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[ENETIKOI MTOAYMOP®IZMOI

* Me 1oV 0po SNPs (single nucleotide polymorphism )
EVVOOUNE TTAPOAAQYEC OTA AVTIOTOIXO AAANAOUOP@a yovidld
TTOU agopouv £va (euyocg Paocewyv

* O@ceilel va gival TouAdxiotov 1%

* Eloaywyn, dlaypa@n, avTikatadoTaon Kal duvartal va agopad
E0WVIA, ECLOVIA N TTEPIOXEC TTPOAYWYIC YOVIOiou

« GWAS: genome-wide association study (GWAS) is an
approach used in genetics research to associate specific
genetic variations with particular diseases. The method
Involves scanning the genomes from many different people
and looking for genetic markers that can be used to predict
the presence of a disease. Once such genetic markers are
identified, they can be used to understand how genes
contribute to the disease and develop better prevention and

treatment strategies Brookes AJ. Gene 1999;234:177
www.genome.gov/genetics-glossary
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Abstract

Genome studies have accelerated the discovery of common and rare genetic variants associated with susceptibility to infec-
tion and with disease severity. Genome-wide association studies identified many common genetic variants associated with
modest risk for infection. Over 80% of these common variants map to the non-coding genome and are thought to modulate
the regulatory networks. Exome sequencing has rapidly expanded the number of recognized primary immunodeficiencies
through the identification of rare coding variants. In contrast, less than 29 primary immunodeficiencies have causative rare
variation mapped outside protein-coding regions. In the future, whole genome sequencing will accelerate the identifica-
tion of rare variants of substantial phenotypic impact that disrupt essential regulatory elements and the three-dimensional
structure of chromatin,



Human genetic variants and age are the ~ ‘®*™
strongest predictors of humoral immune
responses to common pathogens and

vaccines

Petar Scepanovic' ', Cécile Alanio®*"", Christian Hammer'**, Flavia Hodel'?, Jacob Bergstedt’, Etienne Patin®”'°,
Christian W. Thorball', Nimisha Chaturvedi'?, Bruno Charbit*, Laurent Abel''"'*'3, Lluis Quintana-Murci®*'°,
Darragh Duffy**®, Matthew L. Albert®’, Jacques Fellay'*'*'® and for The Milieu Intérieur Consortium

Abstract

Background: Humoral immune responses to infectious agents or vaccination vary substantially among individuals,
and many of the factors responsible for this variability remain to be defined. Current evidence suggests that human
genetic variation influences (i) serum immunoglobulin levels, (i) seroconversion rates, and (iii) intensity of antigen-
specific immune responses. Here, we evaluated the impact of intrinsic (age and sex), environmental, and genetic
factors on the variability of humoral response to common pathogens and vaccines.

Methods: We characterized the serological response to 15 antigens from common human pathogens or vaccines,
in an age- and sex-stratified cohort of 1000 healthy individuals (Milieu Intérieur cohort). Using clinical-grade serological
assays, we measured total IgA, IgE, IgG, and IgM levels, as well as qualitative (serostatus) and quantitative IgG responses
to cytomegalovirus, Epstein-Barr virus, herpes simplex virus 1 and 2, varicella zoster virus, Helicobacter pylori, Toxoplasma
gondii, influenza A virus, measles, mumps, rubella, and hepatitis B virus. Following genome-wide genotyping of single
nucleotide polymorphisms and imputation, we examined associations between ~ 5 million genetic variants and
antibody responses using single marker and gene burden tests.

Results: We identified age and sex as important determinants of humoral immunity, with older individuals and
women having higher rates of seropositivity for most antigens, Genome-wide association studies revealed significant
associations between variants in the human leukocyte antigen (HLA) class Il region on chromosome 6 and anti-EBV
and anti-rubella IgG levels. We used HLA imputation to fine map these associations to amino acid variants in the
peptide-binding groove of HLA-DRB1 and HLA-DP1, respectively. We also observed significant associations for

total IgA levels with two loci on chromosome 2 and with specific KIR-HLA combinations.

Conclusions: Using extensive serological testing and genome-wide association analyses in a well-characterized cohort
of healthy individuals, we demonstrated that age, sex, and specific human genetic variants contribute to inter-individual
variability in humoral immunity. By highlighting genes and pathways implicated in the normal antibody response to
frequently encountered antigens, these findings provide a basis to better understand disease pathogenesis.

(Continued on next page)




MH EIAIKH ANOZIA

* AvaTtouikoi ppayuoi (0EpHa kal BAsEvvoyovol)
* KOKKIOKUTTOPO

 MovokUTOpO-HaKpo@aya

« AevOpITIKG KUTTOPO

* KUtTapoKiveg

¢ 2UCTNHA CUNTTANPWHATOG

Tomlinson, S. Current Opinion in Immunology 1993;5:83
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TLR-2

« ECExovta pOAo OTIC AOINWEEIC ATTO gram-0eTIKA BaAKTrPIA

« TLR-2 knock-out TTovTikia gival eutraBn o€ Aolpweelg ammod Staph.
Aerius, Borellia Burgdoferi

« Arg677Trp, Arg753GIn
* Meiwpévn dpaoTtnpidtnTa Nf-kB
* Arg677Trp oXeTieTal UE AETTPA.

* Arg753GIn peiwpévn mapaywyn TNF-a in vitro geta atrod diEyepon
ue M.Tubercolosis,M.Leprae, Treponema Pallidum,Borrelia
Burgdoferi

e [Bavr) euTtdBela o€ OTAPUAOKOKKIKEC AOIMWEEIC KAl AOiHwWEN aTTod
CMV kai onyyn atmé Candida



CMV Kal YEVETIKN ETEPOYEVEIQ
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Inter-individual variability and genetic influences on cytokine
responses against bacterial and fungal pathogens

Yang Li'# Marije Oosting?#, Patrick Deelen'?3, Isis Ricafo-Ponce', Sanne Smeekens?,
Martin Jaeger?, Vasiliki Matzaraki', Morris A. Swertz'3, Ramnik J. Xavier®5, Lude Franke',
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TLR-5
392 Arg—TER:

« Aduvauia dieyeponc NF-k[3 o€ KutTapIKEC
OEIPEC POPEIC TOU TTOAUOPPICUOU

* EUTTAOEIO OTN VOOO TWV AEyEwVvapiwy

e 2XETIOTNKE ME UTTOTPOTTIA(OUCEC AOIMWICEIC TOU
ouUpPOTTONTIKOU
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The common HAQ STING variant impairs
cGAS-dependent antibacterial responses and
is associated with susceptibility to
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Asp299Gly n A896G
Thr399lle n C1196T

* H @opeia TwVv TTOAUPOPPICUWY OXETICETAI HE PHEIWMEVN AVTIOPACN OTNV
e1I0TTVEOUEVN LPS o€ uyigic €BeAOVTEC

* Ta atroTeAEOPATA QUTA £XOUV apxioel va augionTouvTal

« AIEyepPON OAIKOU aipaTog (POPEWV TWV TTOAUJOPPICHWYV OE DIAPEPEI TNV
mmapaywyn TNF-a kair IL-10

. AVTIKpOl,J(')R&ZVG,TC( oedopEva yia To av oXeTi(ovTal Je eUTTABEIQ OTIC gram
APVNTIKEG AOIMWEEIG

« Evoxotroeital n popeia Tou ASp299Gly ue Tov aypio Tutro Thr399lle yia tnv
unapé)(] %yog PAEYMOVWOOUG TTPOYIA GUPBaATOU Pe TTPOdIABEDN YIa GNTITIKN
KATaTTANEia

» Aev atrodeiXTNKE CUCXETION UE EUTTABEIO OE uNVvIyyiTIda
» AvTiBeta @aivetal va oxeTifeTal Je augnuEVo Kivouvo diaxuTnG KavTIvTiaong

* MeA€Teg le'évouv OTI n ouvuTtrap¢n Tou Thr399lle dpa «ECOUDETEPWTIKAY» YIA
TNV Asp299Gly

 H ouvuTtra TWV TTOAULOPQPICHWY OXETICETAI PE AuEnuéVo Kivouvo oofaph
Aoipwgng g§?—llV aoeavgig%(g CLE)4<1 ceclls/m#B Snu Bapng
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19 aoBeveic ATav eTePOlUYWTEC
Kal Twv 0Uuo SNPs. O1 xpovol
ATTOOPOUNG TOU QICONATOG
KAKOUXiag Twv aoBevwy 0TOUG

0,6-

0,4+ log-rank: 3.834

ABpoIOTIKO % acbevwyv HE aduvapia

p: 0.050 i : )
02- (POPEIC TOU aypPiou-TUTTOU
YoVvIOiwV Kal OTOUG £TEPOCUYWTES
0,01 divovTal OTO 2XNMa
0o 5 10 15 20 25 30

Alapkela aduvapiag (NHEPEC)

H tmrapoucia SNPs tou yovidiou TLR4 cuvodeusTtal
ammé  [BpaxuTtepn  ammodpopny  Tou  aloBruaTocg

aduvauiag JETA Aoipwen atro Tov 160 2009 HINI.




CD14

* PRR pe kupiotepo ouvdETn TNV LPS.
« To yovidio Tou edpadlel oTnVv TTEPIOXN 909331

« ATtravTdaral kal o€ OIGAUTH HOP®PN META aTTO evUUATIKI dIACTTACH TOU
aT1rd TN KUTTAPIKA MEMBPAVN

* Aucnuéva etTitreda Tou OIGAUTOU UTTODOXED £XOUV OXETIOTE UE
ONTITIKA KATATTANCIa Kal augnuévn BvnNToTNTa O BAKTNPIOKES
AOINWCEEIG

e YTIEPEKPPOAON TOU UTTODOXEQ O€ DIAaYOVIOIAKA TTOVTIKIO OXETICETAI
ETTIONG ME €UTTABEIO OTNV KATATTANCIO

» -159C/T ocuvdeeTal pe au¢nuévo aplBud utTTodoxE WV, augnuéva
emmitreda CD14 oTtov 0po

* Mia yeAétn Twv Gibot et al Tov cuvdéel ye euttdBela oTn onYn Kai
augnuevn BvnToTNTA UTTAPXOUV OUWG AAAEG TPEIG PEAETEG PE AVTIOET
gupfuaTa



IL-1B,IL-1a,IL-1Ra

* H IL-1 ekKKpivETAI ATTO TO JOKPOPAYQ KATA TN
dlapkela Tou SIRS

* -511C/T TTPOKOAWVTAG QUENMEVN METAYPAPIKN
dpaoTNPIOTNTA

* |L-1Ra knock out tTovTiKia eu@aviouv
au¢nuévn BvnroTnta Adyw oAWNg

* YynAa emitreda IL-1/IL-Ra oxetidovTal pe
auénueEvn BvntoTnTa oTn CAYWN



IL-1B,IL-1a,IL-1Ra

Q13-21 oT1o XpwHOOoWPa dUO

[ToAupOP@IKA TTEPIOX OTO €0WVIO dUO Tou yovidiou IL-1RN
mmeplExel pia moikiAia VNTR (variable number tandem repeats)
ueyEBouc 86bp kal avagepeTal we IL-RN*

‘Exouv TTepIypa@ei TTEVTE aAANAOpop@pa e ouxvoTePo 10 IL-1RN*1

TToU QPEPEI U0 avTiypaga TnG aAAnAouxiag
[MBavwcg eTNPeadlel TNV TTPWTEIVOOUVOECT Kal TO pUBNO
HETAYPAPNG

II-1IRN*2 gpavidouv euttdBeia otn oyn,au¢nuévn Bvnrotnra
atré coBapr) onwn Kai atroTeAEi TOavo onuavTtiko OEIKTN uywnAou
KIivOUvou

2uvOeNEvocg Je Tov +2018C/T oTo €€wvio dUO TTOU E£TTIONG
oXeTieTal e AugnuéEvo Kivouvo BavaTtou atrdé onyn.



IL-6

» ATToTEAE! eTTIBEPAIWPEVO OEIKTN oOBAPOTNTAC
TOU ONTITIKOU OUVOPOOU

 [TapayeTal EKTOC ATTO AEUKOKUTTAPA ATTO
AITTOKUTTOPA,VO0BNAIOKA KUTTAPA,IVOBAACTEC
Kal JuokUTTapa

* l[oyxupn TTPOPAEYUOVWON KUTTAPOKIVN ME
onNMavTIKO POAO OTNV eKKABApPION TwV
BakTnpiwv Kal 0TV €KKivNOoNn TNG ETTIKTNTNG
QVOOOAOVYIKAC ATTOKPIONG



IL-6
-174G/C

* H mapouaia C aAAnAiou OXETICETAI JE MEIWMPEVN
eKKkplon IL-6

« Aev oUOXETICETOI JE AUENUEVN EUTTABEIO N
OvnroéTnTa aT1rd ONWN

« Aev aveupEBn ouoxETion YE TN ooBapdTnTa TNG
TTVEUMOVIAC TNG KOIVOTNTAC KAl TN POopEia TOU
TTOAUOP®ICUOU



Genetic susceptibility to pneumonia

Grant W Waterer ', Richard G Wunderink

Affiliations + expand
PMID: 15802163 DOI: 10.1016/j.ccm.2004.10.002

Abstract

The persistent mortality from community-acquired pneumonia may be explained by genetic
predisposition. Specific mutations or polymorphisms in host response genes that are associated with
adverse outcomes from infection can be grouped into four categories: antigen recognition,
proinflammatory responses, anti-inflammatory responses, and effector mechanisms. Mannose-
binding lectin polymorphisms have a more dominant role in pneumonia when compared with other
pattern recognition molecules such as the toll-like receptors. The roles of TNF and lymphotoxin alpha
polymorphisms remain unclear despite extensive study. IL-10 and IL-1 receptor antagonist
polymorphisms have an important role in the anti-inflammatory response. Specific organ dysfunction,
such as ARDS or DIC, may be related to polymorphisms in specific effector genes.
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Genomewide Association Study of Severe Covid-19
with Respiratory Failure

Severe Covid-19 GWAS Group; David Ellinghaus ', Frauke Degenhardt ', Luis Bujanda ', Maria Buti
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POAOZ TNF-a

Raabe T, et al.J Biol Chem 1998;273:974
Coibra R, et al. Surg Infect 2005;6:73
Reinhart k, et al.Crit Care Med 2001;29:5121

*O TNF-a ekKpiveTal VWEIC OTNV £CENICN TOU ONTTITIKOU
OuUVvOPOHOU Kal €ival KATAAUTIKOG TTAPAYOVTAC OTOV
KATAPPAKTN TNG oNWNG Kal TV TTapaywyr GAAwv
TTPOPAEYUOVWOWYV KUTTAPOKIVWYV KaI XUMOKIVWYV TTOU
odnyouv o€ «avoooTTapAAucn».

2 € (WIKA TTPOTUTTA £XEI KATADEIXOEI CeKABApPN CUOXETION
METACU ONTITIKAC KATATTANCIOC, OUVOPOPOU TTOAAATTANC
OPYAVIKNG aVeTTapKela Kal TTapaywyns TNF-a.

«2TOV QvBpwTTO N Yopnynon avti-TNF-a TTapayoviwyv
oTn Bgpartreia TNG oAWNG dev £0WOE TA ATTOTEAETUATA
TTOU avauEVOVTAV.



[ToAupop@iopoi TNF-a

« Ta yovidia 1Tou eAEyxouv Tnv Tmapaywyn TNF-a edpadouv oT0
Bpaxu okEAOG TOU XpwuoowlaTtog £€1 oTnv TTEPIoX HLAIII
(human leukocyte antigen  -308G/A, -376G/A,-238G/A

« H mmapouadia Tou aAAnAiou A oxeTieTal ue auénuEvn METAYPAQPIN
dpacTnPIOTNTA

« O -376G/A etrnpeadlel TNV TTPOOOECN TOU UETAYPAPIKOU
mmapayovta OCT-1 oTnV TTEPIOXN TTPOAYWYNGS TTIBAVWC
TPOTTOTTOIWVTAG £TOI TOV PUBUO peTaypagpnc Tou TNF-a.

* O —308G/A avagepoTav PuEXPI TTPOo@AT we high secretor dpwg
UTTAPXOUV QVTIKPOUOMEVEG MEAETEC WG TTPOC TNV ETTIOPACT) TOU
oTnVv ékkpion TNF-a mlavwc Adyw TNG TTOIKIAIAG OTOV apIBuo Twv
UTTO £€¢€Tao OEIYUATWY, TN DIAQPOPETIKN TTOCOTNTA LPS Kal TN
OIEYEPON MOVOKUTTAPWYV,HOVOTTUPAVWY 1 OAIKOU QipaToc.



SNP

308 G/A

308

308 A/A

308
G/A

308
G/A

ApIBudg
aTOPWV

89

112

280

37

155

MeAeTwpuevn vooog/auvdpouo

AoBeveic  pe  onmmk  karatmmAngia
EVIOG  TNG  HOVAdAG  EVTATIKNG
Beparreiag

AcoBeveic  peTeyxeipnmikoi  Bapéwg
TTAOXOVTEG 42 e oNTITIKN KATATTANEIO

AcBgveic pe TTveUpovia TNG KOIVOTNTAG
80 uE QvATIVEUOTIKI  QVETTAPKEIQ
TUTTOU 1 30 pe ontrTikr KatatTAnéia-

AcBgveic pe onTITIKA KATATTANEIO

AoBeveig pe Bapéa Tpavuata, 60 pe
ammAf onuwn, 21 pe cofapn onwn Kai
18 pe onmmikA KaTaTTAngia

AtroteAéouarta

Autnuévn euttdBeia oe  ONTITIKNA
KaratrAngia kar augnuévn BvntoTnTa
OTOUG POPEIG TOU TTOAUPOPPICHOU.

®opeia Tou aAAnAiou A oxeTiOTNKE
ME  augnuévn  BvnroTnTa KOl
auénuévn  ékkpion TNF-a o¢
EYKATEOTNUEVN onTr TIKA
KatatrAngia-0e OXETIOTNKE OUWG ME
auénuévo Kivduvo avamTugng Tng

®opeia AA yovoTUTIou €iTE yIa TOV
TNF-B gite  yia  Tov 308
OUOXETIOTNKE PE augnuévo Kivduvo
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Abstract

Background: Several studies evaluated the associations of tumor necrosis factor-a (TNF-o)
polymorphisms with pneumonia in different populations. However, the results were conflicting and
controversial.

Methods: Databases including PubMed, Embase, Web of Science, and China National Knowledge
Infrastructure (CNKI) were searched to find relevant studies. Data were extracted independently by
two investigators. Crude odds ratios (ORs) and corresponding 95% confidence intervals (Cls) were
estimated.

Results: Twelve case-control studies and one cohort study were included. Overall, no association
between TNF-a -308A/G polymorphism and pneumonia risk was observed for AA +AG vs. GG (OR =
1.13; 95% Cl 0.99-1.30; P = 0.07). In addition, TNF-a -308A/G polymorphism was not associated with






2UVOAO 00BeVWYV TTOU £EETACONKAV WG TTPOG TNV
KaTaAAnAoTnTo= 245

E¢aipEBnkav=32

*OEV avemTUGAV VAP=22
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AN 2cc nrapwviopévou bAeBLKOU Anopdvwon DNA cUpdwva He To
aipatog NPWTOKoAAo tou Purigen Blood
Core Kit C (Qiagen)

Evioxuon t¢ akoAouBiog twv moAvpopdpiopwv TNF-a

HE TN XPNON TWV KATWOL EKKLVNTWV:

TNF-a 376 forward( 5°-CCT CAG GAC TCA ACA CAG C-3’) TNF-a -376 reverse (5’-GGG
GAC CAG GTC TGT GGT CTG TTT CCT GTT AA-3’)

TNF-a —238 forward (5’-CAGACCACAGACCTGGTC-3’)

TNF-a —238 reverse (5-AAGGATACCCCTCACACTCCCCATCCTCCCGGATC 3’)
TNF-a —308 forward (5-GAGGCAATAGGTTTTGAGGGCCAT-3’)
TNF-a —308 reverse (5’-GGGACACACAAGCATCAAG-3’)

HAektpodopnon Twv nEoioviwv tne
avtibpaong os YEAN ayapolng 2% npog
omntiKkomnoion tTwv dtadopwv peyEBouc
Twv Opavopdtwv

NéYn pe evdovoukAedoeg
neplopopov Hpal/BamH1/NcO1
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IL-10

« Kupiapxn avTi@QAeypovwdnG KUTTAPOKIVN
« EKkKpiveTal avTippotTioTIKa Tou TNF-a

* Augnuéva emitreda TNS ATTOTEAOUV APVNTIKO TTPOYVWOTIKO
TTapAayovTa

* To yovidio TnG £dpadlel 01O XpWHOOWHa 1931-32
« -1082G/A, -819C/T, -592C/A
« 2EAPA

e 21OV TTOAUpOPPIoUO —1082G/A 10 aAAAAIo G cuvdEeTal JE
aucnuévn Trapaywyn IL-10, coBapdTePN TTVEUUOVIOKOKKIKI) VOOO
OUVOOEUONEVN PE augnuévn BvnToTnTa

* [Tap’OAa QUTA PETETTEITA JEAETEC ATTETUXAV VA TOV OUVOEOOUV UE TO
ONTITIKO OUVOPOMO
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Figure 1. The complex interactions between the invading microorganism and the host defense mecha-
nism ending in bacteremia. These interactions present some unique features in pathogenesis and they
are under the influence of the genetic make-up of the host.

The complex pathogenesis of bacteremia: from
antimicrobial clearance mechanisms to the genetic
background of the host
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Abstract

To assess genetic and environmental influences on adult mortality, we followed 960 families that
included children born during the period 1924 through 1926 who were placed early in life with
adoptive parents unrelated to them. We evaluated the risks of dying from all causes or from specific
groups of causes between the ages of 16 and 58 years for adoptees with a biologic or adoptive
parent who died of the same cause before the age of either 50 or 70. We compared these risks with
the adoptees’ risk of dying from the same causes between the ages of 16 and 58 when either the
biologic or adoptive parents were still alive at the ages of 50 and 70. The death of a biologic parent
before the age of 50 resulted in relative risks of death in the adoptees of 1.71 (95 percent confidence
interval, 1.14 to 2.57) for all causes, 1.98 (1.25 to 3.12) for natural causes, 5.81 (2.47 to 13.7) for
infections, 4.52 (1.32 to 15.4) for cardiovascular and cerebrovascular causes, and 1.19 (0.16 to 8.99) for
cancers. The death of an adoptive parent resulted in relative risks of death in the adoptees that were
close to unity for all causes, natural causes, and infections, 3.02 (0.72 to 12.8) for vascular causes, and
5.16 (1.20 to 22.2) for cancers. A similar but weaker pattern was observed when either a biologic or
adoptive parent died before the age of 70. We conclude that premature death in adults has a strong
genetic background--especially death due to infections and vascular causes.(ABSTRACT TRUNCATED
AT 250 WORDS)



