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‘ATL-like clones’
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High proviral load
Family history of ATL
Infection early in life 



What happens during Adult T cell 
leukaemia/lymphoma (ATL) development? 

‘ATL-like clones’
Rowan et al, Blood 2020
n=6, retrospective study

Carrying mutations in cellular genome



Questions to address:

1. What proportion of carriers with ATL-like clones subsequently 
develop ATL?

2. What factors favour the emergence of ATL-like clones?
 (in addition to high PVL, age, family history)



Q1: Incidence of ATL,  prospective study: 
Flow cytometric quantification of ATL-like clones
Wolf et al, Blood Cancer Journal, 2021

Approach
- HTLV -1 infection with high PVL (>4%)
- Stratified by clonality score 
- Exclude anyone with a diagnosis of ATL
- Include carriers with any other HTLV-related diseases

Clone detected 
OCI>0.770 

PVL≥4%

Control
OCI≤0.770 

PVL≥4%

Two groups : 

Sonia Wolf
Patricia Watber,
Momoko Usui 
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Clone detected Control 

N= 29 102
Mean age at start of F/U 
(range)

49 (26-77) 56(18-78)

Female 16 (55%) 83 (81%)
Asymptomatic 17 (59%) 36 (35%)
HAM 5 (17%) 56 (55%)
Other (HIV coinfection, 
Neurological, 
Polymyositis, 
Strongyloides, Arthritis)

7 (24%) 10 (10%)

Total F/U 
(median, range)

154 years
(5.9, 1-12.5)

842 years
(6.3, 0-24)

996 years all PVL>4% carriers

Expected rate = 2-10/1000 patient-years in PVL>4% carriers
….Expect 2-10 cases
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Clone detected Control

N= 29 102
Total F/U 154 years 842 years 
ATL cases 9* 0
Cases/1000 patient-years 
(95% CI)

58.5
(30-112)

0

Incidence of ATL in each group



Clone detected Control

N= 29 102
Total F/U 154 years 842 years 
ATL cases 9* 0
Cases/1000 patient-years 
(95% CI)

58.5
(30-112)

0

Highly significant:
*Fisher’s exact test p<0.0001 
vs Control High PVL group, two tailed

Incidence of ATL in each group

9 cases of ATL observed/1000 patient years
95% CI 4.7-17 cases/1000 patient-years

- compatible with predicted rate

HTLV-1 carriers with detectable ATL-like clones are at high risk of developing ATL – 
‘High-risk’ carriers    



p<0.0001
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   Incidence of ATL over time



Test for somatic mutations in host genes
Enrich genes of interest from sample- subject to deep sequencing

Driver gene

Sum % SNV, 

SV, CNV Target Driver gene

Sum % SNV, 

SV, CNV Target

CARD11 42.7 Exon + Intron CD28 15.3 Exon

PLCG1 37.3 Exon GPR183 17.3 Exon

CCR4 35.3 Exon CCR7 12.7 Exon

CIC 35.3 Exon EP300 12.7 Exon

PRKCB 31.3 Exon REL 12.7 Exon + Intron

TBL1XR1 36.7 Exon RHOA 12.7 Exon

ARID2 30.0 Exon CD274 14.0 Exon + Intron

CDKN2A 29.3 Exon CSNK2B 9.3 Exon

TP53 33.3 Exon TET2 9.3 Exon

STAT3 26.7 Exon ITGB1 8.0 Exon

GATA3 23.3 Exon XPO1 8.7 Exon

ATXN1 26.0 Exon EEF1A1 8.0 Exon

IRF4 22.0 Exon IRF2BP2 8.0 Exon

CD58 29.3 Exon ZNF292 8.7 Exon

VAV1 20.0 Exon KLF2 6.7 Exon

HLA-A 16.0 Exon PIK3CD 5.3 Exon

NOTCH1 18.7 Exon ZFP36L2 6.7 Exon

POT1 15.3 Exon PRDM1 5.3 Exon

CBLB 20.7 Exon SMARCB1 6.0 Exon

FAS 13.3 Exon CSNK2A1 5.3 Exon

HLA-B 14.0 Exon FYN 4.7 Exon

151 Kbp host genes 
9 Kbp HTLV-1 proviral genome

Genomic DNA- PBMC, LN biopsies, 
dried blood spots

Design based on published datasets- 
Kataoka Nat Genetics 2015, 

Kogure Blood 2022

Patricia Watber and 
Anat Melamed



Study design : Cross sectional

Asymptomatic Indolent Aggressive

Controls n= 20 Smoldering n=5 Acute n=15

High risk n=29* Chronic n=13 Lymphoma n=17

* High-risk group split into two sub-groups

Progressed n=13 ATL in 2+ years
No Progression n= 16 still asymptomatic

PBMC DNA 
ATL: pre-treatment diagnostic

10,000X deep sequencing 
+ variant calling



Lymphoma Acute Chronic High Risk
AC

Control High-risk
Progressed



Lymphoma Acute Chronic High Risk
No Prog

Control High-risk
Progressed



Lymphoma Acute Chronic High Risk
No Prog

Control High-risk
Progressed

Smoldering



Lymphoma Acute Chronic High Risk
No Prog

Control High-risk
Progressed

Smoldering



Lymphoma Acute Chronic High Risk
No Prog

Control High-risk
Progressed

CCR4
PLCG1

TP53

TET2

Somatic variants detected 
in genes associated with 

poor outcome

PRKCB



Challenge: Novel variant discovery

CCR4 360aa

Variant Count

S24N 1

G33D 1

N300* 1

L328Pfs 1

S345X 1

Kataoka et al, Nat Genetics 2015

Our work: How should we interpret the clinical 
significance of these previously unseen 
variants?

Variant Count

S346Lfs*9 1 

Y331X/Sfs 13

Q330lfs*11 1

C329X 3

Y347Lfs*9 1

Y331X truncates C terminal 
trapping receptor on cell surface, 
enhancing signalling



Q2: What factors favour the emergence of ATL-like 
clones?

Polyclonal virus-
infected cells

HTLV-specific
 CD8+ T cells

Healthy virus-carriers

X
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Cross-sectional study, control donors matched for 
PVL and antigen burden



Very low frequencies of Tax-specific CD8+ T cells in high-risk carriers

Weterings et al, in press Blood Neoplasia

Absolute quantification

Tax 11-19/ HLA A*0201 
Peptide-MHC Pentamer:

TCR CD8Functional assay 
Culture PBMC with 

Tax/ HBZ 
overlapping peptides
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Emerging picture of 
immune dysregulation:

Controls High-risk 
carriers

ATL

Expression of Tax by clone n/a Downregulated/lost in 
50%, Upregulated in 22%

Downregulated/lost in 
78%, Upregulated in 22%

Efficiency of autologous CTL in ex 
vivo assay

Control group Significantly less than 
control

Significantly less than 
control

Tax-specific IFN-g by CD8+ T cells Detected in all low risk 
carriers

33% no detectable 
response

66% no detectable 
response

Poster A29
Devon Weterings



1. What proportion of carriers with ATL-like clones subsequently 
develop ATL?
•  ~30% chance of symptomatic disease within 5 years
•  Associated with burden of somatic variants, some of which have been 

associated with poor outcome/aggressive disease.
•  Variant detection and interpretation remains a challenge

2. What factors favour the emergence of ATL-like clones?
 Age, PVL, Family history of ATL, diminished CTL surveillance?

Take home messages

Single cell evolution
Poster A60
Anat Melamed

TRBC clonality
Poster A64
Momoko Usui

Clinical implementation
Poster A02
Prognostic working group
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How Does Persistent HTLV-1 Infection Rewire 

T-Cell Function and Drives Disease?

Yorifumi Satou

Hokkaido University, Japan

formerly Kumamoto University

3rd June 2026, WORKSHOPS, HTLV 2026



HTLV-1 establishes latent/persistent infection and drives pathogenesis

silencing

Tamiya et al, Blood 1996

Koiwa et al, JV 2002

Takeda et al, Int J Cancer 2004

Taniguchi Y et al, Retrovirology 2005

Billman et al, Wellcome Open Res 2017

Mahgoub et al, PNAS 2018

Enabling persistent infection via Immune evasion

Insulator

CTCF
Elk-1

Enhancer

SRF

Silencer

Constant expression

Usui et al, Retrovirology 2008

Saito et al, Retrovirology 2009

27

Cellular DNA



Early phase Chronic phase

Tax +++ HBZ+

Tax ++ HBZ+

Tax +HBZ+

Tax - HBZ+

Various clones with various 

viral gene expression

Late phase (Aged)

PBMC separation

28

ATL clones emerge during long-term latency



HTLV-1 infects various cell types but transforms CD4+ T cells almost exclusively

HTLV-1

Proliferation of infected cells – Leukemia

CD4+ T-Lymphocyte

29



Pepper M et al 2011 Nat Immun.

CD4+ T cells are activated, differentiate, proliferate 

upon antigen recognition via T-cell receptor

Bhattacharyya N et al, Front. Immunol.,2020

30



HTLV-1 infection induces abnormalities in TCR signaling pathway

HTLV-1

31

T-cell receptor APC

Ｔcell

Tax
Tax

HBZ
HBZ

HBZ

Tax



Early phase Chronic phase

Tax +++ HBZ+

Tax ++ HBZ+

Tax +HBZ+

Tax - HBZ+

Various clones with various 

viral gene expression

Late phase (Aged)

How does persistent HTLV-1 alter T-cell homeostasis and drives related diseases?

PBMC separation

normal CD4+ T-cell act. and diff. 

Disease 

progressionHTLV-1
infection

ATL cells

HTLV-1-induced transformation

Antigen 
recognition

Differentiation

Activation

32



Single cell TCR information should be useful to identify ATL clones

Transcriptome and TCR information is available at single cell resolution

非感染者

くすぶり型
ATL

慢性型
ATL

T cell clonality by TCR

Healthy 
donor

asymptomatic 
carriers（AC）

Smoldering 
ATL

Chronic・
Acute ATL

33



Each T cell clone can be identified by TCR

We aim to analyze the process of ATL development

Early phase Chronic phase
Late phase

(Aged)

ATL clones emerge during long-term latency

PBMC separation

34



Cell clustering (CD4+ T cells)

This heterogeneity provides a framework to analyze the process of oncogenesis

T-cell clusters: 46,078 cells

CD4+ T-cell clusters

H1: Naïve-predominant cluster

H2: Memory-predominant cluster

CD8+ T cell clusters

C1: Naïve cluster

C2: Memory cluster 

C3: CD4+ CTLs

UMAP 1

U
M

A
P

 2

Clinical status

Smoldering 

ATL
ATL

Healthy donor
Asymptomatic 

carriers（AC）

Most expanded clones

35



Pseudotime analysis of CD4+ T cells

Start

End

Pseudotime (PT) analysis seems to be reasonable. 36

Pseudotime analysis
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T-cell activation score

ATL cells showed an excessive Tact phenotype.

Distribution of Treg and Tact scores across clinical settings

37

T-cell activation score

Treg 

score



PBMC 

separation

People living 

with HTLV-1

Excessive activationPhysiological activation

Using bioinformatic approaches, cells with similar phenotypes are placed close to 

each other to reconstruct a trajectory of leukemic transformation

Abnormal, continuous T-cell 

activation induced by HTLV-1

Physiological T-cell 

activation

Contains CD4+ T cells in 

various states

Naïve cells, activated cells, 

infected cells, ATL cells

Summary (1)

38

HTLV-1 drives abnormal, continuous T-cell activation



The role of epigenetic 
regulation in the life cycle of 

HTLV-1 and BLV

Luc Willems
University of Liege, Belgium



Understanding bovine leukemia virus 
oncogenesis fosters the development of 

therapeutic and preventive strategies

Luc Willems

40

June 3, 2026



BLV

⚫ naturally infects the bovine species

⚫ can be experimentally transmitted to sheep 

⚫ Present in wild-life: llama, yak, bison, water bufalo, zebu, alpaca 
(Vicugna pacos)

⚫ one third of cows develop a persistent lymphocytosis

⚫ up to 10 % of acute B-cell leukemia or lymphoma

⚫ weakens immune response (mastitis)

⚫ poor effectiveness of vaccination against other pathogens 
(BHV-1, rotavirus, coronavirus, L Pomona) 

⚫ economic loss: death, reduction in milk production, custom 
restrictions, first cause of carcass condemnation

⚫ a vaccine is available

Gillet et al Retrovirology 4: 18; Doucet et al Viruses 17: 10.3390 41



Biorender

42Gillet et al Retrovirology 4: 18; Doucet et al Viruses 17: 10.3390 



Understanding BLV oncogenesis 

- Viral oncogenes induce cell proliferation and transformation in cell cultures
     

Willems et al EMBO J. 9: 1577; Willems et al Proc. Natl. Acad. Sci. U.S.A. 89: 3810; Kerkhofs et al 
Journal of Virology 72: 2554; Twizere et al The Journal of the National Cancer Institute 95: 1846

TransformationActivation of transcription

LTR
LTR

GAG
POL

ENV

TAX
REX

R3
G4

miR

Taxmock

43



Understanding BLV/HTLV oncogenesis 

- Viral oncogenes induce cell proliferation and transformation in cell cultures

     > in infected animals ?

     “…BLV infection is latent…”

 

44



High turnover of BLV-infected cells

Proliferation (% population/day)          2.0 % (BLV)       1.1 % (control) **

Biorender

CFSE 

BrdU

B
 c

el
ls

Debacq et al Proc. Natl. Acad. Sci. U.S.A. 99: 10048; Debacq et al Journal of Virology 80: 9710; Florins et al Journal of Virology 80: 11998

Increased proliferation

in lymphoid tissues

Increased death in

peripheral blood

Death (% population/day)          11.9 % (BLV)       5.2 % (control) **

45



Understanding BLV oncogenesis 

- Viral oncogenes induce cell proliferation and transformation in cell cultures

- Accelerated cell turnover in BLV-infected animals

 > BLV is not latent during chronic infection

46



Understanding BLV oncogenesis 

- Viral oncogenes induce cell proliferation and transformation in cell cultures

- Accelerated cell turnover in BLV-infected animals: BLV is not latent during 
chronic infection

 > what is the mode of viral replication ?

Infectious cycle Clonal expansion
47



Massive depletion of clones

clones present at seronconversion and 

no longer detected in the long term
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Gillet et al PLoS Pathogens 9:e1003687 



Infectious cycle

2 modes of viral replication

Clonal expansion

Mostly before immune response Mostly after immune response

49



Understanding BLV oncogenesis 

- Viral oncogenes induce cell proliferation and transformation in cell cultures

- Accelerated cell turnover in BLV-infected animals: BLV is not latent during 
chronic infection

- Massive depletion of infected cell clones after seroconversion

 > role of lymphoid organs in immune control ? 

50
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Time between BLV infection 

and leukemia (in years)

Earlier onset of leukemia after splenectomy

Florins et al PLoS One 4: e6943
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Understanding BLV oncogenesis 

- Viral oncogenes induce cell proliferation and transformation in cell cultures

- Accelerated cell turnover in BLV-infected animals: BLV is not latent during 
chronic infection

- Massive depletion of infected cell clones after seroconversion

- Role of lymphoid organs in immune control  

  > Role of viral expression ?

52



PKH26

Pool and injection

2h on ice
2h at 37°C

CFSE

Blood

→ BLV expression

Lifespan of BLV-positive B cells

53



PKH26

Pool and injection

2h on ice
2h at 37°C

CFSE

Blood

→ BLV expression

Viral expression shortens persistence of B cells

Dequiedt et al Journal of Virology, 71: 630; Dequiedt et al Journal of Virology, 73: 1127; Florins et al, Journal of Virology 86:621

Viral expression
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Understanding BLV oncogenesis 

- Viral oncogenes induce cell proliferation and transformation in cell cultures

- Accelerated cell turnover in BLV-infected animals: BLV is not latent during 
chronic infection

- Massive depletion of infected cell clones after seroconversion

- Role of lymphoid organs in immune control  

- Viral expression disfavors persistence of infected cells 

  > promoting viral expression ?

55



A strong promoter affects viral replication
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Understanding BLV oncogenesis 

- Viral oncogenes induce cell proliferation and transformation in cell cultures

- Accelerated cell turnover in BLV-infected animals: BLV is not latent during 
chronic infection

- Massive depletion of infected cell clones after seroconversion

- Role of lymphoid organs in immune control  

- Viral expression disfavors persistence of infected cells 

- A strong promoter reduces viral replication

  > stimulating viral expression ?
57
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Achachi et al (2005) Proc. Natl. Acad. Sci. U.S.A., 102: 10309

Valproate treatment reduces proviral loads



Understanding BLV oncogenesis 

- Viral oncogenes induce cell proliferation and transformation in cell cultures

- Accelerated cell turnover in BLV-infected animals: BLV is not latent during 
chronic infection

- Massive depletion of infected cell clones after seroconversion

- Role of lymphoid organs in immune control  

- Viral expression disfavors persistence of infected cells 

- A strong promoter reduces viral replication

- Therapy by activation of viral expression with an HDAC inhibitor
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Understanding BLV oncogenesis 

- Viral oncogenes induce cell proliferation and transformation in cell cultures

- Accelerated cell turnover in BLV-infected animals: BLV is not latent during 
chronic infection

- Massive depletion of infected cell clones after seroconversion

- Role of lymphoid organs in immune control  

- Viral expression disfavors persistence of infected cells 

- A strong promoter reduces viral replication

- Therapy by activation of viral expression with an HDAC inhibitor

       > Epigenetic therapy of 
HTLV-1 ? 
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HTLV 2026

HAM/TSP Pathophysiology

Bystander damage, transmigration, and the next questions

Chris Itoh, MD MHS |  NINDS/NIH |  June 3rd, 2026 



425 patients
(HAM/TSP, Asymptomatic carriers 
(AC), HTLV-2 patients, HTLV-I/II 
seroindeterminates, family 
members) 

Biobanked samples
31710 PBMCs
5585 serum
922 CSF
102 saliva
250 plasma

Viral Immunology Section – Clinical Cohort (US)
Immuno-Virological Evaluation of HAM/TSP
Protocol # 98N-0047



HTLV-I HAM/TSP
known etiology

Association of Viruses and Chronic 
Progressive Neurologic Disease

Translational Studies

Treatment

Virus?
Multiple 

Sclerosis

suspected           

etiology

Mechanisms

Treatment

−interferon
Anti-tac

Daclizumab

Teriflunomide  
(Aubagio)

Protocol 21N0016



Brief HAM/TSP Summary

Viral

▸ High PVL

▸CSF>PBMC PVL 

▸ Various Transmission 
Routes

Host Factors 

▸ Age 40-50 at onset

▸ Female predominance 
(3:1)

▸ 0.25-3.8% lifetime risk

▸ HLA susceptibility / 
protective 

Clinical Symptoms

▸ Chronic, Progressive, 
Myelopathy

▸ Spinal Cord Atrophy

▸ Heterogeneous rates of 
progression 

19 / 35Nozuma & Jacobson, Front Microbiol 2019



Heterogeneous Progression 

RAPID

Wheelchair-dependent within ~2 years; minority of patients

SLOW (typical)

Median walking aid 6-7 yrs; wheelchair ~18-21 yrs

VERY SLOW / STABLE

Years of minimal change; watchful waiting candidates

9 / 35Yamano and Sato, Front Microbiol 2012 



Spinal Cord Atrophy is Associated with Worse Disability, 
Higher PVL, and Increased CD8+ T cells in CSF

Healthy Volunteer n = 24

HAM/TSP n = 45

Asymptomatic Carrier n = 17



Healthy Volunteer n = 24

HAM/TSP n = 45

Asymptomatic Carrier n = 17
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Spinal Cord Atrophy is Associated with Worse Disability, 
Higher PVL, and Increased CD8+ T cells in CSF



Pathophysiology: Bystander Model 

1: Traffic in 2: Antigen burst

3: Amplify 4: Bystander 
damage

3 / 10Yamano & Sato. Front Microbiol 2012



What we still cannot fully explain

Why specifically the thoracic cord?

Low blood flow + low shear stress upregulates VCAM-1?

Why only minority of carriers develop disease?

Multiple hits: HLA (permissive/protective) + cytokine SNPS + Environmental factors

What triggers progression after decades of 
infection?

7 / 10Levin et al. Nat Med 2002  |  Nozuma & Jacobson. Front Microbiol 2019

Environmental/Stress + Genetics



Alternative and complementary hypotheses

BYSTANDER DAMAGE (dominant)
Chronic CNS inflammation damages uninfected 
neurons & myelin.

CTL-MEDIATED
CD8+ CTLs targeting Tax-expressing cells cause direct 
collateral tissue damage.

MOLECULAR MIMICRY
Anti-Tax antibodies cross-react with neuronal 
hnRNP-A1; inhibit neuronal firing ex vivo, however 
disease specificity and causal importance remain 
uncertain

DAMAGE : HEALING IMBALANCE
Disease emerges when viral damage outpaces glial 
repair. Reframes 'why so few' as a tipping-point 
problem.

8 / 10Levin et al. Nat Med 2002  |  Nozuma & Jacobson. Front Microbiol 2019



What therapy tells us about pathophysiology

Antiretrovirals inconclusive
PVL maintained by infected clonal proliferation

Target the infected cell
Mogamulizumab (anti-CCR4) depletes the reservoir. Phase 3: 
65% PVL reduction.

Target the cytokine loop
Hu-Mikb1, a humanized monoclonal antibody against IL-2/IL-15 
receptor b-chain, lead to decreased spontaneous CD8 T cell 
spontaneous lymphoproliferation, degranulation, and IFN-g expression 

Inhibit Transmission
Raltegravir, integrase inhibitor, showed a subset of patients 
with mild decrease in PVL

Disrupt Viral Latency
HDAC inhibitors relax chromatin structure, force infected cells 
to transcribe Tax, so HTLV1 specific CD8 cells target , leading to 
decrease in PVL 

Limit downstream damage
Steroids offer transient clinical improvement 

9 / 10Sato et al. NEJM 2018 /  Enose-Akahata et al. Ann Clin Transl Neurol 2019  |  Nakamura. Pathogens 2023



Summary

1.  Understanding pathophysiology of HAM/TSP may offer understanding of other 
chronic neuroinflammtory diseases

2.  Increased VCAM1, low blood flow may contribute to thoracic predominance  

3.  PVL is maintained by clonal proliferation, not new infection. Previous therapies may 
help elucidate pathophysiology

4.  Multiple hypotheses (bystander, CTL, damage:healing) likely all contribute

10 / 10
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Discovery of HBZ

Gaudray et al., 2002



HBZ, NLS and mutants

Hivin et al., 2005



Early findings related to HBZ  

isoforms and splicing

Satou et al. 2006; Cavanagh et al., 2026; Murata et ., 2006



The unspliced HBZ isoform is

expressed from a different mRNA

Yoshida et al., 2008



Comparison between sHBZ and APH-2

Halin et al., 2009



HTLV-3 and HTLV-4 antisense proteins

Larocque et al., 2011



Functions associated to HBZ

Matsuoka and Mesnard, 2020



Discovery of NES sequences in HBZ

Mukai and Ohshima, 2013



Functional attributes to cytoplasmic

HBZ via potential interaction partner

Kinosada et al., 2017



Reassessment of HBZ localization

Raval et al., 2015 



HBZ localization in PBMCs

from patients

Baratella et al., 2017; Forlani et al., 2019; Forlani et al., 2021 

-HBZ-Tax coexpression is rare.

-AC and HAM/TSP PBMCs show rare and 

exclusive cytoplasmic HBZ detection.

-ATL PBMCs show weak nuclear HBZ 

signals in a minority of cells.



TGF- and HBZ translocation to the 

nucleus in ATL cells

Shichijo and Yasunaga, 2025; Zhang et al., 2025

Proximity ligation assay



HBZ localization in vivo

Asymptomatic Carriers (AC)

Nucleus

CYTOPLASM only

HBZ protein exclusively cytoplasmic

Lower nuclear HBZ levels

HAM/TSP Patients

Nucleus

CYTOPLASM only

HBZ remains cytoplasmic

Similar localization pattern to AC

ATL Patients (Leukemia)

Nucleus

NUCLEUS + CYTOPLASM

Nuclear HBZ higher vs. carriers

TGF-β triggers nuclear translocation



Association of HBZ with B23 in HBZ-

expressing cells

Liu et al., 2022



Future directions

• What are the mechanisms behind the translocation 

of HBZ to the nucleus in ATL cells?

• How does abundance of spliced vs. unspliced

transcript-derived isoforms compare in between

clinical conditions?

• Is nucleolar localisation relevant and detectable in 

vivo?

• Implication of HBZ PTM in subcellular localisation?


	Slide 1: Workshop 2 Molecular Virology and Immunopathogenesis 
	Slide 2: Genetic landscape and clonal evolution of ATLL
	Slide 3: Genetic landscape and  clonal evolution of Adult T cell Leukaemia/Lymphoma
	Slide 4
	Slide 5
	Slide 6: Questions to address:
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20: Q2: What factors favour the emergence of ATL-like clones?
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39: The role of epigenetic regulation in the life cycle of HTLV-1 and BLV
	Slide 40: Understanding bovine leukemia virus oncogenesis fosters the development of therapeutic and preventive strategies  
	Slide 41: BLV
	Slide 42
	Slide 43: Understanding BLV oncogenesis 
	Slide 44: Understanding BLV/HTLV oncogenesis 
	Slide 45: High turnover of BLV-infected cells
	Slide 46: Understanding BLV oncogenesis 
	Slide 47: Understanding BLV oncogenesis 
	Slide 48: Massive depletion of clones
	Slide 49
	Slide 50: Understanding BLV oncogenesis 
	Slide 51
	Slide 52: Understanding BLV oncogenesis 
	Slide 53
	Slide 54
	Slide 55: Understanding BLV oncogenesis 
	Slide 56: A strong promoter affects viral replication
	Slide 57: Understanding BLV oncogenesis 
	Slide 58
	Slide 59
	Slide 60: Understanding BLV oncogenesis 
	Slide 61: Understanding BLV oncogenesis 
	Slide 62
	Slide 63
	Slide 64: Pathogenesis of HAM/TSP
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 75
	Slide 76
	Slide 77
	Slide 79
	Slide 80: References
	Slide 81: References
	Slide 82: Molecular Virology of HTLV
	Slide 83
	Slide 84: Discovery of HBZ
	Slide 85: HBZ, NLS and mutants
	Slide 86: Early findings related to HBZ  isoforms and splicing
	Slide 87: The unspliced HBZ isoform is expressed from a different mRNA
	Slide 88: Comparison between sHBZ and APH-2
	Slide 89: HTLV-3 and HTLV-4 antisense proteins
	Slide 90
	Slide 91: Discovery of NES sequences in HBZ
	Slide 92: Functional attributes to cytoplasmic HBZ via potential interaction partner
	Slide 93: Reassessment of HBZ localization
	Slide 94: HBZ localization in PBMCs from patients
	Slide 95: TGF-b and HBZ translocation to the nucleus in ATL cells
	Slide 96: HBZ localization in vivo
	Slide 97: Association of HBZ with B23 in HBZ-expressing cells
	Slide 98: Future directions

