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ChronicChronic lymphocyticlymphocytic leukemialeukemia

Chronic = slow and protracted course
Lymphocytic = mature B cells affected

Leukemia = malignant disorder

•• Most common leukemia in Western worldMost common leukemia in Western world
•• Monoclonal expansion of mature B lymphocytesMonoclonal expansion of mature B lymphocytes
•• Very variable course of diseaseVery variable course of disease
•• Incidence: 3 patients in population of 100 000 per yearIncidence: 3 patients in population of 100 000 per year
•• Median age of diagnosis: 65 yearsMedian age of diagnosis: 65 years
•• Men are at higher risk than womenMen are at higher risk than women
•• Survival: from several years to decadesSurvival: from several years to decades



DiagnosisDiagnosis andand prognosisprognosis ofof CLLCLL
•• DiagnosisDiagnosis

–– ClinicalClinical symptomssymptoms –– fatiguefatigue, , sweatingsweating, , feverfever, , 
lymphadenopathylymphadenopathy, , hepatosplenomegalyhepatosplenomegaly, , lymphocytosislymphocytosis

–– HaematologyHaematology –– bloodblood smearsmear, more , more thenthen 5000 B 5000 B 
lymphocyteslymphocytes//μμl for l for atat leastleast 3 3 monthsmonths, , cytopeniacytopenia

–– FlowFlow cytometrycytometry –– populationpopulation CD5+CD19+CD5+CD19+

•• PrognosisPrognosis

–– ChromosomalChromosomal abnormalitiesabnormalities: : deletionsdeletions 13q14 (13q14 (RB1, RB1, miRmiR--15a, 15a, 
miRmiR--1616--11), ), 17p1317p13 ((TP53TP53), 11q22), 11q22--23 (23 (ATMATM), ), trisomytrisomy 12 +12 +

–– MutationsMutations in in TP53TP53 –– response to response to therapytherapy

–– MutationMutation status status ofof immunoglobulinimmunoglobulin heavyheavy chainchain variablevariable
region (region (IgVHIgVH) ) 

–– MolecularMolecular markersmarkers –– ZAPZAP--70, CD3870, CD38

–– ExperimentalExperimental molecularmolecular markersmarkers -- expressionexpression ofof microRNAmicroRNA
andand otherother genesgenes ((LPLLPL, , ADAM29ADAM29, , LAG3LAG3……))



DynamismDynamism ofof CLLCLL

•• Cells Cells proliferate but also undergo apoptosisproliferate but also undergo apoptosis (not only accumulation(not only accumulation butbut
exchangeexchange ofof cellscells))

•• CLL associated CLL associated chromosomalchromosomal aberrationsaberrations evolve during the course of the evolve during the course of the 
diseasedisease

•• Mutation in TP53Mutation in TP53 can be selected after therapycan be selected after therapy

•• CLL cells can CLL cells can infiltrateinfiltrate several organs (e. g. skin)several organs (e. g. skin)

•• Possible Possible transformationtransformation to more aggressive lymphoma (Richterto more aggressive lymphoma (Richter’’s syndrome)s syndrome)

→→ monitoring of biological and molecular markers during the monitoring of biological and molecular markers during the 
course of the diseasecourse of the disease (indication of possible complications)(indication of possible complications)



ImmunoglobulinsImmunoglobulins –– important important 
characteristics of CLL cellscharacteristics of CLL cells

•• BiologicalBiological point point ofof viewview
–– NonrandomNonrandom distributiondistribution ofof IgVHIgVH (role (role ofof antigen antigen stimulationstimulation in in pathogenesispathogenesis), ), 

differentdifferent fromfrom healthyhealthy populationpopulation

–– SeveralSeveral IgIg rearrangementsrearrangements associatedassociated withwith poorerpoorer prognosisprognosis ((VH1VH1--6969, , VH3VH3--2121))

–– OverOver 20 % 20 % ofof casescases shareshare stereotype stereotype receptorsreceptors ((similarsimilar structurestructure independent on independent on IgIg
heavyheavy//lightlight variablevariable segmentssegments usageusage))

•• ClinicalClinical point point ofof viewview
–– PredictionPrediction ofof diseasedisease outcomeoutcome ((prognosticationprognostication) ) 

accordingaccording to presence to presence ofof mutationsmutations in in IgVHIgVH

–– UniqueUnique rearrangementrearrangement usefuluseful forfor monitoring monitoring ofof
minimalminimal residualresidual diseasedisease afterafter therapytherapy



IgVHIgVH prognosticprognostic impactimpact

•• HamblinHamblin etet alal. 1999 . 1999 andand DamleDamle etet alal. 1999 . 1999 
–– mutatedmutated ((indolentindolent) vs. ) vs. unmutatedunmutated ((aggresiveaggresive) ) ~~ survivalsurvival 10 vs. 25 10 vs. 25 yearsyears
–– CutCut offoff -- 98 % 98 % homologyhomology withwith germlinegermline ofof closestclosest IgVHIgVH subgenesubgene

AAssumedssumed that no changes of that no changes of IgVHIgVH status occur during course of diseasestatus occur during course of disease..



Monoclonal disorder…?

• Most CLL cases are monoclonal ones

• In one CLL IgVH clone, several hypermutation patterns can be 
detected using high throughput sequencing → intraclonal evolution
(Cambell et al. 2008)

• Biclonal CLL cases are rarely observed (Hsi et al. 2000; Ferhnout
et al. 1997; Gonzáles – Campos et al. 1997; Chang and Cerny
2006)



MethodsMethods for for immunoglobulinsimmunoglobulins analysisanalysis
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FaisFais etet alal. 1998; . 1998; 
NardiniNardini etet alal. 2002. 2002

van van DongenDongen etet alal. 2003. 2003
((BIOMEDBIOMED--2 protocol2 protocol))

TomlinsonTomlinson
(MCR (MCR protocolprotocol))

Fragmentation analysisFragmentation analysis
withwith degeneratedegenerate primersprimers

HeteroduplexHeteroduplex oror fragmentationfragmentation analysisanalysis

SequencingSequencing

DatabaseDatabase searchsearch
((IMGT/VIMGT/V--QUEST)QUEST)



ClonalClonal evolutionevolution –– casecase report Ireport I
Patient WJ – clone alteration mut VH3-30 → unmut VH1-69
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ClonalClonal evolutionevolution –– casecase report IIreport II
Patient AB – clone alteration unmut VH3-21/VLλ1-51 → unmut VH1-69/VLκ1-39
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therapy R →April 2009 August 2009April 2008
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BiclonalBiclonal CLL CLL –– uniqueunique subgroupsubgroup

•• BiclonalityBiclonality ~ two independent CLL arising in one patient~ two independent CLL arising in one patient

•• Can bring insight into the CLL pathogenesis (selection of more BCan bring insight into the CLL pathogenesis (selection of more B
cell clones in a process of an antigen stimulation)cell clones in a process of an antigen stimulation)

→→ Searching for another Searching for another biclonal/oligoclonalbiclonal/oligoclonal patientspatients
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OligoclonalityOligoclonality andand itsits evolutionevolution
in in ourour patientspatients

•• Detection of Detection of more more thanthan oneone functional functional IgVHIgVH rearrangements per a patient in rearrangements per a patient in 
27 cases27 cases

→→ 2424 cases with cases with twotwo functional functional IgVHIgVH rearrangements rearrangements 
→→ 33 cases with cases with threethree functional functional IgVHIgVH rearrangementsrearrangements

•• Necessary Necessary to to excludeexclude casescases withwith lacklack ofof allelicallelic exclusionexclusion ((expressionexpression ofof IgIg
fromfrom bothboth allelsallels))

→→ 12 cases with lack of allelic exclusion12 cases with lack of allelic exclusion
→→ 15 cases with expansion of more than one clone15 cases with expansion of more than one clone

•• 10 patients with follow10 patients with follow--upup
→→ LLostost of mutated clone in 5 casesof mutated clone in 5 cases (persisting clone VH1(persisting clone VH1--69 in 4 cases)69 in 4 cases)
→→ Arising of Arising of unmutatedunmutated clone in 3 cases (VH1clone in 3 cases (VH1--69 in 2 cases)69 in 2 cases)
→→ 2 cases 2 cases –– lack of allelic exclusionlack of allelic exclusion



FollowFollow upup in in ourour patientspatients
Patient

Year of
sampling VH1 homology VH2 homology VH3 homology

2009 4-59 96,84

2010 x x

2008 2-05 97,6

2010 x x

2009 2-05 92,78

2010 x x

2009 3-7 95,14

2010 x x

2005 3-30 91 1-69 100

2007 1-69 100 3-30 91

2006 x x

2010 3-30 100

2009 x x

2010 1-69 100

2008 3-21 100 x x

2009 x x 1-69 100

2009

2010

2009

2010
1-03 100 4-34 10020

1-69 100 2-70 10011

27

3-23 92,725

4-39 100 3-33 10021

26

4-34 10018

1-69 10015

1-69 100 1-69 99,6514

1-69 1006



ConclusionsConclusions
•• CLL is very dynamic disease, in despite of its protracted courseCLL is very dynamic disease, in despite of its protracted course..

•• OligoclonalOligoclonal cases can be observed and forms a unique subgroup of CLL.cases can be observed and forms a unique subgroup of CLL.

•• In In oligoclonaloligoclonal cases, one clone (usually with cases, one clone (usually with unmutatedunmutated IgVHIgVH) can be ) can be 
selected during course of disease.selected during course of disease.

•• VH1VH1--69 rearrangement is frequently selected.69 rearrangement is frequently selected.

•• Therapy can accelerate Therapy can accelerate clonalclonal evolution.evolution.
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