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Methods of investigation iIn humans

Phenotype Rare Common
(rare and severe forms) (TB, Leprosy)
Causality monogenic complex
Tools Mendelian Genetics |Genetic Epidemiology
Sample Small Large
Rare mutation Common polymorphism
Strong effect Modest effect
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Herpes simplex encephalitis (HSE):
a devastating viral disease of mysterious pathogenesis

HSV-1 infects the majority of the
population

HSE affects about 1/250 000
person-years

HSE patients are normally resistant
to other infections

Since acyclovir, most patients survive
but frequent sequelae




A genetic epidemiological survey
of childhood HSV-1 encephalitis

« Among a total of 85 French patients/kindreds
high rate of consanguineous families (14%)
5 severe herpetic infections in 1st degree relatives

 Numerous other consanguineous families abroad

Investigation of type | IFNs production in HSE patients



Two children born to consanguineous families

Impaired production of IFN-a, -b, and —, and
no response to TLR3, TLR7, TLR8, TLR9 in PBMC
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Two null alleles In UNC93B and a recessive trait
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Impact of UNC-93B at the cellular level?
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Two other patients with impaired IFNs production
upon stimulation by TLR3 ligand, Poly(l:C)

1200
1000

800
600
400
200

IFN-I (pg/ml)

S E— 'i'ﬂé—

70 Oc
60 - A P1
50 L & P2
[ JUNC-93B -/-

IFN-b (1U/ml)

0 1 5 25 pyy:0)
12h 24h (hg/ml)




IFN- 1 (pg/ml)

A missense heterozygou$§LR3 mutation
that is null and dominant-negative
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Summary for HSE

HSE in TLR3- and UNC-93B-deficient patients results fom
Impaired detection of HSV-1 dsRNA intermediates in theCNS

This results in poor IFN-a, -b, and/orH production, enhanced
viral growth, and enhanced cell death

Whether neurons, oligodendrocytes, astrocytes, or
microglial cells are involved is not known

Medical implications: IFN-a treatment in addition to acyclovir

Immunological/genetic implications...



The genusMycobacterium

‘Virulent’
M. tuberculosisomplex
M. leprae
Human transmission

(airborne)

M. ulcerang(Buruli ulcer)

Aguatic bug transmission?

‘Weakly virulent’

> 80 species (e M. avium

M. marinum, M. fortuitum...)
Environmental transmission

(water, soll, air...)

BCG vaccine

Injection transmission



Mendelian predisposition to mycobacterial infectios
(MSMD)

Disseminatedinfections by environmental mycobacteria or BCG

No known primary immunodeficiency
Very rare (10> —10°) but often familial (consanguinity++)

Mendelian transmission (7 geneidentified so far by the lab)



MSMD: 7 genes, 14 genetic diseases

Mycobacteria

Macrophage/Dendritic Cell T Lymphocyte
® Specificantimycobacterigpathwayin natura(lL12/IFN-g)

® Medicalimplications (IFNgtreatment
@& From BCG/EM to M. tuberculosis



IL12R-b1 deficiency and tuberculosis
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MSMD Abdominal TB Severe TB
IL12RB1mutation: R213W IL12RB1mutation;: 1721+2® G

CompletelL12R-b1 deficiency : No cellular responses to IL-12

® Mendelian tuberculosis



The proportion oMendelianTB in disseminated
forms of children could be far from negligible
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Figure 2. Bayesian estimation of the rate of Mendelian predisposition to disseminated
tuberculosis in childhood in endemic areas. The x axis corresponds to P(Mendel), the y axis corresponds
to P(cTB/Mendel), and the z axis corresponds to P[Mendel/cTB) (see "Bayesian estimation of the frequency..).
As an example, assuming P(Mendel) = 0.0001 and P(cTB/Mendel) = 0.5, the estimated proportion
of Mendelian cases among children with disseminated tuberculosis is P(Mendel[cTB] = 0.25.



Methods of investigation iIn humans

Phenotype Rare
(disseminated forms)
Causality monogenic
Tools Mendelian Genetics
Sample Small

Rare mutation
Strong effect

Common
(Leprosy)

complex

Genetic Epidemiology

Large

Common polymorphisn
Modest effect

—




LEPROSY: Response tdM. leprae

Bacterial Density

From Gentilini & Duflo, Médecine Tropicale, Flammarion Médeci8eiences



Leprosy — clinical features

Tuberculoid Lepromatous
skin and nerves disseminated

=

Borderline

bacillary index — bacillary index ++

cellular immunity ++ cellular immunity -
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Leprosy — epidemiology

— Prevalence : registered cases (millions)
-------- Elimination = 10/100 000

— —— -__*_
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1990 1992 1994 1996 1998 2000 ‘ 2002 2004 2006

WHO (2001)

« Leprosy has been eliminated at the global level »
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Leprosy — epidemiology

— Prevalence : registered cases (millions)
-------- Elimination < 10/100 000

| —— Incidence : new cases pegyear (millions)
-------- Eradication = no new cases

1990 1992 1994 1996 1998 2000 IZOOZ 2004 2006

WHO (2001)

« Leprosy has been eliminated at the global level »



Countries with increasing incidence

Malaysia

Philippines

Brazil

Y = Tanzania
World Health _
Organization Mozambique

D.R



Leprosy : eliminated ... or neglected?

Transmission ?

Incidence = prevalence | New approaches needed

Reappearance of historical cases
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Leprosy@ Human Genetics

M. leprae

NRAMP1

No in vitro cultivation I

No experimental model "

Infection

Paucibacillary

Leprosy per se
10p13 Multibacillary

HLA class I



LEPROSY PER SE
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Leprosy — linkage analysis
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Family-basedassociationstudy

AT /W 1N E TDT on 194 Vietnamesetrios
Hnnglmng
BIRMAN o
:‘f :}W .H"'”'D' —
H-!]I_I'Iﬂ'{l MER DE ‘
\.'] - ) phiu CHINE :
A ﬁH“L G i pwaa leprosy patient
ABANGKOK o -~ . MERIBIONALE

: Leprosy subtype
' j. Prosy yP

& Chi Minh-Ville

..II

Nes Spratiy|

DCEf’!-N_'_' . MER DE CHINE MB
| INDIEN MERIDIONALE .
; EHUHE&‘
b MA LAISIE E
,Hum LUM UR - | 4
o ---._‘xsmmmuu S i o : :
U UNDOWESIE0 —doum, 307 informative SNPs

Nat Genet, 2007, 39:517



-log,,P

Primary scan

HLA
357 [
5] © LTA-293
25 Non-HLA
7 S P=0.01
1.5 - s .
Y . :
U : .
....:. E : % : 3
. s ] o
05 ®:o. ol : Ve T
oo Geet T -4 .
“ 1 : ) &
| | I I I I I !
31.9: 33.0 35.0 37.0 39.0 41.0  [Mb]
AN Chromosome 6 Position
” ~

densification



- - -_—
.—- .~
- -

densification ~ ~ -
a LTA-293
P=0.01 : . » LTA+80 *
_________________________________________________________________________________ D DSy D
. l. .l.? .
] || il | | |
H
[ -5 i
. s l—.E-. .
 / \
L] Y77 77
[ | [ | ]
B i |
LTA -293 LTA+80 LTA+368

OR (AA/ACvs CC)=1.74
p=0.007



Exact replication in the samepopulation

ASIE DU SUD-E5T
CONTINENTALE

W 154 newVietnamesetrios

A A A
BIRMANIE'? sy
ILA DS
&y Hainan  MER DE ‘

ud CHINE

es Paracel ‘ leprosy patient

f-:-.gaw O _n_.J_-J-ﬂ J. MERIBIONALE
- Leprosy subtype

A Chl Minh-Ville

lles Spratly |

_h. il noileanade
OCEAN MER DE CHINE

.{,.N',DIE-’\' M .s-mmt:-.wa.r_r_- . MB

EHUHEH

MALAISIE
1

R e VSINGAPOUR' S e
IHDDHE‘.SIEI} \" ~400 km

enuateur-. e S |

,xum LUM UR. -

Six LTA SNPs




ns 0.005

1 B =

ns 0.003 ns

/ N\

OR (AA/AC vs CC)=2.34

0.005



Casecontrol replication in Northern India
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-294 -293 +10 +80 +252 +368
Viethamese
Bin N B = m = i
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LTA+80 A allele effect on leprosy susceptibility

m 1stVietnamesetrios p=0.007
m 2d Vietnamesetrios p=0.003

m Indian samplep=0.01




Casecontol replication in Brazil
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LTA+80 A allele effect on leprosy susceptibility

1st Vietnamesetrios p=0.007
2nd Vietnamesetrios p=0.003

Indian samplep=0.01

N I BN

Brazilian samplens
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Concluding remarks on leprosy

Strong association &fTA+80 A allele with early onset leprosy

In combined sample of Viethamese trios < 16 years:
OR for LTA+80 AA/AC vs CC subjects = 5.6 (2.5-12.5), p<10

Strongbiological plausibility
LTA+80 (A)
l Knight et al. Nat Genet 2004

ABF1l-dependent diminution «=====p- | TA in experimentamodels
of LTA production l Roach et al.J Exp Med 2001

Critical in infection by intracellular pathogens

The effect of LTA is totally independent of HLA DRRalleles
Other genes in the 6p21 region (especially in a@iuLA DR...



Genetic predisposition to mycobacterial infections
RR + @ continuous spectrum

100 -
@& Mendelian mutations with causal role demonstrated

- direct clinical and therapeutic implications (disseat@d TB of children)
- Information on immunological pathway® (candidate genes)

10 + @ Intermediate major gene effects
- In specific populations, phenotypes, age class (Lid laprosy) ...
- implications ~ Mendelian
5 |
@& Common polymorphisms with moderate effect
- molecular basis difficult to validate (same pathway, nesé of GWA)
2 1+ - may have strong attributable risk at the populationlleve
1 1

Genetic dissection needs to combine different stragsgi



Geneticspectrum dependson age

Geneticcases
{k

80% -+ .
Mendelian

Major gene

Polygenic

| +  Age

Primary infection Reinfectionreactivation
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