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Patient	selection	

We	studied	87	cases	with	a	blood	smear	available	at	diagnosis.	The	cases	were	first	identified	locally	

on	the	basis	of	a	routine	cell	morphology	screen.	In	blinded	review	by	three	independent	cytologist	

(LB,	CS,	and	KM),	cases	were	only	included	if	all	three	reviewers	agreed	with	the	diagnosis	of	B-PLL.	A	

fourth	blinded	 review	of	 ten	 representative	cases	 (five	cases	of	B-PLL:	BPLL_24,	BPLL_26,	BPLL_28,	

BPLL_33,	BPLL_34;	and	5	excluded	cases)	validated	our	approach.	The	four	cytologists	agreed	on	all	

five	cases	of	B-PLL	and	on	one	excluded	case	(N°45).	For	the	excluded	cases	N°76	and	N°80,	only	two	

of	the	four	cytologists	diagnosed	B-PLL;	for	the	excluded	cases	N°49	and	N°67,	only	one	of	the	four	

cytologists	 diagnosed	 B-PLL	 (see	 Supplemental	 Table	 S1).	 A	 diagnosis	 of	 MCL	 was	 ruled	 out	 by	

karyotyping	 (K)	 and	 FISH	 assays:	 no	 CCND1	 rearrangements	 or	 other	 infrequent	 translocations	

involving	CCND2	and	CCND3	were	observed.	Unfortunately,	bone	marrow	biopsies	were	not	available	

for	CCND1	or	SOX11	immunostaining.	

	
FISH	
Standard	 FISH	 was	 performed	 on	 interphase	 nuclei	 and	 metaphases	 in	 all	 34	 cases.	 The	 specific	

probes	were	ATM	 (11q22),	TP53	 (17p13),	 IGH/CCND3	 (Cytocell,	 Cambridge,	UK),	D13S319	 (13q14),	

centromere	 of	 chromosome	 12	 (Metasystems,	 Altlussheim,	 Germany),	MYC	 (8q24)	 (DAKO,	 Santa	

Clara,	CA	and/or	Zytovision,	Bremerhaven,	Germany),	MYCN	 (2p24)	(Abbott	Molecular,	Des	Plaines,	

IL),	CCND1	 (11q13)	 (DAKO).	A	break-apart	probe	 for	detecting	CCND2	 (12p13)	 rearrangements	was	

built	using	the	home-grown	bacterial	artificial	chromosome	clones	RP11-578L13	and	RP11-388F6.	A	

deletion	probe	targeting	TNFRSF10A-D	genes	 (8p21)	was	built	with	clones RP11-599A17	and	RP11-

692J4.	 Clones	 were	 selected	 using	 the	 University	 of	 California	 Santa	 Cruz	 Genome	 Bioinformatic	

database	(NCBI38/hg38	build)	and	obtained	from	Genoscope	(Evry,	France).	Extraction,	labeling,	and	

hybridization	procedures	were	performed	as	described	previously1.		

Cell	sorting	

The	 samples	 used	 for	WES,	 targeted	 deep	 sequencing	 and	 RNA-Seq	 were	 obtained	 from	 fresh	 or	

cryopreserved	 mononuclear	 cells,	 when	 available.	 The	 CD19+	 (and	 CD5+,	 IGL	 or	 IGK	 when	

appropriate)	 B-cells	 and	 CD3+	 T-cells	 were	 sorted	 as	 described	 previously2.	 The	 purity	 of	 the	 cell	

fractions	was	 assessed	 by	 flow	 cytometry,	 and	was	 always	 greater	 than	 96%.	 DNA	 and	 RNA	were	

extracted	 from	sorted	cell	 fractions	using	 the	All	Prep	DNA/RNA	kit	 (Qiagen,	Courtaboeuf,	France),	

according	to	the	manufacturer’s	recommendations.	



Whole	Exome	Sequencing		

DNA	 extracted	 from	 sorted	 CD19+	 tumor	 cells	 (and	 CD5+,	 IGL	 or	 IGK	 when	 appropriate)	 and	

nontumor	(CD3+)	cells	was	used	for	exome	capture	with	the	SureSelect	V5	Mb	All	Exon	Kit	(Agilent	

Technologies,	Les	Ulis,	France)	following	the	standard	protocols.	Paired-end	sequencing	(2	x	100	bp)	

was	 performed	 using	 HiSeq2000	 sequencing	 instruments	 (Illumina,	 San	 Diego,	 CA).The	 mean	

coverage	 in	 the	 targeted	 regions	 was	 106X	 (Supplemental	 Table	 S8).	 Reads	 were	 mapped	 to	 the	

reference	 genome	 hg19	 using	 the	 Burrows–Wheeler	 Aligner	 (BWA)	 alignment	 tool	 version	 0.7.10.	

PCR	duplicates	were	removed	using	Picard	Tools	-	MarkDuplicates	(1.119).	Local	realignment	around	

indels	 and	 base	 quality	 score	 recalibration	 were	 performed	 using	 GATK	 3.2	 (Genome	 Analysis	

ToolKit).	Reads	with	a	mapping	quality	 score	<	30	were	 ignored.	 SNVs	and	 indels	were	 called	with	

VarScan2	somatic	2.3.7.	The	null	hypothesis	of	equal	allele	frequencies	between	tumor	and	reference	

was	tested	using	the	two-tailed	Fisher	exact	test.	The	variants	were	adopted	as	candidate	mutations	

when	 P	 value	 was	 <0.01	 and	 allele	 frequency	 was	 <0.1	 in	 the	 reference	 sample.	 Variants	 were	

annotated	 with	 Annovar.	 We	 excluded	 synonymous	 single	 nucleotide	 variants	 (SNVs),	 variants	

located	 in	 intergenic,	 intronic,	 untranslated	 regions	 and	 non-coding	 RNA	 regions,	 and	 removed	

variants	with	mapping	ambiguities.	Mutations	were	searched	 in	Catalogue	of	Somatic	Mutations	 in	

Cancer	database	 (http://cancer.sanger.ac.uk/cosmic/).	The	effect	of	 the	mutation	was	predicted	by	

SIFT	(http://sift.jcvi.org/)	and	PolyPhen2	(http://genetics.bwh.harvard.edu/pph2/)	algorithms.			

Somatic	copy	number	variations	(CNV)	were	identified	with	Control-FREEC	(v9.1).		

Targeted	deep	sequencing	

Primers	 flanking	 exons	 containing	 candidate	 somatic	 variants	 were	 designed	 using	 Primer3	

(http://frodo.wi.mit.edu/primer3/).	 Short	 fragments	 of	 100	 to	 200	 bp	 were	 PCR-amplified	 from	

genomic	 DNA	 of	 sorted	 fractions	 and	 were	 subsequently	 pooled	 for	 library	 construction.	 PCR	

products	were	end-repaired,	extended	with	an	 'A'	base	on	 the	3' end,	 ligated	with	 indexed	paired-

end	adaptors	(NEXTflex,	Bioo	Scientific)	using	the	Bravo	Platform	(Agilent)	and	amplified	by	PCR	for	4	

cycles.	Amplicon	 libraries	were	sequenced	 in	an	 Illumina	MiSeq	 flow	cell	using	 the	onboard	cluster	

method,	 as	paired-end	 sequencing	 (2x150	bp	 reads)	 (Illumina,	 San	Diego,	CA).	 The	mean	 coverage	

was	 2021X.	 Quality	 of	 reads	 was	 evaluated	 using	 FastQC	 0.11.2.	

(http://www.bioinformatics.bbsrc.ac.uk/projects/fastqc/).	 Reads	 were	 mapped	 to	 the	 reference	

genome	 hg19	 using	 the	 Burrows–Wheeler	 Aligner	 (BWA)	 alignment	 tool	 version	 0.7.10.	 Local	

realignment	 around	 indels	 and	 base	 quality	 score	 recalibration	 were	 performed	 using	 GATK	 3.2	

(Genome	Analysis	ToolKit).	SNVs	and	indels	were	called	with	VarScan2	somatic	2.3.7.		

Clonal	organization		



Evaluation	 of	 the	 clonal	 or	 subclonal	 nature	 of	 chromosomal	 abnormalities	 was	 performed	 by	

comparing	 the	percentage	of	abnormal	 cells	 in	 interphasic	FISH	analyses	 (when	available)	with	 the	

percentage	of	monotypic	(IGL	or	IGK)	CD19+	cells	defined	by	immunophenotyping.	We	considered	an	

abnormality	to	be	clonal	when	the	difference	between	the	two	percentages	did	not	exceed	20%,	and	

subclonal	when	the	difference	was	greater.	For	mutations	detected	in	purified	tumor	cell	 fractions,	

we	 used	 the	 variant	 allele	 frequency	 (VAF)	 to	 distinguish	 between	 clonal	 and	 subclonal	mutations	

with	a	 threshold	of	40%	 (or	80%,	when	combined	with	 copy	 loss)	 to	 take	account	of	 the	potential	

contamination	by	non-tumor	cells.	

RNA	Sequencing	and	data	analysis	

RNA-Seq	 libraries	 were	 prepared	 using	 the	 SureSelect	 Automated	 Strand	 Specific	 RNA	 Library	

Preparation	Kit	as	per	manufacturer’s	instructions	(Agilent	technologies)	and	subjected	to	paired-end	

(101	bp)	 sequencing	on	HiSeq2000	 (Illumina).	Quality	 of	 reads	was	 evaluated	using	 FastQC	0.11.2.	

Sequences	 were	 filtered	 with	 Trimommatic	 and	 alignment	 was	 performed	 with	 Tophat2	 version	

2.0.14	 and	Bowtie1	 version	1.0.0.	 The	 filtered	 reads	were	 aligned	 to	 a	 reference	genome	hg19.	 In	

average,	88.95%	of	reads	were	aligned	and	counted	with	HTSeq	(v0.5.4p5).		

Differential	 expression	 analysis:	 raw	 counts	 of	 reads	 per	 Human	 GENCODE	 transcripts	 (GRCh37	

release	 24)3	 were	 quantified	 with	 Salmon	 version	 0.8.24.	 These	 transcripts	 level	 raw	 counts	 have	

been	 aggregated	 to	 obtain	 gene	 level	 raw	 counts.	 Differential	 expression	 analysis	 was	 performed	

using	DESeq2	package	version	1.6.35	with	R	statistical	software	version	3.1.2.	Differentially	expressed	

genes	have	been	selected	with	an	adjusted	p-value	of	0.01.	

Gene	Set	Enrichment	Analysis	(GSEA)6	was	performed	using	the	GSEAPreranked	tool	(v3.0).	Prior	to	

conducting	gene	set	enrichment	analysis,	differential	expression	analysis	has	been	conducted	using	

DESeq2	taking	into	account	the	batch	effect	observed	in	RNA-seq	of		B-PLL,	CLL	and	pMCL	cells.	Only	

genes	with	an	adjusted	p-value	lower	than	5%	have	been	considered.	These	genes	have	been	ranked	

by	log2	fold-change	and	captured	in	an	RNK-formatted	file.	GSEAPreranked	tool	has	been	launched	

with	 the	 following	 option:	 ‘scoring_scheme	 classic’	 using	 hallmark	 gene	 (H)	 and	 curated	 gene	 (C2)	

sets	available	from	MSigDB	(v6.2)7.	

Functional	 analysis	 of	 the	 differential	 gene	 list	 has	 been	 explored	 for	 the	 GO	 gene	 sets	 with	 the	

Investigate	 application	 (http://software.broadinstitute.org/gsea/msigdb)	 to	 compute	 the	 statistical	

score	of	the	overlaps	between	gene	list	and	GO	gene	sets.	

Fusion	 transcripts	 detection:	 sequences	 were	 aligned	 with	 Tophat2	 version	 2.0.148	 and	 Bowtie1	

version	1.0.0	to	a	reference	genome	hg19.	 In	average,	88.95%	of	reads	were	aligned.	The	potential	



fusion	transcripts	were	evaluated	using	Tophat2	–fusion-search	option.		A	minimum	of	10	supporting	

(spanning)	reads	was	used	as	a	threshold	for	fusion	transcripts	and	the	sequence	around	donor	and	

acceptor	sites	of	potential	chimeric	reads	was	manually	evaluated	to	discard	potential	false	positives.	

In	vitro	cell	viability	and	programmed	cell	death	(PCD)	assays	

The	viability	of	primary	B-PLL	cells	was	assessed	with	the	ATP-based	CellTiter-Glo	2.0	assay	(Promega,	

Madison,	WI).	After	pretreatment	(or	not)	with	the	BET	proteins	inhibitors	(iBET)	OTX015	or	JQ1	(500	

nM),	B	cells	were	seeded	onto	96-well	plates	 (at	a	density	50	×	103	cells	per	well)	and	exposed	for	

48h	 to	 increasing	 concentrations	 of	 fludarabine,	 ibrutinib,	 idelalisib	 or	 venetoclax.	We	 used	 drugs	

concentrations	 as	 previously	 described9.	 The	OTX015	 and	 JQ1	 concentrations	 of	 500	 nM	were	 the	

lowest	with	a	significant	 in	vitro	effect	on	B-PLL	cell	viability	(50%	loss	of	viability;	Supp	Fig	S5A	and	

data	not	shown).	The	cells	were	then	incubated	for	15	minutes	with	50	μl	of	CellTiter-Glo®	reagent.	

Next,	 the	 luminescence	 was	 measured	 in	 an	 Infinite	 M1000	 Pro	 plate	 reader	 (TECAN),	 using	 an	

integration	 time	 of	 500	ms.	 Viability	was	 determined	 by	 normalizing	 luminescence	 units	 against	 a	

DMSO	 control	 (the	 solvent	 used	 for	 drug	 dilution).	 Alternatively,	 PCD	 was	 measured	 by	 flow	

cytometry.	Briefly,	2	×	106	B-PLL	cells/ml	were	treated	for	48h	with	ibrutinib	(7.5	µM),	idelalisib	(50	

µM),	venetoclax	(10	nM),	or	OTX015	(500	nM),	and	PCD	was	measured	by	annexin-V-APC	(0.1	μg/ml;	

BD	Biosciences)	 and	propidium	 iodide	 (PI,	 0.5	μg/ml;	 Sigma)	 co-labeling.	All	 drugs	were	purchased	

from	 Selleckchem	 (Houston,	 TX).	 All	 these	 analyses	 were	 performed	 on	 stored	 cells	 resulting	 in	

spontaneous	apoptosis	rates	of	10-15%.	
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Supplementary	Tables		

Table	S1.	Results	of	the	morphologic	review		

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	



	

Other:	not	B-PLL	
Atypical:	lymphocyte	with	nucleolus	but	not	a	typical	prolymphocyte	
MZL:	marginal	zone	lymphoma;	MCL:	mantle	cell	lymphoma,	LPD:	lymphoproliferative	disorder	
Reviewer	4	conducted	a	blinded	morphological	review	of	10	cases	in	a	second	round	 	



Table	S2.	Immunophenotyping	results	for	the	patients	with	B-PLL	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	



Table	S3.	Karyotype	and	FISH	results	for	patients	with	B-PLL	

	
	
	
	
	



	
	
0:	absence;	1:	presence;	tri:	trisomy;	ND:	not	determined	
*	%	of	cells	bearing	the	abnormality	determined	by	interphase	FISH	analysis	
**	determined	by	WES	and	confirmed	by	FISH	
	



Table	S4.	Recurrent	copy-number	variations	from	WES	coverage	data	in	16	patients	with	B-PLL.	The	
minimally	altered	regions	are	cited	with	regard	to	the	hg19	reference	genome.	

	

	 	



Table	S5.	IGHV	sequencing	data	for	patients	with	B-PLL	

	



Table	S6.	List	of	variants	detected	by	WES	in	16	patients	with	B-PLL.	A	total	of	309	non-synonymous	somatic	mutations	were	identified	in	287	genes.	We	
validated	299	mutations	by	using	targeted	deep	resequencing	and/or	RNA-Seq.		

	

	



	

	



	

	

	



	

	

	

	



	

	

	

	



	

	

	



Table	S7.	Fusions	detected	by	RNA-Seq.	The	coordinates	refer	to	the	hg19	reference	genome.	

	

ND:	not	done	



Table	S8.	Quality	control	data	for	WES.	

	

	



Supplementary	Figures	

	

	

Figure	 S1.	 Somatic	 variants	 in	 coding	 regions	 identified	 by	 WES	 in	 16	 patients	 with	 B-PLL.	 A.	
Numbers	and	types	of	somatic	mutations	identified	in	each	patient.	The	median	number	of	somatic	

mutation	was	20	per	patient	(range:	12-30).	B.	Distribution	of	the	309	somatic	mutations	identified	in	
the	16	patients	with	B-PLL.	The	most	frequent	alterations	were	somatic	missense	mutations	(n=266,	
86%)	and	insertions/deletions	(n=29,	10%).	C.	Distribution	of	base	changes,	with	transitions	in	purple	

and	transversions	in	blue.	

	

	 	



	

Figure	S2.	Genes	with	recurrent	somatic	mutations,	in	patients	with	B-PLL.		

	 	



	

Figure	S3.	Clonal	and	subclonal	aberrations.	Histograms	represent	the	percentage	of	the	aberrations	
classified	as	clonal	(black)	or	subclonal	(grey).	The	n	corresponds	to	the	number	of	patients	with	the	
genomic	abnormality.	For	example,	the	translocation	t(MYC)	was	observed	in	19	cases	with	available	
data	 (see	 the	 Supplementary	 Methods	 above).	 The	 aberration	 was	 clonal	 in	 17	 of	 the	 19	 cases	
(89.5%).



	

		

	

Figure	S4.	Overall	survival	 in	patients	with	B-PLL,	according	to	the	presence	(median	[95%CI]:	66.5	
[11.1-66.5]	or	absence	(median	[95%CI]:	125.7	[57.5-132.1]	of	del17p.	

	 	



	

Figure	S5.	(A)	Mean	of	cell	viability	assessed	by	ATP-based	CellTiter-Glo	2.0	kit	 in	B-PLL	cells	from	3	
patients	(B_PLL8,	BPLL_13	and	BPLL_18)	exposed	to	increasing	doses	of	OTX015.	(B)	Cell	death	was	
quantified	 in	 primary	 B-PLL	 cells	 from	 patient	 BPLL_8	 (with	 t(MYC))	with	 or	without	 pretreatment	

with	JQ1	(500	nM)	and	and	exposure	for	48h	to	ibrutinib	(7.5	µM),	idelalisib	(50	µM),	or	venetoclax	
(10	nM).	The	percentages	 refer	 to	annexin-V-positive	or	annexin-V-/PI-positive	cells.	 (C)	Primary	B-
PLL	cells	from	patient	BPLL_34	(with	del17p	but	no	MYC	activation)	were	treated	and	analyzed	as	in	
(B).	Bars	represent	the	mean	±	SEM.	
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