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Risk factors for Lymphoma 

• Genotoxic (Induced genetic instability)

• Chronic antigenic stimulation (Inherent 
genetic instability of B cells)

• Autoimmunity
• Chronic infection 
• Immune deficiency (Congenital or acquired)
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HTLV-1 HTLV-1 realted Adult T cell Leukemia/lympphoma
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B cell Lymphoma 
New paradigms of transformation

EBV (HHV8) vs others (Bacteria, HCV)

T cell lymphoma 
HTLV-1



B cell Lymphoma 
New paradigms of transformation

EBV (HHV8) vs others (Bacteria, HCV)



From R. Kuppers Nature Reviews Cancer 2005, 5:251-262

B-cell 
precursor

Naive B-cell Mature B-cell

From the B-cell differentiation …
…to the cellular origin of B-cell lymphomas



Suarez et al, Blood 2006
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Marginal Zone Lymphoma and Infection 

A Paradigm of Antigen Driven 
Lymphoproliferation





From R. Kuppers Nature Reviews Cancer 2005, 5:251-262

B-cell 
precursor

Naive B-cell Mature B-cell

From the B-cell differentiation …
…to the cellular origin of B-cell lymphomas



Marginal Zone Lymphoma
Classification

• Extranodal marginal B-
cell Lymphoma of MALT 
type

• Nodal Marginal zone B-
cell lymphoma 
(±Monocytoid B cells)

• Splenic marginal zone B-
cell lymphoma (± Villous 
lymphocytes)

WHO Classification



The MALT Concept
• Two types of Mucosa-Associated Lymphoid Tissue:

– Native MALT
normally present in certain extranodal sites 
(e.g., Peyer’s patches)

– Acquired MALT
in organs where lymphoid tissue is not a natural component 
(e.g., Sjögren, Hashimoto, H. pylori-gastritis)

• MALT  Lymphoma

first described in the stomach by Isaacson and Wright      
in 1983, but can arise from a wide variety of extranodal 
tissues (usually at acquired MALT sites) 





• Epidemiological  evidences linking Hp infection/chronic 
gastritis/MALT lymphoma of the stomach

• Detection in H. pylori -associated chronic gastritis of the 
clonal B-cell that later will give rise to the MALT lymphoma
(Zucca 1998)

• B-cell monoclonality precedes the lymphoma development in 
H. pylori-associated gastritis  (Naka mura et al. Am J Pathol. 1998)

• Gastric MALT lymphoma B-cells show T-cell mediated strain-
specific response to H. pylori (Hussel 1993)

• Eradication of H. pylori leads to regression of gastricMALT 
lymphoma (Wotherspoon 1993; Roggero 1995; Bayerdörffer 1995)

H. pylori provides the stimulus: 
biological and clinical evidence
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lymphoid infiltration of the lamina propria in a se ction of jejunum with lymphoplasmacytic features

lymphoepithelial lesions expression of the heavy cha in without its associated light chain



IPSID
(immunoproliferative small intestinal disease, mediterranean lymphoma, 

� -chain disease)
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Campylobacter Jejuni



Cutaneous MALT lymphoma 
Clinical presentation

- Red papules, plaques or nodules 

- Unique or multiple

- On the trunk or extremities

- Rare itching

S. Dalle, Hôtel-Dieu, Lyon
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Ocular Adnexal Lymphoma (OAL)

A lymphoma affecting the tissues surrounding the 
eye that may arise after chronic inflammation.



Lymphome 
du MALT orbitaire 



Chlamydiae DNA in ocular 
adnexa NHL
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Antibiotic therapy in ocular adnexa 
NHL

• 9 pts withChlamydia psittaci-positive OAL 
treated with doxycycline 100 mg PO bid, for 3 
weeks. 

• Chl. psittaciDNA present in PBMC of 4 pts

• At one month post-treatment, Chlamydiae
DNA was no longer detectable in PBMC. 

• ORR: 45% (5 of 7 pts:2 CR, 2 PR, 3 MR, 1 
SD, 1 PD) (��
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H. pylori, C. Jejuni Borrelia and
Chlamydia species…

• can persist in the host despite active 
local and systemic immune 
responses 

• induce the development of an 
acquired lymphoid tissue in organs 
in which it is normally not present 

• induce a polyclonal B-cell response



Suarez et al, Blood 2006



Suarez et al, Blood 2006



Marginal Zone Lymphoma
Classification

• Extranodal marginal B-
cell Lymphoma of MALT 
type

• Nodal Marginal zone B-
cell lymphoma 
(±Monocytoid B cells)

• Splenic marginal zone B-
cell lymphoma (± Villous 
lymphocytes)

WHO Classification



Splenic marginal zone lymphoma with 
SLVL or without villous lymphocytes

• Splenic localisation, indolent course (5years survival 65%-80%)
• Underlying hepatic involvement (Focal infiltration up 90%)
• Frequently associated with monoclonal IgM/IgG 
• Phenotype (CD19+,CD5-, CD23- IgM+/IgD+/-, DR+)
•Immunoglobulin somatic mutations, antigens driven proliferation
Troussard Br J Hematol 1996, Franco Blood 2003 





Hepatitis C virus and Non Hodgkin lymphoma 
Hypothesis

Hepatitis C Virus
RNA flavivirus

Hepatocytes
B-Lymphocytes

Hepatitis (acute/chronic)
Cirrhosis
Hepatocarcinoma

Mixed cryoglobulinemia
Agnelo NEJM 1992
Abel Arthr & Rhum 1993

IgH and IgH-bcl-2 clones
(40% to 85% vs 15%)
Zignego Hepatlogy 2000, Ann Int Med 2002
Zuckerman Br J Hematol 2001,
Kitay-Cohen Blood 2000

CD81

CD81



Epidemiological studies Overall

• EPILYMPH (Nieters, Gastroenterology 2006)

– 5 European Countries (FR, IT, All., IR, ESP), 1700 cases
– 2,9% (HCV) vs. 2,3% (Control)  (OR, 1,4; 95% CI 0,93-2,15)
– RNA-VHC+: OR, 1.82; 95% CI 1.13–2.91
– DLBCL: OR, 2.19; 95% CI: 1.23–3.91

• INTERLYMPH (De Sanjose, Clin Gastroenterol Hepatol 2008)

– 4700 cases
– 3,6% (HCV) vs 2,7% (control) (OR, 1.78; 95% CI, 1.40–2.25)
– Marginale zone NHL:  OR, 2.47; 95% CI, 1.44–4.23
– DLBCL:  OR, 2.24; 95% CI, 1.68– 2.99
– LLP:  OR, 2.57; 95% CI, 1.14–5.79
– FL:  OR, 1.02; 95% CI, 0.65–1.60
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Hermine, NEJM 2002

Blood 2005

NEJM 2001



Saadoun D, Suarez F, Lefrere F et al. Blood 2005
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Eradication of VHC replication 
and risk reduction of NHL

Preventive Treatment ?



Indirect transformation of lymphocytes 
by HCV

CD19
CD21
CD81

BCR
HCV

E2

AID

proliferation

SHM of Ig

De Re, Int J Cancer 2000
De Re, Blood 2000
De Vita, Tumori 2002
Hermine, NEJM 2002
Machida J Virol 2005

Pathophysiological hypothesis (II)



cryoglobulinemia SLVL

IFNa+Ribavirin IFNa+Ribavirin

IgH-bcl2?
Other oncogenic event?

HCV (E2 glycoprotein)

Anti-E2 IgM/RF

IgG

CD81

B-cell

Villous lymphocyte

Marginal zone DC

Cytokines
BAFF/BLyS

Suarez et al, Blood 2006



Marginal Zone Lymphoma
Classification

• Extranodal marginal 
B-cell Lymphoma of 
MALT type

• Nodal Marginal zone 
B-cell lymphoma 
(±Monocytoid B cells)

• Splenic marginal zone 
B-cell lymphoma (±
Villous lymphocytes)

• Extranodal marginal 
B-cell Lymphoma of 
MALT type ±
Helicobacter pylori

• Marginal Zone 
Lymphoma Nodal or 
splenic ± associated 
with HCV infection

WHO Classification New Classification



Conclusions and perspectives
on B cells

• Antigen Driven Proliferation is a concept that took root with the 
description of MALT lymphoma

• The neoplastic B cells may derive from normal marginal zone B 
cells

• Numerous entities with various infectious stimuli included in the 
marginal zone lymphoma that in some instances mimic 
autoantigens

• Although of various physiopathology they are all at early stages
dependent to antigen stimulation

• Unbiased approches will allow the discovery of new infectious 
agents

• The better characterization of this lymphoma will allow a better 
unterstanding of other Marginal zone lymphoma (associated with 
autoimmune diseases) as well other lymphoma that may be also 
antigen stimulated. 



T cell lymphoma 
HTLV-1



Adult T cell Leukemia 

Clonal proliferation of activated T cell lymphocyte s 

CD4+ CD45 RO+ (Flower cells)



ATL  SURVIVAL DATA

Smoulder. Chronic Lymphoma Acute
n=45 n=152 n=156 n=465

Alive% 77.8 55.9 27.6 19.4

Non Treat % 66.7 28.9 3.2 9.2

Med Surv N.R. 24.3 10.2 6.2

2 Y. Surv % 77.7 52.4 21.3 16.7

4 Y. Surv % 62.8 26.9 5.7 5.0

Shimoyama et al 1992



Infection
-Emergence of 
monoclonal
leukemic T cell
-Accumulation of 
mutations
-IL-2 independent 
Growth phase

-Polyclonal T cell
proliferation
-IL-2/IL-15 autocrine/
paracrine loop
-IL-2 dependent 
Growth phase

ILIL--2/IL2/IL--
1515

Pre-ATL Smoldering Chronic Lymphoma Acute

Long Latency >25y



p16 deletion

Jak-Stat activation

Chromosomal translocation

DNA mutation p53, p16

TaxTax
ILIL --2/15 and 2/15 and 

ReceptorReceptor

Inhibition MADR1, Inhibition MADR1, 

Tax?Tax?
Jak/STAT Jak/STAT 
JNK/CJNK/C --

jun NFjun NF--kbkb

ATL 

Transformation

T-cell

Proliferation

CTL
TGF-ßStroma, Dendritic,

endothelial cells

> 25 years latency



High response rate in naïve and refractory ATL

• Hermine O, et al.
N. Engl. J. Med, 1995; 332: 1749-1751.

• Gill P, et al. 
N. Engl. J. Med, 1995; 332: 1749-1751.

• Bazarbachi A, Hermine O.  
J. AIDS Hum. Retrovirology 1996; 13: s186-190.

AZT and Interferon
Preliminary results



Worldwide Meta-analysis 
Antiviral Therapy for ATL

• 196 patients so far

• France, USA, Martinique, Guyane

• Preliminary results





Evidence against a direct cytotoxic effect of 
alpha interferon and zidovudine in HTLV-I 

associated 
Adult T cell leukemia /Lymphoma.

Bazarbachi and Hermine et al, Leukemia



Targeting telomerase and telomeres
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Prolong AZT treatment induces telomere 
shortening in HTLV-I infected cells

-6

-5

-4

-3

-2

1 2 3 4

-1

5 60

C10MJ 
LAF 

MT-2 

HUT 102 

Telomere length by southern blots

0 3 6 0 3 12 0 03 12 18 3 12



ATL patient with p53 wt 

Respond to AZT  

3 ATL patients with p53 mutated 

No response to AZT

Response to AZT can also be predicted by 
immuno-staining for mutation-associated p53 
stabilization
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Reapearence of positive immune skin tests

Induction of infiltration of CD8+ cells in tumoral CD4+ skin lesions

Evidence to explore immune modulation of immune system by
antiretroviral drugs

TGF?

CTL
ATL

AZT+INF

Tax

APC

APC

Speculative model of action of AZT/INF

-

+

+



Monkey Papio anubis

STLV-1 # HTLV-1

Treatment by the 
combination of AZT and 

Valproate de sodium

Effect on viral load and 
CD8 and CD4 number
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• Lymphoma are clearly associated with pathogens; 
more remain to be discovered

• The physiopathology of transformation is complex 
and its understanding should help to understand 
physiopathology of NHL in general

• Pathogens should be used as target to treat 
lymphoma with different strategies depending on 
the physiopathology

• Therefore in future classifications pathogens should 
be taken in account

Conclusions







Diagnostic p53 status before 
AZT

Patient 
status 
AZT

p53 status

After AZT

P53 
transcription 
active

ATL1 acute Mut E198G NR - NO

ATL2 acute Frameshift after R72P NR - NO

ATL3 acute Mut Q192R PR Q192R REDUCED

ATL4 chronic wt PR---R R273H NO

ATL5 chronic wt CR wt YES

ATL6 smoldering wt CR wt YES

ATL7 acute Mut P222L; I 232T NR - NO

ATL8 wt PR - YES

ATL9 acute wt PR - YES

ATL10 lymphoma Mut (IC) NR - -

ATL11 lymphoma Mut (IC) NR - -

ATL12 acute Mut (IC) NR - -

CR: complete remission; PR: partial remission; NR: not responding; R: relapse; (IC) immunochemistry

p53 IS A PREDICTIVE MARKER FOR AZT THERAPY



AZT
Telomere

Bazarbachi and hermine et al, Lancet Oncology 2005

PDGGFR
Glivec



� ����������
�	
��	
�	�
�������
	
��

� ���	���
�
��	
�
����
��
�
����
�������	��

����

� ��
�����������
��
�	
�����
��
��	��	����
�
��	
�

��������
����
��
��
��	
��� !"�

�
�	���	�
��
�����
�	
���
������"����
�
�	�	�
��
��#�����

��	
�
��	
��������
����
��
��

�
�
����
���

����
�
�	��	�
������

������
�

�$� �������
�
���

CTL cells are present in ATL patients

B. Arnulf and Cl. Pique, Leukemia 2004Harashima, Kannagi et al, Montego bay 2005



Le traitement au valproate et 
diminution de la charge provirale :

Principe du traitement

D’après Gillet et al, 2007

Chromatine déacétylée Chromatine acétylée

Expression génétique
Absence 

d’expression génétique



Induction of Tax

• Inhibitor of histone desacetylase
• Valproate acid ?
• SAHA ?
• Role on CTL functions ?



before BMT 1 month 2 years 5 yearsDiagnosis��

800

200
300

500

22-1 NC22-3 22-4 22-5

Donor clone

Allogeneic BMT 

diagnosis

Chemotherapy

Allogeneic BMT
With a HTLV-1
Positive donor 

CTL effect ?

* *

Clonotypic
nested PCR

Combination chemotherapy followed by 
allogeneic bone marow transplantation 
using a HTLV-1 asymptomatic carrier as 
donor

JP Vernant, E. Wattel et 
al

Harashima et al, Okamura et al 
Montego Bay 2005



Allogeneous BMT

• Myeloablative : 3year overall survival 40-
50%. 40% TRM myeloablative 
conditionning

• RIC : 3years 67%
• Prognosis depends on status at the time of 

BMT
• Provirus load negative in 60%
• Role of HTLV1 status of the donor?



Acute Lymphoma

p53*
Clinical trial

Velcad chemotherapy
And/or Campath

Intrathecal chemo

Maintenance

AZT/IFN

Clinical Trials: Test the addition of:
Arsenic trioxide

campath

Allogenic BMT 
if feasible

AZT/IFN
and/or

Anti IL-2R antibodies
and/or

Retinoic derivatives
(ATRA, Betaxerotene)

Smouldering

Chronic

Assess
Prognotic Factors

Progression/Relapse

Test new drugs:
Arsenic/IFN

Proteasome inhibitors
NF-kB inhibitors

Angiogenesis inhibitors
Novel monoclonal antibodies

Induction

Velcad Chemotherapy
Intrathecal chemo

Low risk
Ki67 low
p53WT

High risk
Ki67 high P53WT

AZT/IFN
Intrathecal chemo



Conclusions and Perspectives

• ATL good model for targeted therapy
• Proof of concept in vitro and in vivo of 

efficacy of antiviral therapy or modulation 
of activated pathway

• New antibodies (anti-TfR)
• Proteasome inhibition 

(Velcade+chemotherapy)
• Angiogenesis inhibition (Migration and 

survival)



American University of Beirut

Rihab Nasr 

Youmna Kfoury 

Hiba El Hajj

Raghida Abou Merhei

Nadine Darwiche

Ghassan Dbaibo

Ghada Abou-Lteif

Rami Khoriaty

Zaher Otrock

Rami Mahfouz

Ghazi Zaatari

Shahrazad Saab

Marwan Sabban

University College 

Dublin

Hideki Hasegawa

William Hall

Hôpital Necker

Bertrand Arnulf 

Yves Lepelletier 

Olivier Hermine

Hôpital St. Louis

Ali Saib

Estelle Chiari

Marie Claude Guillemin

Noemie Renault

Marie Louise Giron 

Niclas Setterblad

Hervé Dombret

Hugues de Thé

Institut Pasteur

Renault Mahieux

Patricia Tortevoye

Antoine Gessain

Institut Cochin

Arnaud Favre-Bonvin

Claudine Pique



Aknowledgements

• CHU Necker, Paris, France
• HematologyF. Lefrère, F.Suarez, D. Saadoun, C. Besson, D. Canioni, F. 

Valensi, N. Brousse, B. Varet 
• Hepatology, JP Bronowicki, Ch Bréchot

• Infectious diseases, M Lecuit, O Lortholary

• CHU Cochin, Paris, France, K. Jondeau, F. Dreyfus
• CHU côte de Nacre, Caen, France, X. Troussard

• CH Jean Verdier, Bondy,France,V.Euclache, F.Lejeune
• CHU Saint Louis, Paris, France, X. Mariette

• CHU Pitié-Salpétrière Paris, France, P. Cacoub
• CHU Tenon, Paris, France, JP Haymann



HCV/MALT lymphoma

Autoimmunity Inflammation

Infection

Marginal Zone lymphoma

Neoplasia

Inflammation

Infection
Neoplasia

Folicular lymphoma

MALT lymphoma





Non Hodgkin Lymphoma
Follicular

22 %

Mantle Cell
6 %

DLBCL
35 %

MALT
8 %

Marginal Zone
3 %

Others
6 %

anaplastic T/null

2 %

Péripheral T cell

7 %

lymphoblastic   
2 %

Burkitt
1 %

CLL type 
8 %

Non Hodgkin’s Lymphoma Classification Project, Blood 1997
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HTLV-1

DNA proviralU3   R   U5 U3   R   U5

Gag              Pol                Env                  pX

P19  p24   p15

Protease

Polymerase
(Reverse 
Transcriptase)

gp46      gp21

P12 / Rof

Tof
(p30 /p13)

Tax
Rex
(p27 / p21)

P40

- Oncornavirinae retrovirus

- Genomic structure of the virus



HTLV-1 positive serology
HTLV-1 clonal integration in tumoral cells 

ATL Clinical and biological features



Clinical phases of HTLVClinical phases of HTLV--I infectionI infection

Pre-ATL Smoldering Chronic Lymphoma Acute
Clinical
picture

Survival
time

Progression

Proportion 
of patients

- > 10 months> 10 months 10 months 6 months

-no clinical signs
for decades

- less aggressive
-normal white cell
count
-skin lesions
-5% abnormal  
T cells

- less aggressive
-normal white cell
count
-prominent
skin lesions

-5% abnormal  
T cells
-modest bone 
marrow and visceral
involvement

-skin lesions
-1% abnormal  
T cells
-visceropathy

- very aggressive
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Survival by first line therapy (acute ATL)
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Mechanisms of Transformation
by an Infectious Agent

• Direct Transformation
– EBV
– HHV8
– HTLV-1

• Indirect transformation
– Immune deficiency (HIV)
– HTLV-1 ?
– Chronic stimulation ? 
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Summary Response to treatment

• Correlation between virological and hematological 
responses+++++
– > 2 logs reduction of HCV-RNA associated with 

complete hematological response
– < 2 logs associated with partial hematological response

• Complete resolution of symptomatic 
cryoglobulinemia in all virological responders

• Response independant of HCV genotype:
– 4/7 patients with genotype 1 exhibited a complete 

hematological response




