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Introduction

* AlloSCT is the only curative modality for people living with Adult T-
cell Lymphoma/Leukemia(ATL).

* However, relapse remains a primary concern and barrier to long-term
survival.

* Transplant conditioning alters the systemic microenvironment and
nutrient homeostasis.

* Hypothesis: ATL cells undergo uniqgue metabolic reprogramming,
allowing them to survive conditioning and drive relapse.




e
Infectious Dermatitis

* |Dis a strongrisk factor for ATL in Afro-Caribbean populations’2.
* Flower cells are present in 30% of ID cases?
* |Dincreases clonality*.

Our framework leverages this as an advantage to study early timeline
events.

1.Goncalves DU, Guedes AC, Carneiro-Proietti ABF, et al. HTLV-1 associated infective dermatitis may be an indolent HTLV-1 associated lymphoma.

Braz J Infect Dis. 2000;4:100-102.
2.Farre L, de Oliveira Mde F, Primo J, et al. Early sequential development of infective dermatitis, human T cell lymphotropic virus type 1-associated

myelopathy, and adult T cell leukemia/lymphoma. Clin Infect Dis. 2008;46:440-442.
3.0liveira MFSP, Vieira MG, Primo J, et al. Flower cells in patients with infective dermatitis associated with HTLV-1. J Clin Virol. 2010;48:288-290.

4.Gillet NA, Cook L, Laydon DJ, et al. Strongyloidiasis and infective dermatitis alter human T lymphotropic virus-1 clonality in vivo. PLoS Pathog.
2013;9:e1003263.




Methods

In vivo metabolic demand Metabolomics
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In Vivo: High Glucose Avidity

Aggressive ATL is characterized by intense
glucose consumption compared to indolent

variants.
Mean TLR ~5.5 ~1.0
SUVmax Up to 34.0 <40

Status Hyper-glycolytic Iso-metabolic




Glucose (pg/ml)

Change in Serum Glucose Predicts Relapse Free
Survival in ATL

Hazard Ratio (HR) = 1.035 per unit glucose change
Independent of WBC count, LDH, or pre-existing diabetes status.
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Metabolomics: Timeline of Systemic remodeling

Standardized trends (Z-Score) from Healthy to Overt Disease
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Lactate and pyruvate do not accumulate in ATL.




_________________________________________________________________________
Transcriptomics: Rewiring Metabolic Flux

Blue = AS | Green = ATL | * FDR<0.05 | ** FDR<0.01 | *** FDR<0.001
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In vitro, acetate increased PLCG1 (most mutated gene) and
decreases CCR4 (Moga target)
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s _____________________________________________________________
Summary and Proposed Model

Metabolic Changes Timeline
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Clinical Implications

Novel Biomarker Systemic Insight Targeting Shunts
Glucose dynamics during ATL involves complex Targeting metabolic shunts
conditioning independently remodeling (lipid (PPP, Acetate) may sensitize
predicts post-transplant scavenging/acetate use). ATL to conditioning and

relapse. improve RFS.
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HTLV-1: RAISING AWARENESS .....
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Time to eradicate HTLV-1: an open letter to WHO

Fabiola Martin Yutaka Tagaya - Robert Gallo

Back in the spotlight

A long-neglected virus returns to the top of researchers’ to-do lists.

Amanda B.Keener

< GYUN

GLOBAL VIRUS NETWORK

Global Virus Network Issues Open Letter
to WHO On Potent Human Carcinogen -
Human T Cell Leukemia Virus-1

The Lancet publishes letter from top scientists and advocates
from around the worid to eradicate HTLV-1, a debilitating and
deadly virus

Published: May 12,2018 . DOI: https://doi.org/10.1016/S0140-6736(18)30974-7

The truth about HTLV-1: unravelling 30 years of misconceptions

The Guardian 24 Apr 2018

WHO announces the
development of new
recommendations on HTLV-1

Oct 2025

fﬁféb \, World Health
&#YY Organization

_ fight against a deadly
virus no one has heard of
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HTLV-1: RAISING AWARENESS .....
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Time to eradicate HTLV-1: an open letter to WHO

Back in the spotllght

Amanda B. Kees

I
VIRUS
Global Virus Network Issues Open Letter

to WHO On Potent Human Carcinogen -
Human T Cell Leukemia Virus-1

The Lancet publishes letter from top scientists and advocates
from around the world to eradicate HTLV-1, a debilitating and

deadly virus

Human T-cell Leukemia Virus 1
~10-20 million infected individuals

Lifetime risk of ATL developement ~ 2-7 %

Asymptomatic infection ~ 20-60 years

|

Need for risk stratification classifier

Robert Gallo

5://doi.org/10.1016/S0140-6736(18)30974-7
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Predictive biomarker to identify carriers at high risk of progression to ATL ?
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N
Predictive biomarker beyond PVL

Current biomarker: PVL
_ HTLV-1 copies/100 PBMCs Identification clonally expanded cells in the blood of HTLV-1 asymptomatic

carriers : pre-malignant clone

¢ e Southern blot, low throughput
Imaizumi et al. Blood 2005
e HTLV-1 Clonality NGS (Linker-mediated PCR) Tag-NGS
Low PVL Firouzi et al. Blood Adv 2017
(<4 PVL) = LR - low risk « CD4*CADM1 * cell percentage (HAS-flow)
Makiyama et al. Cancer Science 2019
el * TCR clonality (OCI-flow)
@va @ Wolf et al. Blood Cancer J 2021
vﬁ;w e S * RAISING - Rapid amplification of IS without contamination of genomic DNA
7 20 e© Wada et al. Comm Biology, 2022
HohPL * Mutational signatures
(=4 PVL) = HR - high risk Rowan et al. Blood 2020
HR=25%

Iwanaga, et al. Blood 2010



Method - Proviral integration landscape

Provirus = integrated viral DNA Linker-mediated PCR NGS
D o
- """""" - - """"" -  ——
- D @&
5LTR Provirus 3'LTR
Host Host

sequencing virus-host junctions
5°/3’ Integration Site (IS)

POSITION | IS + UMI ABUNDANCE

Identifying proviral integration sites genome-wide
Measuring abundance of corresponding clones

Rosewick et al, Nat Comm 2017

\ Artesi et al, Leukemia 2017
Rosewick et al, Front Microbiol 2020
— Margais et al, Leukemia 2021




Method - NGS clonality method reveals proviral clonal architecture

Integrated provirus
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Integrated provirus
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Method - NGS clonality method reveals proviral clonal architecture
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https://github.com/ GIGA-AnimalGenomics-BLV/Public/tree/master/PIC

Bioinformatics pipeline

Rosewick et al. Nat Comm 2017,8:15264
Rosewick et al, Front Microbiol 2020,11:587306



A viral clonality evenness score to predict progression to
adult T-cell leukaemia in asymptomatic carriers of human
T-lymphotropic virus type 1 in Japan: a retrospective
longitudinal cohort study

Snehal Dilip Karpe, Maria Artesi, Jérome Wayet, Keith Durkin, Vincent Hahaut, Kaorw Uchimaru, Junya Makiyama, Masako lwanaga,
Atae Utsunomiya, P Martijn Kolijn, Anten W Langerak, Arséne Burny, Ambroise Marcais, Olivier Hermine, Toshiki Watanabe, Michel Georges,
Anne Van den Broeke ATL

Risk stratification (o High risk « Low risk @Will not progress to ATL @ Will progress to ATL)
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1. HTLV-1 clonality NGS and VCE: a p
Discovery cohort - JSPFAD

3 ‘ 2. Towards the validation of VCE

* Follow-up study: longitudinal validation in the extended JSPFAD
discovery cohort

* Impact of LTR polymorphisms on VCE to generate an “universal”
biomarker

* Evaluation of VCE as a therapeutic response marker in an ongoing ATL

clinical trial

\‘(I 3. Viral clonality NGS to address fundamental questions



JSPFAD JSPFAD: a unique nation-wide cohort study in Japan

Joint Study on Predisposing * >4,000 asymptomatic HTLV-1 carriers enrolled
Factors of ATL Development

https://htlv1.jp/jspfad/ * Since 2002

e Annual medical assessment

Yoshi Yamano

Toshiki Watanabe e Annualsample collection -> unique longitudinal biobank
Kaoru Uchimaru

Junya Makyjama . .
Masako Iwanaga * ATL + matching retrospective AC samples

Atae Utsunomiya
* ATL progressors=1.9%

Iwanaga et al, Blood 2010
Iwanaga et al, Front Microb 2020
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Cohort study - HTLV-1 Clonality NGS
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Clonality metrics : Viral Clonality Eveness (VCE)

1.00 e‘\ polyclonal sample

VCE = Shannon Evenness Index (SEl) A

VCE closer to 1 = Polyclonal sample
VCE closer to 0 = Monoclonal sample

\ 4

0.00 » monoclonal sample




Clonality metrics : Viral Clonality Eveness (VCE)

VCE at T1 = asymptomatic carrier
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Predictive biomarker to identify carriers at high risk of progression to ATL ?

‘ High risk @ Progressor

Ideal Biomarker PVL HTLV-1 clonality
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- 2. Towards the validation of VCE

3
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R * Follow-up study: longitudinal validation in the extended JSPFAD
discovery cohort
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VCE as predictive marker

Asymptomatic carriers with VCE < 0.69 at T2 progressed to ATL

Months: O Months: 100

N
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Assess the temporal dynamics of VCE scoring to predict progression
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2. Towards the validation of VCE
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* Impact of LTR polymorphisms on VCE to generate an “universa
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Po Iy m o r p h i S m S i n LT R Se q u e n ce S Country-specific age-standardized incidence rates of cancer attributable to HTLV-1, 2018

Human T-cell lymphomatic virus (n=3600)"

» » @&
» » a
5’LTR Provirus 3'LTR
Host Host
HTLV-1a Japan consensus HTLV-1a Japan consensus
HTLV-1a Peru consensus HTLV-1a Peru consensus
TGACAATGACCATGAGCCCCARATATCCC GACAGCCCATTCTATAGCACTCTCCAGGAGAGARAC GTAGTACACA
HTLV-1c consensus HTLV-1c consensus
I 1 I I i GACAGCCCATTCTATACC ™ CTCTCTAGGAGAGAACT TAGHACACA

Daniel Enriquez-Vera, Kagoshima University, Instituto de Medicina Tropical, Lima
Hirons et al, 2024

Multiple primers




Evaluating the assets of using multiple LTR reference for mapping

» st genome g IS — Bioinformatic pipeline
y i multiple LTR references
/ 5 prumer/{_!_7_7_,_31:;_7_7_‘7_“1 3' primer \
o  Riread // o _\:‘_‘ R2read
E 2 | Complexity . Random
£5 | sequence R | Hostgenome {_ Hostgenome | Linker Tag >LTR3_HTLV1a_Japan_consensus
* to discard N tegration Shear GACAGCCCATCCTATAGCACTCTCAGGAGAGAAATTTAGTACACA
site site >LTR3_HTLV1a_C25
Bolnformatics workfiow GACAGCCCATCCTATAGCACTCTCCAGGAGAGAAATTTAGTACACA
1 s subseton e seqence Gtz wihd st Linker >LTR3_Peru_consensus
--------------------------------------------------------------------------------------------------- - GACAGCCCATTCTATAGCACTCTCCAGGAGAGAAACGTAGTACACA
Select reads with the correct LTR sequence
2 Align read subset on LTR primer se:uence - bowtie2 with 0 mismatch > LTR3—HTLV1C
Alnread subseton TR endscuence-bouteuith 3 mismatctes L LTRend GACAGCCCATTCTATACCTCTCTCCAGGAGAGAGACATAGAACACA
---------------------------------------------------------------------------------------------------- >LTR5_HTLV1a_Japan_consensus
3 Sav:ril‘r::::;):na?r:;?:::::(e from R2 and store it - fastx n"lr.:;m TGACAATGACCATGAGCCCCAAATATCCC
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" >LTR5 HTLVic
Align reads on host-+viral genome Host genome
Remove complexity sequence and LTR from R1 - fastx TGATACTGACCATGGGCCCCAAATACCTT
Remove Random Tag and linker from R2 - fastx ; 1 Rihost > < R2.host —
B I L et T
Extract uniquely mapped reads on the host genome - samtools PRE site
Extract R1 alignment position = Integration site
Extract R2 alignment position = Shear site
5 Remove PCR dup!icates o _ Integration 3 Sh.ear " Random
Merge reads with same integration site, shear site and random tag Site Site Tag
"""" g;,;,’,(,{e};.’a’.{v;’a’l,;,},;,’a;;;""""""""""’m”m""""""""fffffffffffffff;fféf,;ff;jfff{ Mapping LTR on mu Itlple variant references
6 clone abundance is relative to the number of reads supporting its integration site \abundance virushostreads

clconer = a0 pofcel - Unchanged number of reads and IS detected
- Unchanged relative abundance of IS

Towards an ‘universal’ method




Evaluation of VCE as a therapeutic response marker in an ongoing ATL
clinical trial




Assessing therapeutic response using VCE

ATL therapeutic clinical trial (Dr JC Ramos, University of Miami)
Al-BEL (AZT/Interferon-a in combination with Belinostat) for HTLV-1 related adult T-cell leukemia-lymphoma
PVL and TCR assessment for disease evolution

VCE score as therapeutic response marker
Longitudinal PBMC samples from patients
Tacking evolution and dynamics of malignant dominant clones and VCE score
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. 3. Viral clonallty NGS to address fundamental questlons

oo 8
N Ly i
! e
. 57 3
i =




-
ATL cases with multiple dominant integrations in a single T-cell clone

A P20 B P51 P54
T2 (1-8years) T2 (1-7years) T3 (4-8 years) T2 (275 years) T3 (3-0years)
Asymptomatic carrier Asymptomatic carrier Chronic ATL Smouldering ATL Acute ATL
376% 11-66% 107-85% 12:07% 53-01%

HTLV-1
clonality

4= HTLV-1
clonality

chr2-74240862 chr2-74240862
94-8% 99:9%

chr4-61986691 chr4-61986691
79-2% 92-8%

VJ:Vb-Db_V19_
-1/4/-0J1-3_
CASSIGSSGNTIVF

TCR-B
clonotypes

VJ:Vb-Db-jb_V19 -1/4/-0 J1-3

CASSIGSSGNTIYF VJ:Vb-Db-jb_V12-3-

4= TCR-B

CASSLADTKNYGYTF c lo n oty p e S

74:5%

C P41 P47 P52
gja T2 (3-1years) T1 T2 (1-3years) g T5 (4-3 years)
Asymptomatic carrier Smouldering ATL Asymptomatic carrier Smouldering ATL Asymptomatic carrier Acute ATL
11-83% 21-95% 7-67% 9-04% 30:39% 82:24%

g
s

hn13-95937253
149%

HTLV-1

clonality
%30V

{glLOTES TP

4= HTLV-1
clonality

chr18-58163119
282%

J:Vb-Db-Jb_V4-2¥
47013

Vb-Db-Jb V20-1 V):Vb-Db-Jb_V20-1

37715 y -3/7-7J+-5_ AR -

CSARDSQPQHF CSARDSQPQHF X

\ 347%

TCRB
clonotypes

52-4%

clonotypes

Karpe et al, The Lancet Microbe, 2025



VCE is defined by both LTR5 AND LTR3 junctions

Combined LTR
LTR5 LTR3 VCE : 0.111

IS:68 Reads:167 IS:68 Reads:4626 1S:122 Reads:4746

WL Y

W A\
)\
)

P54
ATL-Acute
PVL 59 %

Clonality assays identify ATL cases with a single dominant LTR5’ defective provirus




-
ATL cases with multiple dominant integrations in a single T-cell clone

LTR5 LTR3

1S:99 Reads:3479 IS:72 Reads:7337

IS:159 Reads:7719

chr3-119845735
23.6%

VCE =0.21
Single predominant integration

with a 5'LTR-intact provirus

VCE =0.38
Two predominant integrations: one
5'LTR-intact and one 5'LTR-defective
provirus

VCE =0.32
Three predominant integrations: two
5'LTR-intact and one 5'LTR-defective
provirus

Samples from JSPFAD

In collaboration with A.Bazarbachi



e
Viral clonality NGS to address fundamental questions

Intact provirus Defective provirus

VCE scoring is robust at
identifying individuals at high
risk of progression even in the
presence of an ATL clone with
multiple proviral insertion sites
and/or defective clones

Single provirus

multiple proviruses

ina single H TCR
transformed T-cell NS HTLV-1
clone \< LTRS defective

HTLV-1

MR MR
MK oK Muman

_ chromosomes
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Summary and conclusions

Viral clonality and VCE outperform PVL as a prognostic
biomarker

* Reassurance for 80% high PVL carriers

e closer follow-up of VCE-low high-risk carriers: candidates
for pre-emptive treatment, need for clinical studies
(therapeutic response = VCE increase?)

Ongoing validation studies

* Extended discovery cohort, refining threshold for
prognostic

e Assessing temporal dynamics
* VCE as biomarker for therapeutic response
VCE as robust universal biomarker

* Despite polymorphismsin LTR
 DNA: implementation clinical practice and easily shipped
e Cost-effective

Need for international
collaboration




OuQ

¢ INSTITUT
JULES BORDET
INSTITUUT

@ LIEGE université
GIGA

fnis

<\

Fondation contre le cancer
Stichting tegen Kanker

Association
Jules Bordet

| 4
Yrv VY
Fondation 'y

Léon Fredericg

Jules Bordet Institute & GIGA
Snehal Karpe

Maria Artesi

Keith Durkin

Damien Renette

Vincent Hahaut

Jérébme Wayet

Michel Georges

Anne Van den Broeke

GIGA Genomics platform
Wouter Coppieters, Latifa Karim,
Manon Deckers, Emilie Detry
GIGA Bioinformatics platform
David Stern

GIGA Imaging platform
Sandra Ormenese

Raafat Stephan

Celine Vanwinge

VIDO, University Saskatchewan Saskatoon,

Canada
Antonio Facciuolo, Philip Griebel

#VIDO

ol
L)
13-/

'1e
A

IBS Internationale ' , .i =

Brachet Stiftung

St-Marianna University Kanagawa W

Yoshi Yamano, Toshiki Watanabe
JSPFAD

The University of Tokyo

Kaoru Uchimaru

Sasebo City General Hospital Nagasaki Joint Study on Predisposing
Junya Makyjama Factors of ATL Development
Graduate School Medical Sciences Nagasaki

Masako lwanaga

Imamura General Hospital Kogoshima

Atae Utsunomiya

Hopital Universitaire Necker & Institut Imagine Paris
Olivier Hermine, Ambroise Margais

Erasmus MC Rotterdam
Anton Langerak, Martijn Kolijn

Instituto de Medicina Tropical, Lima

Eduardo Gotuzzo, Gabriela Garrido, Daniel Enriquez-Vera
Instituto de Medicina Tropical, Lima & MD Anderson, Houston
Luis Malpica

IRVA prognostic working group inter-lab testing partners
Yoshi Yamano, Masumichi Saito, Aileen Rowan, Natasha Jansz, Damian Purcell

University of Miami
Juan-Carlos Ramos

American University of Beirut
Ali Bazarbachi



HTLV 2026

Utility of Flow Cytometry for Prognostic Prediction

in Adult T-cell Leukemia/Lymphoma

Shigeo Fuji', Masahito Tokunaga?, Lucy Cook3, Atae Utsunomiya?, Junya Makiyama®, Youko Suehiro®, Ki-Ryang Koh®,
Makoto Nakashima?,®, Yoshihisa Yamano?®, Kaoru Uchimaru’

'Osaka International Cancer Institute, Japan

2lmamura General Hospital, Japan

3Imperial College Healthcare NHS Trust, UK

“Sasebo City General Hospital *NHO Kyushu Cancer Center °Osaka General Hospital of West Japan Railway Co.
’Graduate School of Frontier Sciences, The University of Tokyo 2St. Marianna University School of Medicine



Speaker
Shigeo Fuji M.D., Ph.D.

The authors declare no conflict of interest.




Background

Adult T-cell leukemia/lymphoma (ATL) is a clinically heterogeneous disease caused
by HTLV-1 infection.

Current classification primarily relies on morphology and routine laboratory
findings (Shimoyama classification), which has limited reproducibility and
prognostic precision’?.

Flow-cytometric assessment could be more accurate to determine the percentage
of HTLV-1-infected cells in peripheral blood than morphological assessment, and
may provide additional biological information relevant to the risk of disease
progression to aggressive ATL.

1. Fuji S, et al. Expert Rev Hematol. 2025, 2. Fuji S, et al. Int J Lab Hematol. 2022



METHOD

HAS-Flow: CADMJ1 vs. CD7 on CD4* T cells

All events Lym+Mo Lymphocytes
& | | Populations
93.1 ’
Qe o 2 85.0 ) ‘ ]
- Owy -0 P — CADM1- / CD7*
o [ ¥ D — CADM1* / CD7*~dim
T TTEEEE FrTE T .]l?'?ﬁ.?“?fé"‘ N — CADM1* / CD7"
TAAD SSC-A SSC-A CD3

Grouping by D + N (%)

CD4" cells
G1 <10%
D P 1w
e G2 10-25%
G3 25-50 %
G4 >50%
N

Kobayashi 2014; Makiyama 2019; Jimbo 2024
Representative HAS-Flow gating

Kobayashi S, et al. Cancer Sci. 2015
Makiyama J, et al. Cancer Sci 2019



Received: 13 June 2019 Revised: 2 October 2019 Accepted: 12 October 2019

DOI: 10.1111/cas. 14219

ORIGINAL ARTICLE H IR H [ [Hd WILEY

CD4"CADMZ1" cell percentage predicts disease progression in
HTLV-1 carriers and indolent adult T-cell leukemia/lymphoma

1 | Seiichiro Kobayashi’* | Eri Watanabe® | Tomohiro Ishigaki®” |

Junya Makiyama
Toyotaka Kawamata' | Makoto Nakashima® | Makoto Yamagishi® | Kazumi Nakano® |

Arinobu Tojo'# | Toshiki Watanabe!” | Kaoru Uchimarul®

Makiyama J, et al. Cancer Sci 2019



METHOD

HAS-Flow: CADMJ1 vs. CD7 on CD4* T cells

D+N (%)

A B
Case1l AC Case2  Chronic type ATL
Ably 3.0 (%) Ably 24.5 (%)
PVL 6.9 (copies/100 PBMCs) PVL 36.63 (copies/100 PBMCs)
sIL-2R 313 (U/mL) sIL-2R 1700 (U/mL)

Makiyama J, et al. Cancer Sci 2019



METHOD

HAS-Flow: CADMJ1 vs. CD7 on CD4* T cells

A 1.0 -
AC and indolent ATL cases
J — Gl (n = 21)
0.8 — G2 (n=17)
G3(n=19)
g — G4 (n = 14)
% 0.6 -
= PR Y
>
2 o4
=
o A A . | a4
02 - 2
' P = 001 (Gray's test)
0.0 - =4 Vol HH— +
] i | | |
0 2 4 6 8 Years
Time to systemic chemotherapy
Number at risk
G1 21 13 7 1 1
G2 17 14 5 0 0
G3 19 15 12 1 0
G4 14 7 3 0 0

Makiyama J, et al. Cancer Sci 2019



AIM & METHODS

Aim

To evaluate the prognostic value of flow cytometric analysis in HTLV-1 carriers and indolent ATL

n=227

Japan — IMSUT (JSPFAD program) & Imamura General Hospital

Median age 63 (29-90); median follow-up 1,639 days (14-5,465).

ENDPOINTS & STATISTICS

PFS — conventional chemotherapy start, progression to acute/lymphoma-type ATL, or death. ATL-specific PFS — censoring
non-ATL deaths. OS. Kaplan—Meier with log-rank; Cox proportional hazards; Spearman correlation. Piecewise linear
regression with a CD4 break-point at 1,500 cells/uL (LRT, AlCc, 10-fold CV-RMSE).



RESULTS

Baseline characteristics by HAS-Flow & clinical subtype

G1
carrier
n 48 55 30 32 1 26 35 —

Age, median 61.5 64 63 61 50 64 64 0.253
Male, % 22.9 32.7 46.7 28.1 100 30.8 34.3 0.305
PVL (copies/100 PBMC) 1.98 6.79 12.9 18.3 18.1 33.2 56.8 <0.001
sIL-2R (U/mL) 333 408 502 555 562 994 1,930 <0.001
Lymphocyte (/pL) 1,509 1,618 1,678 2,113 5,687 2,886 6,469 <0.001
CD4 count (/L) 645 685 771 795 2,906 1,496 4,055 <0.001
CD4 > 1,500, % 2.1 3.6 3.3 12.5 100 50.0 91.4 <0.001
HAS-Flow D+N, % (median) 4.8 16.0 33.0 37.4 38.2 64.9 87.2 <0.001

Values are medians for continuous variables and percentages for categorical variables. P-values across all groups. PVL, proviral load; sIL-2R, soluble IL-2 receptor; PBMC, peripheral blood mononuclear cells.

Key observation: PVL, sIL-2R, lymphocyte count, CD4 count, and D+N all rise stepwise from G1 carrier - G4 chronic.



RESULTS

HAS-Flow grouping stratifies progression and survival

A. PFS
Figure 1
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All P < 0.01 (log-rank)

B. ATL-specific PFS
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C. Overall survival
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RESULTS

The relationship between absolute CD4 count and total lymphocyte count
CD4-lymphocyte slope changes at 1,500/ulL

Absolute CD4 vs. lymphocyte count

LRT P<0.01
AlCc 3,426 vs. 3,446
CV-RMSE 630 vs. 661

Absolute lymphocyte (/L)

6000
Absolute CD4 (/ulL)

Piecewise model with break-point at CD4 = 1,500/pL outperforms a simple linear fit.

When CD4 count exceeds the upper limit of normal at 1,500 cells per microliter, the slope changes,
consistent with proliferation of CD4-derived ATL cells dominating the lymphocyte compartment.



RESULTS

Baseline characteristics by HAS-Flow & clinical subtype

G1
carrier
n 48 55 30 32 1 26 35 —

Age, median 61.5 64 63 61 50 64 64 0.253
Male, % 22.9 32.7 46.7 28.1 100 30.8 34.3 0.305
PVL (copies/100 PBMC) 1.98 6.79 12.9 18.3 18.1 33.2 56.8 <0.001
sIL-2R (U/mL) 333 408 502 555 562 994 1,930 <0.001
Lymphocyte (/pL) 1,509 1,618 1,678 2,113 5,687 2,886 6,469 <0.001
CD4 count (/L) 645 685 771 795 2,906 1,496 4,055 <0.001
CD4 > 1,500, % 2.1 3.6 3.3 12.5 100 50.0 91.4 <0.001
HAS-Flow D+N, % (median) 4.8 16.0 33.0 37.4 38.2 64.9 87.2 <0.001

Values are medians for continuous variables and percentages for categorical variables. P-values across all groups. PVL, proviral load; sIL-2R, soluble IL-2 receptor; PBMC, peripheral blood mononuclear cells.

Key observation: PVL, sIL-2R, lymphocyte count, CD4 count, and D+N all rise stepwise from G1 carrier - G4 chronic.



RESULTS

Absolute CD4 > 1,500/uL marks a poor-prognosis group (Japanese cohort)

A. PFS
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C. Overall survival

(C)
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CD4 > 1,500/uL shows significantly shorter PFS, ATL-specific PFS, and OS vs. CD4 <
1,500/uL (All P < 0.01).



AIM & METHODS

Two-cohort retrospective study

Aim

To evaluate the prognostic value of flow cytometric analysis in HTLV-1 carriers and indolent ATL

DERIVATION COHORT VALIDATION COHORT
Japan — IMSUT (JSPFAD program) & Imamura General Hospital United Kingdom — Imperial College London
Median age 63 (29-90); median follow-up 1,639 days (14-5,465). Median age 48 (17-83); carrier 54 / smoldering 10 / chronic 17.

ENDPOINTS & STATISTICS

PFS — conventional chemotherapy start, progression to acute/lymphoma-type ATL, or death. ATL-specific PFS — censoring
non-ATL deaths. OS. Kaplan—Meier with log-rank; Cox proportional hazards; Spearman correlation. Piecewise linear
regression with a CD4 break-point at 1,500 cells/uL (LRT, AlCc, 10-fold CV-RMSE).



RESULTS / FIGURE 4

External validation in the UK cohort (Imperial College London)

A. PFS B. Overall survival
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22 17 17 13 1 9 >1500 22 17 17 14 " 10

The CD4 > 1,500/pL threshold reproduces the prognostic split in an independent UK cohort (P < 0.01 for both PFS

and 0S).



CONCLUSION

HAS-Flow and absolute CD4 count provide additive prognostic information
in HTLV-1-infected individuals.

— HAS-Flow G4 is the strong independent predictor of outcome. It carried hazard ratios of approximately 18
to 22 for progression-free survival, ATL-specific PFS, and overall survival.

— An absolute CD4 count above 1,500/uL marks a poor-prognosis group. This threshold reproduced the
prognostic split in both the Japanese derivation cohort and the independent UK validation cohort, and is a
low-cost, globally deployable marker. CD4 count could be an easy and ready-to-use prognostic marker in
HTLV-1-infected individuals.

—Incorporating flow cytometric analysis, in addition to morphological determination, would be a meaningful
step toward a modern, precise classification of individuals with HTLV-1 infection.
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EP300 and CBP are tumor suppressors/promoters

Acute Lymphoblastic Leukemia
Acute Myeloid Leukemia

Chronic Lymphocytic Leukemia
Diffuse Large B-cell Lymphoma
Pediatric Acute Lymphoid Leukemia

/

) EP300/CBP

Biochemical roles:

Transcriptional co-factors

Histone acetylation (H3K27ac) -

Non-Histone acetylation / Physiological roles:
Hematopoiesis

Proliferation

Apoptosis

Differentiation

DNA replication/repair

Somatic Cell Reprogramming

Independent inhibition of EP300 in human cells results in the differential expression of genes involved in cell cycle,
DNA replication and DNA repair, unlike CBP




Adult T-cell leukemia/lymphoma (ATLL)

» Rare and aggressive T-cell leukemia/lymphoma

» Linked to Human T-Cell Lymphotropic Virus 1 (HTLV-1)
infection

» Endemic to Japan, Middle East, Africa, the Caribbean,
Central and South America

» Due to population migration, there is an increase of ATLL
patients in North America

» Genomic instability is hallmark of ATLL

» Cluster at fragile sites

» However, mechanisms driving genomic instability in ATLL are unclear
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North American ATLL patients have aggressive chemo-refractory disease

60%
. . . o 4 . . 57% of North American patients versus
» Prominent difference in the tran§cr|pt|onaland epigenetic 0% 26% Japanese patients
landscape between North American and Japanese = w0
patients 2
g *
= 20%
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» 57% of NA-ATLL patients present mutations in epigenetic . -
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Somatic hypermutation in EP300
results in protein downregulation

S 11
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EP300-mutated NA-ATLLs have aberrant cell cycle dynamics,
spontaneous DNA damage and replicative checkpoint activation
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What’s happening during the S-phase when EP300 is
deficient?

»Locus Specific DNA replication profiling at genomic hotspots of instability in
ATLL

» Single molecule analysis of replicated DNA (SMARD)
»High-resolution — no need for drugs or inhibitors
»FRAGE is cytogenetically unstable in NA-ATLL

»DNA fiber analysis
»Genome-wide profiling of DNA replication integrity
»Need inhibitors



Single Molecule Analysis of the Replicated DNA

1. Labelling exponentially 2. Embed cells in agarose, lyse 3. Pulse-field Gel
growing cells and restriction digest Electrophoresis
@‘ 1dU o Cld
A .

1. Completely labels DNA (8h pulsing)
2. Locus specific approach - DNA Fiber analysis + FISH

~ 6.FISH and 5. Melt agarose and 4. PCR identification
immunodetection stretch DNA of FRA16D
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SMARD Analysis and Data Interpretation
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How do we know replication is perturbed?

* Replication fork pausing

* Dormant origin activation

* Replication Speed —increase or decrease



D0-deficient NA-£ cells have aberrant replication dynamics at
FRAGE
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Cldu:ldu

EP300-deficient NA-ATLL cells display replication fork collapse and nucleolytic degradation

Replication fork
Stalling/collapse

<
—_—
idU CidU +/- 50uM HU
10 - 20’ 60’
9_
8 - ns
-  kakokok
AREEALAR —
61 ¢ sekskk T -
5 — -
4+ A &
AEE TN FT N B Y
- oty A 0230 P i
S - e g b N e
118 Sig TrevE §os
0 L L |. T r 111 171511711
HU = 4 = 4 = 4 = 4 = % = 4 = 4 = 4
JQAD| = = = = = = = + = = = = = 4 4

EP300 WT Mut WT WT WT Mut WT WT
J2 J1 NA4 NA4 NA1 NA3

J-ATLL —— NA-ATLL —— NON-ATLL

Galvez, AB, Niljikar, M, et. al, Nature Communications, 2025



Efficient restart of
reversed forks

Recruitment of fork
reversal proteins

RADS1

Mre1 1 \ n s a A
Restoration e

Reversal

Dependancy on
error-prone repair

Recruitment of fork
reversal proteins

Defective downstream
elements



EP300-mutated cells have a BRCAZ2 deficiency and a downregulation in other HR
and fork restart proteins
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Defect in RAD51 loading is EP300 and BRCAZ2 associated

BRCAZ2 protein is a critical mediator of the RPA-RAD51 exchange on single-stranded
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EP300-mutated cells recapitulate features of BRCA-deficient cancers

Efficient restart of
reversed forks

Recruitment of fork
reversal proteins
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NA-ATLL cells are sensitive to PARPi (PDX models in progress) and
appear to synergize with POLQi and REV 1|
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In collaboration with Dr. Hilda Ye

Novel mediators of synthetic lethality in EP300Mut ATLL cells



Summary and working model

Fork Protection defects
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M
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Replication Stress

PARPi+POLQi/Rev1i
Synthetic Lethality

EP300Mut
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Cell Death
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TCR IRF4 as a Prime Driver of ATLL

Wong et al. IRF4 as an Oncogenic
Master Transcription Factor.
Cancers (Basel). 2022 Genetic

alterations l

N

Activation of upstream signaling molecules
(stimulus-independent, irreversible)

(Constitutive) \

Activation
Feed-back HTLV-1 infection
loop (in ATL)
Transcriptional
activation

e.g.,
Feed- BATFs
forward

loop

(N5
/| >IN

( HShared targets

e.g. MYC, etc \
Chromosomal
Oncogenic rearrangament,
transcription mutations
program

—>» Oncogenic mechanisms in malignant cells

SITEMAN CANCER CENTER WASHINGTON UNIVERSITY SCHOOL OF MEDICINE

Expressed in ATLL
 frequently amplified / somatic gain of function
e drives constitutive TCR signaling
 feed-forward loop with NFkB
 feed-back loop with MYC

Roles of IRF4
In T cells
Subset differentiation
Effector Function
Exhaustion, Tolerance
Maintenance of memory cells
Signaling Pathways
TCR: Downstream of PLCG1, CARD11, PKC
NFkB: Co-occupies with p65 (esp at super enhancers)
MYC: Not just in ATLL but also in ALCL, MM
Drives aerobic glycolysis and oxidative phosphorylation,
proliferation, ribosome biogenesis, survival

IRF4-ASO sensitivity is TAX-dependent

BJC HEALTHCARE



Multi-omic Investigation of IRF4 in TAX- ATLL

N

1. RNAseq

2. CUT&RUN 1

A

3. scRNAseq

(primary patient samples)

4, CRISPR-a
library screen

Determine which genes
are regulated by IRF4

Control

I,.:L IRF4-ASO
(_“ (IRF4 suppressed)
‘:.r"

Identify genes whose
expression changes with
IRF4 perturbation

“ (no treatment)

b

Determine which promoters
IRF4 is bound to

% pA-MNase

e =

Map IRF4 binding sites
at promoters and
regulatory regions

A

S KN

SITEMAN CANCER CENTER WASHINGTON UNIVERSITY SCHOOL OF MEDICINE

UMAP_2

Determine which genes
are activated in primary
patient samples

Identify genes that are
activated across cell
populations in patients

Identify genes that could
bypass IRF4 suppression

@) ( O
Urr.) ao CRISPR activation
k> ojl @ (@ (sgRNA library)

Ch |
I \: | Q
( ' e

I;RF; ®
suppressed

Identify sgRNAs that
promote growth/survival

Enrichment

sgRNAs (genes)

Find genes that can rescue
phenotypes when IRF4 is
suppressed

BJC HEALTHCARE




scRNAseq: The Inflammasome is Primed in Acute ATLL Cells
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RNAseq: IRF4 Activates NFkB, MYC and. . .Suppresses the Inflammasome
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CUT&RUN: IRF4 Directly and Indirectly Regulates ATLL Survival

pAG-MNase @@ Cleave DNA Purify DNA Sequence Viewin IGV
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213 IRF4 Activated Genes
(66 with IRF4 at promoter)

320 IRF4 Suppressed Genes
(88 with IRF4 at promoter)
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CRISPR-A:

IRF4 as an Incoherent Feed-Forward Loop (IFFL)

T.E11 1 446 (out of =18,000) gRNAS were enriched
° (>2X; p<0.01 vs. DO and vs. D10C) in cells
that survive 10 days of IRF4 suppression.
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Working Hypothesis: The IRF4 IFFL Replaces TAX IFFLs

Activation of FAS, FASLG Activation of ARF, TP53
Activation of TRAIL, TRAILR IRF4 Activation of BIM
Activation of BIM, PUMA . \/ \.\f Death SUPPression of BCL-XL
Activation Induced Cell Death (AICD) Activation of Caspases
TNF, Necroptosis \ /'

Cell Cycle Arrest
IRF1,3; Inflammasome; Pyroptosis NFKB < » MYC Oncogene induced Senescence
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Therapeutics:

Targeting the IRF4 Addiction
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Outcome
Anergy
Cell-cycle arrest

Pyroptosis
Apoptosis



Summary

* The Inflammasome is “primed” in primary acute ATLL IRF4

* IRF4 primes the inflammasome and suppresses its activation N -

» IRF4 activates non-canonical NFKB and MYC

* |RF4 functions as an incoherent feed-forward loop with MYC, NFKB, and downstream death effectors
* |IRF4 is part of and may be a substitute for TAX IFFLs

* |IRF4 is a critical therapeutic target for ATLL and could cause death by a variety of mechanisms

« Resistance to IRF4 therapy could result from expression of survival factors like BIRCS or BCL-XL

* In cell lines sensitive to IRF4-ASO, MYC is independent of IRF4. Possibly the result of TAX bypass

« A small molecule IRF4 inhibitor (SH514) is promising in pre-clinical evaluations

SITEMAN CANCER CENTER WASHINGTON UNIVERSITY SCHOOL OF MEDICINE BJC HEALTHCARE



Acknowledgments l\_,
- - = .

5 s 2 ¥ .
‘,‘-' = - | - : oS ¢ .- . - - ,
" Tew S .-‘Hll 11 “L . SR > 2 & TR : ——‘\— A
" - ; ¢ S . ; »

y “llmqn u
10 Sm?'MAN |=I= ‘ LL'T.“,,‘“"‘" j el
@Washlngton Unlver3|ty1|r'i‘FSt Loms e iThe,Ohio. State UnlverS|ty

! Lee Ratner kI ' L : :'I55t'rick Green l“
K|ran Zahra IL

-

e -m Amanda Panfll

| o 4

@s.l d

A’,‘ﬁy Joét,éldh'ki grr 8 im T Stefan N|eW|esk'
"-'M\!Xlaobéng Qbeng . . - Wl SO

-

. —LPauIa Vallno Ramo
- Anna Feldt & IL“'
John' Harding =

P -y ; ‘“"The IDS Mallgnancy Consortium
o s " GTAC@MG!

* +Hilda Ye

P -:m_ - . T e
11 ] . ]
. [ |
. : :

b Nehla Banu = = .Qf'f wg o Mlngjle Li
? lachi G iffith i Eeae - " l & Washingto
2 'g a aC JARULLL | 3 ”: SITEMAN Jﬁvergfymst]_ou% B[® HealthCare

Deb'Vels ~

- " ‘8
= N|t|n Pokhrel i . |
s = sITEMAN Kids Comprorensve |NC1 Y

P -
AT ST Louls Chiidre/ s HOSPITAL NCCN | Cancer :
: — - . AcCancerCenter Designated by the
i Washington Universit y Physicians Network® National Cancer Institute

CANCER CENTER SCHOOL OF MEDICINE

- 114 o -
> . X N Y s VAR . ;
11l . L ‘_'J‘;_ "‘ln..,,. = '.--1:{"'1"-'"""""‘:" S "’-.l.._ e
—4 3 " : | R -~ I ey



	Slide 1: Symposium 6 - ATLL (General)
	Slide 3: Glucose dynamics predict Post-Transplant Relapse in ATL, revealing broad metabolic reprogramming confirmed  by multi-cohort cross-omics analysis
	Slide 4: Conflicts of interest
	Slide 5: Introduction
	Slide 6: Infectious Dermatitis
	Slide 7: Methods 
	Slide 8
	Slide 9
	Slide 10: Metabolomics: Timeline of Systemic remodeling
	Slide 11
	Slide 12: In vitro, acetate increased PLCG1 (most mutated gene) and decreases CCR4 (Moga target)
	Slide 13: Summary and Proposed Model
	Slide 14
	Slide 15
	Slide 16: Towards the validation of the Viral Clonality Evenness (VCE) index: a novel prognostic biomarker for adult T-cell leukemia
	Slide 17
	Slide 18: Conflicts of interest
	Slide 19
	Slide 20
	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: Non-progressors
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 49
	Slide 50
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 70: EP300 deficiency leads to chronic replication stress driven aggressive Adult T-cell leukemia/lymphoma
	Slide 71: Conflicts of interest
	Slide 72: EP300 and CBP are tumor suppressors/promoters 
	Slide 73: Adult T-cell leukemia/lymphoma (ATLL) 
	Slide 74: North American ATLL patients have aggressive chemo-refractory disease
	Slide 75: Somatic hypermutation in EP300 results in protein downregulation
	Slide 76: EP300-mutated NA-ATLLs have aberrant cell cycle dynamics, spontaneous DNA damage and replicative checkpoint activation 
	Slide 77: What’s happening during the S-phase when EP300 is deficient?
	Slide 78
	Slide 79: SMARD Analysis and Data Interpretation
	Slide 80: EP300-deficient NA-ATLL cells have aberrant replication dynamics at FRA6E
	Slide 81
	Slide 82
	Slide 83: EP300-mutated cells have a BRCA2 deficiency and a downregulation in other HR and fork restart proteins
	Slide 84: Defect in RAD51 loading is EP300 and BRCA2 associated
	Slide 85: EP300-mutated cells recapitulate features of BRCA-deficient cancers 
	Slide 86: NA-ATLL cells are sensitive to PARPi (PDX models in progress) and appear to synergize with POLQi and REV1i
	Slide 87: Summary and working model
	Slide 88
	Slide 89: IRF4 drives inflammasome and suppresses pyroptosis in ATLL
	Slide 90
	Slide 91
	Slide 92
	Slide 93
	Slide 94
	Slide 95: CRISPR-A:         IRF4 as an Incoherent Feed-Forward Loop (IFFL)
	Slide 96: Working Hypothesis:     The IRF4 IFFL Replaces TAX IFFLs
	Slide 97
	Slide 98: Summary
	Slide 99

