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             Human T-cell Leukemia disease type 1 (HTLV-1) is a retrovirus of 

oncogenic nature that is competent at its role to cause life-threatening diseases 

in the human population, for instance, a powerful lethal condition termed Adult 

T-cell Leukemia/Lymphoma (ATLL) and more occasionally neurological 

condition termed as Tropical Spastic Paraparesis (TSP) which is also termed as 

HTLV-associated Myelopathy (HAM). Experts give an estimation of ten-

twenty million persons impacted by HTLV-1 intercontinental. The 

epidemiology that is poorly understood, the unavailability of vaccines and the 

absence of targeted anti-retroviral treatment have compelled the Global virus 

network to dispatch a task group in the year 2014. They focussed mainly on the 

enhancement of various possible procedures for the clinical management 

(examination and treatment) of the people infected with HTLV-1. HTLV-1 

Transmission at a cellular level is achieved via contact of one cell with another 

and generation of plenty of infected cesses so that it can hang on there and 

accomplish transmission of infection to another vulnerable host. Viral 

propagation through cell-to-cell contacts leads to the enhancement of a load of 

the provirus. The enhanced load of the provirus is a significant factor allied with 

the progression of ATLL and other inflammation-associated diseases. The tax 

and HTLV-1 bZIP factor (HBZ) are the virally encoded genes that through their 

accommodating actions accomplish variation of the immunophenotype of 

infected cells, induction of proliferation and apoptotic inhibition of the cells to 

enhance the number of infected cells. Subsequently, infected cells hang tight, 

multiply and infiltrate into the tissues, which is probably the key factor for the 

transmission of HTLV-1. Both kinds of HBZ (protein and mRNA) play a 

crucial role in the oncogenesis of HTLV-1. The structural configuration of HBZ 

protein (shape) with its relationship with host cell proteins, for instance, p300-

CBP, Foxo3a as well as Foxp3 execute different key roles (apoptotic process, 

proliferation augmentation, and anti-viral activity weakening) so as to modify 

transcription profile of T-cells and thus provoking the development of 

oncogenesis. The current article is basically occupied with determining the 

initiation of HTLV-1 infection, the strategy of cellular transmission, disease 

development at a molecular level and related prophylaxis and treatment. 

INTRODUCTION 

              It is evaluated that around 20% of the aggregate instances of malignancy are caused 

by viral disease (Bouvard et al., 2009). Distinguishing proof of HTLV-1 infection was 

completed well before around 40 years by Robert Gallo's group in 1980 in the US (United 

States) and Japan (Poiesz et al., 1980; Yoshida et al., 1982), even preceding the revelation of 

Human Immunodeficiency Virus (HIV-1)(Barré-Sinoussi et al., 1983).  
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             An estimation of around 10 million 

individuals is infected with HTLV-1 

intercontinental (Gazon et al., 2012). The 

major endemic region for HTLV-1 

infection in South America (SA), Africa 

(sub-Saharan) and Japan while a few cases 

of infection have been recorded in the 

Middle East and Australo-

Melanesians (also Australasian, 

Australomelanesoid or Australoid) 

regions(Gessain and Cassar 2012). HIV-1 

and HTLV-1 both are retroviruses having a 

similar source of development in the human 

population from the simian population by 

means of zoonotic transmission 

(Interspecies transmission from 

monkeys(Keele et al., 2006; Vandamme et 

al., 1998). It has simian inception named as 

simian T-cell leukaemia Virus type 1 

(STLV-1). Following its discovery, 

description and depiction it was seen that an 

oncogenic HTLV-1 was a causative factor 

of both a rapidly progressive harmful 

lymphoproliferative condition termed as 

Adult T-cell Leukemia/Lymphoma (ATLL) 

and sporadically lethal neurological 

condition termed as HTLV-1-associated 

Myelopathy which is also named as 

Tropical Spastic Paraparesis (Gallo 2005; 

Gessain et al., 1985; Hinuma et al., 1981). 

Various sicknesses and disorders, for 

example, uveitis, conjunctivitis, interstitial 

keratitis, infective dermatitis, myositis, 

joint pain, respiratory ailments, Sjogren's 

syndrome, sicca disorder, Graves' illness, 

Hashimoto's thyroiditis, and 

polyneuropathies have been seen in both 

carrier and patients of TSP/HAM or 

ATLL(Gonçalves et al., 2010; Kamoi and 

Mochizuki 2012). Crusted scabies, 

Strongyloides stercoralis, tuberculosis and 

leprosy have also been seen as an 

opportunistic infection in patients 

experiencing ATLL(McKendall 2014). 2 - 

4% of HTLV-1-infected people have been 

found to build up an ATLL while 1 - 2% a 

TSP/HAM condition. The three main routes 

are the vertical transmission from the 

mother’s breast to a child due to extensive 

stretch of breasting(Hino 2011), 

unprotected sex (Kaplan et al., 1996) and 

infected blood products (Figure 2a). 

Transmission of HTLV-1 provirus at the 

cellular level happens by means of cell-to-

cell communication(Igakura et al., 2003; 

Pais-Correia et al., 2010), whereas freely 

moving virions show lower infectivity 

except for their tissue tropism towards 

dendritic cells (DCs) which may get 

infected with no contribution of the cell-to-

cell communication system(Alais et al., 

2015; Derse et al., 2001; Jones et al., 2008; 

Mazurov et al., 2010). It contrasts from 

HIV-1 retrovirus as it increases and elevates 

in its count fundamentally by proliferating 

infected cells which leads to the successful 

transmission of the virus(Cavrois et al., 

1998). Only very limited diagnostic 

methodologies apart from serological 

screening are existing and a slight effort has 

been pushed forward for identification of 

infected individuals and for reduction in 

transmission of the disease. No any 

vaccines or targeted effective treatment 

choice at present exists for complete 

remission of the disease. Remembering the 

given circumstance, the Global Virus 

Network (GVN) propelled a team in 2014 to 

energize elementary research, improvement 

of methodologies of counteractive action 

and discover the successful treatment of 

HTLV-1 disease so that new general public 

health measures can be prescribed and 

recommended. This article presents 

strategies for transmission at fundamental 

to cell level, portrayal of HTLV-1 related 

sicknesses, sub-molecular system of 

pathogenesis, oncogenesis 

(Leukemogenesis), immunological aspects, 

ways to deal with prophylactic vaccine 

development and current therapeutic 

choices together with future perspective of 

immunization and therapeutic development.  

Genomic Association of HTLV-1 

Proviral Genome and The Key Elements 

of The Gene Products: 

                HTLV-1 is a perplexing 

retrovirus with leukemogenic nature having 
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an ssRNA (+) genome encoding for special 

proteins that has oncogenic potentiality. It is 

an enveloped virus and the inner membrane 

of the envelope is mainly lined by matrix 

protein which encases the capsid of the 

virus. The viral capsid contains genomic 

RNA (two indistinguishable strands) and 

catalysts (useful protease, integrase and 

turn-around transcriptase). A naturally 

created viral molecule sticks to the receptor 

of the host or target cell with the assistance 

of an envelope and enters the cell by 

combination process by uncovering capsid 

substance in the cytoplasm of the cells 

targeted. Viral genomic RNA produces 

DNA (twofold stranded) by the process of 

reverse transcription which is transported to 

the core and its reconciliation with the host 

chromosome gives rise to what is actually 

known as the provirus. The definite 

hereditary HTLV-1 provirus structure as 

well as the key elements have been clarified 

in Figure 1. In spite of the fact that it is 

fundamentally like other complex 

retroviruses, it has gag, env and pol 

(structural genes), rex and tax as 

administrative genes and other adornment 

genes (HBZ, p13, p30 and p12,(Matsuoka 

and Jeang 2007). Provirus has enhancer and 

promotor components for the 

commencement of translation into the long 

terminal repeats (LTR) and the 

polyadenylation signal for positive strand 

transcription is arranged in 3ʹLTR(Poiesz et 

al., 1980). It codes for the structural 

proteins, polymerase and envelope from un-

spliced or singly spliced mRNAs(Lee et al., 

1984; Nam et al., 1988; Paine et al., 1994). 

ORF (Open Reading Frames) IV and III 

encode tax and rex respectively sharing a 

common doubly spliced transcript. 

Transactivator gene (tax) is in charge of 

improving the rate of LTR-interceded viral 

translation(Cann et al., 1985; Felber et al., 

1985; Inoue et al., 1987) and modulating the 

transcription of different genes especially 

associated with the procedure of cell 

multiplication, cell differentiation, cell 

cycle control and DNA repair(Kashanchi 

and Brady 2005; Leung and Nabel 1988; 

Mulloy et al., 1998). The oncogenic 

capability of tax (Grassmann et al., 1992; 

Yamaoka et al., 1992) and its huge job in 

human T cells transformation by HTLV-1 

and 2 have been previously noted(Robek 

and Ratner 1999; Ross et al., 2000). 

Immunogenicity of the tax protein is high 

when contrasted with that of HBZ 

proteins(Hilburn et al., 2011; Jacobson et 

al., 1990) and that is the reason why a cell 

infected with HTLV-1 can express HBZ 

under immunological surveillance of the 

host while the expression of tax is too much 

restricted. On the other hand, the Post-

transcriptional activity of rex is to attach, 

stabilize and send out intron-containing 

mRNAs to the cytoplasm of the target cell 

from the nucleus(Younis and Green 2005). 

The study has shown that Open Reading 

Frame -1 (ORF I) and Open reading frame-

2 (ORF II) codes for p12/p8 and p30/p13 

respectively are vital for infection initiation 

and to establish the persistence in the animal 

model and cell culture(Collins et al., 1998; 

Valeri et al., 2010). Accessory proteins, for 

example, p8 (protiolytically cleaved result 

of p12) and p13 polypeptide (contained the 

carboxy end of p30) may likewise assume a 

crucial role in causing quiescent T cells in 

vitro infection(Albrecht et al., 2000; Nicot 

et al., 2005; Younis et al., 2004). HBZ gene 

(encoded on – strand of the provirus) is 

transcribed from 3' LTR, though rest of the 

viral genes are transcribed (as sense 

transcript) via the 5' LTR, That can be 

widely induced by tax encompassing 

p300/CBP(Nyborg et al., 2010), in vitro and 

while in vivo, discontinuous transcription of 

tax and consistent expression of HBZ 

including SPI basically has been noted 

(Yoshida et al., 2008). Modulation of both 

the cell and viral gene translation is 

coordinated by basic cooperation of HBZ 

with different cell factors, for example, 

JunB, JunD, c-Jun, CREB restricting 

protein (CBP)/p300 and cAMP(Basbous et 

al., 2003; Clerc et al., 2008; Gazon et al., 

2012; Thebault et al., 2004). HBZ plays a 

huge role in T-cell multiplication (Arnold et 

al., 2008; Satou et al., 2006). Tax as the 
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viral oncoprotein has been confirmed in the 

greater part of the study however recently 

developing information giving the idea of 

supporting job of HBZ in the process of 

oncogenesis. It gives the idea that the tax 

and HBZ genes (encoded individually on + 

and – strand of provirus) are controlled 

reciprocally which is confirmed in infected 

cells treated with valproate, where there was 

higher tax expression, the transcript  of 

HBZ was supressed(Belrose et al., 2011). 

Assembly and maturation of virion, entry of 

virus and transformation tropism, viral 

persistence, the infectivity of the virus and 

persistence, positive posttranscriptional 

regulation and, oncogenesis and viral 

transcription are accomplished by gag and 

pol, env, p13, p12, rex and tax genes 

respectively.  

 

 

 
Fig. 1: HTLV-1 provirus genomic composition with details of all the potential genes. The 

restriction site CTCF has been depicted as a red bar in HBZ coding area.  

 

Transmission of HTLV-1: Routes of 

Transmission and Preventive Measures:  

             The three main routes are the 

vertical transmission from the mother to the 

young ones due to prolong breastfeeding 

(Hino 2011), unprotected sex(Kaplan et al., 

1996) and infected blood products (Fig. 2a). 

The mechanism of infection to cells from 

the former cells with infection to the new 

cells of the host is unclear though it 

leftovers an open investigation that whether 

breast conduit epithelia add to the viral 

transmission through milk(Martin et al., 

2012; Southern and Southern 1998). 

HTLV-1 virions have low infectivity with 

effectiveness to transmit by means of cell-

to-cell infections (Mazurov et al., 2010) as 

the infected cells (from a virological 

synapse) (Igakura et al., 2003) allow viral 

particles to transfer to uninfected cell 

efficiently which leads to the de-novo 

infection(Igakura et al., 2003). 

Accordingly, the conceivable courses of 

infections are confined to the 

accompanying 3 modalities in which the 

transfer of living infected cells is 

fundamental, which have been portrayed in 

Figure 2a. The provirus is predominantly 

seen in effector or memory CD4+ cells 

which proposes that this sub-population 

gets infection with HTLV-1(Yasunaga et 

al., 2001). The T-lymphocytes present in 

semen and breast milk are mostly effector 

or memory T-cells(Bertotto et al., 1990). 
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Vertical transmission through breastfeeding 

is the most dominating route(Wiktor et al., 

1993). 

              Transmission rates (sixteen 

percent for infants born to mothers carrying 

the infection, twenty-seven percent for 

infants nourished by mothers who remained 

infected for a longer period or more than 90 

days of infection and five percent for 

youngsters who were fed by mothers 

carrying infection for less than 90 

days(Nyambi et al., 1996). As per an 

estimate, HTLV-1, linked to blood 

transfusion needs at least ninety thousand 

virus-infected cells to commence infection 

processes in the host(Sobata et al., 2015). 

As the free virion is absent in infected 

patients (Demontis et al., 2015), the 

infected cells themselves lead to 

transmission. It isn't completely 

contemplated however CD4+ cells or 

macrophages probably remained critically 

involved(Pique and Jones 2012). HTLV-1 

immunoglobulin screening amid blood 

transfusion (at first established in Japan in 

1986 and pursued by the USA, France, 

Greece, Portugal, Sweden, UK, and Ireland) 

has definitely diminished the count of new 

cases of infection of HTLV-1. The cost 

viability of the antibody screening measures 

has been an issue in the zone with lower 

predominance and therefore numerous 

other preventive steps or measures should 

be implemented (Murphy 2016). Pregnant 

women screening has been executed for 

HTLV-1 antibody to constrain the 

transmission through delayed breastfeeding 

and unprotected sex. The study has 

supported that Vertical transmission was 

decreased by ceasing breastfeeding by a 

seropositive mother(Satake et al., 2016). 

HIV-1 and HTLV-1 have a similar course 

of passage (parenteral presentation, 

unprotected sex and vertical transmission) 

with a difference in that HIV-1 transmits 

vertically from the mother to the foetus 

during pregnancy. 

Transmission of HTLV-1 Virus at A 

Cellular Level: 

               Proviral HTLV-1 DNA is 

primarily seen in CD4+ T-lymphocytes 

(activated)(Richardson et al., 1990). and 

might be found to a restricted degree in 

different immune cells, for example, CD8+ 

T-lymphocyte, B-lymphocytes, dendritic 

cells and monocytes(Koyanagi et al., 1993; 

Nagai et al., 2001) (Fig. 2b). Cell-free 

virions are not particularly infectious with 

the exception of their tropism towards 

dendritic cells(Alais et al., 2015; Dutartre et 

al., 2016; Jones et al., 2008), maybe 

because of their higher susceptibility than 

T-lymphocytes to HTLV-1(Alais et al., 

2015). The short half-life period (36 

minutes at 37 0C) of HTLV-1 particles is a 

direct result of its envelopes' affectability to 

reduction(Shinagawa et al., 2012). 

Envelopes instability, core particles’ 

intrinsic features and/post entry events 

contribute to the low infectivity of the 

HTLV-1 viral particles; actually, the proper 

transmission of virions necessitates exactly 

tight contact between a new target cell and 

an infected cell (Gross and Thoma-Kress 

2016). HTLV-1 primary infection is 

asymptomatic and there is next to no 

information accessible on the spread rate of 

the infection particles, particularly amid the 

proviral load establishment. Its propagation 

is done in two ways in a nearly similar way 

to the other exogenous retrovirus 

(Overbaugh and Bangham 2001). At first 

re-expression of the proviral genome and 

formation of enveloped viral particles heads 

up the infection of a new cell whereas the 

reverse-transcription of the viral genome is 

done and ds DNA formed is inserted into 

the genome of the host that is named as the 

infection route of replication (Neo-

infection). HTLV-1 basically spreads 

almost wholly by the means of intercellular 

contact without any release of free virions 

from infected cells. The three core in vitro 

mechanisms of cell-to-cell transmission of 

HTLV-1 have been so far noted and 

reported as virological synapse(Igakura et 

al., 2003), virological biofilm(Pais-Correia 

et al., 2010) and the cellular conduits(Van 

Prooyen et al., 2010) (Fig. 2c). The 
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virological neurotransmitter is a specific 

structure that is named as a compact pocket-

like structure separated out between plasma 

films (a virtual space) in the nearness of the 

plasma membrane of the uninfected cells 

where the viral particles bud out and gather 

for intercellular transfer(Igakura et al., 

2003). Intercellular exchange of the HTLV-

1 may occur either in the separated out 

compact pockets between the plasma 

membrane of the two cells in 

contact(Majorovits et al., 2008) or on the 

periphery of the viral neurotransmitter(Pais-

Correia et al., 2010). Tax protein plays a 

key role in the formation of a virological 

synapse (neural connection) as it co-

restricts at the microtubule-organizing 

centre (MTOC)(Nejmeddine et al., 2005) 

and up-regulates intercellular adhesion 

molecule-1 expression (ICAM-

1)(Chevalier et al., 2012) whose precise 

interaction with lymphocyte function-

associated antigen-1(LFA-1) situated on an 

uninfected cell supports the cell-to-cell 

adherence and additional reorientation of 

MTOC on the specific site of the inter-

cellular contact triggering the polarization 

of assembly process of the 

virus(Nejmeddine and Bangham 2010). 

Extracellular matrix protein (collagen and 

agrin) and cellular proteins (tetherin and 

galectin-3) on infected cellular surface grip 

different particles of the virus producing 

what is named as viral biofilm which plays 

a major job in viral transmission more 

effectively and efficiently as compared to 

virological neural synapse(Pais-Correia et 

al., 2010). Biofilm is comparatively more 

infectious as it might play role in the 

prevention of recognition by 

immunoglobulins by masking the epitope of 

the HTLV-1 virus(Pais-Correia et al., 

2010). HTLV-1 regulatory protein p8 

expresses to incite generation of cellular 

conduits (a filopodium-like structure 

extended towards neighbouring cells) 

(Sherer et al., 2007; Van Prooyen et al., 

2010). At first, LFA-1 clustering at the 

surface of the cells is induced by p8 

regulatory proteins prompting the improved 

cell-to-cell adhesion by means of 

interaction ICAC-1 with LFA-1(Van 

Prooyen et al., 2010). Secondly, HTLV-1 

infected cells immortalized by expression 

of oncoprotein Tax (Matsuoka and Jeang 

2007) produce daughter cells (n=2) 

conveying the provirus on almost the same 

site of the genome that is named as clonal 

expansion (Figure 2d), which is considered 

to be following the neo-infection course of 

the spread of the virus. ‘The clonal 

expansion’ route impose provirus 

replication by means of DNA Pol2. 

Provirus integration in the host genome is 

not executed in a unsystematic way but 

somewhat it is regulated by four different 

physical measures(Bangham et al., 2014) 

such as predominant integration in an open 

transcriptionally-active chromatin, 

integration favour within the limit of 

hundred nucleotides (bound either in a 

direct fashion by specific proteins like 

STAT1, TP53 or indirectly by HDAC6 and 

Brag1) (Melamed et al., 2013),  binding of 

the ubiquitous protein phosphatase 2A 

(PP2A) with a complex (viral integrase and 

DNA),  inducing of integration site 

selection(Maertens 2015) and directing of 

retroviral integration to a key sequence 

motif of DNA. This DNA motif is generally 

palindromic but it may sometime be non-

palindromic in nature which has been 

recently stated(Kirk et al., 2016). Both the 

strands (+ and –) of the host genome 

carrying this motif nearly in equal numbers, 

produce a palindromic consensus sequence. 

Only a single copy or provirus-integrated 

genome has been detected mostly in 

naturally infected cell clones(Cook et al., 

2017). The infection triggers the expansion 

or proliferation of the infected cell by 

expression of genes (HBZ and tax) that 

results in aggregation of T-cells clone in 

blood circulation. As a matter of fact, it is 

the high range of clonal diversity and not 

oligoclonal proliferation that leads to 

HTLV-1 inflammation and malignant 

diseases(Gillet et al., 2011). A couple of 

cell types get an infection in vivo, for 

example, dendritic cells, 
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monocyte/macrophage and epithelial cells, 

however despite what might be expected the 

most cell types infected in vitro. Infected 

macrophages and dendritic cells have been 

accounted for assume a key job in the start 

of the HTLV-1 viral propagation and spread 

(de Castro-Amarante et al., 2015). 

Dendritic cell is comparatively shows 

higher susceptibility to infection of HTLV-

1(Alais et al., 2015) and are proficient of 

spreading viruses to the autologous CD4+ 

cells(Jones et al., 2008) with the help of 

particular Dendritic cell specific 

intercellular adherence molecule-3-

Grabbing Non-integrin (DC-SIGN)(Jain et 

al., 2009). The matured dendritic cells are 

increasingly competent in T-cells infection 

and transmission process(Rizkallah et al., 

2017). CD4+ (about 95% proviral burdens 

or load) and CD8+ (about 5% proviral 

burden) cells remain infected with HTLV-

1(Melamed et al., 2015). Both the CD8+ 

and CD4+ T-cells are preferentially 

infected just in case, they are considered 

HTLV-1-antigen-specific(Goon et al., 

2004). Notwithstanding it, there are so 

many added factors other than clonality 

index such as proviral load, amount of the 

cells with an infection that are undergoing 

transmission from one person to another 

and immunological responses are 

potentially barred in HTLV-1-allied 

ailments development and 

progression(Alvarez et al., 2016), which 

highlights the contribution of both the 

environmental and genetic factors in 

disease development. A thought-provoking 

fact has been stated that the exposure 

through blood transfusion resulted more 

possibly to TSP/HAM development of 

(Osame et al., 1990) whereas by means of 

breast-feeding resulted in ATLL(Tsukasaki 

and Tobinai 2012). Immortalized cells 

clonal expansion finally results in 

progression of conditions such as ATLL 

and TSP/HAM (Fig. 2d).

 

 

 
Fig. 2. The course of transmission of HTLV-1 at the section and cell level with the subtleties 

of the infected cell deification, multiplication and clonal development. 
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Molecular Mechanism of HTLV-1 

Interceded Modification in T-cells for 

Viral Persistence and Transmission in A 

Chronic Condition of Infection:  

              HTLV-1 causes an augment in 

proviral load following infection essentially 

by activating the expansion of infected cells 

through mitotic division. It has been seen 

that the contribution of de novo infection to 

the provirus load is not substantially done. 

Both Tax and HBZ assume a critical job in 

keeping up the clonal life span and 

increment in the number of infected cells 

(cell turnover) which has been portrayed 

underneath in detail.  

Details of Tax Expression and Function: 

             The size of HTLV-1 provirus is 

about 9 Kb in length and encompasses 

genes that encode structural proteins (env, 

gag and pol), add-on genes (p30, p12, and 

p13) and regulatory genes for example rex 

and tax and that are decoded, or transcribed 

from a positive strand of the proviral DNA 

whereas HBZ is transcribed as transcripts 

(antisense). Tax protein unequivocally 

activates various signalling pathways such 

as nuclear factor kappa B (NF-kB) as well 

as Activator protein-1 (AP-1) (Gazon et al., 

2018; Grassmann et al., 2005) and in spite 

of that, tax protein causes in vivo induction 

of T-cell leukemia or lymphoma (Grossman 

et al., 1995; Hasegawa et al., 2006). 

Initiation of NF-kB pathway by tax protein 

leads to the expression of the cell cycling-

related genes CDK2, CDK4, CDK6 cyclin 

D2, E2F1 and cyclin E(Iwanaga et al., 

2001) and anti-apoptotic genes c-

FLIP(Okamoto et al., 2006). Cell expansion 

and cycling are empowered by tax 

expression through activating PI3 K/Akt 

pathway (Peloponese and Jeang 2006). In 

this way, it might be inferred that the 

outflow of the tax proteins assumes a 

noteworthy role to hinder apoptosis and 

supporting cell proliferation. Transcription 

factors (TCF-1/LEF-1) in the classical Wnt 

signalling pathway, compromise the tax 

function (Ma et al., 2015). Nevertheless, 

curbed expression of TCF-1/LEF-1in 

effector/memory T-lymphocytes 

recommends the role of tax protein in these 

cells, which therefore encourages HTLV-1 

to keep up their in-vivo persistence in 

peripheral effector/memory T-

lymphocytes. Tax is the key target antigen 

that is perceived by CTLs (Kannagi et al., 

1991), so its expression is very much 

arranged and remains normally curbed for 

the survival of the infected cell from 

evasion by the host immune response. 

However all the while, the transient 

expression of the tax(Mahgoub et al., 2018) 

assumes a critical role in the maintenance 

and expansion of the HTLV-1 infected 

cells.  

HBZ Expression and Function: 

                HBZ is a viral protein encoded by 

HTLV-1 that has a transcriptionally active 

domain situated in its N-terminal and 

leucine zipper motif situated in its terminus 

C that undertakes a key role in the 

multiplication of ATL cells and 

leukemogenesis process (Satou et al., 

2006). Maintenance of clonal span is 

controlled by tax and HBZ expression. 

Nuclear localization signals remain 

integrated into its bZIP or main central 

domain while nuclear export signals are 

remains incorporated in its N terminus 

(Hivin et al., 2005). It remains mainly 

contained in the cytoplasm of blood 

mononuclear cells in the case of HAM/TSP 

patients, which is suggestive of its role as a 

potential biomarker of the disease 

condition(Baratella et al., 2017). The 

protein HBZ comprises three domains, for 

example, central domain (CD), activation 

domain (AD) as well as basic ZIP domain 

(bZIP) which upon association with various 

regulatory protein molecules productively 

play out the modulation of cellular 

functions (Figure 4). Interaction of different 

cellular proteins (transcription factors) at 

the nuclear level(Basbous et al., 2003; 

Satou et al., 2011; Tanaka-Nakanishi et al., 

2014; Thebault et al., 2004)  and at the 

cytoplasmic level(Kinosada et al., 2017) 

adds to the hindrance of cell apoptosis and 

promotion of cell proliferation, which 

consequently contributes to the disease 
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progression (Figure 4). 90% CD4+ 

effector/memory T cells and 10 % CD8+ T 

cells have been predominantly observed to 

be the target cells of the HTLV-1 

infection(Yasunaga et al., 2001). HBZ 

impacts the host T cell differentiation as it 

influences Foxp3 expression and function 

(basic controller for the advancing 

regulatory T cells). The count of T-cells 

(CD4+Foxp3+) in HBZ-Tg (transgenic) 

mice has been observed to be enhanced, 

depictin that expression of Foxp3 is 

enhanced by HBZ protein(Satou et al., 

2011). Initiation of TGF-b/Smad pathway is 

activated by the up-gradation of the 

expression of Foxp3(Zhao et al., 2011). 

HBZ supports Foxp3+ T-cells yet takeovers 

their transcriptional network prompting the 

inflammatory disease in the 

host(Yamamoto-Taguchi et al., 2013). HBZ 

protein, as well as both of HBZ and RNA, 

causes up-gradation of the CCR4 

expression by initiating the induction 

expression of GATA3 that heads to the 

commencement of transcription of a 

promoter of CCR4 gene. Consequently, it is 

suggested that HBZ supports the increased 

T-cell migration and multiplication of 

infected cells by CCR4 expression 

enrichment and up-regulation(Sugata et al., 

2016). The HBZ protein improves the up-

regulation of a co-inhibitory receptor T cell 

immunoglobulin and ITIM domain (TIGIT) 

gene(Yasuma et al., 2016) which is 

generously expressed upon the surface of 

the cells with infection and ATLL Cells. 

Significant expression of the TIGIT triggers 

the generation of IL-10 which eventually 

represses the immune responses of the host. 

TIGIT is a co-inhibitory receptor that 

curbes the activation of T-cell without 

hindering the proliferation of HTLV-1-

infected cells and as well as ATLL 

cells(Kinosada et al., 2017). Inhibitory 

signal set forth by TIGIT via intra-

cytoplasmic immunoreceptor tyrosine 

inhibitory motif (ITIM) that lastly 

interfaces precisely at a molecular level 

with a complex (THEMIS, SHP-2 and 

Grb2).  Interaction of HBZ to THEMIS 

results in a hamper of the inhibitory signal 

from THEMIS which is a T-cell explicit 

protein proposing that HTLV-1 induces 

merely T-cells proliferation. HBZ instigates 

hereditary instability as an infected 

individual gets capitulated to the ATLL 

after a long-term latency which is 

suggestive of apart from tax and HBZ, 

mounting up of genetic and epigenetic 

changes which are necessary for the 

beginning of the ATLL(Grassmann et al., 

2005). As of late it has been seen that 

genomic instability is induced by the HBZ 

in a miRNA as a way of oncogenic 

dependency.  The protein HBZ augments 

the expression of miR21 and miR17 

(oncomiRs) that suppresses OBFC2A 

which assists genome stability protection by 

means of ssDNA binding protein 

expression, thus causing genomic 

instability (Vernin et al., 2014). Restraint 

from apoptosis of these cells carrying 

infection of HTLV-1 adds to the 

maintenance of clonal longevity. Foxp3a 

whose confined localization and function 

are perturbed by HBZ proteins that down-

regulate the Bim and FasL (pro-apoptotic 

genes)(Tanaka-Nakanishi et al., 2014). 

Interaction of the N-terminal region of HBZ 

with IRF-1 leads to the hamper of IRF-1 

DNA binding/transcriptional activity which 

results in a decrease in the number of cells 

under the process of apoptosis. HBZ RNA 

also increases promotor activity of 

surviving for the up-regulated expression of 

surviving to hinder the apoptosis to 

maintain the viral persistence and 

longevity(Panfil et al., 2016). 
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 Interaction of Cellular Proteins in the Cytoplasm and Consequences: 

 
Fig. 4. Depiction of three domains of HBZ as well as the interaction of cellular proteins with 

HBZ with their consequences in both nucleus and cytoplasm. 

 

Adult T cell Leukemia/Lymphoma as a 

Disease Associated with HTLV-1 and 

Mechanism of Oncogenesis 

(leukemogenesis):  

             ATLL (an extremely aggressive 

malignant disease of HTLV-1 infected 

CD4+ cells) develops following a 

prolonged period of the chronic course of 

infection (Fig. 2) which was explained 

earlier before the discovery of HTLV-1 

virus while the causal relationship between 

the HTLAV-1 virus and ATLL was 

described only a couple of years of 

discovery of the virus(Yoshida et al., 1982). 

Clinical highlights, arrangement and 

biological markers of the ATLL have been 

well-summarized in Table 1. 
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Table 1. Different clinical elements of ATLL with their short portrayal. 

 

             

               Tax protein has been considered 

for a long time to be the sole oncogenic 

factor for the malignant change of the cells 

having infection of HTLV-1 but in the 

ongoing years, different investigations have 

proposed that HBZ is progressively a basic 

oncogenic factor in the transformation of 

the infected cell to malignant cells. 

Transducing Tax-expression vectors 

mediated in vitro immortalization of T-

cell(Akagi et al., 1995),  in vivo transgenic 

expression of tax-induced cancer, 

expression of tax by a natural killer cells 

tumour, induced by the granzyme B 

promotor(Grossman et al., 1995) and the 

expression of pX triggered by H-2kd 

promoter which is responsible for causing 

breast cancer(Shikishima et al., 1997), are 

the solid confirmations recommending that 

the high level of expression or insistent 

expression of tax protein is an oncogenic 

factor. Different investigations on HTLV-1 

proviruses and viral gene transcripts 

demonstrated ATLL cells hadn't 

demonstrated any expression of tax in about 

half of the aggregate instances of ATLL 

while expression of HBZ has been recorded 

in all the cases of ATL which emphatically 

confirms the irreplaceable role of HBZ in 

malignant transformation. Development of 

Different highlights of 

ATLL 

Brief portrayal References 

Arrangement of ATLL  Four clinical sub-types; chronic, smoldering, 

intense and lymphoma dependent on 

diagnostic criteria set down, for example, 

lymphadenopathy, hepatosplenomegaly, 

hypercalcemia, skin and lungs injuries. 

(Shimoyama 

1991) 

The severity of ATLL 

sub-types 

Intense and lymphoma sub-types are more 

extreme than smoldering and chronic sub-

types 

(Katsuya et al., 

2015)  

 

Frequency of ATLL sub-

types 

 

The frequency of cute subtypes of ATLL and 

that of lymphoma subtypes are represented as 

60% and 20% of all the subtypes respectively. 

(Mehta-Shah et 

al., 2017) 

Morphology of Leukemic 

cells 

Uncommon with flower-shaped nuclei (Uchiyama 1997) 

Phenotypic markers All the C-C chemokine receptor type-4 (CD2, 

CD4, CD3, CD25, CD5, CCR4) with 

exception of CD7 are found to be down-

regulated in those cells which remain 

suffering from an infection of HTLV-1 that 

suggests the disease progression over a time 

period of infection state.  

(Kagdi et al., 

2017; Kobayashi 

et al., 2014) 

Biomarkers for tax of 

ATLL sickness movement  

 

Exponential expression of Cell Adhesion 

Molecule-1 (CADM1) on ATLL cells 

unravels the huge impact on the process such 

as inter-cellular adhesion, tissue invasion and 

finally development of tumors. 

(Nakahata and 

Morishita 2012) 

Marker of ATLL sub-

type aggressiveness 

Aggressive subtypes of ATLL express C-C 

chemokine receptor type 7 (CCR7) receptor. 

Expression of the presence of CCR7 is an 

indicator of the aggressiveness of ATLL. 

(Kagdi et al., 

2017) 
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T-cell lymphoma by means of HBZ 

transgenic suggests a significant role of 

HBZ in the cellular transformation 

mechanism which is dependent on HTLV-1 

infection(Satou et al., 2011). HTLV-1 

induced leukemogenesis is a multi-factorial 

phenomenon that encompasses various 

mechanisms such as up-regulated and 

down-regulated action of different micro-

RNAs, differential expression of mRNA, 

alteration of Cellular signalling, somatic 

mutations, aneuploidy and epigenetic 

deregulation that transforms the infected 

cells to malignant cells(Watanabe 2017). 

The noteworthy job of tax protein has been 

entrenched in these procedures, for 

example, expression modulation of both 

cellular and viral genes by means of 

activation of cAMP response element-

binding protein (CREB) or Activating 

transcription factor (ATF), serum response 

factor (SRF) as well as nuclear factor-kappa 

B (NF-ҡB)-dependent vital pathway(Currer 

et al., 2012), by preventing cellular cycle 

seizure, hindering both DNA damage repair 

as well as apoptosis pathways. These 

factors evidently emphasize the role of tax 

in the proliferation of cells with infection as 

well as in the building-up of genetic 

alteration. Tax induces transformation of 

rodent fibroblast(Tanaka et al., 1990), in 

transgenic Drosophila melanogaster and 

mice as well(Niewiesk 2016), while weakly 

transforms human T-cell (Bellon et al., 

2010), suggesting a significant role of tax in 

transformation.  

              Transcription of HBZ gene 

communicates in every one of the instances 

of ATLL(Satou et al., 2006) and the result 

of HBZ gene expression supports the 

proliferation of T-cells, smothers 

transcription process mediated by tax 

protein via 5' LTR, hampers NF-ҡB 

activity, interfere apoptosis and autophagy, 

causes disruption of the very integrity of the 

host genome through miRNA expression 

and triggers impairment of TH1-mediated 

immune response against the virus(Ma et 

al., 2016). Aside from Apart from the 

above-mentioned functions of HTLV-1-

infected cell persistence, HTLV-1-induced 

transformation is also facilitated by HBZ 

while its role in HTLV-1 replication has not 

been observed. Thus, the synergistic and 

cooperative role of both tax as well as HBZ 

in the cancerous transformation of CD4+ T-

lymphocytes has been well established and 

in fact induction of T-cells to be Tregs by 

HBZ expression (mainly by up-regulating 

Foxp3 expression) has been 

reported(Yamamoto-Taguchi et al., 2013). 

Tax expression immortalizes and changes 

human CD4+ Foxp3+ cells(Chen et al., 

2015), which shows that Tax oncogenic 

features in human cells may also necessitate 

a minimum HBZ activity. Decontrolled 

immune response for the most part by 

means of tolerogenic state enlistment has 

been recorded as an additional 

factor(Kannagi et al., 2012). A tolerogenic 

state is accomplished through the direct 

impact of Interleukin-10 (Mori et al., 1996) 

and Transforming growth factor-beta (TGF-

β)(Niitsu et al., 1988) generated by infected 

cells. It is also achieved through the indirect 

activity of C-C theme chemokine ligand 22 

(CCL22) produced by cells having an 

infection of HTLV-1(Toulza et al., 2010). 

Once the tolerogenic state is achieved it 

leads to the employment of regulatory T-

lymphocytes and the hanging-up of the 

response of HTLV-1-specific cytotoxic T-

lymphocytes(Bangham and Toulza 2011) 

(Figure 3). Inactivation of the expression of 

tax gene is achieved by three different 

mechanisms such as nonsense mutation, 

DNA methylation at a position of 5'LTR 

and deletion of the 5'LTR region. DNA 

methylation at 5'LTR which gets mounted 

up amid the natural progression of 

infection, but not to the degree of pX and 

3'LTR(Taniguchi et al., 2005), prompts the 

silencing of the sense strand transcription 

from the 5'LTR(Koiwa et al., 2002). The 

CTCF-restricting region in pX area (Fig. 1) 

that was recently revealed, may account for 

the complete stoppage of DNA methylation 

process preceding the pX as well as 3'LTR 

to safeguard the sustained expression of 

HBZ(Satou et al., 2016) as the pX and 
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3'LTR are the basic factor for HBZ 

transcription. Malignant ATLL clones in 

various cases display mutations in 

tax(Takeda et al., 2004) and 

hypermethylation or deletion of 5'LTR, 

leading to the generation of defective 

provirus (defective provirus type-2) prior to 

the integration of the provirus into the 

genome (Koiwa et al., 2002). Since the 

initiation of transcription of viral genes is 

caused by 5’LTR (encoded by positive-

strand including tax) therefore, the absence 

of 5'LTR disallows the expression of tax 

gene in many instances of ATLL (Fig. 3b). 

Tax gene nonsense mutation (observed in 

about ten percent of the cases of ATLL) are 

observed in asymptomatic carrier which is 

produced during reverse transcription in 

provirus in APOBEC3G target 

sequence(Fan et al., 2010). In light of this 

perception, it is reasoned that the nonsense 

mutations are generated prior to infection, 

and the mutated tax gene (nonsense) 

carrying infected cells gets changed into 

ATLL cells which clearly demonstrates that 

HBZ plays an essential job in the process of 

oncogenesis. An obligatory long period of 

latency dormancy for initiation of ATLL 

demonstrates that mounting up of various 

levels of genetic and epigenetic alteration in 

the genes that are allied with the particular 

pathways which target tax as well as HBZ, 

is necessary for the development of ATLL 

(figure 2)(Kataoka et al., 2015). CCR4 gene 

Gain-of-function mutations (GOFM) have 

been found to be connected to the 

proliferation and infiltration of ATLL cells 

(Kataoka et al., 2015). NfkB augmentation 

in ATLL cells even in the absence of 

expression of tax by miR31 has been 

explained(Yamagishi et al., 2012). These 

viral proteins and mutations might be 

focused on therapeutic value in instances of 

ATLL. Notwithstanding the highly 

immunogenic nature(Kannagi et al., 1992) 

of tax, the absence of its expression in most 

ATLL cells supports the evasion from tax-

specific cytotoxic T-lymphocyte immune 

response in the patient suffering from 

ATLL. VHTL-1 is a human oncogenic 

infection as its regulatory proteins (tax and 

HBZ) indicate a tremendous amount of 

oncogenic features that assume a significant 

role in the development of cancer. HTLV-1 

oncogenesis progression necessitates the 

micro-environment alteration, course of 

chronic infection, evasion from host 

immune response and controlled 

inflammatory response (reason for 

immunosuppression)(Virgin et al., 2009). 

Mechanism of TSP/HAM Progression:  

               It is a chronic inflammatory-

related disease of CNS (central nervous 

system) that advances in about 1-2% of the 

infected individuals with certain specific 

characteristic clinical features (lower limb 

progressive spastic weakness, lower back 

pain, dysfunction of bladder and bowel). It 

results from disadvantageous interaction 

between CNS and our immune system. 

Based on the fact that about 60% of the TSP 

patients were found to show seropositivity 

for various antigens of the HTLV-1 virus, 

the causal relationship between the virus 

and STP was established(Gessain et al., 

1985). HTLV-1 was found to have a 

causative association with HAM(Osame et 

al., 1986), later on, it was likewise explored 

that the TSP and HAM had a similar 

infection condition, and thus the condition 

was named TSP/HAM. Cytopathic effect of 

viruses and/or immune reaction (Interferon 

gamma generated by cells infected with 

HTLV-1 and HTLV-1 specific CTLs 

infiltration in the cerebrospinal fluid) 

causes damage to neural tissue (loss of 

spinal cord myelin sheath and characteristic 

lesion in the spinal cord). HTLV-1-infected 

astrocytes trigger the release of neural tissue 

damaging pro-inflammatory cytokines 

(inflammatory mediators) that play a vital 

role in disease development. Mounting up 

of the HTLV-1 CTLs in the CSF-

cerebrospinal fluid and inflammatory 

products like IFN-γ (Interferon gamma) 

released by them results in the damage of 

neighbouring neurons, glial cells and 

astrocytes(Nagai et al., 2001) (Fig. 3a). The 

ambiguous role of HTLV-1-specific 

cytotoxic T-cells invaded in CSF has been 
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recorded as it causes infected cell killing, 

however on the other hand because of 

chronic inflammatory cytokines generation, 

severe tissue damage has been noticed too. 

Infected CD4+ T-cells mounted up in CSF 

of patients have also shown the capability of 

releasing IFN-γ. C-X-C motif chemokine 

ligand 10 designated as CXCL10 (an 

inflammatory cytokine) secreted by 

astrocytes under the activating influence of 

IFN-γ which supports the homing of 

leukocytes to inflamed tissues and thus, 

leading to the augmentation of the 

infiltration in the cerebrospinal fluid of both 

virus-specific CTLs as well as infected 

CD4+ T-lymphocytes in a manner of + 

feedback loop(Yamano and Coler-Reilly 

2017) (Fig. 3a). People with the HLA-A*02 

allele and HLA-B*54 allele of (human 

leukocyte antigen) class-1 genotype 

particularity display lower (higher HTLV-1 

specific CTL response) and higher hazard 

(lower HTLV-1 specific CTL response) of 

creating TSP/HAM individually(Bangham 

et al., 2015). The beneficial antiviral 

activity of type-1 IFAN in case of HTLV-1 

infection process and disease development 

may be debated as an IFN-inducible 

signature has been noted in all immune 

(blood) cells of patients suffering from 

TSP/HAM, which is indicative of in vivo 

multifaceted deregulation of IFN 

production, resulting in the disease 

progression as opposing to the protective 

role against viral infection (Tattermusch et 

al., 2012).  

HTLV-1 Related Other Diseases and 

Disorders:  

              Various ailments and disorders, for 

example, uveitis, conjunctivitis, interstitial 

keratitis, infective dermatitis, myositis, 

joint inflammation, aspiratory ailments, 

Sjogren's syndrome, sicca disorder, Graves' 

malady, Hashimoto's thyroiditis, and 

polyneuropathies have been seen in both 

bearer and patients of TSP/HAM or 

ATLL(Gonçalves et al., 2010; Kamoi and 

Mochizuki 2012). Crusted scabies, 

Strongyloides stercoralis, tuberculosis and 

leprosy have been seen as opportunistic 

infection in patients experiencing 

ATLL(McKendall 2014). 

Conclusion 

             Since the discovery of HTLV-1, its 

characterization has permitted significant 

breakthroughs in the area of cellular 

signalling as well as immunology but 

effective treatment, mainly due to the lack 

of prophylactic vaccine development 

against HTLV-1 hasn’t been yet achieved. 

Numerous investigations associated with 

the viral cycle, diseases and management of 

patients have been observed to be 

extraordinarily advantageous in recent 

years. Advancement and progress are 

required for a better understanding and 

learning of the mechanisms related to viral 

persistence, pathogenesis and oncogenesis.  
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