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•• MitsudaMitsuda test = test = delayeddelayed(~28 (~28 daysdays) skin ) skin reactionreaction afterafter
intradermalintradermal injection injection ofof 0.1 ml 0.1 ml ofof heatheat--killedkilled M. M. lepraeleprae

•• Positive Positive MitsudaMitsuda (>3mm) (>3mm) ÛÛÛÛÛÛÛÛ nodular nodular granulomagranuloma ((epithelioidepithelioid
cells + giant multinucleated cells + cells + giant multinucleated cells + lymphocyticlymphocytic infiltrate)infiltrate)

MitsudaMitsuda testtest

MitsudaMitsuda testtest

•• Large Large interinter --individualindividual variabilityvariability

•• GaussianGaussiandistribution in distribution in healthyhealthy populationspopulations

•• 4 to 40% 4 to 40% ofof negativenegativeindividualsindividuals regardlessregardlessofof thethe endemicityendemicity
ofof leprosyleprosy

•• Positive reaction can be induced by infection with different Positive reaction can be induced by infection with different 
microbial agents, including microbial agents, including M. tuberculosisM. tuberculosisand BCGand BCG

Considerable importance to our understanding Considerable importance to our understanding 
of of in vivoin vivo granulomagranuloma formationformation
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Genetic mechanisms underlying Genetic mechanisms underlying 

the the MitsudaMitsuda reactionreaction

Leprosy polarizationLeprosy polarization New insight into the immunological New insight into the immunological 
control of control of granulomatousgranulomatousdiseasesdiseases

Complex segregation analysisComplex segregation analysis

Dermatology hospital
Hô Chi Minh city, Vietnam

168 families (1130 individuals)
� 1 affected / family

children / familychildren / family
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Whole populationWhole population

Healthy populationHealthy population

Distribution of Distribution of MitsudaMitsuda valuesvalues

Leprosy statusLeprosy status Age (years)Age (years)

Distribution of Distribution of MitsudaMitsuda valuesvalues
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Segregation analysisSegregation analysis

DominantDominant RecessiveRecessive

ComplexComplex segregation segregation 
analysisanalysis

•• IncompleteIncomplete penetrancepenetrance

•• PhenocopiesPhenocopies

•• SharedSharedenvironmentenvironment

•• GeneGene** covariatecovariate interactioninteraction

•• Multiple Multiple genesgenes
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•• StepStep1: 1: specifyspecifya causal a causal modelmodel

•• Step 2: derive the corresponding mathematical modelStep 2: derive the corresponding mathematical model

•• Step 3: compute how well it explains the dataStep 3: compute how well it explains the data

•• Step 4: compare different models and keep the bestStep 4: compare different models and keep the best

Complex Segregation analysisComplex Segregation analysis

AA and AaAA and Aa
aaaa
cumulatedcumulated

Best model: predicted Best model: predicted MitsudaMitsuda valuesvalues

Major recessive gene (p<10Major recessive gene (p<10--66), 12% predisposed to high values), 12% predisposed to high values
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AA and AaAA and Aa
aaaa
cumulatedcumulated

GenomeGenome--wide linkage analysiswide linkage analysisGenomeGenome--wide wide linkage analysislinkage analysis

Locate the Locate the gene(sgene(s) on the genome) on the genome
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ABAB ABAB

AAAA BBBB AAAA BBBB

ABAB ABAB

AAAA BBBB AAAA BBBB

ABAB ABAB

AAAA BBBB AAAA BBBB

Linkage = coLinkage = co--segregation of marker and phenotypesegregation of marker and phenotype

168 families168 families

20 most informative 20 most informative 
familiesfamilies
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PrimaryPrimary mapmap: : genotypinggenotypingofof 388 microsatellites388 microsatellites

Fine Fine mappingmapping: 49 : 49 additionaladditional markers in markers in interestinginteresting regionsregions

Carte secondaire: Chromosome 2q35 Carte secondaire: Chromosome 17q21-q25

Fine mapping

Primary map

Chromosome 2q35 Chromosome 17q21-q25
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Fine mapping

Primary map

Chromosome 2q35 Chromosome 17q21-q25

2q35: candidate 2q35: candidate genegeneNRAMP1NRAMP1

•• NaturalNatural ResistanceResistanceAssociatedAssociatedMacrophage Macrophage ProteinProtein 11

•• 16 16 kbkb, 15 exons, 550 AA, 15 exons, 550 AA

•• 90% 90% homologyhomologywithwith murine murine Nramp1Nramp1

•• MurineMurine Nramp1Nramp1: : controlscontrols infection by infection by severalseveralintracellularintracellular pathogenspathogens

•• CationicCationic pumppump influencinginfluencing thethe maturation maturation ofof thethe phagosomephagosome

•• PolymorphismsPolymorphismshave have beenbeenassociatedassociatedwithwith onsetonsetofof TBTB

1729+55del4

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

(GT) n
274C/T

469+14G/C
577–18G/A

823C/T A318V 1465–85G/A
D543N

0 12 kb

4a

Exon numbers
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17q2117q21--25: 25: numerousnumerouscandidatescandidates

• NOS2A 
• STAT3 and STAT5b
• CCL1-5, 7, 8, 11, 13–16, 18, and 23
• MCP-1
• MIP-1 � and �
• RANTES
• etc…

2q35 and 17q212q35 and 17q21--2525

TuberculosisTuberculosis SarcoidosisSarcoidosis

LeprosyLeprosy Crohn diseaseCrohn disease
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OneOne major messagemajor message

« « TheThe MitsudaMitsuda test test isis a FASCINATING AND EXCITING a FASCINATING AND EXCITING 

exampleexampleto to demonstratedemonstratehowhow leprosyleprosy andand itsits relatedrelated phenotypesphenotypes

cancan provideprovide unique insights unique insights intointo thethe pathogenesispathogenesisofof otherother

commoncommondiseasesdiseases»»
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