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Multifaceted functions and roles of HBZ 
in HTLV-1 pathogenesis
Guangyong Ma, Jun‑ichirou Yasunaga and Masao Matsuoka* 

Abstract 

Human T cell leukemia virus type 1 (HTLV‑1) is an oncogenic retrovirus responsible for the development of adult T‑cell 
leukemia (ATL). Although HTLV‑1 harbors an oncogene, tax, that transforms T cells in vitro and induces leukemia in 
transgenic mice, tax expression is frequently disrupted in ATL, making the oncogenesis of ATL a bit mysterious. The 
HTLV‑1 bZIP factor (HBZ) gene was discovered in 2002 and has been found to promote T‑cell proliferation and cause 
lymphoma in transgenic mice. Thus HBZ has become a novel hotspot of HTLV‑1 research. This review summarizes the 
current findings on HBZ with a special focus on its potential links to the oncogenesis of ATL. We propose viewing HBZ 
as a critical contributing factor in ATL development.
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Background
Human T-cell leukemia virus type 1 (HTLV-1) is the first 
human retrovirus to have been identified (in the early 
1980s), and it was later demonstrated to be the causa-
tive agent of adult T-cell leukemia (ATL), an aggressive 
cancer of peripheral CD4 T cells [1, 2]. HTLV-1 is able to 
infect various cell types in vitro, yet the HTLV-1 provirus 
is predominantly detected in CD4 T cells in vivo [3]. The 
CD4 T cell tropism of HTLV-1 is likely due to selected 
expansion of infected CD4 T cells rather than a receptor 
preference, because the HTLV-1 receptor, glucose trans-
porter 1 (GLUT1) is ubiquitously expressed [4, 5].

The HTLV-1 provirus is 9  kb long and has multiple 
coding regions flanked by two identical 750-bp long ter-
minal repeats (LTRs) in the 5′ and 3′ ends (Fig. 1), both 
of which are composed of unique 3′ (U3), repeat (R) and 
unique 5′ (U5) regions. The 5′ LTR serves as the pro-
moter for all structural genes and most accessary and 
regulatory genes, including the gene for the transactiva-
tor Tax, which upregulates 5′ LTR activity by recruiting 
cAMP response element-binding protein (CREB) to three 
viral CREB-responsive element (vCRE) tandem repeats in 

the 5′ LTR [6]. Transcriptional coactivators such as CBP/
p300 and P/CAF are also recruited to vCRE by Tax [6]. 
The 3′ LTR is able to initiate transcription from the nega-
tive strand of the provirus and serves as the promoter for 
the only antisense transcript of the virus, HTLV-1 basic 
leucine zipper factor (HBZ) [7–9].

Although most HTLV-1 infected individuals remain 
lifelong asymptomatic carriers, approximately 5  % of 
them will develop ATL after a long latency of decades 
[10]. HTLV-1 also causes several inflammatory diseases 
such as uveitis, dermatitis and a neurodegenerative disor-
der called HTLV-1-associated myelopathy/tropical spas-
tic paraparesis (HAM/TSP) [11].

Review
The HBZ gene
Tax is of crucial importance for its unique ability to drive 
HTLV-1 replication and to immortalize T cells [12] and 
thus has long been thought to be the main causal factor 
of ATL. However, it has been reported that Tax expres-
sion is frequently inactivated in ATL cases by either abor-
tive mutations in the tax gene or DNA methylation of the 
5′ LTR [13–16]. In addition, a defective provirus with the 
5′ LTR partially or completely deleted has been found in 
up to 40 % of ATL cases [17, 18]. Host immunosurveil-
lance by cytotoxic T lymphocytes (CTLs) is thought to 
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be responsible for the loss of Tax expression, since Tax 
protein is a major target of CTLs [19]. In contrast to the 
5′ LTR, the 3′ LTR remains intact and non-methylated—
and the HBZ gene harbors no abortive mutations and 
is consistently expressed in ATL patients and HTLV-1 
infected individuals [18, 20, 21]. Furthermore, HBZ 
mRNA abundance positively correlates with HTLV-1 
proviral load in asymptomatic carriers (AC), HAM/TSP 
and ATL patients [22–24]. The distinct expression pat-
terns of HBZ and tax suggest that they have different 
roles in the course of HTLV-1 pathogenesis.

The HBZ gene has two transcription isoforms: an 
unspliced (usHBZ) form and a spliced (sHBZ) form. 
usHBZ was discovered in 2002 [8] and early publica-
tions on HBZ were exclusively based on usHBZ. The 
alternative transcript, sHBZ, was first reported in 2006 
[25–27]. These two transcripts have different 5′ untrans-
lated regions (UTRs) and differ slightly in the 5′ region 
of their coding sequences (CDS) (Fig.  1). Consequently, 
the usHBZ and sHBZ proteins have almost identi-
cal sequences except for the first several amino acids 
(MAAS for sHBZ and MVNFVSA for usHBZ). Previous 
studies have shown that usHBZ and sHBZ exhibit simi-
lar functions. However, since sHBZ is more abundantly 
expressed in infected cells [9, 22], current studies are 
mostly focused on sHBZ. This review mainly addresses 
the functions of sHBZ.

The transcription of sHBZ initiates from the U5 and R 
regions of the 3′ LTR [25, 27], and the whole 3′ LTR likely 
serves as a TATA-less promoter of sHBZ [9]. sHBZ tran-
scription terminates at a classical polyadenylation signal 
downstream [27]. Three vCRE [28] and three specificity 
protein 1 (Sp1) binding sites [9] have been discovered in 
the 3′ LTR, and they seem to be critical for its promoter 
activity. Due to the presence of vCRE, the activity of the 
3′ LTR is enhanced by Tax via a CREB-dependent mecha-
nism [28]. HBZ, by recruiting JunD to the Sp1 sites, also 
enhances the activity of the 3′ LTR [29].

It is interesting that the activity of the 3′ LTR seems to 
respond to some stimuli in an opposite way from that of 
the 5′ LTR. It has been reported that two Tax antagonis-
tic cellular proteins, TCF1 and LEF1, significantly inhibit 
Tax-mediated 5′ LTR activation but slightly enhance 3′ 
LTR activation [30]. In addition, valproic acid (VPA), a 
deacetylase inhibitor, is reported to have opposite effects 
on the 3′ and 5′ LTRs, in that it represses HBZ expression 
but increases Tax expression [31].

Functions of HBZ protein
HBZ is a nuclear protein [32–35] and comprises an acti-
vation domain (AD) in the N-terminus, a central domain 
(CD), and a basic leucine zipper (bZIP) domain in the 
C-terminus (Fig. 2). The N-terminus of HBZ was found 
to possess transactivating potential when fused with the 
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Fig. 1 HTLV‑1 provirus, mRNAs and proteins. HTLV‑1 provirus is shown on top in blue with both LTRs painted in brown. Below, the transcripts and 
proteins encoded by a complete HTLV‑1 provirus are shown. Sense transcripts are portrayed as black arrows with arrowheads pointing to the right, 
while antisense transcripts run in the opposite direction. Spliced exons are shown in solid black lines while introns are shown as dotted lines. Proteins 
derived from respective mRNAs are shown as empty squares
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DNA-binding domain of GAL4 and therefore termed AD 
[8]. Within the AD of HBZ, two LXXLL-like motifs have 
been identified and shown to bind to the KIX domain 
of CBP/p300 [36], well-known transcription coactiva-
tors that are involved in a variety of cellular functions 
[37]. These LXXLL motifs are also required for HBZ 
to activate TGF-β/Smad signaling, which is critical for 
HBZ-induced Foxp3 expression [38]. The bZIP domain 
enables HBZ to hetero-dimerize with cellular bZIP pro-
teins of the AP1 superfamily [39], such as CREB2 [8], 
c-Jun [40, 41], JunB [40], JunD [29, 42], CREB [43], MafB 
[44] and ATF3 [45] (Fig. 2). In most cases the HBZ/AP1 
hetero-dimerization impairs the association of AP1 pro-
teins with their responsive DNA elements [8, 40, 41, 43, 
44] but in some cases dimerization can instead result in 
enhanced DNA binding—as is the case for JunD [29, 42]. 
It should be noted that although HBZ protein is modified 
by phosphorylation, acetylation or methylation, a recent 
report demonstrates that none of these post-translational 
modifications likely affect its function [46].

HBZ and HTLV‑1 infectivity
When overexpressed, HBZ is found to repress the for-
mation of the transactivation complex composed of 
Tax, CREB, CBP/p300, P/CAF and vCRE and subse-
quent activation of the HTLV-1 5′ LTR in  vitro [6, 12] 

by hetero-dimerizing with CREB proteins via the bZIP 
domain [8, 40, 43] and interacting with CBP/p300 via 
the LXXLL motifs [36]. However, when HBZ expression 
was knocked out (KO) from an HTLV-1 infectious clone 
by introducing a premature stop codon (clone termed 
HBZ-KO), virus production was not affected [47, 48]. 
HBZ knockdown in an HTLV-1 infected cell line did not 
affect viral replication [49], suggesting a distinct effect of 
endogenous HBZ on viral infectivity. Interestingly, when 
this HBZ-KO HTLV-1 clone was used to infect rabbits, 
proviral copies were significantly suppressed, indicating a 
positive role of HBZ in HTLV-1 infectivity or prolifera-
tion of infected cells in  vivo [47]. In addition, the same 
HBZ-KO HTLV-1 clone has also been tested in a mon-
key infection model [48]. All four monkeys were suc-
cessfully infected, but it was very difficult to determine 
whether this mutant would demonstrate an impaired 
infectivity due to the lack of a wild-type HTLV-1 clone 
as control in the monkey experiments. Nevertheless, an 
intriguing finding, which was not observed in rabbits, 
is that the abortive mutations in the HBZ-KO HTLV-1 
clone gradually reverted to wild type as infection pro-
longed, until revertant clones with intact HBZ genes 
became dominant. This observation might imply a fairly 
stringent requirement for wild type HBZ in HTLV-1 
infection in monkeys, although it should be confirmed in 
larger number of monkeys. Therefore, despite inhibiting 
HTLV-1 replication in vitro, HBZ seems to be indispen-
sible for HTLV-1 infectivity or proliferation of infected 
cells in vivo.

HBZ maintains a persistent HTLV‑1 latent infection
Tax is known to activate various cellular signaling path-
ways including the well-known NFκB pathway [50]. 
In contrast, HBZ does not affect non-canonical NFκB 
pathway, and HBZ inhibits the canonical NFκB pathway 
by repressing the DNA-binding potential and inducing 
proteasomal degradation of p65 [51]. The significance 
of this function of HBZ was obscure until the recent dis-
covery that Tax-mediated NFκB hyperactivation leads to 
senescence in HeLa cells—senescence which is alleviated 
by HBZ because of its ability to inhibit canonical NFκB 
activation. HBZ completely abrogated canonical NFκB 
activation by Tax without affecting its activation of the 
5′ LTR, and thereby allowed cells to overcome Tax-trig-
gered senescence and grow continuously [52].

The proper expression of HTLV-1 structural proteins 
relies on Rex-mediated nuclear export of viral mRNAs 
[53]. In contrast, the nuclear export of accessory and 
regulatory viral mRNAs, especially HBZ, is Rex-inde-
pendent [54, 55]. Interestingly, HBZ can block the Rex-
mediated nuclear export of viral structural transcripts 
such as Gag-Pol and thus prevent their translation [56], 
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maintaining a latent HTLV-1 infection without the pro-
duction of virus particles. Thus HBZ does not support 
productive HTLV-1 replication, but rather appears to 
maintain HTLV-1 persistence by suppressing senescence 
and inducing viral latency.

HBZ promotes proliferation of T cells
Among the AP1 superfamily proteins that can interact 
with HBZ, ATF3 and JunD are upregulated at the tran-
scriptional level in ATL [45, 57]. ATF3 is a transcrip-
tion factor that belongs to the ATF/CREB family. ATF3 
has bimodal functions in oncogenesis, because on the 
one hand it activates p53 signaling and acts as a tumor 
suppressor, but on the other hand it is upregulated in 
some cancers and promotes proliferation [45]. Interest-
ingly, HBZ impedes the p53-enhancing function of ATF3 
that is deleterious to ATL development, but HBZ does 
not hinder the growth-promoting effect of ATF3 [45]. 
The expression of JunD is increased in cutaneous T-cell 
lymphomas as well as in ATL [58]. HBZ not only inter-
acts with JunD and enhances its transcriptional activ-
ity, but also induces JunD expression in NIH3T3 cells. 
Importantly, HBZ-induced cellular proliferation can be 
impaired by JunD knockdown, indicating that HBZ indi-
rectly promotes proliferation via JunD [29].

Two studies suggest that HBZ also employs certain 
autocrine/paracrine pathways to enhance ATL cell prolif-
eration [59, 60]. HBZ upregulates the transcription of the 
noncanonical Wnt ligand Wnt5a while suppressing the 
canonical Wnt pathway that is detrimental to ATL cell 
growth. Wnt5a enhances both proliferation and migra-
tion of ATL cells [59]. Recently another study showed 
that HBZ upregulates brain-derived neurotropic factor 
(BDNF) expression via enhancing its promoter activity 
[60]. Upregulation of BDNF and its receptor, tropomyo-
sin receptor kinase B (TrKB), further promotes ATL cell 
proliferation [60].

HBZ inhibits apoptosis and autophagy
HBZ hinders activation-induced cell death in T cells. 
The expression of Bim, a pro-apoptotic gene, is greatly 
suppressed by HBZ and is also inhibited in HTLV-1 
infected T-cell lines. Knockdown of HBZ increases Bim 
expression, indicating that Bim is a target of HBZ [61]. 
FoxO3a is an important transcription factor that controls 
the expression of Bim and FasL. Further investigation 
showed that HBZ forms a ternary complex with FoxO3a 
and 14-3-3. By doing so, HBZ impairs the DNA-binding 
ability of FoxO3a and also sequesters inactive phospho-
rylated FoxO3a in the nucleus, thereby repressing the 
transactivation of Bim and FasL by FoxO3a [61]. Interest-
ingly, FoxO3a is also a target of Tax in anti-apoptosis and 
CD4 T-cell persistence [62], suggesting an important role 

of FoxO3a in regulating apoptosis in HTLV-1 infected 
cells.

Autophagy is a natural cellular digestion mechanism 
that removes unnecessary or damaged cellular com-
ponents [63]. It can be routinely triggered by amino 
acid deprivation, which also inhibits the activity of the 
mammalian target of rapamycin (mTOR) complex 1 
(mTORC1) [63]. mTORC1 is a signaling complex of the 
mTOR pathway, which regulates cellular metabolism 
and promotes cell proliferation in response to proper 
environmental stimuli [63]. Autophagy and the mTOR 
pathway are inversely coupled, and mTOR inhibition has 
been shown to induce autophagy [63]. Recently, HBZ 
was reported to activate the mTOR pathway via inter-
acting with and inhibiting growth arrest and DNA dam-
age-inducible protein 34 (GADD34), a stress-induced 
GADD family protein that inhibits the mTOR pathway 
[64]. More importantly, starvation-induced autophagy 
was suppressed by HBZ, which might be due to its acti-
vation of the mTOR pathway [64]. However, more direct 
evidence is needed to prove this possibility. In addition, 
GADD34 itself is involved in the regulation of apop-
tosis [65], so it would be interesting to further evaluate 
the possible impact of HBZ/GADD34 interaction on 
apoptosis.

HBZ disrupts genomic integrity
Genomic instability is a hallmark of cancer, and various 
kinds of genetic alterations have been reported in ATL 
[21]. A recent study found that HBZ expression induces 
double strand breaks (DSBs) in transfected HeLa cells, 
and is the first to link HBZ to genomic instability [66]. 
Intriguingly, HBZ-induced DSBs are dependent on sev-
eral microRNAs (miR) that are HBZ-inducible, such as 
miR17 and miR21. miR17 and miR21 target and suppress 
the expression of OBFC2A, the gene that encodes hSSB2, 
a single-stranded DNA-binding protein that prevents 
genomic instability. Overexpression of OBFC2A counter-
acts the DNA-damaging effect of HBZ [66]. It is thus pro-
posed that HBZ disrupts host genomic integrity through 
this HBZ-microRNA-OBFC2A cascade.

Telomeres are chromosomal regions composed of 
tandem repeats of TTAGGG and are localized at chro-
mosomal ends [67]. It is well known that telomeres 
become shortened after each cell division, until cells 
reach a state of replication senescence known as the 
“Hayflick limit.” Telomeres can be replenished by telom-
erase, which contains an important catalytic unit called 
telomerase reverse transcriptase (TERT) whose activ-
ity is kept low in normal somatic cells [67]. In contrast, 
cancer cells often break the “Hayflick limit” by elevating 
TERT expression to allow sustained proliferation. HBZ 
has been reported to promote human TERT (hTERT) 
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expression via enhancing its promoter activity in associa-
tion with JunD [68]. The activities of two inhibitors of the 
hTERT promoter, TAL1 and menin, are also suppressed 
by HBZ [69, 70]. Elevation of hTERT levels by HBZ may 
allow sustained proliferation of ATL cells, which have 
been reported to overexpress hTERT [71, 72].

HBZ induces inflammation
HBZ-transgenic (Tg) mice, in which HBZ is expressed 
only in CD4+ T cells, frequently develop dermatitis, 
and some of HBZ-Tg mice develop lymphoma [73–75]. 
In HBZ-Tg mice, increased numbers of Foxp3+CD4+ 
T cells were found. This population contains regulatory 
T cells (Tregs), a T-cell subset known to suppress effec-
tor T cells [38]. HBZ induces T cells to become Tregs 
by enhancing the TGF-β/Smad pathway via forming a 
ternary complex with Smad3/p300 and thereby upregu-
lating expression of Foxp3, the TGF-β-inducible mas-
ter transcription factor of Tregs [38]. However, Foxp3 
expression is unstable in Foxp3+ T cells of HBZ-Tg mice, 
and thus Foxp3+ T cells convert to Foxp3− T cells with 
enhanced production of IFN-γ [74]. This enhanced pro-
duction of IFN-γ is associated with both inflammation 
and the development of lymphomas in HBZ-Tg mice; 
loss of IFN-γ suppresses both of these phenomena [75]. 
In addition, the ability to induce Treg differentiation and 
inflammation development is completely an intrinsic 
characteristic of HBZ, because even HBZ-Tg mice main-
tained in a germ-free environment had the same pheno-
type as those raised in a normal specific-pathogen-free 
environment [75], excluding the role of extrinsic factors 
such as the gut microbiota.

Another interesting finding is that HBZ-Tg mice 
exhibited impaired immune responses to herpes sim-
plex virus or Listeria monocytogenes infection compared 
to WT mice [76]. Th1 cytokine production was signifi-
cantly reduced in infected HBZ-Tg mice, an observation 
which seems attributable to HBZ-mediated NFAT and 
AP1 inhibition. The compromised immune response 
of HBZ-Tg mice to infections likely correlates with the 
observation that some ATL patients suffer from oppor-
tunistic infections and implies a role of HBZ in the 
impaired immunity of ATL patients [76].

HBZ protein is low immunogenic
Immunogenicity is the ability of a foreign antigen/epitope 
to provoke a cellular or humoral immune response in the 
host. It is a key issue in vaccine development that greatly 
affects vaccine efficiency. Among all HTLV-1 viral pro-
teins, HBZ likely has the lowest immunogenicity, because 
anti-HBZ antibodies could rarely be detected in HTLV-1 
infected individuals, whereas antibody responses to other 
viral antigens could be easily detected. Nevertheless, an 

HBZ-specific humoral response has been detected by a 
highly sensitive luciferase immunoprecipitation system 
(LIPS) [77, 78]. Interestingly, anti-HBZ serum from one 
HAM/TSP patient inhibited the proliferation of CD8 T 
cells from an HBZ-antibody-negative HAM/TSP patient 
[77]. However, whether anti-HBZ antibody is truly inhib-
itory to HBZ-expressing infected cells remains to be clar-
ified by future studies.

Compared to the anti-HBZ humoral response, HBZ-
specific cellular immunity has been studied more exten-
sively. Hilburn et al. [79] detected HBZ-specific CD4 or 
CD8 T cells in only about half of asymptomatic HTLV-1 
carriers and HAM/TSP patients tested and found that 
HBZ-specific CTLs are associated with low proviral load 
and asymptomatic carriage.

The low level of expression of HBZ protein in HTLV-1 
infected cells is one likely reason for the inefficiency of 
the specific immune response. In accordance with this 
notion, another study that compared the lysis of HTLV-1 
infected cells by HBZ- versus Tax-specific CTLs attrib-
uted the unsatisfactory lytic efficiency of HBZ-specific 
CTLs to inadequate presentation of HBZ epitopes [80]. 
Therefore, despite the fact that HLA I binding of HBZ 
provides the biggest protective/detrimental ratio as sug-
gested by in  vitro experiments and computational anal-
ysis [81], the relatively weak binding strength of HBZ 
epitopes to CTLs in  vitro as well as the low expression 
of HBZ protein in vivo might greatly hinder the ability of 
the host to mount a successful anti-HBZ CTL response. 
Nevertheless, a recent study suggests that mice and 
macaques that have been immunized by a recombinant 
vaccinia virus-based HBZ vaccine can successfully gen-
erate HBZ-specific CD4 and CD8 T-cell responses [82, 
83]. Importantly, anti-HBZ CTLs from immunized mice 
are protective when adoptively transferred to an HBZ-
induced ATL mouse model [83]. Furthermore, a candi-
date HBZ peptide (157-176 aa) was identified for future 
human vaccine development [83]. Nonetheless, low 
immunogenicity of HBZ likely facilitates infected cells’ 
evasion of immunosurveillance and perhaps contributes 
to the HTLV-1-mediated oncogenesis.

HBZ RNA is growth promoting and anti‑apoptotic
HBZ is unique in that it is the only HTLV-1 gene tran-
scribed from the antisense strand—a subtle mecha-
nism that avoids the use of the frequently disrupted or 
methylated 5′ LTR as its promoter and also evades host 
APOBEC3G-induced nonsense mutations [18, 20]. 
Intriguingly, HBZ RNA carries regulatory functions 
aside from the common protein-coding function. It has 
been reported that HBZ RNA itself supports the pro-
liferation of the IL-2-dependent T-cell line Kit225 cul-
tured at a suboptimal concentration of IL-2. The precise 



Page 6 of 9Ma et al. Retrovirology  (2016) 13:16 

mechanism is unclear but HBZ RNA likely achieves this 
by targeting E2F1 and upregulating its expression, as 
well as the expression of its downstream target genes, to 
enhance proliferation [25]. A recent study revealed that 
HBZ RNA also inhibits apoptosis in mouse CD4 T cells 
[84]. HBZ RNA increases the transcription of the anti-
apoptotic gene survivin, a fact which likely accounts for 
its anti-apoptotic effects. These two key functions of HBZ 
mRNA (proliferation-enhancing and anti-apoptotic) 
imply that HBZ might contribute to the oncogenesis of 
ATL in its RNA form as well. Since mRNAs ordinar-
ily localize to the cytoplasm for the sake of translation, 
whereas regulatory long noncoding RNAs (lncRNA) 
are found mostly in the nucleus [85, 86], the dominant 
nuclear localization of HBZ RNA reported in several 
studies [54, 55, 87] supports the regulatory role of HBZ 
RNA as well.

Antisense protein of HTLV‑2 (APH‑2)
HTLV-2 is a close relative of HTLV-1 that has not been 
linked to any diseases and thus is considered to be non-
pathogenic. HTLV-2 has also been reported to encode 
an antisense transcript termed APH-2 [88]. APH-2 has 
similar functions as HBZ such as inhibiting transcription 
from HTLV-2 5′ LTR and is dispensable for in vitro T-cell 
immortalization [89]. APH-2 demonstrates distinct 
activities as HBZ in modulating cellular pathways [90] 
whereas it lacks the ability to promote T-cell prolifera-
tion [91], which might contribute to the nonpathogenic 
nature of HTLV-2.

Perspective
It has been assumed as an oncogenesis model for HTLV-1 
that Tax initiates cellular transformation at an early stage, 
while HBZ maintains the transformed phenotype dur-
ing the late stage when Tax expression is absent or sup-
pressed. However, since HBZ expression has always been 
present regardless of early or late stage, it seems inac-
curate to attribute the first hit of oncogenesis solely to 
Tax. In fact, accumulating evidence now implies a criti-
cal role of HBZ throughout the course of HTLV-1 medi-
ated oncogenesis. As summarized above, HBZ has been 
found to carry a wide variety of functions that associate 
with seven out of ten cancer hallmarks (Fig. 3) [92]. If we 
exclude hallmarks like angiogenesis or invasion that are 
generally characteristics of solid cancers, then deregula-
tion of cellular energetics is the only hallmark yet to be 
associated with HBZ. Hence, despite the fact that HBZ 
has not been reported to associate directly with cellular 
transformation like Tax does, HBZ does seem to harbor 
the required potential to cause cancer. Tax and HBZ fre-
quently shows opposite effects on signaling pathways, 
suggesting that HBZ plays different roles in oncogenesis 

from Tax. Furthermore, given the fact that the HBZ gene 
is the only HTLV-1 gene present in all infected individu-
als, HBZ-targeting strategies are expected to serve as 
promising therapeutics for ATL in the future.

Authors’ contributions
GM, MM wrote the review. GM, JY, and MM were involved in discussions and 
critical reading of the manuscript. All authors read and approved the final 
manuscript.

Acknowledgements
We thank Linda Kingsbury for proofreading. This study was supported by 
grants from the Ministry of Education, Science, Sports, and Culture of Japan 
to M.M. (25293219) and J.Y. (26460554), the Mitsubishi foundation (M.M.), the 
Ichiro Kanehara Foundation (J.Y.) and SENSHIN Medical Research Foundation 
(J.Y.)

Competing interests
The authors declare that they have no competing interests.

Received: 9 February 2016   Accepted: 7 March 2016

References
 1. Takatsuki K. Discovery of adult T‑cell leukemia. Retrovirology. 2005;2:16.
 2. Gallo RC. The discovery of the first human retrovirus: HTLV‑1 and HTLV‑2. 

Retrovirology. 2005;2:17.
 3. Koyanagi Y, Itoyama Y, Nakamura N, Takamatsu K, Kira J, Iwamasa T, Goto 

I, Yamamoto N. In vivo infection of human T‑cell leukemia virus type I in 
non‑T cells. Virology. 1993;196:25–33.

 4. Manel N, Battini JL, Taylor N, Sitbon M. HTLV‑1 tropism and envelope 
receptor. Oncogene. 2005;24:6016–25.

 5. Kannian P, Yin H, Doueiri R, Lairmore MD, Fernandez S, Green PL. Distinct 
transformation tropism exhibited by human T lymphotropic virus type 1 
(HTLV‑1) and HTLV‑2 is the result of postinfection T cell clonal expansion. 
J Virol. 2012;86:3757–66.

 6. Journo C, Douceron E, Mahieux R. HTLV gene regulation: because size 
matters, transcription is not enough. Future Microbiol. 2009;4:425–40.

 7. Larocca D, Chao LA, Seto MH, Brunck TK. Human T‑cell leukemia virus 
minus strand transcription in infected T‑cells. Biochem Biophys Res Com‑
mun. 1989;163:1006–13.

Fig. 3 HBZ viewed from a cancer hallmarks perspective. Ten cancer 
hallmarks are listed and painted in different colors on the right [92]. 
White boxes on the left briefly outline functions of HBZ that relate to 
the corresponding cancer hallmark on the right. HBZ RNA‑related 
functions are marked in red



Page 7 of 9Ma et al. Retrovirology  (2016) 13:16 

 8. Gaudray G, Gachon F, Basbous J, Biard‑Piechaczyk M, Devaux C, Mesnard 
JM. The complementary strand of the human T‑cell leukemia virus type 
1 RNA genome encodes a bZIP transcription factor that down‑regulates 
viral transcription. J Virol. 2002;76:12813–22.

 9. Yoshida M, Satou Y, Yasunaga J, Fujisawa J, Matsuoka M. Transcriptional 
control of spliced and unspliced human T‑cell leukemia virus type 1 bZIP 
factor (HBZ) gene. J Virol. 2008;82:9359–68.

 10. Matsuoka M, Jeang KT. Human T‑cell leukaemia virus type 1 (HTLV‑1) 
infectivity and cellular transformation. Nat Rev Cancer. 2007;7:270–80.

 11. Yamano Y, Sato T. Clinical pathophysiology of human T‑lymphotropic 
virus‑type 1‑associated myelopathy/tropical spastic paraparesis. Front 
Microbiol. 2012;3:389.

 12. Grassmann R, Aboud M, Jeang KT. Molecular mechanisms of cellular 
transformation by HTLV‑1 Tax. Oncogene. 2005;24:5976–85.

 13. Furukawa Y, Kubota R, Tara M, Izumo S, Osame M. Existence of escape 
mutant in HTLV‑I tax during the development of adult T‑cell leukemia. 
Blood. 2001;97:987–93.

 14. Koiwa T, Hamano‑Usami A, Ishida T, Okayama A, Yamaguchi K, Kamihira S, 
Watanabe T. 5′‑long terminal repeat‑selective CpG methylation of latent 
human T‑cell leukemia virus type 1 provirus in vitro and in vivo. J Virol. 
2002;76:9389–97.

 15. Takeda S, Maeda M, Morikawa S, Taniguchi Y, Yasunaga J, Nosaka K, Tanaka 
Y, Matsuoka M. Genetic and epigenetic inactivation of tax gene in adult 
T‑cell leukemia cells. Int J Cancer. 2004;109:559–67.

 16. Taniguchi Y, Nosaka K, Yasunaga J, Maeda M, Mueller N, Okayama A, 
Matsuoka M. Silencing of human T‑cell leukemia virus type I gene tran‑
scription by epigenetic mechanisms. Retrovirology. 2005;2:64.

 17. Tamiya S, Matsuoka M, Etoh K, Watanabe T, Kamihira S, Yamaguchi K, 
Takatsuki K. Two types of defective human T‑lymphotropic virus type I 
provirus in adult T‑cell leukemia. Blood. 1996;88:3065–73.

 18. Miyazaki M, Yasunaga J, Taniguchi Y, Tamiya S, Nakahata T, Matsuoka M. 
Preferential selection of human T‑cell leukemia virus type 1 provi‑
rus lacking the 5′ long terminal repeat during oncogenesis. J Virol. 
2007;81:5714–23.

 19. Bangham CR. CTL quality and the control of human retroviral infections. 
Eur J Immunol. 2009;39:1700–12.

 20. Fan J, Ma G, Nosaka K, Tanabe J, Satou Y, Koito A, Wain‑Hobson S, 
Vartanian JP, Matsuoka M. APOBEC3G generates nonsense mutations 
in human T‑cell leukemia virus type 1 proviral genomes in vivo. J Virol. 
2010;84:7278–87.

 21. Kataoka K, Nagata Y, Kitanaka A, Shiraishi Y, Shimamura T, Yasunaga JI, 
Totoki Y, Chiba K, Sato‑Otsubo A, Nagae G, et al. Integrated molecular 
analysis of adult T cell leukemia/lymphoma. Nat Genet. 2015;47:1304–15.

 22. Usui T, Yanagihara K, Tsukasaki K, Murata K, Hasegawa H, Yamada Y, 
Kamihira S. Characteristic expression of HTLV‑1 basic zipper factor (HBZ) 
transcripts in HTLV‑1 provirus‑positive cells. Retrovirology. 2008;5:34.

 23. Saito M, Matsuzaki T, Satou Y, Yasunaga J, Saito K, Arimura K, Matsuoka 
M, Ohara Y. In vivo expression of the HBZ gene of HTLV‑1 correlates with 
proviral load, inflammatory markers and disease severity in HTLV‑1 associ‑
ated myelopathy/tropical spastic paraparesis (HAM/TSP). Retrovirology. 
2009;6:19.

 24. Andrade RG, Goncalves Pde C, Ribeiro MA, Romanelli LC, Ribas JG, Torres 
EB, Carneiro‑Proietti AB, Barbosa‑Stancioli EF, Martins ML. Strong cor‑
relation between tax and HBZ mRNA expression in HAM/TSP patients: 
distinct markers for the neurologic disease. J Clin Virol. 2013;56:135–40.

 25. Satou Y, Yasunaga J, Yoshida M, Matsuoka M. HTLV‑I basic leucine zipper 
factor gene mRNA supports proliferation of adult T cell leukemia cells. 
Proc Natl Acad Sci USA. 2006;103:720–5.

 26. Murata K, Hayashibara T, Sugahara K, Uemura A, Yamaguchi T, Harasawa 
H, Hasegawa H, Tsuruda K, Okazaki T, Koji T, et al. A novel alternative splic‑
ing isoform of human T‑cell leukemia virus type 1 bZIP factor (HBZ‑SI) 
targets distinct subnuclear localization. J Virol. 2006;80:2495–505.

 27. Cavanagh MH, Landry S, Audet B, Arpin‑Andre C, Hivin P, Pare ME, Thete J, 
Wattel E, Marriott SJ, Mesnard JM, Barbeau B. HTLV‑I antisense transcripts 
initiating in the 3′LTR are alternatively spliced and polyadenylated. Retro‑
virology. 2006;3:15.

 28. Landry S, Halin M, Vargas A, Lemasson I, Mesnard JM, Barbeau B. Upregu‑
lation of human T‑cell leukemia virus type 1 antisense transcription by 
the viral tax protein. J Virol. 2009;83:2048–54.

 29. Gazon H, Lemasson I, Polakowski N, Cesaire R, Matsuoka M, Barbeau 
B, Mesnard JM, Peloponese JM Jr. Human T‑cell leukemia virus type 1 

(HTLV‑1) bZIP factor requires cellular transcription factor JunD to upregu‑
late HTLV‑1 antisense transcription from the 3′ long terminal repeat. J 
Virol. 2012;86:9070–8.

 30. Ma G, Yasunaga J, Akari H, Matsuoka M. TCF1 and LEF1 act as T‑cell 
intrinsic HTLV‑1 antagonists by targeting Tax. Proc Natl Acad Sci USA. 
2015;112:2216–21.

 31. Belrose G, Gross A, Olindo S, Lezin A, Dueymes M, Komla‑Soukha I, 
Smadja D, Tanaka Y, Willems L, Mesnard JM, et al. Effects of valproate on 
Tax and HBZ expression in HTLV‑1 and HAM/TSP T lymphocytes. Blood. 
2011;118:2483–91.

 32. Hivin P, Frederic M, Arpin‑Andre C, Basbous J, Gay B, Thebault S, Mesnard 
JM. Nuclear localization of HTLV‑I bZIP factor (HBZ) is mediated by three 
distinct motifs. J Cell Sci. 2005;118:1355–62.

 33. Hivin P, Basbous J, Raymond F, Henaff D, Arpin‑Andre C, Robert‑Hebmann 
V, Barbeau B, Mesnard JM. The HBZ‑SP1 isoform of human T‑cell leukemia 
virus type I represses JunB activity by sequestration into nuclear bodies. 
Retrovirology. 2007;4:14.

 34. Clerc I, Hivin P, Rubbo PA, Lemasson I, Barbeau B, Mesnard JM. Propensity 
for HBZ‑SP1 isoform of HTLV‑I to inhibit c‑Jun activity correlates with 
sequestration of c‑Jun into nuclear bodies rather than inhibition of its 
DNA‑binding activity. Virology. 2009;391:195–202.

 35. Raval GU, Bidoia C, Forlani G, Tosi G, Gessain A, Accolla RS. Localization, 
quantification and interaction with host factors of endogenous HTLV‑1 
HBZ protein in infected cells and ATL. Retrovirology. 2015;12:59.

 36. Clerc I, Polakowski N, Andre‑Arpin C, Cook P, Barbeau B, Mesnard JM, 
Lemasson I. An interaction between the human T cell leukemia virus 
type 1 basic leucine zipper factor (HBZ) and the KIX domain of p300/CBP 
contributes to the down‑regulation of tax‑dependent viral transcription 
by HBZ. J Biol Chem. 2008;283:23903–13.

 37. Iyer NG, Ozdag H, Caldas C. p300/CBP and cancer. Oncogene. 
2004;23:4225–31.

 38. Zhao T, Satou Y, Sugata K, Miyazato P, Green PL, Imamura T, Matsuoka M. 
HTLV‑1 bZIP factor enhances TGF‑beta signaling through p300 coactiva‑
tor. Blood. 2011;118:1865–76.

 39. Eychene A, Rocques N, Pouponnot C. A new MAFia in cancer. Nat Rev 
Cancer. 2008;8:683–93.

 40. Basbous J, Arpin C, Gaudray G, Piechaczyk M, Devaux C, Mesnard JM. The 
HBZ factor of human T‑cell leukemia virus type I dimerizes with transcrip‑
tion factors JunB and c‑Jun and modulates their transcriptional activity. J 
Biol Chem. 2003;278:43620–7.

 41. Matsumoto J, Ohshima T, Isono O, Shimotohno K. HTLV‑1 HBZ suppresses 
AP‑1 activity by impairing both the DNA‑binding ability and the stability 
of c‑Jun protein. Oncogene. 2005;24:1001–10.

 42. Thebault S, Basbous J, Hivin P, Devaux C, Mesnard JM. HBZ inter‑
acts with JunD and stimulates its transcriptional activity. FEBS Lett. 
2004;562:165–70.

 43. Lemasson I, Lewis MR, Polakowski N, Hivin P, Cavanagh MH, Thebault S, 
Barbeau B, Nyborg JK, Mesnard JM. Human T‑cell leukemia virus type 1 
(HTLV‑1) bZIP protein interacts with the cellular transcription factor CREB 
to inhibit HTLV‑1 transcription. J Virol. 2007;81:1543–53.

 44. Ohshima T, Mukai R, Nakahara N, Matsumoto J, Isono O, Kobayashi Y, Taka‑
hashi S, Shimotohno K. HTLV‑1 basic leucine‑zipper factor, HBZ, interacts 
with MafB and suppresses transcription through a Maf recognition ele‑
ment. J Cell Biochem. 2010;111:187–94.

 45. Hagiya K, Yasunaga J, Satou Y, Ohshima K, Matsuoka M. ATF3, an HTLV‑1 
bZip factor binding protein, promotes proliferation of adult T‑cell leuke‑
mia cells. Retrovirology. 2011;8:19.

 46. Dissinger N, Shkriabai N, Hess S, Al‑Saleem J, Kvaratskhelia M, Green PL. 
Identification and characterization of HTLV‑1 HBZ post‑translational 
modifications. PLoS One. 2014;9:e112762.

 47. Arnold J, Yamamoto B, Li M, Phipps AJ, Younis I, Lairmore MD, Green PL. 
Enhancement of infectivity and persistence in vivo by HBZ, a natural 
antisense coded protein of HTLV‑1. Blood. 2006;107:3976–82.

 48. Valeri VW, Hryniewicz A, Andresen V, Jones K, Fenizia C, Bialuk I, Chung 
HK, Fukumoto R, Parks RW, Ferrari MG, et al. Requirement of the human 
T‑cell leukemia virus p12 and p30 products for infectivity of human 
dendritic cells and macaques but not rabbits. Blood. 2010;116:3809–17.

 49. Arnold J, Zimmerman B, Li M, Lairmore MD, Green PL. Human T‑cell leuke‑
mia virus type‑1 antisense‑encoded gene, Hbz, promotes T‑lymphocyte 
proliferation. Blood. 2008;112:3788–97.



Page 8 of 9Ma et al. Retrovirology  (2016) 13:16 

 50. Currer R, Van Duyne R, Jaworski E, Guendel I, Sampey G, Das R, Narayanan 
A, Kashanchi F. HTLV tax: a fascinating multifunctional co‑regulator of viral 
and cellular pathways. Front Microbiol. 2012;3:406.

 51. Zhao T, Yasunaga J, Satou Y, Nakao M, Takahashi M, Fujii M, Matsuoka M. 
Human T‑cell leukemia virus type 1 bZIP factor selectively suppresses the 
classical pathway of NF‑kappaB. Blood. 2009;113:2755–64.

 52. Zhi H, Yang L, Kuo YL, Ho YK, Shih HM, Giam CZ. NF‑kappaB hyper‑activa‑
tion by HTLV‑1 tax induces cellular senescence, but can be alleviated by 
the viral anti‑sense protein HBZ. PLoS Pathog. 2011;7:e1002025.

 53. Nakano K, Watanabe T. HTLV‑1 Rex: the courier of viral messages making 
use of the host vehicle. Front Microbiol. 2012;3:330.

 54. Rende F, Cavallari I, Corradin A, Silic‑Benussi M, Toulza F, Toffolo GM, 
Tanaka Y, Jacobson S, Taylor GP, D’Agostino DM, et al. Kinetics and intracel‑
lular compartmentalization of HTLV‑1 gene expression: nuclear retention 
of HBZ mRNAs. Blood. 2011;117:4855–9.

 55. Li M, Kannian P, Yin H, Kesic M, Green PL. Human T lymphotropic virus 
type 1 regulatory and accessory gene transcript expression and export 
are not rex dependent. AIDS Res Hum Retroviruses. 2012;28:405–10.

 56. Philip S, Zahoor MA, Zhi H, Ho YK, Giam CZ. Regulation of human 
T‑lymphotropic virus type I latency and reactivation by HBZ and Rex. 
PLoS Pathog. 2014;10:e1004040.

 57. Kamioka M, Imamura J, Komatsu N, Daibata M, Sugiura T. Testican 3 
expression in adult T‑cell leukemia. Leuk Res. 2009;33:913–8.

 58. Nakayama T, Higuchi T, Oiso N, Kawada A, Yoshie O. Expression and 
function of FRA2/JUND in cutaneous T‑cell lymphomas. Anticancer Res. 
2012;32:1367–73.

 59. Ma G, Yasunaga J, Fan J, Yanagawa S, Matsuoka M. HTLV‑1 bZIP factor 
dysregulates the Wnt pathways to support proliferation and migration of 
adult T‑cell leukemia cells. Oncogene. 2013;32:4222–30.

 60. Polakowski N, Terol M, Hoang K, Nash I, Laverdure S, Gazon H, Belrose 
G, Mesnard JM, Cesaire R, Peloponese JM, Lemasson I. HBZ stimulates 
brain‑derived neurotrophic factor/TrkB autocrine/paracrine signaling to 
promote survival of human T‑cell leukemia virus type 1‑Infected T cells. J 
Virol. 2014;88:13482–94.

 61. Tanaka‑Nakanishi A, Yasunaga J, Takai K, Matsuoka M. HTLV‑1 bZIP factor 
suppresses apoptosis by attenuating the function of FoxO3a and altering 
its localization. Cancer Res. 2014;74:188–200.

 62. Olagnier D, Sze A, Bel Hadj S, Chiang C, Steel C, Han X, Routy JP, Lin R, 
Hiscott J, van Grevenynghe J. HTLV‑1 Tax‑mediated inhibition of FOXO3a 
activity is critical for the persistence of terminally differentiated CD4+ T 
cells. PLoS Pathog. 2014;10:e1004575.

 63. Kim YC, Guan KL. mTOR: a pharmacologic target for autophagy regula‑
tion. J Clin Invest. 2015;125:25–32.

 64. Mukai R, Ohshima T. HTLV‑1 HBZ positively regulates the mTOR signaling 
pathway via inhibition of GADD34 activity in the cytoplasm. Oncogene. 
2014;33:2317–28.

 65. Liebermann DA, Hoffman B. Myeloid differentiation (MyD)/growth arrest 
DNA damage (GADD) genes in tumor suppression, immunity and inflam‑
mation. Leukemia. 2002;16:527–41.

 66. Vernin C, Thenoz M, Pinatel C, Gessain A, Gout O, Delfau‑Larue MH, 
Nazaret N, Legras‑Lachuer C, Wattel E, Mortreux F. HTLV‑1 bZIP factor 
HBZ promotes cell proliferation and genetic instability by activating 
OncomiRs. Cancer Res. 2014;74:6082–93.

 67. Heidenreich B, Rachakonda PS, Hemminki K, Kumar R. TERT promoter 
mutations in cancer development. Curr Opin Genet Dev. 2014;24:30–7.

 68. Kuhlmann AS, Villaudy J, Gazzolo L, Castellazzi M, Mesnard JM, Duc 
Dodon M. HTLV‑1 HBZ cooperates with JunD to enhance transcription of 
the human telomerase reverse transcriptase gene (hTERT). Retrovirology. 
2007;4:92.

 69. Terme JM, Mocquet V, Kuhlmann AS, Zane L, Mortreux F, Wattel E, Duc 
Dodon M, Jalinot P. Inhibition of the hTERT promoter by the proto‑onco‑
genic protein TAL1. Leukemia. 2009;23:2081–9.

 70. Borowiak M, Kuhlmann AS, Girard S, Gazzolo L, Mesnard JM, Jalinot P, 
Dodon MD. HTLV‑1 bZIP factor impedes the menin tumor suppressor and 
upregulates JunD‑mediated transcription of the hTERT gene. Carcino‑
genesis. 2013;34:2664–72.

 71. Sinha‑Datta U, Horikawa I, Michishita E, Datta A, Sigler‑Nicot JC, Brown 
M, Kazanji M, Barrett JC, Nicot C. Transcriptional activation of hTERT 
through the NF‑kappaB pathway in HTLV‑I‑transformed cells. Blood. 
2004;104:2523–31.

 72. Miyazaki Y, Fujiwara H, Asai H, Ochi F, Ochi T, Azuma T, Ishida T, Okamoto 
S, Mineno J, Kuzushima K, et al. Development of a novel redirected T‑cell‑
based adoptive immunotherapy targeting human telomerase reverse 
transcriptase for adult T‑cell leukemia. Blood. 2013;121:4894–901.

 73. Satou Y, Yasunaga J, Zhao T, Yoshida M, Miyazato P, Takai K, Shimizu 
K, Ohshima K, Green PL, Ohkura N, et al. HTLV‑1 bZIP factor induces 
T‑cell lymphoma and systemic inflammation in vivo. PLoS Pathog. 
2011;7:e1001274.

 74. Yamamoto‑Taguchi N, Satou Y, Miyazato P, Ohshima K, Nakagawa M, 
Katagiri K, Kinashi T, Matsuoka M. HTLV‑1 bZIP factor induces inflamma‑
tion through labile Foxp3 expression. PLoS Pathog. 2013;9:e1003630.

 75. Mitagami Y, Yasunaga J, Kinosada H, Ohshima K, Matsuoka M. Interferon‑
gamma promotes inflammation and development of T‑cell lymphoma in 
HTLV‑1 bZIP factor transgenic mice. PLoS Pathog. 2015;11:e1005120.

 76. Sugata K, Satou Y, Yasunaga J, Hara H, Ohshima K, Utsunomiya A, Mitsuy‑
ama M, Matsuoka M. HTLV‑1 bZIP factor impairs cell‑mediated immunity 
by suppressing production of Th1 cytokines. Blood. 2012;119:434–44.

 77. Enose‑Akahata Y, Abrams A, Massoud R, Bialuk I, Johnson KR, Green PL, 
Maloney EM, Jacobson S. Humoral immune response to HTLV‑1 basic 
leucine zipper factor (HBZ) in HTLV‑1‑infected individuals. Retrovirology. 
2013;10:19.

 78. Furuta RA, Ma G, Matsuoka M, Otani S, Matsukura H, Hirayama F. Reevalu‑
ation of confirmatory tests for human T‑cell leukemia virus Type 1 using 
a luciferase immunoprecipitation system in blood donors. Transfusion. 
2014;55:880–9.

 79. Hilburn S, Rowan A, Demontis MA, MacNamara A, Asquith B, Bangham 
CR, Taylor GP. In vivo expression of human T‑lymphotropic virus type 
1 basic leucine‑zipper protein generates specific CD8+ and CD4+ 
T‑lymphocyte responses that correlate with clinical outcome. J Infect Dis. 
2011;203:529–36.

 80. Rowan AG, Suemori K, Fujiwara H, Yasukawa M, Tanaka Y, Taylor GP, Bang‑
ham CR. Cytotoxic T lymphocyte lysis of HTLV‑1 infected cells is limited by 
weak HBZ protein expression, but non‑specifically enhanced on induc‑
tion of Tax expression. Retrovirology. 2014;11:116.

 81. Macnamara A, Rowan A, Hilburn S, Kadolsky U, Fujiwara H, Suemori K, 
Yasukawa M, Taylor G, Bangham CR, Asquith B. HLA class I binding of HBZ 
determines outcome in HTLV‑1 infection. PLoS Pathog. 2010;6:e1001117.

 82. Mahieux R. A vaccine against HTLV‑1 HBZ makes sense. Blood. 
2015;126:1052–3.

 83. Sugata K, Yasunaga J, Mitobe Y, Miura M, Miyazato P, Kohara M, Matsuoka 
M. Protective effect of cytotoxic T lymphocytes targeting HTLV‑1 bZIP 
factor. Blood. 2015;126:1095–105.

 84. Mitobe Y, Yasunaga J, Furuta R, Matsuoka M. HTLV‑1 bZIP factor RNA 
and protein impart distinct functions on T‑cell proliferation and survival. 
Cancer Res. 2015;75:4143–52.

 85. Ulitsky I, Bartel DP. lincRNAs: genomics, evolution, and mechanisms. Cell. 
2013;154:26–46.

 86. Batista PJ, Chang HY. Long noncoding RNAs: cellular address codes in 
development and disease. Cell. 2013;152:1298–307.

 87. Shimizu‑Kohno K, Satou Y, Arakawa F, Kiyasu J, Kimura Y, Niino D, Sugita 
Y, Ishikawa F, Matsuoka M, Ohshima K. Detection of HTLV‑1 by means of 
HBZ gene in situ hybridization in formalin‑fixed and paraffin‑embedded 
tissues. Cancer Sci. 2011;102:1432–6.

 88. Halin M, Douceron E, Clerc I, Journo C, Ko NL, Landry S, Murphy EL, Ges‑
sain A, Lemasson I, Mesnard JM, et al. Human T‑cell leukemia virus type 
2 produces a spliced antisense transcript encoding a protein that lacks a 
classic bZIP domain but still inhibits Tax2‑mediated transcription. Blood. 
2009;114:2427–38.

 89. Yin H, Kannian P, Dissinger N, Haines R, Niewiesk S, Green PL. Human 
T‑cell leukemia virus type 2 antisense viral protein 2 is dispensable for 
in vitro immortalization but functions to repress early virus replication 
in vivo. J Virol. 2012;86:8412–21.

 90. Panfil AR, Dissinger NJ, Howard CM, Murphy BM, Landes K, Fernandez SA, 
Green PL. Functional comparison of HBZ and the related APH‑2 protein 
provide insight into HTLV‑1 pathogenesis. J Virol. 2016. doi:10.1128/
JVI.03113‑15.

 91. Douceron E, Kaidarova Z, Miyazato P, Matsuoka M, Murphy EL, Mahieux R. 
HTLV‑2 APH‑2 expression is correlated with proviral load but APH‑2 does 
not promote lymphocytosis. J Infect Dis. 2012;205:82–6.

 92. Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation. Cell. 
2011;144:646–74.

http://dx.doi.org/10.1128/JVI.03113-15
http://dx.doi.org/10.1128/JVI.03113-15


Page 9 of 9Ma et al. Retrovirology  (2016) 13:16 

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

 93. Isono O, Ohshima T, Saeki Y, Matsumoto J, Hijikata M, Tanaka K, Shimo‑
tohno K. Human T‑cell leukemia virus type 1 HBZ protein bypasses the 
targeting function of ubiquitination. J Biol Chem. 2008;283:34273–82.

 94. Mukai R, Ohshima T. HTLV‑1 bZIP factor suppresses the centromere 
protein B (CENP‑B)‑mediated trimethylation of histone H3K9 through the 
abrogation of DNA‑binding ability of CENP‑B. J Gen Virol. 2015;96:159–64.

 95. Zhao T, Coutts A, Xu L, Yu J, Ohshima K, Matsuoka M. HTLV‑1 bZIP factor 
supports proliferation of adult T cell leukemia cells through suppression 
of C/EBPalpha signaling. Retrovirology. 2013;10:159.

 96. Mukai R, Ohshima T. Dual effects of HTLV‑1 bZIP factor in suppres‑
sion of interferon regulatory factor 1. Biochem Biophys Res Commun. 
2011;409:328–32.


	Multifaceted functions and roles of HBZ in HTLV-1 pathogenesis
	Abstract 
	Background
	Review
	The HBZ gene
	Functions of HBZ protein
	HBZ and HTLV-1 infectivity
	HBZ maintains a persistent HTLV-1 latent infection
	HBZ promotes proliferation of T cells
	HBZ inhibits apoptosis and autophagy
	HBZ disrupts genomic integrity
	HBZ induces inflammation
	HBZ protein is low immunogenic


	HBZ RNA is growth promoting and anti-apoptotic
	Antisense protein of HTLV-2 (APH-2)
	Perspective
	Authors’ contributions
	References




