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Genomic medicine: 2011 prediction

Charting a course for genomic medicine
from base pairs to bedside

Green et al. 2011
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the future is here

Teri A. Manolio, MD, PhD’, Rex L. Chisholm, PhD?, Brad Ozenberger, PhD', Dan M. Roden, MD?,
Marc S. Williams, MD*5, Richard Wilson, PhD*, David Bick, MD’, Erwin P. Bottinger, MD?,
Murray H. Brilliant, PhD?, Charis Eng, MD, PhD", Kelly A. Frazer, PhD"", Bruce Korf, MD, PhD™,
David H. Ledbetter, PhD?, James R. Lupski, MD, PhD"’, Clay Marsh, MD', David Mrazek, MD',
Michael F. Murray, MD'¢, Peter H. O’Donnell, MD", Daniel J. Rader, MD'¢, Mary V. Relling, PharmD™,
Alan R. Shuldiner, MD®, David Valle, MD?', Richard Weinshilboum, MD?, Eric D. Green, MD, PhD'
and Geoffrey S. Ginsburg, MD, PhD?

Genomic medicine - from theory to practice:
financial aspects
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Genomic medicine:
recommendations for health care providers

for the of

into Clinical
Practice

Translating and realizing the comprehensive clinical benefits of genomic medicine remains a key
challenge for the current and future care of patients. With the increasing application of CGES. it is
necessary for geneticists and other health care providers to understand its benefits and limitations.
in order to interpret the clinical relevance of genomic variants identified in the context of health
and disease. Establishing new. collaborative working relationships with specialists across diverse

Terminology: confusion of languages

> Genetics
> Genomics

Systematic and complex (holistic)
analysis of the genome
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Holistic approaches

Slide courtesy of Prof. Jamie McLeod, UK Lexington
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Holism and genomics:
Genome is more than the sum of its genes

Reminder: the GENOME

1atgtgcccge cgegeggect ceteettgtg gecatectgg tectectaaa ceacetggac
61 cacctcagtt tggccaggaa cctccccaca gecacaccag geccaggaat

> > 1m DNA gttccagtgc 121 ctcaaccact cccaaaacct getgaggace gtcagcaaca
> 24 chromosomes, mtDNA cgcttcagaa ggccaggcaa 181 accctagaat fctactcctg cacttctgaa
gagatcgatc at tat jac 241 aagagcagca ccgtggcgge

> > 3,100,000,000 bp ctgectecce  ctggaacteg cccegaacga gagttgecty 301 gettccagag
> 20.000-25.000 protein coding genes agatctcttt cataactaat gggagttgcc tgacccccgg aaaggectct 361
o, i tctatgatga cgetgtgect tagcageate tatgaggact tgaagatgta ccaggtggag

(< 2% of the genome) 421 ttcaaggcca tgaatgccaa geigtigata gatcctcaga ggcagatett
tctggatgag 481 aacatgctga cagecattga caagctgatg caggecctga

e 5MG SNPS / acttcaacag tgagactgtg 541 ccacaaaagc cctecctiga aggactggat
>,,Junk“ DNA: RNA codlnq sSequences, tttataaaa  ctaaagtcaa gctctgcatc 601 cticttcatg  ccttcagaat

ccgegeagty accatcaaca ggatgatggg ctatctgaat 661 gettcctaa
repeats, 27 gecgeaglg ggatgatggg g g

13 14

NA sequencing today

Postgenomic era

v" DNA Sanger (1-2 kb)
v" DNA NGS (whole genomes) Full genome sequences determined
v DNANGS LR: ,HiFi“ (50 kb) (human genome 2001)

v DNA exome

v' RNA IsoSeq: full-length cDNA, Annotation of genomes
PacBio, Single molecule real time

15 16


http://www.ncbi.nlm.nih.gov/Genomes/

Genomics today Multiomics

N N

Central dogma C ) DN/
Genome. Epigenome

v T2T genome(s)
v Multi omics
v’ Pangenomics, pangenomes

Multi-omics

single cell
genomics

https://doi.org/10.3389/fcell. 2018.00028
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Multiomics: Pangenomes

v Genome P Vs Bl
v'  Epigenome G o
v’ Transcriptome -
v’ Proteome - : ===z
v' Metabolome o : :
v' Microbiome
Regulatory pathways underlying complex P . Thedvlopmenproces s cntctio o g s () N
phenotypes defined on all levels e oo vt i o ) i conslcon kg
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Genetic variability:
mutations vs. polymorphisms

v' Polymorphisms as “established” mutations
v' Mutations as causes of disease

v" Genetic polymorphisms as causes of the variability
in susceptibility/resistance to disease

21

Reminder: individual variability
of the human genome

- DAk
Single nucleotide polymorphisms (SNPs): 10 M throughout the genome

cgegceggcctectecttgtggecatectggtcectectaaaccacctggac

cgegeggcctectecttgtggtcatectggtectectaaaccacctggac
Insertions/deletions (indels)
cgegceggcctectecttgtggecatectggtectectaaaccacctggac

cgcgceggcctectecttgtgg-----— ctggtectectaaaccacctggac
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Genetic variability in disease:
different roles

v Inherited diseases: causative genes

v Genetic susceptibility/resistance to disease
provoked by environmental factors

Both can be inherited in the Mendelian
and/or non-Mendelian way

22

Single nucleotide polymorphisms
(SNPs)

AT

v' Nucleotide sequence

cgcgeggcctcttgtggcecatectggtectectaaaccacctggac

cgcgeggcctcttgtggtcatectggtectectaaaccacctggac

v Alleles
C, T

v’ Genotypes

CC,CT, TT

24



Inherited disease:

Genomes in disease two types of inheritance

¥ 0.6% chromosome abnormalities v Mendelian: individual strong mutations
v 8% Mendefan diseases (> 3000 loci)

v 90% Multifacforial (complex) disease
v 1.4% other than genetic problem v' Complex: interactions of multiple gene

variants (SNPs) with moderate effects

25 26

Mendelian vs. non-Mendelian inheritance,
simple vs. complex traits

An example: infectious diseases

cgcgaggcatettgtggecatectggtectectagoccacctggor
cgegeggecetcttgtggeeatectggtectcetaaaccacctggac colloacicss - Mendelian disorders of immunity to infection with or 1o spacific infections
cgegeggectcttgtggteatectggtectectaaaccacctggac | | [ | I Infectious agent Clnical phenotype  Immunological phenotype Gene
[ Weak individual efects with no phenol ] BEED R EOCEED IRy (E2(e9 (4 (=1,
cas, caG, co
Imvasha disease Properdin daficiency PFC
Myeobacteria MSMD. IL-12/23-F N-y deflciency IFNGRI, IFNGR2,
Disseminated STAT?, NEMO, IL128,
tuberculosls IL12RB1
Streptococcus pneumoniae Invasiva disaase IRAK-4 deficiency IRAKA
Epstein-Barr virus Xelinked SAP daficiency SH2D1A
Strong effect on the phenotype| — Iymphoproliferative.
e disease
Mendelian inheritance Human EVER1 or EVER? deficiancy EVERI, EVER2
verruciformis
Plasmodium vivax Natral melstanice Lack of receptor for pathogen  DARC
Human immunodeficiency vimis-1  Natural esistance  Lack of receplor for pathogen  CCRS
Norovius Natwral msistance Lack of receplor for pathogen  FLT2

Strong effect on the phenotype|
Non-Mendelian inheritance

Picard et al Curr Opin Immunol 2006
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Microbiome and immunogenome
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Microbiome and immunogenome

Levy et al. Genome Medicine (2015)7:120 Page 5 of 1

Table 2 Examples of reprogramming of the immunogenome by the microbiot

30

|dentification of causative genes
and polymorphisms: genomics

v Theory

v" Medical applications: genomic medicine

32



|dentification of causative genes
and polymorphisms: genomics

v Theory

v" Medical applications: genomic medicine
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Complex traits

o

- bk

v/ Quantitative phenotypes

v" Small additive effects of individual
polymorphisms, mostly SNPs, composing
the complex phenotype

v' Gene-gene interactions identified by
analysis of composed genotypes

v" Genes/genotypes with major effects can be

used as genetic markers

35

Simple Mendelian traits

Identification of causative mutations

v' Genealogy, comparative genomics
v’ Candidate genes, whole genome screens

34

: Complex traits:
x genomic medicine - from theory to practice

o

- bk

Miniaturization and automation
Chips and arrays

36



High Density (HD)
Single Nucleotide Polymorphism (SNP) chips

How to find markers -a genomic tool:
Genome-wide association studies (GWAS)

[ @

thret Péne
preRe T G

haalthy

Compare MAF for thousands of
SNPs across genome

Sinilae frequency in
healthy versus affected
—

=]

RO

Lower frequencyinHigher fraquency In
affected indiiduals _ affected indwiduals
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16 4
' . 7
151 " Example of a really complex disease:
144 0 Genes associated with atherosclerosis/hypercholesterolemia
X
i . Ryt
181 and Alzheimer's disease
129+ . . 11086015
x
14 1510484761 .
+ rs11066280
4 * ot Family Gene
1 152074356
a 1 " ’ . A2M, ABCA1, APOAL, APOA4, APOCL,
%8 v : e TR Nl APOC2, APOC3, APOE, CD36, CETP,
W A2 HMGCR, LDLR, LIPA, LRP1, LRP6, LPA, LPL,
L OLR1, SREBF1
; CCL2, CCR2, IL1B, ILIRN, IL6,IL18, TGFB1,
Cytokines INF
e ALDH2, GSTM1, GSTT1, HFE, MPO, NOS3,
PON1, PON2
Nuclear receptor and related CYP19A1, ESR1, PPARA
Proteases ACE, CST3, MMP1, MMP3, SERPINEL
BCHE, CBS, CD14, CRP, GNB3, HLA-A2,
Miscellaneous HTR6, ICAM1, MEF2A, MTHFR, PTGS2,
BChri BChr2 BChr3 O Chré B Chr5 WChré BChr7 BChra EChra WChr10 @Chr11 MChri2 WChr13 MChri4 TLR4

EChr15 @Chri6 MChr17 lChri8 M Chr19 @ Chr20 B Chr21 @ Chr22
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http://www.humgen.nl/SNP_databases.html
http://www.polygenicpathways.co.uk/

Phenotypes, genes
and mechanisms of disease
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Mechanisms/ b Genes = Markers
[ | 1

< <—
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|dentification of causative genes
and polymorphisms: genomics

Genomics in Mendelian diseases:

st Examples of practical applications
i

52 (&) S KDELANEY T AL

v Theory

Table 1. Summary o genetic testing.

Test tpe Purpose desation Curent examplels)

Diagrostic tesing To predsely Identfy a dlease and assst in dinical Creatine Kinase (K] leva testng for Duchenne muscular dystroghy
dedsionmaking
Predictive testing  To predict the likelihood of developing 2 disease  HIT gene test for Hurtington disease; BRCA gene tasting for breast cancer
. . . z e Garerteding  To undesstand the lieffcod of passing a genetic  GFTR gene testing for ystic fbrods
/ M d | | t . d dsease to 2 chid
€diCal applications: genomic meaicine rossltstng 1o ety dose i s

Espanded alpha-etoprotein (AFP) fa risk of newral bube defecs, such as spina bifda
and Down syndrome

To determine I 2 newborm has a disease known 1o All states misst scveen for at least 21 disorders by Law, 2nd some states test for 30 or
caise problems In heslth and development more. Metabalic e clasdc galacosemla (6ALTI, endocine (e.. congenlal

Newbor scisering

Fypothyroidism) and ther discrders tested
Pramacogenamics  To determine the optimal dug thereay and dose The vitamin K eponide reduciase complexsubunit 1 (VADRCY)test for [l respamse
PGitethg  gwena person's the anticaagulare werkrin, TPMT gene tsting fo kel response t thispune
Immunesuppressive therapies
g of inderling to determine the assodation of a varant
with a tralt

Researchtesting T contrbute to our
cause of dsezse

43 44
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e Examples of practical applications:
Inherited diseases

v'Genetic prevention: prenatal screening
v'Genetic counselling
v Genetic diagnostics

45

Molecular diagnostics:
individual testing for ARD

gl
v |dentification of carriers

v Most common mutations in the (Czech) population:

Cystic fibrosis (1/25), spinal muscular atrophy (1/30), pre-
lingual deafness (1/40)

v Further diseases (1/40): phenylketonuria,
adrenogenital syndrome — curable, therefore
prenatal screening is performed

47

Laboratory diagnostics

4 Ctogenetic diagnostics
(karyotype, FISH, CGH)

v'"Molecular diagnostics (sequencing,
candidate gene and GWAS markers)

46

s Massive molecular testing: panels

THEE
v The carrier status (heterozygosity)

v Infertility, donors of sexual cells and embryos

v More than 830 most common mutations in 77
genes causing more than 60 AR DO

v’ Oncological panel ,CZECANCA* (CZEch CAncer
paNel for Clinical Application: 226 genes
associated with inherited predisposition
(population specific again)

48
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Molecular diagnostics in reproductive
medicine

v Cell-free cf-DNA in maternal blood:
noninvasive molecular testing (NIPT)

v' Karyomapping: technique used to test
in vitro embryos for genetic mutations
(PGD, PGT-M/PGT-A)

v New: high-resolution and noninvasive
fetal exome screening, WGS

49

Variability related to side-effects of drugs

N N

- bk

,On-target”

Due to polymorphisms in genes encoding proteins involved in mechanisms of
drug action, e.g. signaling molecules and/or cell metabolism pathways

,Off-target”

Due to polymorphisms in genes affecting reactions of the organism to a drug.
However, these reactions are not related to its curative effects. They are
mostly represented by undesirable immune reactions (hypersensitivity) to the
drug and associated with underlying immune response genes

Pharmacogenetics: ADR

ADR phenotype  ADR mechanisms

& Off-target
On-target Less common (often <5%
of those taking the drug)

‘those taking the drug )

Phenotype is
predictable based on «” Pure T-cell Antibody or non-
activation of off-  immunolosically el antibody mediated
meciated but O V) (Type 1-1)
ot ADME genes and drug or drug_(with or without T-cellhelp)

metabolite concentration
effects contribute.

...........

Pharmacologically
mediated

51

Drug DHR HLA riskalleles PPV NPV Populations
Abacavir HSS/DIES b 5% T00% European, African
[ Carbamazepine | SJS/TEN 1500 EC) '100% in Han Chinese | an Qinese, Thal, Malayeian, lndian
TRV Kovean.|
15:18, B*59-01 and C'07:04% Japanese.
0 Japasese,n Korean
1 AH (HLA A*0L01, Cwe07-01, B*06:01, DRBT'03.0L, Caveasians
DAI*05.01, DQBL*02:01):
AaaLon= 089% 9938% Europeans
ARLOLE 059% 5997% Chinese.
A3LgpeE Norchern Eutopeans Japanese, aud Korean
11 ad Y51 (weak)® Tapazese
MPE AL 349% 975
Aay4DR AT3LOL
Allopurinal SI5/TEN/DIS/DRES | £°56:01 (or B'58 haplotype)=- - E] Han Chinese, T
S/MPE
i 1502 and B 15:18 0 15:02-073% | 15029987 fan Chinese, T
Lamotrigine SJS/TEN T i
515:07 [0 assocation] fan Chinese
Phenytoin SISTEN 15-00weak), Co08:01 and DRB1*16:027757 an Chinese
DRESS/MPE .01 (weak) {n Chinese
BS101 fwesk] "
Nevirapine SIS/TEN 001 Malawian
HSS/DIHS/DRESS | DRE1%01:01 & DRB1*0L02 (hepatits and low CDA#]1%5% | 18% 6% Australi
Co'Bor Cw'BB*14 haplotyperéiia talian and |ape:
G Blacks, Asians, Whites Han Crinese
35 16% % Asian
B350t
B3505%
Delayed rach DRELOTH French
T Afrcan Asin, E dThat
B35 Thai
Dapsone H5S B30T 78% 993%
Efavirenz Delayed rasn DRBI'0T% French
o3 European
Amoxiclln- DIt DRBI*1541 European
clavulanate w0201
DQBL‘0E02.
andrs3135388, aag SNP of DRBL*15:01- DQBL'06:02
DRB107 and HLA-A (proteccive) <o
Lumiracoxib DIl DRBI*15:01-D(B1*06:02-DRE5*0 101-DQAL 0102 International, mult-center
haploryperss
Xmelagatran | DILU DRB1*07 and DOAL*02" Swedish
Diclofenac. DILL HLAAILS European
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Pharmacogenetics/pharmacogenomics

Table | Candidstn g mplemantyzon weh soemancs
Genets) Ot Praceice padelines
recommendation satements
am ey e 2 014
cmacomonc) Vartrn, Flockbart e 2008+
Jobman ot 2 2011
wicts Copngrel ool 117 2003
sk 010
e Coture
ey

KNPAWG pe

e —

Prarmacogrnams wd Percrtized Meicos 10147 £l
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Genetics of vaccination

Pharmacogenetics/pharmacogenomics

Inhibitory protonové pumpy: Dexiansoprazol (AD2BC06), Lansoprazol (AO2BCO3), Omeprazol (AD2BCO1), Pantoprazol (AD25C02)
Rabeprazol (AQZBCO4); Antlemetika: Dronabinol (AD4AD10), Metoklopramid (AO3FAO1), Ondansetron (AG4AAO1), Tropisetron
(AC4AAD3), Perordini antidiabetika: Gibenklamid (A10BBOT), Anti i i (B02BX08),
Kiopidogrel (BOTACD4), Warfarin (BOTAAD3); Antiarytmika: Flecainid (CO1BCO4), Propafenon (CO1BCO3); Hypotenziva: ACE
Inhibitory (COSAA), Hydrochlorothiazid (CO3EAD1), Inhibitory HMG-COA reduktizy (statiny): Atorvastatin (C10AA05), Pravastatin
(C10AAD3), Rosuvastatin (C10AAD7), Simvastatin (C10AAO1); Gynekologika: Fibanserin (G02CX02), Hormondini antikoncepce
(GO3A); Antlinfekéni lstky: Flucloxaclin (JO1CFOS), Vorkonazol (JO2ACO3); Tuberkulostatika: Ethambutol (JO4AKO
(JO4ACO1), Pyrazinamid (JOJAMOS), Rifampicin (JOJABO3), Antivirotika: Abacavir (JOSAFOB), Efavirenz (JOSAG
(J0SAGO1), Peginterferon alfa-2ab (LO3AB11), Ribavirin (J0 Telaprevir (J05
Erdafitinib (LOTEX18), Fiuorouracil (LOBCO2), Gefi 01EBO1), Gemcitabin (LO1BCOS), Irinotecan (LO3
(LO1BCOS), Lapatinib (LOTEHO1), Merkaptopurin (LO1BB02), Methotrexat {LO1BAO1), Platinové prepardty (i
(L02BAD1), Tegafur (LO1BC03), Tioguanin (LOTBB03); Imunoterapeutika: Azathioprin (LO4AX01), Etanercept (LO4ABD1), Siponimod
(L04AA42), Takrolimus (LO4ADO2), Takrolimus (LO4ADO2) {LO4ACD:
Celekoxib (MOTAHO1), Flurbiprofen (MO1AEDS), Ibuprofen (MO1AED1), Lomoxicam (M
(MO1ACO1), Tenoxicam (MO1ACO2); Urikostatika: Allopurinol (MO4AAD1), Rasburica:
anestetika (ND1AB), Mivacurium (MO3AC10), Succinyicholin (MO3ABO1); Analgetika: Dihydrokodein (NO2AAOS), Fentanyl (NOTAHO1)
Fentanyl (NOTAHO1), Kodein (NO2AJ09), Lofexidin (NOTBCO4), Oxykodon (NO2AADS), Tramadol (NO2AX02), Antiepileptika:
Brivaracetam (NO3AX23), Fenytoin (N03AB02), Fenytoin (NO3AB02), Karbamazepin (NO3AFD1), Oxcarbazepin (NO3AI
psychofarmaka: Aripiprazol (NOSAX12), Brexpiprazol (NOSAX16), Clobazam (NOSBAS), Clozapin (NOSAHO2), lloperidon (NOSAX14)
Thioridazin (NOSAC02), Ves I06AX16), Vortioxetin (NOBAX26), Trieyklicks antidepresiva: Amiriptylin (NOBAAOS), Clomipramin
(NOGAAD4), Doxepin (NOBAA1Z), Imipramin (NUGAAD2) 0BAA10), Trimipramin (NOGAAOG), Selektivni inhibitory
zpétného vychytivani serotoninu (SSRI): Citalopram Escitalopram (NOBAB10), Sertralin (NOSABOS), Fluvoxamin
(NOBABOB), Paroxetin (NOBABOS), Jind 1é&iva nervevého systému: Amifampridin (NOTXXDS), Atomoxetin (NOGBADS), Pimozid
(NO5AGO2), Tetrabenazin (NO7XX06), Valbenazin (NO7XX13), Antimalarika: Primachin (PO1BA03), Tafenochin (PO1BA07)

&

CE02), Kapecitabin
XLO1X), Tamoxifen

Individual variation in antibody responses

v' Individual variation in post-
vaccination IRs

v' Pharmacogenomics

- bk

Person a [b[c]d]e |t ‘
T
Anti-HSV  |0.06 |4.03 [345 |326 |22 [332 701‘\
Antibodies pia f——
(Index)
=y
= o ’
R = o
‘ S8 ]
.= s 4
. i6g

55 56
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Titers of post-vaccination antibodies
in a real experiment (N=61)

Vaccination: Covid, IR genes

nature medicine [ —
Accelerated Article Preview

Human leukocyte antigen alleles associate
with COVID-19 vaccineimmunogenicity and
risk of breakthrough infection

A RIED Chrammaral Manbittan s QO

59

Genetics of vaccination

Table 3. Heritability estimates of vaccination responses in twin studies
= / N\
Vaccine Parameter ~ DZ*  MZ' Population  Age Study Herita\ 95% CI  Refer
bility, %\ % ences
Measles antibody 55 45 USA® 2-18 years cross-section 89 =52 18
Mumps antibody 55 45 USAP 2-18 years cross-section: 39 =2 18
Rubella antibody 55 45 USAP 2-18 years cross-section 46 = 5¢ 18
HAV antibody 95 9  Germany  18-65years prospective 36 27315
HBsAg antibody 9% 96 Germany 18-65 years prospective 61 1-81 15
HBsAg antibody 15¢ 48 Gambia 5 months prospective 77 385 12¢
Polio antibody 15 48 Gambia 5 months prospective &0 373 12
Tetanus antibody 159 48 Gambia 5 months. prospective “ 6-70 12
Tetanus IL-13 159 48 Gambia 5 months prospective o4 -75 12
Diphtheria antibody 159 48 Gambia 5 manths prospective 49 777 12
Hib antibody 147 43 Gambia 5 months prospective 51 2-66 14
Pertussis
Pertactin IFN-y 15¢ 48 Gambia 5 months prospective 53 567 12
FHA IFN-y 159 48 Gambia 5 months prospective 65 76 12
Toxin IL-13 159 48 Gambia 5 months prospective 57 40-71 12
BCG
PPD IFN-y 15 48 Gambia 5 months prospective 41 1071 12
KMTB IFN-y 15 48 Gambia 5 months i 30 71 12

58

Genetics of vaccination

v Individual variation in post-
vaccination IRs

v' Pharmacogenomics

60
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Pharmacogenomics of vaccination
(vaccinomics)

Generation 1

61

Generation 2 (recombinant vaccines)
Generation 3 (DNA, RNA vaccines)

Genomics and dental medicine

63

Ganomics of periodontal disesss and tooth morbidity

Genomics and dental medicine

Dental Medicine

62

Figure 2. Timel (eft side) and spe
evolvements and illustrative reports {right side) since 1900.

Genomics and dental medicine

64
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Ethical issues: how to handle information generated

Genomics and dental medicine:
by genomic techniques

the future - genome editing

The Era of the Genevne and Dencal Medhane

953

Examples
v" Mendelian diseases:
e.g. carrier tests, PGD

v Complex diseases
e.g. interpretation of GWAS, DTC

=4
o Only people understanding principles can cope with this problem

65 66

Questions even at this moment?

Practical applications

o

- bk

Minimum variant for you

v’ To know, when and where to refer a patient for

a genetic consultation
v’ To know how to interpret clinical geneticist’s

reports
v’ To know when not fo refer a patient for a

genetic consultation

68

67
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The near future in genomic medicine

v Inherited diseases: causative genes

v Genetic susceptibility/resistance to disease
provoked by environmental factors

69

Genetics of susceptibility to disease

- bk

v Genes affecting health

v’ Their polymorphisms do not cause the disease,
but they affect the organism’s reaction to the
pathogen(s)

v’ Relative value of the phenotypes: more/less
susceptible/resistant than average

71

Reaction of an organism to pathogenic insults

Affected by the nature of the insults,
environmental factors, current condition of the
organism and its genetic make-up

70

; A model example:
2 genetics of susceptibility to infections

Vai utcomes
)6\ 1

b
5
o
A

............

72

18



Genetic susceptibility to disease
as a complex trait

Leading Edge
Essay

Infectogenomics: Insights from the Host
Genome into Infectious Diseases

TMACAICL Cerey a. London WIT &5F, UK

Five years into the human era, we are gaining about
host-pathogen interactions through host genomes. This “infectogenomics” approach
should yield further insights into both diagnostic and therapeutic advances, as well as
normal cellular function.

Cell 124, February 24, 2008 ©2008 Elsevier Ine. 695
——

73

Infectious disease
PATHOGEN HOST

Environmen

VARIATION VARIATION

- —

DISEASE

Manifestation of the disease in populations

Genetic resistance, susceptibility and
tolerance

Susceptibility/Resistance: (in)ability to reduce

pathogen replication in the host
Vs.

Tolerance: ability to maintain homeostasis in the

presence of replicating pathogen

| susceptibility Tol

carrier status,

PRy o
(non-genetic) factors,

74

Infectious disease as a result of
host-pathogen interactions

The infection must be seen in the
context of the countermeasures
produced by the parasite, and judged as
a dynamic interaction of host and
parasite rather than the clearance of an
inert antigen by the host immune
response”

Riffkin et al., 1996

76
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Scylla and Charybdis of immune responses:
genetic variation

Infectious disease as a result of
host-pathogen interactions

v" Disease as a defense reaction of the host The dilemma:
v’ Often unique host/pathogen combinations too high/too low immune
v’ Individual variability in using different responses?
immunological mechanisms against the
Protective immunity Autoimmunity
same p athog en Resistance to infection Inflammation

v’ Symptomatology determined mostly by
the pathogens or by the host

77 78

Immunity-related (IR) genes:
the immunogenome

Immunogenome and immunome

- bk

5% of the mammalian genome (~1,000 human genes) are
protein coding genes related to immune mechanisms

v'Genes involved in host immune reactions
v' Immunome: products of IR genes

v Despite the same biological importance, IR E 'E .5- Eela £ )
genes underlie many different functions in all E E E E Til £ 88 % £
branches of immunity ESEEELE F Eff

kH TCR 24
i w.f_} B o K}R ’é“
i %’%%g%@ﬁ%géé
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# Genetic resistance/susceptibility to infections:

Immunity-related (IR) genes and disease a summary

> ; v Genes affecting health (interactions with environmental factors)
v' Immune functions as simple and/or . . . :
v Their polymorphisms are not causative for diseases, but they

complex traits (Mendelian vs. complex influence reactions of the host to environmental pathogens
inheritance) v Pathogens as a driving force of evolution: IR

: : : genes/immunogenome have been shaped by evolutionary
v' Immune functions in mechanisms of e

infectious diseases v In practical terms, resistance/susceptibility are usually relative
to a population average

81 82

Mendelian inheritance GWAS and infections in humans

> M ajor effects Table 1 Genetic koci identified by genome-wide association studies for hast susceptibility to infectious diseases
S Disease Pathogen Gene or [ocus Biological mechanism
> Expected to result from low-frequency variants Aot Homan imonodeFiioncy  Wajor Ftacormpatiity | Aequied immurtey,
5 virus-1 complex, class | deletion of viral co-receptor
» Less knowledge than for complex traits HHLA B HLA D, CCRS
Hepatitis B2 Hepatitis B virus (HBW) Major histocompatibility Acquired immunity
complex, class Il {HLA-DP:
T s o o
nfecoous agerd =) = o - == Hepatitis C Hepatitis C virus (HCV) 288 Innate immunity
Nelsseria Imashve dsezse WAC daficiency. 5,6, 7, Can, LeprosyS Nycobactarium laprae Major histecompatibility Acquired and innate
C8B, C3G, C5 complex, class Il {HLA- immunity, and unknown
P mﬂa’;ﬁ disease :"'L'ﬂ{m”':r‘ Fd::w::vm ;‘:;[; o R, DR-DG), NODZ, TNFSF15, mechanisms
Dissemiratad STAT1, NEMO, 1128, gﬂ;ﬁ;}?ﬂmﬂ and
o e
e e = e . ,
S e o G e T Tuberculosis®  Mycobacterium 18q11.2 (GATAS, CTAGEL,  Unknown
Iymphopeolferzive tubercutosis RBBPS, GABLESI)
EVER1 or EVERR doflciency EVER1, EVER? Meningr:co:ca'\ Neisseria meningitidis CFH, CFHR3, CFHR1 Innate immunity
verruciormis disease’
Plasmaodiim vivar Natural resistance Lack of receptor for pathogen DARC
R e D D
e oals EEmibee &
De Bakker, Telenti Nature Genet 2010

Picard et al Curr Opin Immunol 2006

83 84
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Genetic resistance/susceptibility to
infections: untranslated genome

v"Most GWAS hits observed in (protein)
non-coding regions

v'"Many SNPs found in regulatory regions of
protein coding genes

v'Effects on expression and consequently
on diseases, including infections

85

Examples of genetic susceptibility
to infections

o

- bk

v'Norovirus, rotavirus (FUT2)
v'AIDS (CCRb)

v'Malaria (Duffy)

v'COVID 19 (ABO, IFN type 1)

87

Mechanisms of immunity-related
diseases studied with genomic tools

v Infections

v’ Allergies

v Autoimmunity

v' Complex immunopathologies

86

88
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Covid 19 and host genetics:

Evolutionary aspects
2022 e

v’ Migrations and sympatry of hominoid
populations, sharing different infections

v' Lower overall genome diversity and
mostly lower IR gene in Neanderthals

v' Higher MHC gene diversity

v Archaic Neanderthal haplotypes TLR6-
TLR1-TLR10

v' Chromosomes 3 and 12: risk vs.
protection from Neanderthals

v' Susceptibility to COVID 19, ethnic
differences

The association of COVID-19 severity and susceptibility and genetic risk
factors: A systematic review of the literature

At k™ Meghama Mebende~ Moua M ABwachih . i Sscori
Medha Sharach *, Erumal Pandav?, Sima Marzban*
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Examples from dental medicine Examples from dental medicine

Review Article Review Article
Genetic Aspects of Dental Erosive Wear and Dental Caries Genetic Aspects of Dental Erosive Wear and Dental Caries

Amela Tulek ," Aida Mllllc Mnrl- Runningen,' ]ann]]u Lillemo," Amela Tulek ," Aida Mllllc Mnrl- Runningen,' ]ann]]u Lillemo,"

Tor Paaske Utheim (0, Oa]bl Khan,' and Amer Schic Tor Paaske Utheim (0, Oa]bl Khan,' and Amer Schic

= Celkem 2 3 strany
Comenss lsts available a ScicnceDiea = o
Biomedicine & Pharmacotherapy -
R

Iournal homepage: wiww.olsevier. comlocate blopha |

Emerging role of long non-coding RNAs in the p-\thognnasls of periodontitis | M

irzajani ", Leila Gholami', Parnian Razzaghi', Soudeh Ghafouri-Fard™ o

91 92
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Examples from dental medicine

sontaat [P ——
o Emerging role of long non-coding RNAs in the pathogenesis of periodontiris
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