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ABSTRACT

neoplasm caused by human T-cell leukemia virus type 1 (HTLV-1),
haracterized by poor prognosis. Two viral proteins, Tax-1 and
HTLV-1 basic-zipper factor (HBZ) play important roles in the pathogenesis
of ATL. While Tax-1 can be found in both the cytoplasm and nucleus of
HTLV-1 infected patients, HBZ is exclusively localized in the cytoplasm of
HTLV-1 asymptomatic carriers and in patients with the chronic neurologic
disease HTLV-I-associated myelopathy/tropical spastic paraparesis
(HAM/TSP). HBZ is only localized in the nucleus of ATL cell lines, suggest-
ing that the nuclear localization of HBZ can be a hallmark of neoplastic
transformation. In order to clarify this crucial point, we investigated in detail
the pattern of HBZ expression in ATL patients. We made use of our mono-
clonal antibody 4D4-F3, that at present is the only reported reagent, among
the few described, able to detect endogenous HBZ by immunofluorescence
and confocal microscopy in cells from asymptomatic carriers, HAM/TSP and
ATL patients. We found that HBZ is localized both in the cytoplasm and
nucleus of cells of ATL patients irrespective of their clinical status, with a
strong preference for the cytoplasmic localization. Also Tax-1 is localized in
both compartments. As HBZ is exclusively localized in the cytoplasm in
asymptomatic carriers and in non-neoplastic pathologies, this finding shows
that neoplastic transformation consequent to HTLV-1 infection is accompa-
nied and associated with the capacity of HBZ to translocate to the nucleus,
which suggests a role of cytoplasmic-to-nuclear translocation in HTLV-1-
mediated oncogenesis.

ﬁ dult T-cell leukemia-lymphoma (ATL), is a highly malignant T-cell

Introduction

Human T-cell leukemia virus type 1 (HTLV-1), the first identified human onco-
genic retrovirus, is the etiological agent of a severe form of adult T-cell
leukemia/lymphoma (ATL)' and of HTLV-associated myelopathy/tropical spastic
paraparesis (HAM/TSP), a progressive neurological disease.>® 10-20 million people
are infected by HTLV-1 worldwide with a preferential localization in the
Southwestern region of Japan, Australasia region, North and Central Africa, the
Middle East, Central and South America and the Caribbean.* Virus transmission
occurs via cell-to-cell contact through breastfeeding, sexual intercourse, blood
transfusions, and drug use with contaminated needles.’

Pathologies associated to HTLV-1 infections usually manifest after a long period
of incubation that, in the case of ATL, may be of decades.® ATL are divided into four
clinical subtypes: acute, lymphoma, chronic, and smoldering, depending upon the
relative lymphocytosis and lymphocyte abnormalities,” the presence or absence of
hypercalcemia, lactate dehydrogenase (LDH) serum concentration, and involve-
ment of other organs.®

Although progress has been made in the pathophysiology and clinical treatment
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of the disease, prognosis of ATL remains poor.”* It is gen-
erally accepted that the oncogenic process leading to overt
ATL proceeds through a multistep mode in which addi-
tional mutations are accumulated in the neoplastic
clones.®"* However, due to the specificity of ATL pheno-
type in comparison to other T- cell neoplasias, it is likely
that virus infection and viral protein expression play a role
in oncogenesis.”

Two viral proteins, the viral transactivator Tax-1 and the
HTLV-1 basic-zipper factor (HBZ), have shown oncogenic
activities in vitro and in vivo in experimental animal
models.** Tax-1 seems to be crucial in the onset of the
oncogenic process mostly by disarranging several cellular
activation pathways and particularly the NEF-kB path-
way.'”'"* However, Tax-1 expression is lost in most of ATL
cases suggesting that it might be dispensable for maintain-
ing the neoplastic state. Loss of Tax-1 expression can be
generated by both genetic lesions and epigenetic mecha-
nisms."**

Onset of ATL clones with defects in Tax-1 expression
are probably favored by immunological selection. Indeed,
Tax-1 is strongly immunogenic and a preferential target of
cytotoxic T cells (CTL).”** In contrast to Tax-1, the nega-
tive strand-encoded HBZ,* is expressed at all stages of
infection and neoplastic transformation, suggesting that
it may be required for the maintenance of the oncogenic
process. Interestingly, it has been shown that not only
HBZ protein but also HBZ mRNA may be involved in the
HTLV-1-mediated oncogenesis.” Nevertheless, the inti-
mate mechanism by which HBZ participates to the HTLV-
1-mediated neoplastic transformation still remains elusive.
The subcellular distribution of HBZ in the various phases
of the disease may be relevant as recent studies of our
group demonstrated a peculiar and exclusive cytoplasmic
distribution of HBZ protein in peripheral blood mononu-
clear cells (PBMC) of both asymptomatic carriers (AC)*
and HAM/TSP patients”” compared to a preferential
nuclear localization in a small sample of ATL cells.”

These findings were unprecedented and rather unex-
pected as previous studies, mostly performed in HBZ
transfected cells, showed an exclusively nuclear distribu-
tion of the protein.**

Our studies, thus suggested that neoplastic transforma-
tion of HTLV-1-infected cells may be accompanied by a
unidirectional displacement of HBZ from the cytoplasm to
the nucleus.

Thus, we analyzed HBZ localization in fresh leukemic
cells of ATL patients, representative of distinct clinical
forms of the disease, to investigate potential HBZ transi-
tion from the cytoplasm to the nucleus and, in case of
transition, to correlate it with distinct ATL clinical entities.

Here we show that leukemic cells from eight ATL
patients can express HBZ not only in the nucleus but also
in the cytoplasm. Neoplastic transformation is, thus
accompanied by a dichotomy of HBZ localization and the
exclusively cytoplasmic localization, as observed in AC
and in HAM/TSP patients, is progressively modified to
include nuclear localization of the protein.

Methods
Cells and ethics statement

This study was approved by the Ethical Committee (CPP Ile de
Francell, CNIL: number 1692254, registration number 000001072)
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and all surviving patients gave written informed consent. The
study had a retrospective observational design. Patients with acute
or chronic ATL at diagnosis were analyzed. See the Ounline
Supplementary Appendix for further details.

HTLV-1 proviral load measurement and determination
of unspliced versus spliced HBZ mRNA

Specific information on proviral load measurement and detec-
tion of unspliced versus spliced HBZ RNA is provided in the Online
Supplementary Appendix.

Cell treatments
See the Online Supplementary Appendix for details.

Immunofluorescence, flow cytometry and confocal
microscopy

Frozen vials containing PBMC were thawed by immediate pas-
sage from liquid nitrogen to a water bath set at 37°C. Cells were
washed with warm RPMI medium and immediately processed for
immunofluorescence and flow cytometry analysis or for confocal
microscopy as previsouly described.** Additional information
on antibodies used for detection of specific markers is reported in

the Online Supplementary Appendix.

Results

Cell surface phenotype and HBZ subcellular
localization in acute adult T-cell leukemia-lymphoma
patients: HBZ can reside in the cytoplasm

We first investigated a group of four clinically defined
acute ATL patients (namely PH131213, PH140126,
PH160822 and PH1612N07).

Preliminary cell surface phenotype of PBMC from these
patients showed that CD4" T cells were the predominant,
if not the total, cell subpopulation present in peripheral
blood (Ounline Supplementary Figure S1). Interestingly,
expression of the CD4 marker varied in the analyzed ATL
patients, with strong (PH140126), moderate (PH131213
and PH1612N07) and low (PH160822) expression. This,
however, did not correlate with expression of the CD3
marker which was either very low or absent in PBMC of
these patients, a result reminiscent of previous findings
reported by our group and others.””** The T-cell activa-
tion marker CD25 was expressed in two (PH131213 and
PH140126) of four patients’ ATL cells, however, without
correlation with the other T-cell activation marker, HLA
class II. Expression and subcellular localization of HBZ
was then analyzed by immunofluorescence and confocal
microscopy Surprisingly, in contrast to what has been
reported to date, in all four patients HBZ was predomi-
nantly found in the cytoplasm where it appeared as large
dots (PH1612N07 and PH160822) with the tendency to
converge in diffuse areas (PH131213 and PH140126)
around the nucleus (Figure 1A). Interestingly, in
PH1612N07 HBZ -positive cells showed the typical flower-
like phenotype described in acute ATL. HBZ cytoplasmic
localization was confirmed by co-staining with the cyto-
plasmic marker vimentin and the nuclear marker DRAQS
(Figure 1B).

Of note, a wide variation in the percentage of HBZ pos-
itive cells was found in the four acute ATL patients, rang-
ing from as low as 8.5% (PH131213) to as high as 83%
(PH140126) of PBMC leukemic cells (Online Supplementary
Table S1). When present, HBZ nuclear localization was
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found in a minority of the HBZ-positive cells with the
exception of patient PH140126 in which all HBZ-positive
cells expressed the viral protein in both cellular compart-
ments. Nevertheless, even in the case of PH140126, the
nuclear localization was clearly under-represented with
respect to the cytoplasmic localization (Figure 1A). In
acute ATL, the proviral load (PVL) was generally higher
than chronic ATL and did not strictly correlate with the
percentage of HBZ-positive cells (Online Supplementary
Table S1), even though the limited number of patients ana-
lyzed does not allow to draw a conclusion in terms of sta-
tistical significance. Interestingly, PVL values exceeded
one copy of viral genome per cell in three of four patients,
suggesting multiple integrations per single cell, as also
demonstrated by recent molecular studies at a clonal
level.*

In order to compare expression and subcellular localiza-
tion of HBZ with those of Tax-1, a similar analysis was
performed. Three of four acute ATL, namely PH140126,
PH1612N07 and PH160822 showed expression of Tax-1 in
65%, 8,6% and 43% of cells, respectively, while
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PH131218 ATL were negative for Tax-1 (Online
Supplementary Table S1). It is interesting to note that the
two patients expressing the highest number of Tax-1 pos-
itive cells (PH140126 and PH160822), were the same
expressing the highest number of HBZ-positive cells.

As found for HBZ, Tax-1 subcellular localization was
predominantly seen in the cytoplasmic compartment
(Figure 2A and B; Online Supplementary Table S1). In assess-
able samples, most, but not all, Tax-1 positive cells were
positive also for HBZ (Online Supplementary Table S1); in
these cases HBZ and Tax-1 were mainly co-localized in
the cytoplasmic compartment (Figure 2C).

HBZ cytoplasmic localization is found also in chronic
adult T-cell leukemia-lymphoma

Four patients, clinically defined as chronic ATL, were
analyzed. We first assessed the PBMC cell surface pheno-
type of these patients; as expected it was quite distinct
from the phenotype observed in acute ATL. CD3 marker
identifying all T cells, was clearly assessable in the major-
ity of the cells in all patients analyzed with a noticeable
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HBZ staining is shown of each patient. All scale bars are 5um.

Figure 1. HBZ subcellular localization in peripheral blood mononuclear cells of patients with acute adult T-cell leukemia-lymphoma. (A) Peripheral blood mononu-
clear cells (PBMC) from PH131213, PH1401263, PH160822 and PH1612N07 patients were stained with the 4D4-F3 anti-HBZ monoclonal antibody (mAb) followed
by Alexa Fluor 546-conjugated goat anti-mouse IgG1 antibody (red) and analyzed by confocal microscopy; DRAQ5 was used to detect the nucleus. (B). Specific coun-
terstaining of cytoplasmic compartment in PH1612N07 patient’'s PBMC was performed by using anti-vimentin rabbit polyclonal antibody followed by goat anti-rabbit
1gG conjugated to Alexa Fluor 488 (green). DIC represents the differential interference contrast image. At least 200 cells were analyzed. A representative image of
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distinction in patient PH171206 where only 20% of the
cells were CD3-positive (Online Supplementary Figure S2).
Moreover, the CD4 T-cell marker identifying the T-helper
subpopulation of CD3-positive T cells, although strongly
expressed, was not present in the entire population (e.g.,
see patients PH170706 and PH150610). Here, at variance
with acute ATL, the observed phenotype was more simi-
lar to the CD4 phenotype observed in healthy donors
PBMC. In chronic ATL patients the CD8 marker was
expressed in a variable proportion of PBMC (Online
Supplementary Figure S2), again mirroring the CD8 pheno-
type of normal PBMC more than the phenotype of acute
ATL. The CD25 T-cell activation marker was not
expressed, while HLA-DR was variably expressed, but
always in a minor proportion of cells again mimicking the
phenotype of normal PBMC.

Expression and subcellular localization of HBZ were
then analyzed. As for acute ATL cases, HBZ was expressed
in all cases ranging from 9.7% in patient PH171206 to
12.0%, 38.0% and 97.5% in patients PH170706, 150610
and PH170918, respectively (Online Supplementary Table
S1), demonstrating that the variability in the percentage of
HBZ-positive cells was similar in chronic and acute ATL.

A Tax-1

]

DRAQ5

Thus, at least in the small number of cases analyzed,
expression of HBZ may be not correlated with the clinical
stage of the disease. Importantly, as observed in acute ATL,
in all four chronic ATL cases HBZ was localized mostly in
the cytoplasm (Figure 3A), with no cells expressing HBZ
exclusively in the nucleus (Online Supplementary Table S1).
Cells expressing nuclear HBZ were a minority as compared
to the cells expressing HBZ only in the cytoplasm (29% vs.
68% in PH170918, and 2.1% vs. 7.5% in PH171206).
Moreover, PBMC of two chronic ATL patients, PH150610
and PH170706, did not show detectable nuclear HBZ
expression at all (Figure 3A; Online Supplementary Table S1).
HBZ appeared as distinctive dots, smaller in the nucleus
when present as compared to the cytoplasm (Figure 3A,
PH170918 and PH171206) where the dots were often con-
fluent creating a sort of ring around the nucleus (Figure 3A,
PH170706 and PH150610).

Interestingly Tax-1 was found expressed only in two of
four chronic ATL patients, namely, PH170706 and
PH171206, with a relative percentage of 6.4% and 1.0%,
respectively (Online Supplementary Table S1). Tax-1-positve
cells of patients PH170706 expressed the viral marker only
in the cytoplasm (Figure 3B; Online Supplementary Table S1)
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Figure 2. Tax-1 subcellular localization in peripheral blood mononuclear cells of patients with acute adult T-cell leukemia-lymphoma. (A) Peripheral blood mononu-
clear cells (PBMC) of representative acute adult T-cell leukemia-lymphoma patients PH40126 (A) and PH1612N07 (B) were stained with the A51-2 anti-Tax-1 mon-
oclonal antibody (mAb) followed by Alexa Fluor 488-conjugated goat-anti-mouse 1gG2a antibody (green) and analyzed by confocal microscopy. Counterstaining of the
nuclear or cytoplasmic compartments was performed by using DRAQ5 fluorescence probe to detect the nucleus (blue) and anti-vimentin rabbit polyclonal antibody
followed by goat anti-rabbit 1gG conjugated to Alexa Fluor 546 (B, red) to stain the cytoplasmic compartment. (C) PBMC of representative acute ATL patient
PH160822 were costained with the 4D4-F3 anti-HBZ mAb followed by Alexa Fluor 546-conjugated goat anti-mouse IgG1 antibody (red) and with the A51-2 anti-Tax-
1 mAb followed by Alexa Fluor 488-conjugated goat-anti-mouse 1gG2a antibody (green) and analyzed by confocal microscopy. DRAQS fluorescence probe was used

to detect the nucleus (blue). DIC represents the differential interference contrast image. At least 300 cells were analyzed. All scale bars are Sum.
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with a confluent dot-like fashion evenly distributed
throughout this compartment; conversely Tax-1-positve
cells of patients PH171206 expressed the viral marker both
in the cytoplasm and the nucleus (Online Supplementary
Table S1). Of note, Tax-1 was expressed in those two chron-
ic ATL patients, PH170706 and PH171206, which expressed
the lower percentage of HBZ positive cells. Moreover, as
observed in acute ATL patients, not all Tax-1-positive cells
were also HBZ-positive, as observed in PH170706 in which
only 1% out of 6.4% of cells co-expressed the two viral
proteins (Online Supplementary Table S1). As previously
reported,”” HBZ was expressed mostly in CD4-positive
cells (Figure 4A). However in PBMC of those patients with
a distinctive and relatively normal proportion of CD8-posi-
tive cells, such as PH170918 (see the Online Supplementary
Figure S1), HBZ expression could also be found in few CD8-
positive cells (Figure 4B).

Predominance of spliced versus unspliced form of HBZ
mRNA in adult T-cell leukemia-lymphoma

Then we verified whether predominant HBZ cytoplas-
mic localization in leukemic cells correlated with preferen-
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tial expression of one of the two described forms of HBZ
mRNA, spliced versus unspliced.”* We found a clear pre-
dominance of the spliced versus unspliced HBZ form in our
leukemic samples without appreciable differences
between acute and chronic ATL (Online Supplementary
Figure S3). This was in line with the results obtained in
HAM/TSP patients and asymptomatic carriers, which
expressed HBZ exclusively in the cytoplasm (Online
Supplementary Figure S3),°” but at variance with the ATL-
2 leukemic cell line and with PH1505 patient leukemic
cells, which expressed mostly nuclear HBZ.” Here the
unpliced form was predominant (ATL-2) or similar
(PH1504) to spliced form.

Cytoplasmic HBZ protein does not shuttle between the
cytoplasm and nucleus

We have previously shown that in PBMC from both
asymptomatic carriers and HAM/TSP patients the exclu-
sive cytoplasmic localization of HBZ could not be modi-
fied by treatment with Leptomycin B (LMB), a specific
inhibitor of CRM1/exportin-mediated nuclear export,”
strongly suggesting that in AC and HAM/TSP, HBZ does

Overlay

Overlay

Figure 3. HBZ subcellular localization in peripheral blood mononuclear cells of patients with chronic adult T-cell leukemia-lymphoma. (A) Peripheral blood mononu-
clear cells (PBMC) of representative chromic leukemia patients PH150610, PH170706, PH170918 and PH171206 were stained with the 4D4-F3 anti-HBZ mono-
clonal antibody (mAb) followed by Alexa Fluor 546-conjugated goat anti-mouse IgG1 antibody (red) and analyzed by confocal microscopy. DRAQ5 fluorescence probe
was used to detect the nucleus. (B) PBMC of representative chronic leukemia patient PH170706 was stained with the A51-2 anti-Tax-1 mAb followed by Alexa Fluor
488-conjugated goat-anti-mouse IgG2a antibody (green) and analyzed by confocal microscopy. Nucleus was stained with DRAQ5. DIC represents the differential
interference contrast image. At least 300 cells were analyzed. One representative image of HBZ staining derived from PBMC samples of each patient is shown. At

least 300 cells were analyzed. All scale bars are Sum.
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not shuttle between the cytoplasm and nucleus.” Since in
acute and chronic ATL, HBZ could be localized in both
compartments, with a clear preference for the cytoplasm,
it was important to assess whether the entire pool of cyto-
plasmic HBZ could indeed shuttle between cytoplasm and
nucleus. Cells were treated with LMB and analyzed by
immunofluorescence and confocal microscopy. Results
presented in Figure 5A show that this was not the case
because LMB treatment did not result in the accumulation
of HBZ protein in the nucleus in either acute (PH140126)
or chronic (PH170918) ATL cells (Figure 5A).

As a control, LMB treatment of normal PHA-treated
PBMC was instead capable to significantly retain the
p65/RelA component of the NE-kB complex in the nucleus
(Figure 5B). Taken together, these results strongly suggest
that the cytoplasmic component of HBZ protein in both
acute and chronic ATL does not ostensibly shuttle between
the cytoplasm and nucleus through CRM1/exportin regu-
lated mechanism.

Calreticulin may regulate Tax-1 nuclear export by inter-
acting with, and retaining the viral protein in the cyto-
plasm in a concentration dependent fashion.” In order to
verify whether calreticulin might contribute to the cyto-
plasmic localization of HBZ, we costained PBMC from
both acute and chronic patients with HBZ and calreticulin
specific antibodies. Cytoplasmic HBZ did not colocalize
with calreticulin. Moreover, we could not detect a signifi-
cant increased expression of calreticulin in HBZ-positive
cells, compared to HBZ-negative «cells (Online
Supplementary Figure S4A). Cytoplasmic Tax-1 instead par-
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tially colocalized with calreticulin in acute ATL patient
PH160822, although also in this case we could not observe
a clear different level of calreticulin expression in Tax-1
positive cells compared to Tax-1-negative cells (Online
Supplementary Figure S4B)

The cytoplasmic localization of HBZ in adult T-cell
leukemia-lymphoma patients may partially affect
p65/RelA but not JunD subcellular distribution
Previous studies have shown that HBZ inhibits Tax-1-
mediated NF-kB activation and consequent transcription
of various NF-kB target genes by targeting p65/RelA sug-
gesting that this can contribute to the attenuation of viral
replication and persistence of infection.”* Here we ana-
lyzed the subcellular localization of p65/RelA in PBMC
isolated from both acute and chronic ATL subjects.
Interestingly, we found p65/RelA in the cytoplasm of
HBZ-positive cells of both acute and chronic patients, par-
tially colocalizing with HBZ (Online Supplementary Figure
S5A, PH160822 and PH170706, respectively). This sug-
gests that a possible, although limited, HBZ-p65/RelA
cytoplasmic interaction may limit p65/RelA transition into
the nucleus and the activation of the NF-kB target genes.
In order to evaluate the impact of the observed cytoplas-
mic localization of HBZ on other cellular pathways target-
ed by the viral protein, we analyzed the subcellular distri-
bution of the transcription factor JunD, previously shown
to weakly interact and partially colocalize with HBZ in an
ATL patient expressing HBZ in the nucleus.” When HBZ
was expressed in the cytoplasm, JunD was still localized

©

Figure 4. HBZ expression in T-cell subpopulations of chronic adult T-cell leukemia-lymphoma. Confocal microscopy analysis of peripheral blood mononuclear cells
(PBMC) from representative chronic (CH) leukemic PH170918. (A) Upper panels: PBMC of patient CH PH170918 were costained with the 4D4-F3 anti-HBZ mono-
clonal anitbody (mAb) followed by Alexa Fluor 546-conjugated goat anti-mouse IgG1 antibody (red) and with the anti-CD4 rabbit mAb (RabmAb) followed by Alexa
Fluor 488-conjugated goat-anti-rabbit IgG antibody (green). Nucleus was stained with DRAQ5. (B) PBMC of CH patient PH170918 were costained with the 4D4-F3
anti-HBZ mAb followed by Alexa Fluor 546-conjugated goat anti-mouse IgG1 antibody (red) and with the anti-CD8 RabmAb directly conjugated to Alexa Fluor 647
(blue). At least 200 cells were analyzed; DIC represents the differential interference contrast image. representative images derived from each sample are shown.

All scale bars are 5um.
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in the nucleus (Online Supplementary Figure S5B, PH160822
and PH170706).

Discussion

The nuclear localization of HBZ in ATL has been largely
inferred from studies describing the many functions that
this protein exerts directly on cellular gene promoters of
infected cells or by interacting with a large number of host
transcription factors in the nucleus.*** Recent investiga-
tions conducted by confocal microscopy and biochemical
approaches focused on endogenous HBZ protein were
consistent with the idea that leukemic cells from HTLV-1-
infected ATL patients express the viral protein in the
nucleus.” These findings, in association with elegant stud-
ies in HBZ-transgenic animal models,"” gave strong sup-
port to the idea that HBZ nuclear localization is instru-
mental for, or at least strongly associated with, the main-
tenance of the leukemic state. On the other hand, more
recent and precise immune localization studies have clear-
ly indicated that HBZ expression is always and only con-
fined to the cytoplasm in HTLV-1 AC and in HAM/TSP
patients in contrast to Tax-1 localization that can be found
in both compartments.” Since AC and more rarely
HAM/TSP states may evolve to the leukemic state, it
could be, thus, realistic to think that HBZ translocation
from the cytoplasm to the nucleus is associated with the
genesis of the neoplastic process leading to ATL. In order
to verify this hypothesis it was instrumental to demon-
strate that stages of leukemic transformation could indeed
show evidence of cytoplasmic-only or cytoplasmic-
nuclear localization of endogenous HBZ protein. In this
study, we have demonstrated that indeed leukemic cells
from ATL patients could be found that express HBZ in the
cytoplasm with high frequency. Apparently, therefore, we
filled the gap with previous studies and showed the unidi-
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rectional subcellular translocation from the cytoplasm to
the nucleus of HBZ during oncogenic transformation.
Moreover, HBZ was expressed not only in CD4* T cells,
the preferential target of the HTLV-1 retrovirus, but also in
a very small percentage of CD8" T cells indicating that
CD8* T cells can be infected by HTLV-1, confirming our
previous observations,”*” and persist in ATL patients.

Several findings reported in this study require further
investiagtions to be framed in the context of unidirection-
al cytoplasm-to-nucleus localization of HBZ in ATL.

A rather unexpected and important finding was that
none of the eight patients, either acute or chronic ATL,
analyzed in this study had cells expressing HBZ exclusively
in the nucleus. As a partial explanation, we can adduce that
most of the previous studies describing endogenous HBZ
localization were carried out in leukemic cell lines possibly
representative of highly selected phenotypes in culture,
while only three patients were described with an exclusive
nuclear localization by a similar confocal microscopy
approach.”” In this context, it is important to stress that
previously analyzed ATL patients and those described in
this study did not differ in terms of geographic origin or
ethnic group being all afro caribbeans but one (PH150610).

A second important finding relates to the evidence,
again common to both acute and chronic ATL, that in cells
expressing HBZ in both the cytoplasm and nucleus, the
cytoplasmic fraction was always consistently higher than
the nuclear fraction. Actually, in two ATL chronic patient
(PH150610 and PH170706), HBZ was only observed in the
cytoplasm. A relative exception was represented by the
acute ATL patient PH140126 displaying the highest per-
centage of HBZ-positive cells (83%) all of which were
positive for both cytoplasmic and nuclear localization.
The unprecedented HBZ cytoplasmic localization in
leukemic patients found in this study was paralleled by
the known more abundant expression of the spliced versus
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Figure 5. Cytoplasmic HBZ is retained in this compartment and does not shuttle to the nucleus. (A) Peripheral blood mononuclear cells (PBMC) of representative
acute PH140126 and chronic PH170918, were either treated (+LMB, bottom panels) or not treated (-LMB, top panels) with Leptomycin B (LMB), an inhibitor
CRM1/exportin-mediated nuclear export, before fixing and stained with the anti-HBZ 4D4-F3 monoclonal antibody (mAb) followed by Alexa Fluor 546-conjugated
goat anti-mouse 1gG1 antibody (red) and analyzed by confocal microscopy. (B) As control of inhibition of nuclear export by LMB, treated (+LMB) and untreated (-LMB)
cells were fixed and stained with antibodies against p65/RelA followed by Alexa Fluor 546-conjugated goat-anti-rabbit secondary antibody (red) and analyzed by con-
focal microscopy. One representative image on the field and an enlargement of this are shown. Nucleus was stained with DRAQ5 (blue). DIC represents the differ-
ential interference contrast image. One representative image is shown for each sample. At least 300 cells were analyzed. All scale bars are 5um.
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unspliced form of HBZ mRNA* corroborated also in
HAM/TSP patients and in AC that have exclusive HBZ
protein cytoplasmic localization.”®” Conversely, the ATL-
2 leukemic cell line and leukemic cells of a previously
described patient (PH1505), displaying a predominant
HBZ nuclear localization, showed a more abundant or
similar unspliced versus spliced HBZ, suggesting a correla-
tion between subcellular protein localization and distinct
forms of alternatively spliced HBZ mRNA.

Taken together, these results show for the first time that
the dual cytoplasmic/nuclear localization of HBZ is an
exclusive feature of ATL, giving further credit to the
hypothesis of subcellular re-localization of HBZ in leuke-
mogenesis (Figure 6).

The high percentage of HBZ-positive cells observed in
chronic ATL, a situation usually characterized by a low
number of leukemic cells,” as well as the exclusive cyto-
plasmic localization of HBZ found in two chronic ATL
patients, remain to be clarified. Are the described condi-
tions the mirror of a specific step of the neoplastic process
such as the anticipation of an acute phase of the disease or
a phase in which HBZ is progressively relocated into the
nucleus without any modification of the clinical status, or,
provocatively, the manifestation of novel disease sub-
groups¢ The first hypothesis seems unlikely as clinical fol-
low-up suggests that these patients have not evolved
toward an aggressive phenotype, indicating that other fac-
tors, possibly involved in the cytoplasmic dislocation of
HBZ, are needed to mark the transition versus a different
clinical state of ATL.

Previous studies of our group have clearly demonstrated
that both in asymptomatic carriers and HAM/TSP patients

[ HTLV-1 infection ]

Asymptomatic Carriers

@@oo

9 9

CD4T CD8T HBZ Tax Cytoplasmic —Mutated
factor cytoplasmic
factor
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the exclusive HBZ cytoplasmic localization was due to a
retention in this subcellular compartment, as inhibition of
CRM-1 dependent nuclear export by LMB did not result in
nuclear retention of the viral protein.”” It was therefore
important to assess whether in cells of ATL patients show-
ing both cytoplasmic and nuclear localization, HBZ could
freely shuttle between the two subcellular compartments.
This was neither the case in acute nor chronic ATL, sug-
gesting, besides the above described association of
spliced-cytoplasmic versus unspliced-nucleus, the exis-
tence of an active mechanism of cytoplasmic HBZ reten-
tion even in presence of a quota of nuclear protein, and
irrespective of the clinical form of the disease (Figure 6).
One possible candidate for the cytoplasmic retention of
HBZ could be calreticulin previously shown to regulate
Tax-1 nuclear export.” However, at least for the patients
analyzed, HBZ was not clearly confined in a calreticulin
subcellular compartment, while Tax-1 partially colocal-
ized with calreticulin. A more in-depth analysis with an
increased number of acute and chronic ATL subjects might
further clarify this aspect.

Recent results have suggested that HBZ can be
retained in the cytoplasm by interacting with the T cell-
specific molecule THEMIS.® Conversely, we showed
that this did not explain the cytoplasmic retention of
HBZ in cells of HAM/TSP patients.” Thus, although in
ATL a partial involvement of THEMIS in the retention of
HBZ in the cytoplasm cannot be excluded, it is certainly
important to further investigate the possibility that dif-
ferent cytoplasmic anchoring molecules or molecular
complexes may also be involved in the cytoplasmic local-
ization of HBZ in ATL. Whatever the mechanism, it is

Figure 6. Subcellular localization of HTLV-1 HBZ protein during adult T-cell leukemia-lymphoma progression. Primary infection of T cells by HTLV-1 is characterized
by the expression and localization of HBZ protein exclusively in the cytoplasm, at variance with Tax-1 that can be found both in the cytoplasm and nucleus. This fea-
ture is conserved during the progression to chronic neurologic inflammatory HTLV-I-associated myelopathy/tropical spastic paraparesis (HAM/TSP) disease possibly
due to retention by a cytoplasmic factor present in both asymptomatic carriers and HAM/TSP patients. Leukemogenesis, instead, is marked by the progressive
translocation of HBZ from the cytoplasm to the nucleus, both in chronic and in acute adult T-cell leukemia-lymphoma (ATL). On the basis of our results presented
here, it is likely that HBZ cytoplasmic localization in ATL is mediated by the same retention factor/mechanism present in asymptomatic carriers and HAM/TSP, that
is gradually lost during neoplastic transformation allowing HBZ protein to dislocate into the nucleus.
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clear that a quota of the HBZ molecular pool can translo-
cate into the nucleus and can be retained there to func-
tionally participate in the maintenance of the leukemic
phenotype. The molecular basis of this nuclear retention
remains to be investigated.

An additional relevant aspect of the present study was
the expression and subcellular localization of Tax-1 pro-
tein. Tax-1 was not expressed in three of eight patients
analyzed in this study, confirming previous findings on
the silencing of the viral oncogene in ATL."” Interestingly,
however, a clear difference was observed between acute
and chronic ATL, as Tax-1 was expressed in three of four
acute ATL in a relevant proportion of cells, ranging from
8.4% to 65.0% of PBMC, and only in two of four chronic
ATL but in a considerably low proportion of cells, namely
1.0% and 6.4 % of PBMC. This finding correlated quite
well with the cell surface phenotype of leukemic cells in
that PBMC of chronic ATL patients resembled more close-
ly the phenotype observed in healthy individuals.

An exclusive Tax-1 nuclear localization was found in
very few cases and only in acute ATL, whereas the vast
majority of the Tax-1-positive cells expressed the viral
protein both in the cytoplasm and nucleus. The fact that
in acute ATL cases analyzed in this study Tax-1 was
expressed in a considerable proportion of cells, although
unexpected, may indeed support the idea that increased
and/or sustained cell proliferation observed in the acute
leukemic state is associated with a burst of Tax-1 expres-
sion, as recently proposed.”” Furthermore, both in acute
and in chronic ATL most of Tax-1-positive cells were also
HBZ-positive suggesting a distinct behaviour with
respect to what has been recently found in asymptomatic

carriers and HAM/TSP patients in which HBZ and Tax-1
were very rarely found co-expressed in the same cells.”*”
As stressed above, this may be correlated with the dis-
tinct replicative state of the cells in asymptomatic carriers
and HAM/TSP patients as compared to leukemic
patients.

In conclusion, the results presented in this study estab-
lish for the first time a correlation between modification
of the subcellular localization of HBZ and acquisition of
neoplastic state in subjects infected by HTLV-1. Future
studies will be devoted to the clarification of the intimate
molecular mechanisms that are at the basis of the cyto-
plasmic and nuclear retention of HBZ in HTLV-1-mediated
leukemogenesis.
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