIV and HTLV are summarized in 
table 1. A cohort of 2427 HIV-1 positive IDU was identi-
fied in a total population of 4292 individuals. The aver-
age HIV-1/HTLV-2 coinfection rate was 6.8% (165/2427). 
Considerable variation in HTLV-2 positivity was observed 
among the different cohorts of Italian HIV-1 positive IDU, 
with the highest percentage found in large metropolitan 
areas and lower percentages in small centers. There 
were 20 HTLV-2 monoinfected cases in 1865 HIV-1 
negative subjects (1.1%). It is noteworthy that HTLV-2 
seropositivity was significantly higher in HIV-1 positive 
(6.8%) than in HIV-1 negative (1.1%) subjects. Only a 
single individual of Asian origin was positive for HTLV-1 
and this subject was HIV-1 negative.

The relationship between coinfection and AIDS pro-
gression was monitored in two study groups of IDU 
patients for an average of 15 years28. The study groups 
were HIV-1 monoinfected and HIV-1/HTLV-2 coinfected 
subjects. The individuals in the group coinfected with 
HTLV-2 were significantly older, and both CD4+ and 
CD8+ cell counts were significantly higher than in the 
HIV-1 monoinfected IDU group of individuals. Neither HIV 
viral loads nor average duration of HIV infection were 
significantly different between the two groups. Within 
the coinfected group we identified a subgroup of pa-
tients with the typical features that define the long-term 
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nonprogressors for AIDS99. This long-term nonprogres-
sor subgroup of patients with CD4 counts > 500 cells/µl 
and a stable HIV viremia between 1000-1500 copies/ml 
did not develop opportunistic infections and did not 
require treatment with antiretrovirals during a follow-up 
period of at least 12 years. The number of long-term 
nonprogressors in the coinfected group (13.5%) is sig-
nificantly higher than in the HIV-1 monoinfected cases 
(1.1%) followed for the same period of time. It is note-
worthy that the mean HTLV-2 proviral load in the group 
of coinfected individuals not undergoing treatment (pri-
marily the long-term nonprogressor subgroup) was not 
significantly different from that of the HTLV-2 monoin-
fected cases. This observation suggests that HIV-1 in-
fection has no influence on HTLV-2 proviral load. The 
variability in the quantitation of HTLV-2 proviral loads 
in subjects infected by HTLV-2 alone was high, with 
about 40% of the cases having less than 1000 copies 
per 106 cells28. Recently it has been confirmed that 
HTLV-2 coinfection may exert a protective role on HIV 
disease progression by lowering HIV replication and 
immune activation100.

Our Italian IDU cohort of 2500 patients has also been 
monitored for 20 years for infection by HIV-1 and HTLV-2. 
We have observed that HTLV-2 infection is not de-
creasing as rapidly as HIV-1. The data (unpublished) 
are shown in figure 1. The rate of HIV-1 infection among 
IDU, which was about 40% in 1988, has decreased to 
8% in 2005. The rate of HTLV-2 infection of the popula-
tion of this cohort was about 4% in 1988 and has also 
decreased to 2% in 2005. However, the magnitude of 
HTLV-2 decrease was less than that of HIV-1, so that 
the 1:10 proportion of HTLV-2 to HIV-1 in 1988 is now 
1:4, showing that HTLV-2 infection is decreasing less 
rapidly than that of HIV-1. An explanation for these 
results may relate to the fact that HTLV detection and 
control is given less attention in Italy than HIV-1, result-
ing in the observed slower decrease among IDU as 
compared to HIV-1.

Molecular and cellular interactions 
between HIV and HTLV

In addition to its role in HTLV-1 transcription, Tax has 
been shown to upregulate HIV expression via activa-
tion of nuclear factor kappa B (NFκB), the cellular 
transcription factor that recognizes two binding sites in 
the U3 region of the HIV-1 long terminal repeat101. The 
mechanism of upregulation is similar to that used by 
cytokines, such as tumor necrosis factor-a or interleu-
kin-1β, which act on NFκB-dependent triggering of 
potentiation of HIV-1 transcription102. A similar pathway 
also exists for Rex/Rev proteins, which bind to viral 
RNA regions, named Rex-RRE, and allow the export of 
both partly spliced and unspliced viral transcripts to 
the cytoplasm where translation for both structural and 
regulatory proteins occurs103. Thus, both retroviral in-
fection and/or the expression of retroviral proteins can 
modulate the expression and secretion of some cyto-
kines and chemokines.

Infection by HTLV-2 results in activation and spon-
taneous proliferation of T-cells, as well as cellular 
events such as increased production of various cy-
tokines and chemokines59,60,100,104,105. In contrast, 
HIV-1 infection induces a strong cytopathic effect on 
CD4+ T-cells that leads to the progressive loss of this 
subset in infected individuals. The enhanced HIV-1 
replication observed in certain strains can gain an 
advantage as a result of cytokine- and chemokine-medi-
ated immune reactions106,107. However, different viruses 
have specific cytokine and chemokine requirements for 
maintenance in vivo. What appears to be optimal for one 
strain may be detrimental for another108. 

Expression of chemokine receptors may be required 
for fusion and entry of HIV-1 into CD4+ cells. The CCR5, 
a cell surface receptor for the CC-chemokines CCL3, 
CCL4, and CCL5, acts as a coreceptor for non-syncy-
tium-inducing, macrophage-tropic strains of HIV-1, which 
predominate in the initial transmission and early phas-
es of the disease. In addition, CXCR4, which binds 
stromal cell-derived factor-1 or CXCL12, is the core-
ceptor for syncytium-inducing HIV-1 strains109, which 
emerge with disease progression in approximately 50% 
of infected individuals110. The acquisition of CXCR4 
usage as a coreceptor corresponds to the switch from 
non-syncytium-inducing to a syncytium-inducing phe-
notype and leads both to a loss of sensitivity to the 
suppressive effect of CC-chemokines and a steep de-
crease in CD4+ T-cell counts110,111. 

Three CCR5 binding chemokines (CCL3, CCL4, and 
CCL5) act as major HIV-1 suppressive factors and are 
released by both cultured T-cells and primary CD8+ 
T-cells in response to HTLV infection112, pointing to a 
possible role in HIV suppression. In addition, HTLV-1 
specific CD8+ cytotoxic T lymphocyte clones derived 

Table 1. Serologic screening for HIV-1 and HTLV-2* infec-
tion in Italian intravenous drug users

Serostatus Tested HTLV-2 (+)†

Number %

HIV-1 (+)‡ 2427 165 6.8

HIV-1 (–)§ 1865   20 1.1

Total 4292 185 4.3

*Sera were screened according to HERN algorithm.
†HTLV infection confirmed by PCR/SB and allowed differentiation between 
types 1 and 2.
‡HIV-1 (+) = HIV-1 seropositive.
§HIV-1 (–) = HIV-1 seronegative.
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from patients with HAM/TSP are actively producing 
CCL3 and CCL4 chemokines113, suggesting that HTLV 
can influence HIV replication via chemokine expression 
and release. Thus, human retroviruses can interact not 
only at the molecular level, but also by producing ex-
tracellular cytokines or chemokines, to modulate their 
replicative and cytopathic functions.

Coinfection by HTLV-1 or HTLV-2 and HIV-1 occurs 
in a substantial number of persons with a history of in-
jection drug use. However, experimental evidence sug-
gests notable differences between consequences of 
HIV-1/HTLV-1 and HIV-1/HTLV-2 coinfection. In vivo 
and in vitro infections by both HTLV-1 and HIV-1 but 
not HTLV-2114-116 result in the constitutive activation of 
Janus kinase (JAK)/signal transducer/activator of tran-
scription (STAT) signaling pathway. The JAK/STAT 
pathway is needed for activity by some cytokines, in-
cluding interferons (IFN)117. In vitro HTLV-1 infection of 
either PBMC or cord blood lymphocytes induces the 
transition from IL-2 dependent to IL-2 independent 
growth. The transition correlates with the constitutive 
activation of kinases JAK-1 and JAK-3 and of transcrip-
tion factors STAT-3 and STAT-5114. Furthermore, the 
majority of leukemic cells from adult T-cell leukemia/lym-
phoma patients displayed constitutive activation of 
JAK-3 and DNA-binding activity of STAT-1, STAT-3 and 
STAT-5118. No constitutive activation of either the JAK 
or STAT proteins was detected in six HTLV-2 trans-
formed T-cell lines115. Up to 80% of randomly selected 
HIV-1 infected individuals showed a constitutive activa-
tion of STAT-1 and of a truncated STAT-5 form in their 
PBMC116. The HTLV-2 monoinfected and, interestingly, 
HIV-1/HTLV-2 dually infected individuals belonging to 

the same cohort of IDU usually do not show a constitu-
tive activation of their PBMC-associated STAT. There-
fore either HTLV-2 proteins or HTLV-2 induced host 
factors may overcome the capacity of HIV to activate 
the JAK/STAT pathway59.

The effect of HIV-1/HTLV-1 coinfection on HIV-1 
pathogenesis is still controversial. Soluble factors pro-
duced by HTLV-1 infected cells are capable of either 
enhancing or suppressing HIV-1 infection. A pivotal 
role is played by CC chemokines CCL3, CCL4, and 
CCL5, which can both suppress M-tropic HIV-1 infec-
tion or enhance T- and dual-tropic HIV-1 infection119. 
These CC chemokines are the major suppressive fac-
tors for M-tropic HIV-1 as well as positive regulating 
factors for T-tropic HIV-1. This study suggests that in 
HIV-1 infected individuals, HTLV-1 may precipitate the 
transition from M- to the T-tropic phenotype that is as-
sociated with HIV disease progression110. In addition, 
HTLV-1 Tax protein upregulates HIV-1 expression120, 
as well as expression of various cytokines and cytokine 
receptors involved in T-cell activation121, thereby pro-
viding a favorable condition for HIV-1 infection. This 
mechanism of influence does not necessarily require 
coinfection of the same cell. Several epidemiologic 
studies have indicated that HTLV-1 infection exacer-
bates the cytopathic effects of HIV-1 and accelerates 
clinical progression to AIDS in coinfected individu-
als122-127. However, other studies have not confirmed 
these observations90,97,128. The differences could be re-
lated to the occurrence of different HIV-1 phenotypes 
in clinical disease. 

The influence of HTLV-2 on HIV-1 infection is also 
debatable. Some authors claim an acceleration to AIDS 
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Figure 1. Monitoring of an Italian intravenous drug user cohort of 2500 subjects for a period of 20 years. The percentage of infected HIV-1 
subjects is represented by the light gray and that of HTLV-2 subjects by the dark gray. The monitoring was performed according to the 
usual serological screening for HIV-1 and to HERN algorithm for HTLV-2.
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with coinfection28,123, while others show a delay or no 
influence129,130. 

This issue of whether there is a protective role for 
HTLV-2 infection against AIDS progression has been 
studied extensively by our research group, with special 
attention paid to the role of HTLV-2 infection in AIDS 
progression. Coinfection with HTLV-2/HIV-1 is frequently 
found in long-term nonprogressors. Our recent work 
points to the maintenance of elevated CD4 counts in a 
significant proportion of coinfected individuals28. We 
have previously reported that upregulation of CCR5-
binding chemokine expression occurs in ex vivo culti-
vated PBMC of HTLV-2/HIV-1 coinfected individuals as 
compared to individuals infected with only HIV-1104. More 
specifically, CCL3 secretion from PBMC was found to be 
responsible for anti-HIV-1 activity in cell cultures derived 
from dually infected subjects. Spontaneous production 
of CCR5-binding chemokines was confirmed by Lewis, 
et al.105, who linked the spontaneous production to trans-
activation of CCL4 and CCL5 gene promoters by HTLV-
2 regulatory proteins. Independent studies have demon-
strated that an increased copy number of CCL3L1 gene 
results in enhancing the secretion of the corresponding 
protein CCL3L1. The CCL3L1 is an isoform of CCL3 with 
potent inhibitory activity for R5 HIV-1 strains131 that are 
replicating in activated leukocytes132,133. The inverse as-
sociation between CCL3L1 copy number and CCR5 
expression on T-cell membranes suggested that either 
chemokine binding or CCR5 signaling in the presence 
of an elevated CCL3L1 copy number is causing receptor 
internalization132. Recent data from our group shows that 
the cell activation state induced by HTLV-2 infection 
drives CCL3L1 expression that results in CCR5 down-
regulation without interfering with gene copy number134. 
In addition, PBMC from HTLV-2 infected individuals up-
regulate granulocyte-macrophage colony-stimulating 
factor (GM-CSF) and IFNγ secretion134, which can also 
inhibit CCR5 expression135. These findings lend further 
support to the hypothesis that a Tax-2 specific/preferen-
tial induction of CCL3L1 chemokine promoter is occur-
ring in HIV-1/HTLV-2 coinfected individuals105. As a 
complement to this upregulation of CCL3L1, the pattern 
of chemokines and cytokines induced by HTLV-2 infec-
tion (i.e. GM-CSF and IFNγ) may indeed contribute to 
induce a "protective" Th1 response against invading 
pathogens136 since a dominant Th2 response appears 
to be involved in the progression of HIV infection137. The 
relevance of CCR5-binding chemokines as correlates of 
protective innate immunity against R5 HIV-1 infection has 
been analyzed in the context of HTLV-2 infection or 
coinfection in experimental infection of macaques138,139. 
Two recent studies90,97 suggest that higher levels of 
HTLV-1/2 viral burden correlate with a higher risk for 
HTLV disease development in HIV-1 coinfected subjects, 
since HAART therapy is not effective against HTLV-1 or 
HTLV-2 infection. 

We have previously observed that a significant cor-
relation exists between CCL3 anti-HIV activity and 
HTLV proviral load in HIV-1/HTLV-2 coinfected sub-
jects104. The mechanism by which HTLV-2 interferes 
with the HIV-1 infection process is illustrated sche-
matically in figure 2. The HTLV-2 infection of CD8+ 
cells and their expansion induces the secretion of CC 
chemokines, which can reinforce the cytotoxic T lym-
phocyte response against CD4+ HIV-1 infected cells.

Other HIV-1 coinfections

A protective effect against HIV-1 disease progres-
sion by other viral coinfections has recently been de-
scribed. Induction of HIV-inhibitory chemokines and 
reduction of CCR5 and/or CD4 expression, possibly 
leading to a protection against HIV-1 disease progres-
sion, has been reported after in vitro infection of PBMC 
with hepatitis GB virus C140,141. Other systems in which 
protection was observed with coinfections include hu-
man lymphoid tissue infected with HIV-1 and human 
herpesvirus 7 (HHV-7)142. In vivo, HIV-1 infected indi-
viduals who are also positive for HIV-2 tend to have 
less symptomatic HIV associated disease143. Similarly, 
HIV replication is suppressed during active measles 
virus infection in humans144,145. However, other viruses, 
such as cytomegalovirus146 and herpes simplex virus 
(HSV)147 have an accelerating effect on HIV disease 
progression. Human herpes 6 (HHV-6) can exert both a 
protective and accelerating effect, depending upon the 
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Figure 2. Mechanism of HTLV-2 interference with HIV-1 infection 
process. The function and regulation of CC-chemokines by HTLV-2 
expression and of cytotoxic T lymphocyte (CTL) clones are explained 
in the main text.
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experimental conditions148. Recent clinical and experi-
mental evidence show that HHV-6 variant A (HHSV-6A) 
may promote AIDS progression in macaques149. 

Hepatitis C virus (HCV) infection in HIV-1/HTLV 
coinfected IDU is widespread. Its influence on HIV-1, 
HTLV-1, or HTLV-2 disease progression should be 
carefully evaluated, particularly since HCV load is 
significantly higher in those coinfected with HTLV-2 
and HCV28. 

Sources of Support and 
acknowledgments

This work was supported by the Istituto Superiore di 
Sanità (ISS) VI National Research Project on AIDS (to 
C. Casoli and to U. Bertazzoni), by MIUR PRIN 2005 
(to U. Bertazzoni) and by Cariparma (to C. Casoli) 
and Cariverona (to U. Bertazzoni, call 2004) Banking 
Foundations. The authors express their thanks to Dr. 
Antonio Boschini, S. Patrignano Community, Rimini, 
Italy, for providing follow-up information on patients 
included in this study.

References

	 1.	 Gallo R. The discovery of the first human retrovirus: HTLV-1 and 
HTLV-2. Retrovirology 2005;2:17.

	 2.	 Poiesz B, Ruscetti F, Gazdar A, Bunn P, Minna J, Gallo R. Detection 
and isolation of type C retrovirus particles from fresh and cultured 
lymphocytes of a patient with cutaneous T-cell lymphoma. Proc Natl 
Acad Sci USA 1980;77:7415-9.

	 3.	 Kalyanaraman V, Sarngadharan M, Robert-Guroff  M, Miyoshi I, 
Golde D, Gallo R. A new subtype of HTLV-2 associated with a T-cell 
variant of hairy cell leukemia. Science 1982;218:571-3.

	 4.	 Barre-Sinoussi F, Chermann J, Rey F, et al. Isolation of a T-lymphotropic 
retrovirus from a patient at risk for AIDS. Science 1983;220:868-71.

	 5.	 Gallo R, Montagnier L. The discovery of HIV as the cause of AIDS. 
N Engl J Med 2003;349:2283-5.

	 6.	 Dube S, Dolcini G, Abbott L, et al. The complete genomic sequence 
of a BLV strain from a Holstein cow from Argentina. Virology 2000; 
277:379-86.

	 7.	 Suzuki Y, Gojobori T. The origin and evolution of HTLV types I and 
II. Virus Genes 1998;16:69-84.

	 8.	 Novoa P, Penalva de Oliveira A, Posada Vergara M, da Silva Duarte 
A, Casseb J. Molecular characterization of HTLV-2 from people 
living in urban areas of Sao Paulo city: evidence of multiple sub-
types circulation. J Med Virol 2007;79:182-7.

	 9.	 Verdonck K, Gonzalez E, Van Dooren S, Vandamme A, Vanham G, 
Gotuzzo E. HTLV-1: recent knowledge about an ancient infection. 
Lancet Infect Dis 2007;7:266-81.

	 10.	 Kashima S, Alcantara L, Takayanagui O, et al. Distribution of HTLV-1 
subtypes in Brazil: genetic characterization of LTR and tax region. 
AIDS Res Hum Retroviruses 2006;22:953-9.

	 11.	 Calattini S, Chevalier S, Duprez R, et al. Discovery of a new human 
T-cell lymphotropic virus (HTLV-3) in Central Africa. Retrovirology 
2005;2:30.

	 12.	 Wolfe N, Heneine W, Carr J, et al. Emergence of unique primate 
T-lymphotropic viruses among central African bushmeat hunters. 
Proc Natl Acad Sci USA 2005;102:7994-9.

	 13.	 McCutchan F. Global epidemiology of HIV. J Med Virol 2006;78(Sup-
pl 1):S7-12.

	 14.	 Salemi M, Vandamme A, Desmyter J, Casoli C, Bertazzoni U. The 
origin and evolution of HTLV-2 and the relationship with its replica-
tion strategy. Gene 1999;234:11-21.

	 15.	 Bangham C. The immune control and cell-to-cell spread of HTLV-1. 
J Gen Virol 2003;84:3177-89.

No part of this publication may be 

reproduced or photocopying 

�without the prior written permission 

�of the publisher

© Permanyer Publications 2010



AIDS Reviews 2007;9

148

	 45.	 Gallo R. Human retroviruses after 20 years: a perspective from the 
past and prospects for their future control. Immunol Rev 2002; 
185:236-65.

	 46.	 Thomas J, Ott D, Gorelick R. Efficiency of HIV-1 postentry infection 
processes: evidence against disproportionate numbers of defective 
virions. J Virol 2007;81:4367-70.

	 47.	 Franchini G, Fukumoto R, Fullen J. T-cell control by human T-cell 
leukemia/lymphoma virus type 1. Int J Hematol 2003;78:280-96.

	 48.	 Gaudray G, Gachon F, Basbous J, Biard-Piechaczyk M, Devaux C, 
Mesnard J. The complementary strand of the HTLV-1 RNA genome 
encodes a bZIP transcription factor that downregulates viral tran-
scription. J Virol 2002;76:12813-22.

	 49.	 Ballaun C, Farrington G, Dobrovnik M, Rusche J, Hauber J, Bohnlein 
E. Functional analysis of HTLV-1 rex-response element: direct RNA 
binding of Rex protein correlates with in vivo activity. J Virol 1991; 
65:4408-13.

	 50.	 Kusuhara K, Anderson M, Pettiford S, Green P. HTLV-2 Rex protein 
increases stability and promotes nuclear to cytoplasmic transport 
of gag/pol and env RNAs. J Virol 1999;73:8112-9.

	 51.	 Lewis M, Sheehy N, Salemi M, Van Damme A, Hall W. Comparison of 
CREB- and NFkB-mediated transactivation by HTLV-2 and HTLV-1 
tax proteins. Virology 2002;295:182-9.

	 52.	 Ohtani K, Iwanaga R, Arai M, Huang Y, Matsumura Y, Nakamura 
M. Cell type-specific E2F activation and cell cycle progression in-
duced by the oncogene product Tax of HTLV-1. J Biol Chem 2000; 
275:11154-63.

	 53.	 Ross T, Pettiford S, Green P. The tax gene of HTLV-2 is essential for 
transformation of human T lymphocytes. J Virol 1996;70:5194-202.

	 54.	 Ariumi Y, Kaida A, Lin J, et al. HTLV-1 tax oncoprotein represses 
the p53-mediated trans-activation function through coactivator CBP 
sequestration. Oncogene 2000;19:1491-9.

	 55.	 de La Fuente C, Deng L, Santiago F, Arce L, Wang L, Kashanchi 
F. Gene expression array of HTLV-1-infected T-cells: Upregulation 
of transcription factors and cell cycle genes. AIDS Res Hum Retro-
viruses 2000;16:1695-700.

	 56.	 Haller K, Ruckes T, Schmitt I, Saul D, Derow E, Grassmann R. Tax-
dependent stimulation of G1 phase-specific cyclin-dependent ki-
nases and increased expression of signal transduction genes char-
acterize HTLV-1 transformed T-cells. AIDS Res Hum Retroviruses 
2000;16:1683-8.

	 57.	 Sieburg M, Tripp A, Ma J, Feuer G. HTLV-1 and HTLV-2 tax onco-
proteins modulate cell cycle progression and apoptosis. J Virol 
2004;78:10399-409.

	 58.	 Tripp A, Liu Y, Sieburg M, Montalbano J, Wrzesinski S, Feuer G. 
HTLV-1 tax oncoprotein suppression of multilineage hematopoiesis 
of CD34+ cells in vitro. J Virol 2003;77:12152-64.

	 59.	 Bovolenta C, Pilotti E, Mauri M, et al. HTLV-2 induces survival and 
proliferation of CD34(+) TF-1 cells through activation of STAT1 and 
STAT5 by secretion of interferon-gamma and granulocyte macro-
phage-colony-stimulating factor. Blood 2002;99:224-31.

	 60.	 Casoli C, Re M, Monari P, et al. HTLV-2 directly acts on CD34+ 
hematopoietic precursors by increasing their survival potential; en-
velope-associated HLA class II molecules reverse this effect. Blood 
1998;91:2296-304.

	 61.	 Re M, Monari P, Gibellini D, et al. HTLV-2 increases telomerase 
activity in uninfected CD34+ hematopoietic progenitor cells. J He-
matother Stem Cell Res 2000;9:481-7.

	 62.	 Hasegawa H, Sawa H, Lewis M, et al. Thymus-derived leukemia-
lymphoma in mice transgenic for the Tax gene of HTLV-1. Nat Med 
2006;12:466-72.

	 63.	 Matsuoka M, Jeang K. HTLV-1 infectivity and cellular transforma-
tion. Nat Rev Cancer 2007;7:270-80.

	 64.	 Peruzzi F. The multiple functions of HIV-1 Tat: proliferation versus 
apoptosis. Front Biosci 2006;11:708-17.

	 65.	 Accolla R, De Lerma Barbaro A, Mazza S, Casoli C, De Maria A, 
Tosi G. The MHC class II transactivator: prey and hunter in infec-
tious diseases. Trends Immunol 2001;22:560-3.

	 66.	 Casoli C, De Lerma Barbaro A, Pilotti E, Bertazzoni U, Tosi G, Ac-
colla R. The MHC class II transcriptional activator (CIITA) inhibits 
HTLV-2 viral replication by blocking the function of the viral trans-
activator Tax-2. Blood 2004;103:995-1001.

	 67.	 Tosi G, Pilotti E, Mortara L, De Lerma Barbaro A, Casoli C, Accolla 
R. Inhibition of HTLV-2 replication by the suppressive action of class 
II transactivator and nuclear factor Y. Proc Natl Acad Sci USA 
2006;103:12861-6.

	 68.	 Accolla R, Mazza S, De Lerma Barbaro A, De Maria A, Tosi G. The 
HLA class II transcriptional activator blocks the function of HIV-1 
Tat and inhibits viral replication. Eur J Immunol 2002;32:2783-91.

	 69.	 Takatsuki K, Yamaguchi K, Kawano F, et al. Clinical diversity in adult 
T-cell leukemia-lymphoma. Cancer Res 1985;45:4644-5s.

	 70.	 Araujo A, Silva M. The HTLV-1 neurological complex. Lancet Neurol 
2006;5:1068-76.

	 71.	 Gessain A, Barin F, Vernant JC, et al. Antibodies to HTLV-1 in pa-
tients with tropical spastic paraparesis. Lancet 1985;2:407-10.

	 72.	 Osame M, Usuku K, Izumo S, et al. HTLV-1 associated myelopathy, 
a new clinical entity. Lancet 1986;1:1031-2.

	 73.	 Tanaka G, Okayama A, Watanabe T, et al. The clonal expansion of 
HTLV-1-infected T-cells: a comparison between seroconverters and 
long-term carriers. J Infect Dis 2005;191:1140-7.

	 74.	 Bangham C, Osame M. Cellular immune response to HTLV-1. On-
cogene 2005;24:6035-46.

	 75.	 Araujo A, Hall W. HTLV-2 and neurological disease. Ann Neurol 
2004;56:10-19.

	 76.	 Orland J, Engstrom J, Fridey J, et al. Prevalence and clinical fea-
tures of HTLV neurologic disease in the HTLV Outcomes Study. 
Neurology 2003;61:1588-94.

	 77.	 Roucoux D, Murphy E. The epidemiology and disease outcomes of 
HTLV-2. AIDS Rev 2004;6:144-54.

	 78.	 Kaidarova Z, Gibble J, Smith JW, et al. Prospective analysis of 
neurological abnormalities in a cohort of HTLV-1 and HTLV-2 infec-
tion. Aids Res Hum Retroviruses 2007;23:585.

	 79.	 Orland J, Wang B, Wright D, et al. Increased mortality associated 
with HTLV-2 infection in blood donors: a prospective cohort study. 
Retrovirology 2004;1:4.

	 80.	 Best I, Adaui V, Verdonck K, et al. Proviral load and immune mark-
ers associated with HTLV-1-associated myelopathy/tropical spastic 
paraparesis (HAM/TSP) in Peru. Clin Exp Immunol 2006;146:226-33.

	 81.	 Manns A, Hisada M, La Grenade L. HTLV-1 infection. Lancet 
1999;353:1951-8.

	 82.	 Asquith B, Mosley A, Heaps A, et al. Quantification of the virus-host 
interaction in HTLV-1 infection. Retrovirology 2005;2:75.

	 83.	 Hisada M, Miley W, Biggar R. Provirus load is lower in HTLV-2 car-
riers than in HTLV-1 carriers: a key difference in viral pathogenesis? 
J Infect Dis 2005;191:1383-5; author reply 1385-6.

	 84.	 Murphy E, Lee T, Chafets D, et al. Higher HTLV provirus load is 
associated with HTLV-1 versus HTLV-2, with HTLV-2 subtype A 
versus B, and with male sex and a history of blood transfusion. J 
Infect Dis 2004;190:504-10.

	 85.	 Cimarelli A, Duclos C, Gessain A, Casoli C, Bertazzoni U. Clonal 
expansion of HTLV-2 in patients with high proviral load. Virology 
1996;223:362-4.

	 86.	 Roucoux D, Wang B, Smith D, et al. A prospective study of sexual 
transmission of HTLV-1 and HTLV-2. J Infect Dis 2005; 191:1490-7.

	 87.	 Kwaan N, Lee T, Chafets D, et al. Long-term variations in HTLV-1 
and HTLV-2 proviral loads and association with clinical data. J In-
fect Dis 2006;194:1557-64.

	 88.	 Yeo A, Kaidarova Z, Gibble J, et al. Long-term abnormalities of 
complete blood counts in HTLV-1 and -2 infection. AIDS Res 
Hum Retroviruses 2007; 23:641-2.

	 89.	 Araujo A, Hall W. Concomitant infections with HIV-1 and HTLV types 
1 and 2. Washington, DC: ASM Press, 2002 (Brogden Ka GJ, ed. 
Polymicrobial Diseases).

	 90.	 Beilke M, Theall K, O’Brien M, et al. Clinical outcomes and disease 
progression among patients coinfected with HIV and HTLV types 1 
and 2. Clin Infect Dis 2004;39:256-63.

	 91.	 Brites C, Alencar R, Gusmao R, et al. Coinfection with HTLV-1 is 
associated with a shorter survival time for HIV-1-infected patients 
in Bahia, Brazil. Aids 2001;15:2053-5.

	 92.	 Shelburne S, Montes M, Hamill R. Immune reconstitution inflamma-
tory syndrome: more answers, more questions. J Antimicrob Che-
mother 2006;57:167-70.

	 93.	 Soriano V, Gutierrez M, Bravo R, Diaz F, Olivan J, Gonzalez-Lahoz 
J. Severe myopathy in an injection drug user coinfected with HIV-1 
and HTLV-2. Clin Infect Dis 1994;19:350-1.

	 94.	 Zehender G, Colasante C, Santambrogio S, et al. Increased risk of 
developing peripheral neuropathy in patients coinfected with HIV-1 
and HTLV-2. J Acquir Immune Defic Syndr 2002;31:440-7.

	 95.	 Machuca A, Rodes B, Soriano V. The effect of antiretroviral therapy 
on HTLV infection. Virus Res 2001;78:93-100.

	 96.	 Murphy E, Grant R, Kropp J, Oliveira A, Lee TH, Busch MP. In-
creased HTLV-2 proviral load following HAART in HIV-coinfected 
patients. J Acquir Immune Defic Syndr 2003;33:655-6.

	 97.	 Beilke M, Traina-Dorge V, Sirois M, et al. Relationship between 
HTLV-1/2 viral burden and clinical and treatment parameters among 
patients with HIV-1 and HTLV-1/2 coinfection. Clin Infect Dis 2007; 
44:1229-34.

No part of this publication may be 

reproduced or photocopying 

�without the prior written permission 

�of the publisher

© Permanyer Publications 2010



Claudio Casoli, et al.: HIV/HTLV Coinfection

149

	 98.	 Toro C, Blanco F, Garcìa-Gascò P, et al. HTLV-1 associated my-
elopathy/tropical spastic paraparesis in an HIV-positive patient 
coinfected with HTLV-2 following initiation of antiretroviral therapy. 
Clin Infect Dis 2007 [in press]. 

	 99.	 Baltimore D. Lessons for people with nonprogressive HIV infection. 
N Engl J Med 1995;332:259-60.

	100.	 Bassani S, Lopez M, Toro C, et al. Influence of HTLV-2 coinfection 
on virologic and immunologic parameters in HIV-1-infected patients. 
Clin Infect Dis 2007;44:105-10.

	101.	 Leung K, Nabel G. HTLV-1 transactivator induces interleukin-2 recep-
tor expression through an NFκB-like factor. Nature 1988;333:776-8.

	102.	 Siebenlist U, Franzoso G, Brown K. Structure, regulation and func-
tion of NFkB. Annu Rev Cell Biol 1994;10:405-55.

	103.	 Cullen B, Greene W. Regulatory pathways governing HIV-1 replica-
tion. Cell 1989;58:423-6.

	104.	 Casoli C, Vicenzi E, Cimarelli A, et al. HTLV-2 down-regulates HIV-
1 replication in IL-2-stimulated primary PBMC of coinfected indi-
viduals through expression of MIP-1a. Blood 2000;95:2760-9.

	105.	 Lewis M, Gautier V, Wang X, Kaplan M, Hall W. Spontaneous pro-
duction of C-C chemokines by individuals infected with HTLV-2 
alone and HTLV-2/HIV-1 coinfected individuals. J Immunol 2000; 
165:4127-32.

	106.	 Kinter A, Catanzaro A, Monaco J, et al. CC-chemokines enhance 
the replication of T-tropic strains of HIV-1 in CD4(+) T cells: role of 
signal transduction. Proc Natl Acad Sci USA 1998;95:11880-5.

	107.	 Margolis L. HIV: from molecular recognition to tissue pathogenesis. 
FEBS Lett 1998;433:5-8.

	108.	 Margolis L. Cytokines–strategic weapons in germ warfare? Nat Bio-
technol 2003;21:15-6.

	109.	 Berger E, Murphy P, Farber J. Chemokine receptors as HIV-1 co-
receptors: roles in viral entry, tropism, and disease. Annu Rev Im-
munol 1999;17:657-700.

	110.	 Connor R, Sheridan K, Ceradini D, Choe S, Landau N. Change in 
coreceptor use correlates with disease progression in HIV-1-in-
fected individuals. J Exp Med 1997;185:621-8.

	111.	 Scarlatti G, Tresoldi E, Bjorndal A, et al. In vivo evolution of HIV-1 
coreceptor usage and sensitivity to chemokine-mediated suppres-
sion. Nat Med 1997;3:1259-65.

	112.	 Cocchi F, De Vico A, Garzino-Demo A, Arya S, Gallo R, Lusso P. 
Identification of RANTES, MIP-1a, and MIP-1b beta as the major 
HIV-suppressive factors produced by CD8+ T cells. Science 
1995;270:1811-5.

	113.	 Biddison W, Kubota R, Kawanishi T, et al. HTLV-1-specific CD8+ 
CTL clones from patients with HTLV-1-associated neurologic dis-
ease secrete proinflammatory cytokines, chemokines, and matrix 
metalloproteinase. J Immunol 1997;159:2018-25.

	114.	 Migone T, Lin J, Cereseto A, et al. Constitutively activated Jak-
STAT pathway in T cells transformed with HTLV-1. Science 1995; 
269:79-81.

	115.	 Mulloy J, Migone T, Ross T, et al. HTLV-2 and STLV-2(pan-p) 
transform T cells independently of Jak/STAT activation. J Virol 
1998;72:4408-12.

	116.	 Bovolenta C, Camorali L, Lorini A, et al. Constitutive activation of 
STATs upon in vivo HIV infection. Blood 1999;94:4202-9.

	117.	 Imada K, Leonard W. The Jak-STAT pathway. Mol Immunol 2000; 
37:1-11.

	118.	 Takemoto S, Mulloy J, Cereseto A, et al. Proliferation of adult T 
cell leukemia/lymphoma cells is associated with the constitutive 
activation of JAK/STAT proteins. Proc Natl Acad Sci USA 1997; 
94:13897-902.

	119.	 Moriuchi H, Moriuchi M, Fauci A. Factors secreted by HTLV-1-in-
fected cells can enhance or inhibit replication of HIV-1 in HTLV-1-
uninfected cells: implications for in vivo coinfection with HTLV-1 and 
HIV-1. J Exp Med 1998;187:1689-97

	120.	 Bohnlein E, Siekevitz M, Ballard D, et al. Stimulation of the HIV-1 
enhancer by the HTLV-1 tax gene product involves the action of 
inducible cellular proteins. J Virol 1989;63:1578-86.

	121.	 Franchini G, Streicher H. Human T-cell leukaemia virus. Baillieres 
Clin Haematol 1995;8:131-48.

	122.	 Bartholomew C, Blattner W and Cleghorn F. Progression to AIDS in 
homosexual men coinfected with HIV and HTLV-1 in Trinidad. Lan-
cet 1987;2:1469.

	123.	 Page J, Lai S, Chitwood D, Klimas N, Smith P, Fletcher M. HTLV-1/2 
seropositivity and death from AIDS among HIV-1 seropositive intra-
venous drug users. Lancet 1990;335:1439-41.

	124.	 Pagliuca A, Williams H, Salisbury J, Mufti G. Prodromal cutaneous 
lesions in adult T-cell leukemia/lymphoma. Lancet 1990;335:733-4.

	125.	 Gotuzzo E, Escamilla J, Phillips I, Sanchez J, Wignall F, Antigoni J. 
The impact of HTLV-1/2 infection on the prognosis of sexually ac-
quired cases of AIDS. Arch Intern Med 1992;152:1429-32.

	126.	 Schechter M, Harrison L, Halsey N, et al. Coinfection with HTLV-1 
and HIV in Brazil. Impact on markers of HIV disease progression. 
JAMA 1994;271:353-7.

	127.	 Fantry L, De Jonge E, Auwaerter PG, Lederman H. Immunodefi-
ciency and elevated CD4 T lymphocyte counts in two patients 
coinfected with HIV and HTLV-1. Clin Infect Dis 1995;21:1466-8.

	128.	 Harrison L, Quinn T, Schechter M. HTLV-1 does not increase HIV 
viral load in vivo. J Infect Dis 1997;175:438-40.

	129.	 Zanetti A, Zehender G, Tanzi E, et al. HTLV-2 among Italian intrave-
nous drug users and hemophiliacs. Eur J Epidemiol 1992;8:702-7.

	130.	 Visconti A, Visconti L, Bellocco R, et al. HTLV-2/HIV-1 coinfection 
and risk for progression to AIDS among intravenous drug users. J 
Acquir Immune Defic Syndr 1993;6:1228-37.

	131.	 Menten P, Wuyts A, Van Damme J. Macrophage inflammatory pro-
tein-1. Cytokine Growth Factor Rev 2002;13:455-81.

	132.	 Gonzalez E, Kulkarni H, Bolivar H, et al. The influence of CCL3L1 
gene-containing segmental duplications on HIV-1/AIDS susceptibil-
ity. Science 2005;307:1434-40.

	133.	 Townson J, Barcellos L, Nibbs R. Gene copy number regulates the 
production of the human chemokine CCL3-L1. Eur J Immunol 
2002;32:3016-26.

	134.	 Pilotti E, Elviri L, Vicenzi E, et al. Postgenomic upregulation of 
CCL3L1 expression in HTLV-2-infected persons curtails HIV-1 rep-
lication. Blood 2007;109:1850-6.

	135.	 Creery D, Weiss W, Lim W, Aziz Z, Angel J, Kumar A. Downregu-
lation of CXCR-4 and CCR-5 expression by interferon-gamma is 
associated with inhibition of chemotaxis and HIV replication but 
not HIV entry into human monocytes. Clin Exp Immunol 2004; 
137:156-65.

	136.	 O’Garra A. Cytokines induce the development of functionally het-
erogeneous T helper cell subsets. Immunity 1998;8:275-83.

	137.	 Clerici M, Shearer G. The Th1-Th2 hypothesis of HIV infection: new 
insights. Immunol Today 1994;15:575-81.

	138.	 Lehner T, Wang Y, Cranage M, et al. Upregulation of beta-chemo-
kines and down-modulation of CCR5 coreceptors inhibit SIV trans-
mission in nonhuman primates. Immunology 2000;99:569-77.

	139.	 Bogers W, Bergmeier L, Ma J, et al. A novel HIV-CCR5 receptor 
vaccine strategy in the control of mucosal SIV/HIV infection. Aids 
2004;18:25-36.

	140.	 Xiang J, Wunschmann S, Diekema D, et al. Effect of coinfection with 
GB virus C on survival among patients with HIV infection. N Engl J 
Med 2001;345:707-14.

	141.	 Xiang J, George S, Wunschmann S, Chang Q, Klinzman D, Stapleton J. 
Inhibition of HIV-1 replication by GB virus C infection through increases 
in RANTES, MIP-1a, MIP-1b, and SDF-1. Lancet 2004;363:2040-6.

	142.	 Lisco A, Grivel J, Biancotto A, et al. Viral interactions in human 
lymphoid tissue: HHV-7 suppresses the replication of CCR5-tropic 
HIV-1 via CD4 modulation. J Virol 2007;81:708-17.

	143.	 Kokkotou E, Sankale J, Mani I, et al. In vitro correlates of HIV-
2-mediated HIV-1 protection. Proc Natl Acad Sci USA 2000; 
97:6797-802.

	144.	 Moss W, Ryon J, Monze M, Cutts F, Quinn T, Griffin D. Suppres-
sion of HIV replication during acute measles. J Infect Dis 2002; 
185:1035-42.

	145.	 Grivel J, Garcia M, Moss W, Margolis L. Inhibition of HIV-1 replica-
tion in human lymphoid tissues ex vivo by measles virus. J Infect 
Dis 2005;192:71-8.

	146.	 Bronke C, Westerlaken G, Miedema F, Tesselaar K, van Baarle D. 
Progression to CMV end-organ disease in HIV-1-infected individuals 
despite abundance of highly differentiated CMV-specific CD8+ T-
cells. Immunol Lett 2005;97:215-24.

	147.	 Mole L, Ripich S, Margolis D, Holodniy M. The impact of active 
herpes simplex virus infection on HIV load. J Infect Dis 1997; 
176:766-70.

	148.	 Grivel J, Ito Y, Faga G, et al. Suppression of CCR5- but not CXCR4-
tropic HIV-1 in lymphoid tissue by human herpesvirus 6. Nat Med 
2001;7:1232-5.

	149.	 Lusso P, Crowley R, Malnati M, et al. Human herpesvirus 6A ac-
celerates AIDS progression in macaques. Proc Natl Acad Sci USA 
2007;104:5067-72.

No part of this publication may be 

reproduced or photocopying 

�without the prior written permission 

�of the publisher

© Permanyer Publications 2010


