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Abstract  
 

HTLV-1 is the first discovered human oncogenic retrovirus 

leading to an aggressive malignancy known as Adult T cell 

Leukemia/Lymphoma (ATL) or to a neuroinflammatory disease 

defined as HTLV-1 associated myelopathy/tropic spastic 
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paraparesis (HAM/TSP). ATL development occurs in 2–5% of 

infected individuals 30–50 years after initial exposure. HTLV-1 

mainly targets CD4+ T cells resulting in the dysregulation of the 

host immune response. HTLV-1 oncogenesis is generally 

accompanied by genomic instability, clonal proliferation of the 

infected cells, and immune evasion.   Among the various 

proteins encoded by HTLV-1, Tax and HBZ play a crucial role 

in initiation of cellular transformation and maintenance of cell 

proliferation, respectively, and as such they are operatively 

considered as viral oncogenes. Nevertheless, the complete 

picture underlying cellular transformation and persistence of the 

leukemic state after infection remain mostly unexplained. This 

review highlights the interactions between HTLV-1 viral 

oncogenes and the host immune system, which may help to 

better understand HTLV-1 mediated leukemogenesis. 

 

Background  
 

Human T-cell leukemia virus (HTLV-1) is the first oncogenic 

retrovirus identified in humans [1]. It is estimated that HTLV-1 

infects at least 10-15 million people worldwide. Large endemic 

areas are mainly identified in Southern Japan, the Caribbean, 

Central and South America, the Middle East, Melanesia, and 

equatorial regions of Africa [2]. Most HTLV-1 infected 

individuals remain asymptomatic carriers (AC) for lifelong. 

About 3–5% of them develop, after many years of clinical 

latency, a severe malignancy of CD4+ T cells, known as Adult 

T-cell Leukemia/lymphoma (ATL) or a severe neuropathological 

inflammatory syndrome defined as HTLV-1-associated 

myelopathy/tropical spastic paraparesis (HAM/TSP) [3].  

 

HTLV-1 belongs to the family of deltaretroviruses that, similarly 

to other retroviruses, harbors gag, pol, pro, and env genes 

flanked by long terminal repeats (LTR). The gag gene provides 

the main constituent of the viral capsid. The pol and pro region 

encode the reverse transcriptase, protease, and integrase. The env 

gene codes for a glycoprotein that mediates viral entry. In 

addition, HTLV-1 genome contains between env and the 3′-LTR 

a region designated pX region that encodes for Tax, Rex, and 

additional accessory proteins p12, p13, p21, and p30. Tax is a 
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viral transactivator that activates transcription from the LTR. 

Rex mediates nuclear export of viral RNA. At variance to other 

retroviruses, HTLV-1 encodes an antisense open reading frame 

encoding the helix-basic loop zipper protein HBZ. Tax and HBZ 

are two major viral regulatory proteins that cooperate to mediate 

HTLV-1 leukemogenesis [4]. 

 

HTLV-1 transmission mainly occurs through three routes: from 

mother to child by breastfeeding; during sexual intercourse and 

after exposure to contaminated blood products [5].  HTLV-1 is 

mainly transmitted by cell-to-cell contact, as cell-free HTLV-1 

viral particles are not efficient for infection. Three cellular 

factors were identified to favor the viral entry, namely glucose 

transporter (GLUT1), heparan sulfate proteoglycan (HSPG), and 

neuropilin-1. These molecules are crucial for the interaction 

between the HTLV-1 envelope and the cell membrane. It has 

been suggested that the virus may first contact HSPG and then 

form complexes with neuropilin-1, followed by GLUT1 

association on the cell surface prior to membrane fusion and 

entry into the cell [6]. After penetration into target cells, reverse 

transcription of HTLV-1 genomic RNA into DNA occurs 

followed by its integration at random sites within the host 

genome. Interestingly, however, in leukemic cells integrated 

proviral DNA is preferentially found near the transcriptional start 

sites of host genes, a feature indicating positive selection of cells 

during leukemogenesis [7].   

 

ATL is a heterogeneous disease with four clinical subtypes: 

acute, lymphoma, chronic, and smoldering. Acute and 

lymphoma subtypes are known as aggressive ATL with large 

tumor burden, blood and lymph node involvement, and 

hypercalcemia. Chronic and smoldering subtypes are indolent 

ATL characterized by rash and minimal blood involvement. The 

leukemic cells are characterized often by unusual morphology 

with ovulated nuclei that confer to the cell a characteristic 

“flower-like” aspect. Despite the progress achieved in the 

clinical treatment of the disease, prognosis remains poor with an 

average survival rate of only a few months [8].  
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HTLV-1 Oncoproteins Tax-1 and HBZ  
 

The basic molecular mechanism behind HTLV-1 infection 

progressing towards ATL is not yet fully understood although 

various studies point to the involvement of Tax-1 and HBZ.  

 

Tax-1 is a 40-kDa transactivator protein serving as the master 

regulator of HTLV-1 proviral expression from the LTR. 

Activation of viral gene expression depends on Tax-1 interaction 

with CREB. Tax-1 also recruits co-transcriptional activators 

including p300/CREB- binding protein (CBP) and CREB-

regulating transcriptional coactivators (CRTCs) to the core 

TATAA promoter of HTLV-1 in order to favor its optimal 

activity [9]. Tax-1 attracts other regulatory enzymes to modulate 

the process of the viral transcription. p21-activated kinases 

increase Tax-mediated LTR-dependent transcription [10]. On the 

other hand, LKB1 and salt-inducible kinases, protein 

deacetylases SIRT1, as well as T cell- specific transcription 

factors TCF1 and LEF1 are recruited to exert negative regulation 

of proviral transcription [4].  

 

Tax-1 activates constitutively the nuclear factor kappa B (NF-

κB) pathway [11]. The oncogenic capacity of Tax-1 is highly 

correlated to its capability to modulate this particular signaling 

pathway. In addition, the alteration of NF-κB signaling pathway 

could also be associated with the inflammatory state observed in 

HAM/TSP [12]. Interestingly, at protein level, we have 

demonstrated that Tax-1 is found in 100% of HTLV-1 AC, and 

in 75% of HAM/TSP cases but rarely in ATL cases.[13] It is of 

note that Tax expression alone is capable to transform murine 

fibroblasts, immortalize T lymphocytes, and induce tumor 

formation in nude mice and transgenic mice. Tax-1 contribution 

to transformation necessitates the activation of both CREB and 

NF-κB signaling pathways along with the assistance of Tax-1 

activated host cellular genes [4]. It is also of note that Tax-1 

induces significant mitogenic activity at the G1–S-phase 

transition, by stimulating the upregulation of G1 D cyclins, 

activation of cyclin-dependent kinases (CDKs), and 

downregulation of CDK inhibitors (CKIs) [14]. Moreover, Tax-1 

can induce direct DNA damage through elevated reactive oxygen 
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species. Tax-1 inactivates p53, CHK1 and CHK2 kinases, and 

perturbs DNA repair by suppression of base excision repair 

(BER), and nucleotide excision repair (NER), leading to the 

accumulation of DNA damage [15]. Tax-1 is highly 

immunogenic and a major target for cytotoxic T cell effectors 

(see below), this may partially explains the fact that loss of Tax-

1 expression is frequently observed in ATL cells [16]. Genetic 

and epigenetic modifications in the proviral genome are also 

responsible of Tax-1 silencing [17]. Taken together, these 

observations support the role of Tax-1 in the oncogenic process 

leading to ATL particularly in the triggering and much less in the 

persistence of the oncogenic phenotype.  

 

Besides Tax-1, HBZ has become a crucial hotspot in HTLV-1 

research. HTLV-1 infected individuals and ATL patients express 

constantly HBZ both at RNA [18] and protein levels [19]. 

Experimental animal models have shown that HBZ-transgenic 

animals develop chronic inflammatory diseases and, importantly, 

various forms of lymphomas [20], thus suggesting that HBZ is 

important not only for cellular transformation but also for the 

maintenance of neoplastic state. HBZ is encoded by the negative 

strand of the HTLV-1 genome [21]. Three major HBZ 

transcriptional isoforms have been identified: the unspliced 

(usHBZ) form and two alternative spliced forms (SP1 and SP2). 

SP1 is more frequent than SP2 [22]. The unspliced and SP1 

spliced HBZ transcripts are translated into polypeptides of 209 

and 206 amino acids, respectively, and they have almost 

identical sequences except for a stretch of seven amino acids at 

the N-terminus of the protein (MAAS for SP1 HBZ and 

MVNFVSA for usHBZ). Both proteins are characterized by their 

N-terminal activation domain, a central domain and a C-terminal 

basic ZIP domain. HBZ was reported to interact with 

CREB/CREB-2 through its bZIP domain, and this association 

was indispensable to abolish Tax-mediated HTLV-1 viral 

transcription [21]. Various findings have proven that HBZ exerts 

opposite effects with respect to Tax-1 on signaling pathways. 

HBZ interaction with p300/CBP impairs their binding to Tax-1 

leading to the suppression of Tax-1 mediated HTLV-1 

transactivation [23]. HBZ inhibits classical NF-κB pathway, 

which is activated by Tax-1, by preventing the recruitment of 
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p65-RelA to its consensus DNA sequence and inducing its 

degradation [24]. HBZ protein has poor immunogenicity due to 

the poor presentation of HBZ epitopes on MHC-I [25]. The low 

immunogenicity of HBZ favors the viral immune escape, thus 

promoting the spreading of infection and the persistence of viral 

latency. Moreover, HBZ establishes viral latency by preventing 

Rex-mediated export of nuclear RNA transcripts thus, abolishing 

the viral particles production [26]. HBZ promotes ATL cell 

proliferation by inhibiting apoptosis. It impairs the binding of 

AFT3 to p53, thus affecting the activation of p53-mediated 

apoptosis signaling [27]. It inhibits the transcriptional activation 

of pro-apoptotic genes as Bim and Fas Ligand, by interfering 

with FoxO3 [28]. HBZ binds to NFAT and suppresses the 

production of Th1 cytokines, thus impairing anti-viral immune 

responses [29]. Collectively, these findings highlight the 

importance of HBZ in promoting cellular proliferation and the 

persistence of the viral infection.  

 

Subcellular Localization of Tax-1 and HBZ 

during HTLV-1 Pathogenesis  
 

While Tax-1 can be found both in the cytoplasm and nucleus in 

AC, HAM/TSP and, when expressed, in ATL leukemic patients, 

the subcellular distribution of HBZ appears quite distinct.  

Historically, most of HBZ biochemical and functional studies 

were performed in artificial overexpressing transfected cells that 

hardly mimic the physiological state of HBZ within HTLV-1 

infected individuals. More recently, the isolation of the anti-HBZ 

monoclonal antibody, 4D4-F3, in our laboratory, provided us 

with the possibility to assess the endogenous HBZ expression, 

localization and interaction in vivo in HTLV-1 infected 

individuals, HAM/TSP and ATL patients. We have 

demonstrated that endogenous HBZ is 20- to 50- fold lower in 

ATL patients as compared to HBZ transfected cells. Extensive 

confocal microscopy studies have been performed to verify some 

reported HBZ interactions. Indeed, endogenous HBZ interacts 

and co-localizes with p300 and JunD. Partial colocalization was 

observed also for CBP and CREB2. Regarding the level of HBZ 

expression, it was observed that almost 100% of ATL cells 

express HBZ protein, around 0.4 to 11% of peripheral 
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mononuclear cells (PBMC) of HAM/TSP patients, and rare 

PBMC of asymptomatic HTLV-1 carriers [19]. 

 

 
 

Figure 1: Hypothetical model of disease progression in HTLV-1 infected 

people based on the expression and localization of Tax-1 and HBZ proteins at 

the single cell level. Upon infection of T cells by HTLV-1, asymptomatic 

carriers are characterized by the exclusive cytoplasmic expression and 

localization of HBZ protein, at variance with Tax-1 that can be found both in 

the cytoplasm and nucleus. This feature is conserved during the progression to 

chronic neurologic inflammatory syndrome (HAM/TSP). Leukemogenesis, on 

the other hand, is marked by the progressive translocation of HBZ from the 

cytoplasm to the nucleus. It is likely that HBZ cytoplasmic localization in ATL 

is mediated by the same retention mechanism present in asymptomatic carriers 

and HAM/TSP that is gradually lost during neoplastic transformation allowing 

HBZ protein to dislocate into the nucleus.  

 

Previous studies had suggested a specific nuclear localization of 

HBZ. Unexpectedly, instead, our findings have demonstrated an 

exclusive cytoplasmic localization of naturally expressed 

endogenous HBZ in the PBMCs of asymptomatic carriers (ACs) 

and HAM/TSP patients [30], which was not modified by 

HAM/TSP

Asymptomatic Carriers

ATLL

CD4+ CD8+ HBZ Tax Cytoplasmic 

molecules

Mutated cytoplasmic 

molecules
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treatment of the cells with Leptomycin B, a compound that 

blocks the CRM1-dependent nuclear protein export, indicating 

that the viral protein does not shuttle between the nucleus and 

the cytoplasm. The majority of cytoplasmic HBZ-expressing 

cells were exclusively found in CD4+ T cells and very rarely in 

CD8+ T cells. Interestingly, the HBZ-positive CD4+ cells did 

not express the CD25 T cell activation marker [13]. This 

suggests that the infected cells do not belong to the category of 

regulatory T cells and are not under rapid proliferative state. Of 

relevance, very recent studies of our group showed that in 

leukemic cells of ATL patients, HBZ localizes both in the 

cytoplasm and in the nucleus irrespective of patient’s clinical 

status, with a strong preference for the cytoplasmic localization. 

(Figure 1) It is likely that there is a retention mechanism of 

HBZ within the cytoplasm which is gradually lost during 

neoplastic transformation. Taken together, these studies 

strongly suggests a cytoplasmic-to-nuclear unidirectional 

translocation in HTLV-1-mediated oncogenesis [31]. 

 

Preferential Clonal Expansion of HTLV-1 infected 

CD4+ T Cells and the Immune response against the 

Virus  
 

HTLV-1 can infect various cell types in vitro such as dendritic 

cells, macrophages, B cells and T cells [32]; however, the 

preferential targets of HTLV-1 infection in vivo are the CD4+ T 

cells [33]. It is believed that the clonal proliferation induced by 

the virus is crucial for establishing the biological conditions for 

the transformation of infected CD4+ T cells in some HTLV-1 

carriers.  Once they are infected, CD4+ T cells become the target 

of the cellular immune response against the virus which is highly 

dominated by the CD8+ T cells with cytolytic function (CTL). 

 

As previously mentioned, a major target of CTL response is Tax-

1. Indeed, Tax-1-derived peptides are presented by HLA-class I 

molecules expressed on infected cells with high frequency and 

certain HLA class I alleles have been found to be associated to 

stronger response against the virus. For example, the HLA-

A*02 allele is associated with both a reduction in the provirus 

load of HTLV-1 as well as with protection against HAM/TSP 
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[34]. However, in ATL patients, anti-Tax-1 CTL response 

appears relatively weak, mostly as result of the selection of 

HTLV-1 infected clones with silenced Tax-1 expression, as 

outlined previously. In addition, a significant proportion of 

CD8+ T lymphocytes are found to be HTLV-1 infected in vivo. 

The susceptibility of CTLs to HTLV-1 infection might be 

explained by the cell contact between CTLs and HTLV-1 

infected APCs resulting in the spread of HTLV-1 in vivo. CTL 

response can be also down modulated by Foxp3+ Treg cells. 

Tregs suppress the functions of APCs and CTLs through direct 

cell contact via CTLA-4. Also, Tregs secret inhibitory cytokines 

IL-10 and TGF-β that maintain an immunosuppressive 

microenvironment. The rate of CTL-mediated lysis of 

autologous HTLV-1 infected cells is negatively correlated to the 

frequency of Treg cells ex vivo [35].  

 

Interestingly, upon the transplantation of allogeneic bone 

marrow (HSCT), an improvement in ATL outcome has been 

noticed but only in those who were in remission. Donor-derived 

T-cells endowed the recipients with de novo immune response 

mediated by Tax-1-specific CTL. This observation led to the 

designation of the first anti-ATL therapeutic vaccine to activate 

CD8+ Tax-specific CTLs by using Tax peptides as antigen and 

autologous DCs as adjuvant [36]. The three ATL patients that 

have undergone the vaccination showed clear proliferative 

responses of Tax-specific CTLs without severe adverse effects. 

These favorable clinical outcomes of the Tax-DC vaccine 

indicate the significance of Tax-specific CTLs in maintenance of 

remission in those ATL cases in which Tax-1 is still expressed 

that, as outlined above, are unfortunately 50-60%.  

 

Immune Suppression Mechanism in ATL Patients  
 

In general, ATL patients are under immunosuppressive 

conditions [37]. The dominant production of IL-10 and TGF-β in 

ATL patients may contribute to this state. Both Tax and HBZ 

induce IL-10 production [38,39] which in turn, decreases the 

antigen presenting capacity of dendritic cells predisposing to 

viral persistence in these patients. In the complex picture of 

immune suppression generated by HTLV-1 infection the peculiar 
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epidemiology and pathophysiology of infection should also be 

taken into account. 

 

Based on epidemiological studies, one of the risk factors of ATL 

development is the vertical route of transmission that is 

accompanied with impaired HTLV-1 specific CTL responses 

due to immune tolerance. Breastfeeding from an HTLV-1-

infected mother may potentially induce newborn tolerance where 

IL-10 producing regulatory T cells (T regs) may play a role, 

possibly contributing to immune suppression [15]. In addition, 

induction of immune checkpoint molecules may lead to the virus 

specific immune suppression. Programmed cell death protein 1 

(PD1) expression on Tax-1-specific CTL is elevated in  both 

HTLV-1 carriers and ATL patients [40] and this may influence 

the activity of HTLV-1-specific CTL in a negative fashion In 

fact, blockade of the PD1/PD-Ligand 1 (PD-L1) has been found 

to improve the Tax-1-specific CTL function [41]. Hence, 

reestablishment of the host CTL function would be a possible 

way to complement strategies of therapeutic intervention in 

ATL. 

 

In infected CD4+ T cells, the HTLV-1 auxiliary protein p12 

interacts with the MHC-I heavy chain, preventing its maturation 

and resulting in proteasomal degradation, leading to 

downregulation of MHC-I on the surface and this may contribute 

to immune escape from CTL recognition. On the other hand, 

MHC-I cell surface molecules act as NK cell inhibitory ligands 

and protect the cell from NK killing. Thus, if MHC-I is absent, 

the cell becomes a target for NK cell activity, in this case p12-

mediated downregulation of MHC-I alone would be detrimental 

to the survival of an HTLV-1 infected cell. However, p12 

expression also leads to reduced surface expression of 

intercellular adhesion molecules ICAM-1 and ICAM-2, as well 

as ligands for the NK cell activating receptors NCR and 

NKG2D, and thus limits the adhesion of NK cells to infected 

cells resulting in diminished ability of NK cells to kill HTLV-1-

infected cells [42]. 
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CIITA as an HTLV-1 Restriction Factor  
 

Besides adaptive immunity that act as a major pathogen-specific 

way of defense, intrinsic immunity is considered as an additional 

mechanism of host protection against pathogens. Intrinsic 

immunity depends on intracellular molecules known as 

restriction factors (RFs). They are either constitutively expressed 

or induced by innate immunity mediators. Their main function is 

the inhibition of viral infection by counteracting various phases 

of viral life cycle, from capsid uncoating, viral genome 

integration, replication, virus particle formation to viral budding 

[43]. 

 
Figure 2: Possible strategies by which CIITA mediates inhibition of Tax-1-

mediated LTR transactivation.                I- In the absence of CIITA, Tax-1 

induces the formation of a multiprotein complex containing CREB, CBP and 

PCAF on the viral LTR promoter, activating HTLV-1 proviral genome 

transcription. II- In the presence of CIITA, Tax-1 is bound by the MHC class II 

transactivator, preventing the physical formation and assembling of the 

multiprotein complex on the viral promoter, resulting in inhibition of LTR 

transcription. III- CIITA competitively bind to PCAF, rendering the binding of 

Tax-1 to PCAF insufficient to promote the transcription of HTLV-1 provirus. 

 

A recently described potent anti-HTLV-1 RF is the MHC class II 

transcriptional activator, designated as CIITA, originally 

discovered in our laboratory as the major coordinator of 

expression of all MHC II genes [44]. In this original role, CIITA 

is crucial for triggering the adaptive immune responses against 
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various pathogenic antigens presented by MHC-II molecules. 

Beside its leading role in the adaptive immune response, the first 

evidence that CIITA may act as an RF in the context of HTLV-1 

infection has arisen when we have demonstrated that CIITA acts 

as a potent transcriptional repressor for HTLV-1.  HTLV-1 

replicated in the CIITA-negative U937 cells but not in the 

CIITA-positive isogenic cells, [45] suggesting that physiological 

levels of CIITA efficiently inhibited HTLV-1 replication. 

Ectopic expression of CIITA in CIITA-negative U937 clones led 

to HTLV-1 replication inhibition. Regarding the basic molecular 

mechanism behind CIITA-mediated HTLV-1 restriction, we 

have demonstrated that CIITA targets Tax-1 in a rather complex 

mode. First, CIITA inhibits the physical and functional 

interaction between the viral transactivator and crucial cellular 

factors, such as PCAF, needed to promote Tax-1-mediated 

HTLV-1 LTR transactivation either by a direct binding to Tax-1 

itself or by competitive binding to PCAF. (Figure 2). Of 

particular interest is the action of CIITA on the Tax-1-mediated 

activation of the NF-kB pathway. It is widely accepted this Tax-

1 mediated function is of primary importance for HTLV-1 

mediated oncogenic transformation. We have demonstrated that 

the CIITA-Tax-1 interaction blocks the activation of NF-kB both 

at cytoplasmic and at nuclear level [46]. Within this frame, the 

inhibitory effects exerted by CIITA may counteract the initial 

phases of Tax-1-mediated HTLV-1 oncogenic transformation.  

 

Conclusion  
 

ATL prevention and treatment have witnessed a noteworthy 

improvement in recent years. De novo HTLV-1 infection has 

been diminished after the identification of the mother-to-child 

vertical route of transmission via breastfeeding. Moreover, the 

prognosis of ATL has enhanced significantly upon allogeneic 

bone marrow transplantation. Hence, the stimulation of immune 

response against HTLV-1 might be a possible strategy to combat 

HTLV-1 associated diseases. Thus, deciphering the function of 

the host immune response in the context of HTLV-1 infection 

would further our knowledge and consequently improve immune 

strategies of intervention. Identification of biomarkers would be 

beneficial to predict the disease progression. Within this frame 
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the recently described distinct subcellular distribution of HBZ 

during the various phases of infection and progression toward 

ATL may certainly be of help not only as a specific marker but 

also as a possible causative event favoring oncogenic 

transformation. Development of preventive and therapeutic 

vaccines and screening of new drugs would also improve ATL 

therapy.  
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