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� Immunological	
s2mula2ons	

� gene2c	changes	
� oncogenic	coopera2on						
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MALT	lymphoma	concept	
Chronic		
inflammatory	disorders			

Mucosal	sites		
without	na2ve	MALT	

Low	grade		
MALT	lymphoma	

MALT	lymphoma	 Ae2ology	

			Stomach	 H	pylori		 ~95%	

			Skin	 Borrelia	burgdorferi	 some	

			Ocular	adnexa	 Chlamydia	psiQaci	 variable	

			Lung	 A	Xyloxidans	 variable	

			IPSID	 Campylobacter	jejuni	 variable	

			Salivary	glands	 Sjogren’s	syndrome/HCV	 every	case	

			Thyroid	 Hashimoto	thyroidi2s			 every	case	

Response	to	an2-	microbial	therapy		

							CR	in	~70%		

							CR	in	case	report	

							CR	in	~20%;	PR	in	~55%		

							CR	in	case	report	

SMZL	 HCV	 variable	

NMZL	 HCV	 variable	

							ORR	in	~50%		

							CR	in	~70%		



o Surface	IgM+		

o Proliferate	upon	cross-linking	sIg.		

o Hyper-soma2c	and	ongoing	
muta2ons	in	IGH	/	IGL.		

o Tumour	Igs	from	gastric	MALT	
lymphoma	do	not	recognising	H	
pylori	an2gen,	but	polyreac2ve	to	
auto-an2gens.			

An2genic	s2mula2on:	BCR	signalling	

Hussell	et	al,		J	Pathol	1993	
Du	et	al	Leukaemia	1996	&	Blood	1996	

Hussell	et	al	Am	J	Pathol	1993		
Craig	et	al	Blood	2010)		
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Biased	IG	gene	usage	in	MALT	lymphoma		
MALT	lymphoma	 Biased	IG	gene	usage		

			Stomach	
IGHV3-7	
IGHV1-69	

			Salivary	glands	 IGHV1-69/IGKV3-20	(~50%)	

Moody	et	al	unpublished;			Du	MQ,	Semins	Cancer	Biol	2016	

Known	IG	proper2es		

� 		rheumatoid	factors	
� 		self-polyreac2ve	

Sample	 V	Gene	 J	Gene	
CDR3	
Length	 CDR3	sequence	

RF-112/113	 IGHV1-69	 JH4	 13	 E	 G	 R	 S	 S	 D	 Y	 S	 N	 P	 F	 D	 Y	
RF-BOR	 IGHV1-69	 JH4	 12	 E	 G	 R	 R	M	 A	 I	 -	 N	 P	 F	 D	 Y	
SA_002	 IGHV1-69	 JH4	 12	 E	 G	 Q	Q	M	 S	 T	 -	 N	 P	 F	 D	 F	
SA_006	 IGHV1-69	 JH4	 13	 E	 G	 K	 A	 T	 V	 T	 T	 N	 P	 F	 D	 Y	
SA_010	 IGHV1-69	 JH4	 12	 E	 G	 R	 Q	M	 P	 T	 -	 N	 P	 F	 D	 Y	
SA_6T	 IGHV1-69	 JH4	 13	 E	 G	 K	 S	 S	 D	 Y	 S	 N	 P	 F	 D	 Y	
D26010	 IGHV1-69	 JH4	 12	 E	 G	 R	 Q	 T	 V	 T	 -	 N	 P	 F	 D	 Y	

Salivary	
gland	
MALT-L			

RF	

			Ocular	adnexa	 IGHV4-34/IGK3-20	(~30%)	

			Thyroid	 IGHV3-30?	

� 	binds	to	N-acetyl-lactosamine	
� 	polyreac2ve		
� 		self-polyreac2ve	



An2genic	s2mula2on:	T	cell	help	

Hussell	et	al	Lancet	1993	
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Reac;ve	
follicle	

Tumour	cell	area	

H	pylori	specific	T–cells	
� 	polyclonal	
� 	bystander	helps	
� 	cytokines/soluble	ligands	

?Other	B-cell	help	signals	
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H	pylori	eradica2on:	assumed	effect		

70%	gastric	MALT	
lymphoma	can	be	cured	by	
H	pylori	eradica2on	alone	
	



Gene2c	changes	in	MALT	lymphoma		

Liu	et	al,	Gastroenterology	2002,		
Ye	at	al,	Blood	2001,		2003,		
Ye	at	al,	J	Pathol	2005,		
Goatly	et	al	Modern	Pathol	2008	
Chanudet	et	al,	Leukaemia	2010	
Bi	et	al,	Haematologica	2012	
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Du	MQ,	Semins	Cancer	Biol	2016	
Rosebeck	et	al	Science	2011	
Nie	et	al	Nat	Commun	2015	

	



Du	MQ,	Semins	Cancer	Biol	2016	
Hamoudi	et	l	Leukemia		2010	
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TLR6	
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Complete remission No or partial remission  
Europe No evidence of hRD  Presence of hRD  stage I ≥ stage II 

Apen et al Blood 2000 0/18 0% 
Liu et al Gastroenterology  2002 0/46 0% 2/2 26/43 60% 16/20 80% 

Wundisch et al JCO 2005 3/46 7% 4/7 57% 3/13 23% 

Montalban et al Ann Oncology 2005 0/11 0% 0/2 0% 
Levy, et al JCO 2005 0/21 0% 1/7  14% 2/3 67% 
Ruskone-Fourmestraux, Du et al 
unpublished 2/24 8% 1/2 50% 14/26 54% 8/9 89% 

                     Subtotal 5/145 3% 7/11 64% 44/91 48%% 26/32 81% 

Far East     
Nakamura et al JCP 2003 0/11 0% 0/4 0% 0/4 0% 
Iwano et al J Gastroenterology 2004  0/5 0% 1/4 25% 2/2 100% 
Yeh et al Blood 2005 1/36 2.7 12/23 52% 
Nakamura et al Gut 2007 1/20 5% 5/14 36% 
Nakamura et al AM J Gastr 2007 1/57 2% 10/21 47% 4/9 44% 

Subtotal	 3/129 2% 28/66 42% 6/15 40% 
Total    	 8/274 3% 71/150 47% 30/44 68% 

T(11;18): a marker for gastric MALT lymphoma not 
responding to H. pylori eradication 



MALT	lymphoma	lacks	other	muta2ons		
frequently	seen	in	ABC-DLBCL		
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K63 deubiquitinase E3 ubiquitin ligase (K48) 

OTU: Ovarian tumour domain that belong to family of deubiquitinating cysteine proteases;  ZF: zinc finger  

deletion  (39.7%) insertion (18%)nonsense mutation (25.9%) missense mutation (13.8% ) splicing site mutation (2.6% )

Previously 
reported 

Identified in 
this study

OTU ZF ZF ZF ZF ZF ZF ZF

Identified in 
previous studies 

Identified in 
OA-MALT-L

A20	

Bi	et	al,	Haematologica	2012,	Escudero-Ibarz	et	al	Haematologica	2016,		Johansson	et	al	Oncotarget	20017;	Jung	et	al	Oncotarget	2017,	Moody	et	al,	Unpublished	data			



Biased	usage	of	IG	genes	in	OA-MALT	lymphoma	

0	

5	

10	

15	

20	 IGHV4-34	
P	=	<0.001		OA-MALT-L	

IgM	memory	B-cells	

                      FR1             CDR1          FR2         CDR2                   FR3                   . 
V4-34*02  QVQLQQWGAGLLKPSETLSLTCAVY GGSFSGYY WSWIRQPPGKGLEWIGE INHSGST NYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYC 
V4-34*01  QVQLQQWGAGLLKPSETLSLTCAVY GGSFSGYY WSWIRQPPGKGLEWIGE INHSGST NYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYC 
 
OA_019    ----R-----------------E-- -----D-- -----K----------- -----G- ------Q---V--I----K--Y----A----------- 
OA_029    --K-----PR--EA----------- -----DFS ------T---------D V--D-R- HH----TG-L---A--------IE-N------------ 
OA_047    ----H-------------C------ -----D-- ---V--S----P----- --DG-N- -------------I-A-------N-E------------ 
OA_086    --------TR--------------- ----TS-- ----------------- ------- -----------------------N-T--------M--- 
GA_010    ------------------------- ---L---- ----------------- ------- ---R-------------------N-N-M------I--- 
GA_011    --L-----S-VV---QS-------- -E----V- -G-V--TSR-R--C--- AS-T-II ------RG-AS---------V--S-T-L----SG--F- 
OA_017    ------------------------- -------- ----------------- ------- -------------------------------------- 
OA_044    -------------A----------- -----D-- -T--------------- --DA--- -----------------NT----R----------F--- 
OA_052    ------------------------- -D------ --------E-------- ---A-T- -------------S---------N-T--------M--- 
OA_088    ----H---------------M---- -------- -G--------------- --Y---- -------------------------------------- 

                      FR1             CDR1          FR2         CDR2                   FR3                   . 
V4-34*02  QVQLQQWGAGLLKPSETLSLTCAVY GGSFSGYY WSWIRQPPGKGLEWIGE INHSGST NYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYC 
V4-34*01  QVQLQQWGAGLLKPSETLSLTCAVY GGSFSGYY WSWIRQPPGKGLEWIGE INHSGST NYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYC 
 
OA_019    ----R-----------------E-- -----D-- -----K----------- -----G- ------Q---V--I----K--Y----A----------- 
OA_029    --K-----PR--EA----------- -----DFS ------T---------D V--D-R- HH----TG-L---A--------IE-N------------ 
OA_047    ----H-------------C------ -----D-- ---V--S----P----- --DG-N- -------------I-A-------N-E------------ 
OA_086    --------TR--------------- ----TS-- ----------------- ------- -----------------------N-T--------M--- 
GA_010    ------------------------- ---L---- ----------------- ------- ---R-------------------N-N-M------I--- 
GA_011    --L-----S-VV---QS-------- -E----V- -G-V--TSR-R--C--- AS-T-II ------RG-AS---------V--S-T-L----SG--F- 
OA_017    ------------------------- -------- ----------------- ------- -------------------------------------- 
OA_044    -------------A----------- -----D-- -T--------------- --DA--- -----------------NT----R----------F--- 
OA_052    ------------------------- -D------ --------E-------- ---A-T- -------------S---------N-T--------M--- 
OA_088    ----H---------------M---- -------- -G--------------- --Y---- -------------------------------------- 

                      FR1             CDR1          FR2         CDR2                   FR3                   . 
V4-34*02  QVQLQQWGAGLLKPSETLSLTCAVY GGSFSGYY WSWIRQPPGKGLEWIGE INHSGST NYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYC 
V4-34*01  QVQLQQWGAGLLKPSETLSLTCAVY GGSFSGYY WSWIRQPPGKGLEWIGE INHSGST NYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYC 
 
OA_019    ----R-----------------E-- -----D-- -----K----------- -----G- ------Q---V--I----K--Y----A----------- 
OA_029    --K-----PR--EA----------- -----DFS ------T---------D V--D-R- HH----TG-L---A--------IE-N------------ 
OA_047    ----H-------------C------ -----D-- ---V--S----P----- --DG-N- -------------I-A-------N-E------------ 
OA_086    --------TR--------------- ----TS-- ----------------- ------- -----------------------N-T--------M--- 
GA_010    ------------------------- ---L---- ----------------- ------- ---R-------------------N-N-M------I--- 
GA_011    --L-----S-VV---QS-------- -E----V- -G-V--TSR-R--C--- AS-T-II ------RG-AS---------V--S-T-L----SG--F- 
OA_017    ------------------------- -------- ----------------- ------- -------------------------------------- 
OA_044    -------------A----------- -----D-- -T--------------- --DA--- -----------------NT----R----------F--- 
OA_052    ------------------------- -D------ --------E-------- ---A-T- -------------S---------N-T--------M--- 
OA_088    ----H---------------M---- -------- -G--------------- --Y---- -------------------------------------- 

                      FR1             CDR1          FR2         CDR2                   FR3                   . 
V4-34*02  QVQLQQWGAGLLKPSETLSLTCAVY GGSFSGYY WSWIRQPPGKGLEWIGE INHSGST NYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYC 
V4-34*01  QVQLQQWGAGLLKPSETLSLTCAVY GGSFSGYY WSWIRQPPGKGLEWIGE INHSGST NYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYC 
 
OA_019    ----R-----------------E-- -----D-- -----K----------- -----G- ------Q---V--I----K--Y----A----------- 
OA_029    --K-----PR--EA----------- -----DFS ------T---------D V--D-R- HH----TG-L---A--------IE-N------------ 
OA_047    ----H-------------C------ -----D-- ---V--S----P----- --DG-N- -------------I-A-------N-E------------ 
OA_086    --------TR--------------- ----TS-- ----------------- ------- -----------------------N-T--------M--- 
GA_010    ------------------------- ---L---- ----------------- ------- ---R-------------------N-N-M------I--- 
GA_011    --L-----S-VV---QS-------- -E----V- -G-V--TSR-R--C--- AS-T-II ------RG-AS---------V--S-T-L----SG--F- 
OA_017    ------------------------- -------- ----------------- ------- -------------------------------------- 
OA_044    -------------A----------- -----D-- -T--------------- --DA--- -----------------NT----R----------F--- 
OA_052    ------------------------- -D------ --------E-------- ---A-T- -------------S---------N-T--------M--- 
OA_088    ----H---------------M---- -------- -G--------------- --Y---- -------------------------------------- 

Maintain	the	QW/AVY	
“hydrophobic	patch”		required	for	
binding	to	N-acetyl-lactosamine		

Muta2on	hotspots:	
N-glycosyla2on	site	(60%)		
KLS	mo2f	(70%)	

Zhu	et	al	PlosOne	2011		
Dagklis	et	al	Leukaemia	2012		

Zhu	et	a	l	Leukaemia	2015		
van	Maldegenm	et	al	Leukaemia	2012			

Moody	et	al	unpublished				



Significant	associa2on	between	A20	muta2on	
and	IGHV4-34	usage	in	OA-MALT	lymphoma			

Moody	et	al,	unpublished	data	

IGHV1-69	 IGHV3-7	 IGHV4-34	 IGHV7-4-1	 Other	IGHV	
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KLF2	muta2on	and	IGHV1-2	usage		
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Clipson	et	al	Leukaemia	2015	

Bikos	et	al	Leukemia	2012	
Warsame	et	al	Blood	2011		

IGHV1-2	characteris2cs		
� 	over-represented	(~30%)	in	SMZL		

� 	most	being	allele	*04		

� 	minimal	soma2c	muta2on		

� 	long	CDR3	with	common	mo2f	

� oyen	associated	with	biased	use	
of	light	chain	genes	

� polyreac2ve	to	autoan2gen	by	
recombinant	an2body	studies			
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Marginal	Zone	lymphoma	
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