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Figure 1: Obesity levels in Europe
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Prevalence of overweight & obesity,
by country

PLoS One. 2012;7(4):e34742.
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KaTtnyopionoinon Towv evnAikwv avaAoya pe To BMI kai
OXEON HE TOV KivOUVO voonpoTNTAG ano Xpovia voonHara

< 18,5 EALeumofapéc Avénuévoc”
18,5 -24,9 dvc1ohoyiko Dvco10AoY1KOC
25-299 YnépPBapo Avénuévoc
30 -34,9 [Tayvcapkio 1°° BaBuov [ToAV avEnuévog
35-39,9 ITayvcapikiao 2°° Baduov YoPapd avénuévog
> 40 ITayvcapikia 3°° Babuov H§§2nit?é§ zg a

O1 TINEC QUTEC gival aveCApTNTES TS NAIKIAG Kal €ival KOIVEG yia Ta U0 QUAa



AEPLATOTITUYEC

Ta OEpUATOTITUXOMETPO OE CUYKEKPIMEVA ONPEIN TOU CWHATOG OTTWG Ol OEPUATOTITUXEG
TPIKEPAAOU, DIKEPAAOU, UTTEPAQYOVIA KAl WHOTTAATIAIO OEPUATOTITUXN
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(d O umoAoylopocg TG MePLPEPELOC HEONG Elval €vac TPOTOC
nAnpodpopnong OXETIKA HE TNV KOTOVOMN TOU CWHOTLKOU
Aimoug, ouyKeKpLUEVA TOU OTTAQXVIKOU AUTOUC TO OTtoilo €XElL

OUOXETIOTEL HE OPKETOUC KwOUVOUC Yyl TNV ULyela Kol
LETOAPOALKEC ETILITAOKEC.



Table 1| Phenotypes that are commonly used in obesity genetics research

Phenotypes
Physical phenotypes
Weight

Wiaist circumference
Waist-hip ratio

Body mass index [EMI)

Calonc intake
Feeding behaviour
Skinfold thickness

Central fat mass (CFM)
Visceral fat mass (VM)
CFM-VFM ratio

Body-fat distribution

Molecular phenotypes
Homone levels

Transcription levels

Metabolc profiing

Measurement methods

Scales
Tape measura

Scales and tape measure

Cuestionnaire or subject
recall cbsarvation

Cuestionnaire or subject
recall observation
Skin callipers

DEXA

CT
MAI

ELISA
RIA

RT-PCR
Realtime PCH
Microarray

HRLC
NMR

Comments

Cluick, easy, cheap. Seff-reported, so can be inaccurate.

Cluick, easy, cheap. Used fo define central obesity. Comelates wel
with BMI, visceral fatness and total body fatness,

Cluick, easy, cheap. Used fo define clinical obesity that is due to high
comelation with fatness. Often calculated retrospectively for study
groups that have been recruited for other reasons.

Cheap and relatively simple if it is questionnaire-based. Complex and
time-consuming if observation is required in controlled conditions.
Cheap and relatively simple i it is questionnaire-based. Complex and
time-consuming if observation is required in controlied conditions.

A relatively simple measure of subcutaneous fat. Usually used as the
sum of several measures or as a ratio of thicknesses.

Precise and accurate, but expensive, complex and time-consuming.
Unsuitable for large-scale screening.

Precise and accurate, but expensive, complex and time-consuming.
Unsuitable for large-scale screening.

Typically assessed in blood samples. Difficut to do in vivo for differentiated
organs and tissues; for example, adipose tissue. Reflects the sum of all
influences on a particular hormone. Expensive for large-scale studies.

Awide range of tissues can be investigated; compansons of different
physiclogical states are possible. Only small numbers are used as itis
currently expensive. Large datassts gaels analytical challenges.
Meaﬁuresmlatme F{MMe*urelﬁmdmt of biologically active protens.

Typically assessed in body fiuids. Sample acquisition is relatively sasy,
but generates a complex metabolic profie, is expensive and is not
easily applicable to sofd fissues,

Bell et al., Nature Reviews Genetics, 2005



Socigl Norms and Values
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« Lend Use and Transportation

Behavioral Settings
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Factors
predisposing to an

Genetic, Psychosocial, and -
Other Personal Factors energy imbalance
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Physical
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. o overweight.

/ Energy Expenditure
Energy Intake
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National Academy of Sciences, Preventing
Obese Children and Youth Childhood Obesity: Health in the Balance, 2005.
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DuoloAoyikn pUOHLON TNC EVEPYELOKNG LOOPPOTILOG

Distal gastrointestinal tract Adipose tissue

Bell et al., Nature Reviews Genetics, 2005



Risk of obesity in adult life

Ri ri

sk factors during childhood Ddds Ratio (95% CI)
Age 1-2 yrs

1 vs 0 obese parents —_—-— 3.20 (1.80, 5.70)

2 vs O obese parents £y 13.60 (3.70, 50.40)

Obese in childheod — 1.30 (0.60, 3.00)
Age 3-5 yrs

1 vs 0 obesa parents —_— 3.20(1.80,5.70)

2 vs O obesa parents = 15.30 {5.70, 41.30)

Obese in childhood —_— 4.70 (2.50, 8.80)
Age 6-9 yrs

1 vs 0 obesa parents —_— 2.60 (1,40, 4 60)

2 vs 0 obesa parents 5.00(2.10,12.10)

Obesa in childhood —_—— 6.80 (4.70, 16.50)
Age 10-14 yrs

1 vs O obese parents —— 2.20 (1.20, 3.60)

2 vs 0 obesea parents 2.00 (0.80, 5.20)

Obesa in childhood 22.30(10.50, 47 10)
Age 1517 yrs

1 vs 0 obesa parents 220 (1.10, 4.30)

2 vs 0 obese parens 5,60 (250, 1240)

Obasa In childhood & 17.50 (7.70, 39.50)

| [
75 1 10 15

Loos 2012



Heritability of obesity phenotypes

40 -

The high heritability (h2) for different measures of
obesity—BMI (h2=0.4-0.7)

A0-

No difference in BMI heritability estimates between

men and women —
10 4

Cul (]

T T
0.8 04

Reported BMI heritability estimates from family

; D6
studies ranged from 0.24 to 0.81,with substantial Heritability
heterogeneity :- Family study estimates Twinstl.n:l].restimataq

FHGURE 1 | Histogram showing the wide distribution of reported
: . . estimates of BMI heritability from twin studias (white bars) and family
Twin studies are thought to provide a more robust studies {gray bars).

discrimination between environmental and genetic
contributions due to the more precise estimation of
shared genetic factors and the automatic matching for
age, prenatal environment, and birth cohort.

Loos 2012



KAnpovoutkotnta Twv Gawvotunwy
TNC TTAXUCOLPKLOLC

H kAnpovopuikotnta twv ¢gatvotuniwyv (BMI, WHR) tn¢
naxvoapkiog kupaivetat ano 40-70%,

ol SEPUATOTTUXEC KoL N EPLPEPELA LEONC TtapouaLalouV
ueyaAvtepn kAnpovoutkotnta (76% kot 77% avtiotolyo)
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Anthropometry in children
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Variants in ADCY5 and near CCNLI are associated with
fetal growth and birth weight
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Table 1 Associations between newly identified birth-weight loci and anthropometric traits at birth

Phenotype Locus 3g258 Locus 3g21b

n Effect 95% ClI pe n Effect 95% Cl pe
Birth-weight z scored 37,745  -0.086 0.100t0-0.073 2x10% 38214  -0.063 0.07910-0.047  7x1018
Birth-length zscore 21,512 0.028 0.046t0-0.010  0.002 21,782 0.044 0.066t0-0.022 4105
Sirth head-circumference 17349 0.024 0.044t0-0.004  0.017 17,693  -0.025 0.04810-0.004  0.030
Ponderal index® Zscore 21,515 —0.094 0113100078 5xI1077] 21,785  -0.032 ~0.05510-0.009  0.006

Qg

[

H ouxvotnta tou aAAnAopopdou pe TNV apvnTikn enidpacn oto Bapocg ntav 32-40%.

To Bapocg yévvnong ennpealetal amo tnV oKEAETIKN avantuén i tn Auwdn pala.

Omou n mAnpodopia Atav dtabéoun avaAUCALLE TN CUCYXETLON AVAECO OTOUC YEVETLKOUC TOTIOUG
LE TO HNAKOC YEvvnongc, TNV mepldépela kpaviou Kot to Ponderal Index:Pl (Bapoc/Uoc3)

H ouox€tion HE TOUC TOPATIAVW OVOPWTIOUETPLKOUG Oeikteg €6elée OTL 0 TMOAUMOPPLOUOG

OUOXETLOTNKE LoXupa e to Pl eixvovtag €tol tn oxéon pe tn Autwdn pala

Otav dokipaocape va doupe av cuoxetiletal pe 1o BMI oge mAnBuopoug evnAikwy, dev BprAkape
Timota katL o emiPePatwvel otL To Bapocg yevvnong dev cuvdeetal pe to BMI twv evnAikwy, apa

oL unxawviopol eival Stadopetikol.



Prader-Willi syndrome (PWS)
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[evETLKN altLoAoyia Tov cuvdpouou
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MovoyoviolgKoV TUTOV TUYVGUPKLO,

A leptin missense mutation associated
W|th hypogonadlsm and morbid obesity

nature genetics volume 18 march 1998



A Novel Homozygous Missense Mutation of
Melanocortin-4 Receptor (MC4R) in a Japanese Woman
With Severe Obesity

Hiromasa Kobayashi,' Yoshihiro Ogawa.” Mitsuyo Shiniani.* Ken Ebihara,® Makike Shimodahira,"
Toshio Iwakura! Megumu Hine,” Takashi Ishihara,! Katsoji Ikekubo,” Hireyuki Kurahachi,! and
Kazuwa Nakao®

AGE 66 65
B 27 26
GENOTYPE NM NM

o 1 2 3 4
‘ v N . |
AGE T
BMI 62
GENOTYPE MM

FIG:. 1. Pedigres of the family. The arrow indicates the proband. The
age, BMI, and WO R genotype of the family members, if available, are
shown below each symbol. M, mutant allele (GHER Y N, normal allels.

FIG. 2. Photographs of the proband at 2 (A) and 3 (B) years of age
(with her elder sister at 4 and 5 years of age, respectively) and 23 years
of age () (she weighed 115 kg). The photographs are reproduced with
the informed consent of the proband and her mother.



MCA4R kot mayvoapkia

O MCA4R cival évag dlapeUBPAVIKOG
UTTOO0XEAG O OTTOI0G EKPPACETAI OTOUG TTUPNVEG
TOU UTTOBOAGUOU Kal ENTTAEKETAI TNV pUBUION
TNG dIATPOYPIKNG TTPOCANYNGS KAl TOU CWHATIKOU

Bapoug

H mTpwTeivn KWOIKOTTOIEITAI ATTO £vVa £CWVIO Kal
BpiokeTal 0TO XpwHdowua 18922

Apa HEOW TNG EVEPYOTTOINONG TNG AOEVUAIKNG
KUKAQONG META QTTO TNV JIEYEPON TNG OPHOVNG
EVEPYOTTOINONG TWV JEAAVOKUTTAPWY, £va
YVWOTO VEUPOTTETTTIOIO KOPETHOU TO OTTOI0
TTapdyeral atré Tnv didotracn tng POMC.

O1 uttoBaAapikoi POMC veupwveg digyeipovral
atro TNV AETTTIiVN

OAeg o1 eETAANAEEIC TTOU £XOUV avaepBEi HEXPI
TwWPA KAnpovououvTal JE TOV KUpiapxo TPOTTO..
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Variation in FTO contributes
to childhood obesity and severe
adult obesity
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A Common Variant in the FT0 Gene Is
Associated with Body Mass Index
and Predisposes to Childhood

and Adult Obesity
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Science

0 An additive association of the variant with BMI was replicated in 13 cohorts
with 38,759 participants.

Q The 16% of adults who are homozygous for the risk allele weighed about 3

kilograms more and had 1.67-fold increased odds of obesity when compared
with those not inheriting a risk allele.

O This association was observed from age 7 years and reflects a specific increase in
fat mass.

Table 2. Association of BMI (corrected for sex) and birth weight (corrected for sex and gestational age) with rs9939609 genotypes in children. P values
represent the change in log BMI per A allele. BMI presented as geometric means and back-transformed 95% confidence intervals.

Males Mean trait value (95% CI) by genotype
Cohort Age (years) (%) N P
TT AT AR
Children*
ALSPAL 7 51 5969 16,00 (1592, 16.07) 16,11 (16.04, 16.18) 16,31 (16.19, 16.43) 3x10°°
8 50 4871 16,80 (16.70, 16.90) 17.01 (16.%2, 17.09) 17.29 (17.14, 17.45) 1% 1077
el 50 5459 17.20 (17.08, 17.31) 17.53 (17.43, 17.63) 17.86 (17.69, 18.04) 5 % 107
10 50 5273 17.66 (17.54, 17.79) 18.05 (17.94, 18.17) 18.37 (18.18, 18.57) 1% 107"
11 49 5010 18.46 (1832, 18.61) 18.82 (18.70, 18.94) 19.20 (18.98, 19.42) 7x107°
NFBC1966 (age 14) 14 47 4203 19.14 (19.02, 19.26) 19.25 (19.14, 19.36) 19.38 (19.19, 19.57) 0.04
Birtht
ALSPAC 0 51 7477 3438 (3422, 3455) 3452 (3437, 3466) 3454 (3429, 3480) 0.21
NFBC1966 0 47 4320 3523 (3501, 3544) 3538 (3518, 3558) 3536 (3501, 3571) 042

*ALSPAC children are offspring of the participants included in the adult study (Table 1), and data are shown at five available ages. NFBC1966 children are the same participants as those in the
adult study (Table 1), +ALSPAC birth data are for the same participants as those in the children study, NFBC1966 birth data are for the same participants as those in the children and adult
studies. Non-singleton births and individuals born at gestation =36 weeks were excleded from the birth-weight analysis,



Allele frequency and explained variance
of BMI-associated FTO SNPs Ancestry

Explained BMI variance Allele frequency

= -

® Europeans ® Indians ™ Africans ™ East Asians B Europeans ™ Indians ™ Africans ™ East Asians




CEU FIN GBR TSI
Northern and Western Finnish in Finland British in England Toscani in Italia
European ancestry (n=85) (n=98) and Scotland (n=89) (n=98)

East Asian ancestry populations
( A2n88) Han Chi o Baiji Southel ?I?n Chi Ja =i Tokyo
n= an Chinese, Beijing m inese panese in
(n=97) (n=100) (n=89)

African ancestry populations
All ASW LWK
(n=2486) Amaericans of African Ancestry Luhya in W

: sbuye,
in SW USA (n=2486) Kanya (n=2486)

Admixes American populations
All CLM MXL PUR
(n=181) Colombians from Mexican ancestry from Puerto Ricans from

Medellin, Colombia (n=60) Los Angeles, USA (n=66) Puerto Rico (n=55)

O C/C homozygotes
[ C/T heterozygotes
O 7/7 homozygotes

Figure 2 | Genotype frequencies for rs17817964 within and across ancestries based on the 1000 Genomes Project.*™
The T-allele is the BMl-increasing allele. The 'ALL" group for each ancestry combines genotype frequencies from the

different populations within the same ancestry. Loos and Yeo 2013



t Translation and cell growth |
{ Autophagy

// { Translation and cell growth \

'/ . t Autophagy
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t Autophagy
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§ mTORC1

Figure 3 | Hypothetical role of FTO in amino-acid sensing. a | Under conditions of sufficient amino-acid levels, FTO levels and
consequently mTORC1 activity are maintained, leading to appropriate translation and cell growth and inhibition of autophagy.
b | In conditions of amino-acid deprivation, FTO levels drop, leading to decreased mTORC1 activity, mRNA translation and cell
growth, whereas autophagy is increased. This mechanism ensures cellular survival by maintaining cellular energy levels.

¢ | A cell with defective FTO (red X) interprets this as amino-acid starvation, thereby reducing mTORC1 signalling and
increasing autophagy. Abbreviations: AA, amino acid; FTO, fat mass and obesity associated gene; mTORC1, mammalian
target of rapamycin complex 1.

Loos and Yeo 2013
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Stage 1 GWA meta-analysis
(stage 1)
WC, WHR

16 cohorts
38,580 samples

26 SNPs selected for follow-up:
e 23 for WC/WHR p<10-®, BMI
p>0.01, & height p>0.005

Stage 2 & In-silico follow-up i
(stage 2a)
8 cohorts
13,830 samples

De novo genotyping follow-up
(stage 2b)
20 cohorts

56,859 samples

3 genome-wide :
——————————— vaignifcant JOCT T WG === e i i el
TFAP2B, MSRA, TBCE _:

Confirmation / -------- o

: 1 genome-wide

CHARGE in-silico follow-up ' significant locus
8 cohorts for WHR:
31,375 samples LYPLAL1

Overall WC
meta-analysis
2 genome-wide
significant loci:
* TFAP2B (6p12)
both genders combined
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Meta-analysis identifies 13 new loci associated with

waist-hip ratio and reveals sexual dimorphism in the
genetic basis of fat distribution
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Table 2 Evidence of sex-differences in the WHR association at seven of the 14 associated loci

Sex
Men Wornen difference
Nearby Discovery Follow up Combined Discovery Follow up Combined Combined
SNP genes P B P B F B F B F B P B P
rs9491696 RSPO3 1.68x 107 0.026 6.97 = 1077 0.036 1.05x 10711 0.031 1.62 x 10712 0.047 8.84 x 1022 0.053 1.93 = 10732 0.050 1.94 = 103
rse205288 VEGA 0066 0.013 2.09x 10 0.025 7.38 = 10°° 0.020 7.72 x 10713 0,052 3.14 x 1015 0,051 2.27 x 1025 0.052 5.20 = 10°°
rsOB4222  TEXIS- 332 %109 0.041 2,43 = 10°° 0.029 941 %1013 0.035 1.21 = 107 0.036 1.33 = 10® 0.033 1.02 x 10714 0.034 0.951
WaR sz
rsl055144 NFE2L3 6.00 x 104 0.029 5.67 = 108 0.040 2.52x 10-10 0.035 2.34 x 105 0.040 7.13 =« 10-12 0.046 1.41 x 10-16 0.044 0.270
rs1 0195252 GREI4 0.201 0.009 0.114 0.011 0.042 0.010 £.33 x 10-150.053 4.95 x 1021 0.054 3.84 » 10-34 0.054 1.41 x= 10-11
red 846567 LYPLALL 0.19] 0.010 Q982 0.000 0.358 0.005 4.84 x 10-18 0.064 8.12 x 10-17 0.055 4.95 x 1032 0.059 1.18 = 10-13
rs1011731 DNM3- 4881077 0.034 1.95x 1072 0.022 7.81 = 1077 0.028 2.13x10°° 0.028 7.03 x 107 0.030 6.90 x 107! 0.029 0.855
FiGC
rsf18314 TPRZ2- 0Q.177 0.010 2.02 x 10°% 0.022 1.41 = 10°° 0.017 8.29x 10710 0.047 4.21 x 10% 0.038 2.41 x 10717 0,042 4.67 = 1074
S5PN
rs1294421 LY86  4.18x 102 0.020 7.00 = 107 0,030 1.63= 107 0.025 3.44x 10% 0.038 7.32 « 10° 0.026 2.40 x 10712 0.031 0.357
rsl443512 HOXC13 0.184 0.011 9.74 x 10* 0.024 9.45x 10% 0.018 1.43x 109 0.048 3.09x 10° 0.035 6£.38 x 10716 0.040 2.23 x 103
rsa 795735 AD- 0.011 0.017 0614 0.004 0.027 0.011 7.85x 107 0.033 2,95 x 10711 0.042 1.92 x 10716 0.038 8.50 = 10°°
AMTSS
rsd823006 ZNRF3- 6.87 = 102 0.019 0.094 0.012 1.94 x 10-3 0.015 6.86x 102 0.037 3.8]1 « 10-5 0.024 3.24 » 10-11 0.030 0.032
KRE
MEN1T
rs6784615 NISCH- 1.51 x 10 0.045 0.033 0.032 1.68x 10% 0.039 6.23x10° 0.057 1.72 x 103 0.039 6.01 x 107 0.047 0.574
STABI
rs6B61681 CPEB4 1.88 x 107 0.023 0.045 0.015 3.03= 104 0.019 2.14 =102 0.027 1.58 x 103 0.021 1.55 = 10°° 0.024 0.555

O O 14 yevetikol tomot e€nyouv 1o 1,4% tnc Stakupavong tou WHR oTig
yuvaikec kot PoALG To 0,46% otoug AvOpeg
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Figure 3 Association of the 14 WHR loci with waist and hip circumference. p coefficients for waist circumference (WC, x axis) and hip circumference
(HIP, yaxis} in women and men derived from the joint discovery and follow-up analysis. P for WC and HIP are represented by color. In men, gray gene
labels refer to those SNPs that were not significant in the male-specific WHR analysis. More details can be found in Supplementary Table 3.
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Association analyses of 249,796 individuals reveal
18 new loci associated with body mass index



Table 1 Stage 1 and stage 2 results of the 32 SNPs that were associated with BMI at genome-wide significant (P < 5 x 10-%) levels

d OLemubpaoelc twv
VEWV aAAnAoopdwv
elval LKPOTEPEC KAl N
ouxvoTnTa €Miong

Ko ot 32 yevetikol
TOToL €££NYOUV HOALC
1,5% tng Stakupovong
Tou BMI

Per allele
changs :
Mearest nztahri; Position® Allelesh F"z?f'—';":‘:? in BMI E’:':::::i Stage 1+ 2
SNP g=ne genes®  Chr. (bp) Effect Other allele B (se.m.)F (%) Stage 1 P Stage 2 P n P
Previously identified BMI loci
rs1558902 FTO 16 52361075 A T 042 039(0.02) 0.34% 2.05x10% 1.01 x 1050 192344 4.8x10-120
rs2BET7125 TMEMIS8 2 612827 ¢ T 0.83 0.31(0.03) 0.15% 2.42x10°22 4.42x 10730 197 806 2.77 = 1074
rs571312  MC4R (B) 18 55900743 A C 024 023(0.03) 0.10% 182x102 319x 10?1 203600 6£.43x 1042
rs10938397 GNFDAZ 4 A4BTT R4 G A 0.43 0.18(0.02) 0.08% 4.35x10°17 14510715 1097 008 3.78 x 10731
rsl0767664 BONF(B,M) 11 27682582 A T 078 0.19(0.03) 0.07% 553x10°13 1.17x1071% 204,158 4.69 x 10~
rs2B15752 NEGRI 1 72585028 A G 061 0.130.02) 0.04% 117x10-14 229x10-% 198380 1.61x10-22
c,a
57350397 SH2BI APOB48R 16 28793160 T C 0.40 0.15(0.02) 0.05% 1.75x10°10 7.80x% 10712 204,309 1.88 x 1020
(G,B,M) (G, M),
SULTIAZ
Q,m),
AC138894.2
(M), ATXNZL
(M), TUFM (Q)
rsOB16226 ETVS 3 187,317,193 T A 082 0.14(0.03) 0.03% 761x1014 1.15x10° 196221 1.69x 10718
rs3817334 MTCHZ2  NDUFS3 (@), 11 47607569 T € 041 006(0.02) 0.01% 479x1011 110%10% 191,943 15910712
(] CUGBPI (@)
1529941  KCTDIS 19 39,001,372 G A 047 006(0.02) 0.00% 131x10"% 240x102 192872 301 =107°
Previously identified waist and weight loci
rsh43874  SEC16B 1 176,156,103 G A 0.19 0.22(0.03) 0.07% 1.66x10-12 241 x10-11 179,414 356 x10-22
rsOB7237  TRAPZR 6 60,911,008 G A 018 0.13(0.03) 0.03% 5.97x10-16 240x 106 195776 2.90 x 10-20
rs7138803  FAIM2 12 48533735 A G 038 0.12(0.02) 0.04% 3.96x1011 7.82x10% 200064 1.82x10°7
rs10150332 NRXN3 14 79,006,717 C T 021 0.13(0.03) 0.02% 203x107 286x10° 183022 2751011
Newly identified BMI loci
rs713586  RBJ ADCY3(Q, M), 2 25011512 ¢ T  0.47 0.14(0.02) 0.06% 180x107 1.44x10-1% 230,748 6.17 x 10-22
POMC (Q,B)
rs12444979 GPRC5B  IQCK (Q) 16 19841,101 ¢ T 087 017(0.03) 0.04% 4.20x10711 813 %1072 239715 2.91 = 10721
(c,Q
rs2241423  MAP2K5  LEXCORI (M) 15 65873892 G A 078 0.12(0.02) 0.03% 115x10-10 159x10-9 227950 1.19x10-18
rs2287019  QPCTL GIPR(BM) 19 50894012 ¢ T 0.80 0.15(0.03) 0.04% 3.18x107 1.40x 10710 194 564 1.88 x 10718
rs1514175 TNNIZK 1 74764232 A G 043 007(0.02) 0.02% 136x10% 7.04x10F 227900 8.16x10°18
rs13107325 SLCI9A8 4 103407732 T € 007 0.19(0.04) 0.03% 137x107 1.93x107 245378 15010713
QM)
rs2112347 FLJ35779 HMGCR(B) 5 75080,998 T G 043 0.10(0.02) 0.02% 476x10-% 829x107 231729 2.17 x 10-13
(W)
rs10968576 LRANGC 9 28404339 G A 031 0.11(0.02) 002% 188x10% 319x106 216916 2.65x 10713
rs3810291 TMEMIGO ZC3H4(Q) 19 52260843 A G 047 009(0.02) 0.02% 1.04x107 1.59x10% 233512 1.64x10°12
Q
rsBB7912  FANCL 2 59156381 T € 029 0.10(0.02) 0.03% 269x10% 1.72x107 242807 179x10°12
rs13078807 CADMZ 3 85966840 G A 020 0.10(0.02) 0.02% 9.81x10% 532x10% 237404 3.94:x 1011
rs11847697 PRKDI 14 29584853 T € 004 0.17(0.05 0.01% 111x10® 225x10* 241667 576x 1011
rs2B90652 LRPIR 2 142676401 C T 0.8 009(0.03) 0.02% 238x107 0947x10° 209068 1.35x10°10
rs1555543  PTBP2 1 96717285 C A 059 006(0.02) 0.01% 7.65x107 448x10° 243013 3.68x10°10
rsd771122  MTIF3 GTF3A(@ 13 26918180 G A 024 0.09(0.03) 0.02% 1.20x107 824x10¢ 198577 9.48x 10710
rsdB836133  ZNFE0S 5 124360002 A C 048 007(0.02 0.01% 7.04x107 1.88x10% 241999 197 %1072
rs4929949 RPL27A  TUBIB) 11 856,168 C T 052 006(0.02) 0.01% 7.57x10% 100x10° 249791 2.80x107°
rs206936  NUDT3 HMGAI(B) & 34410847 G A 021 006(0.02) 0.01% 281x10% 7.30x10° 240777 302108

Chr., chremosome; G, association and eQTL data converge to affect gene expression; B, biological candidate; M, BMI-associated variant is in strong LD (r2 = 0.75) with a missanse

variant in the indicatad gene; C, CNV.

3Genes within + 500 kb of the lead SNP. BFositions according to Build 36 and allzle coding based on the positive strand. “Effect sizss in hg."mz obtained from stage 2 cohorts only.
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Figure 2. Genomic Locations of Proven Signals of Body-Mass Index (BMI), Obesity, and Related Phenotypes.

Signals are shown according to their location on each chromosome. Genes causing monogenic and selected syndromic forms of obesity
(red triangles) are shown to the left. Common variants that have significant genomewide associations with BMI or multifactorial obesity
are shown to the right: loci implicated in BMI or weight variation at the population level (solid blue triangles), additional loci identified
in case—control analyses of extreme obesity (open blue triangles), and variants identified primarily because of their association with waist
circumference or waist-to-hip ratio (solid green triangles). For the variants shown to the right, the genes named within the triangles are

indicative of signal position, but in most instances, formal proof that these are the specific genes responsible for the association is lacking.
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Figure 1 Prevalence (%) of overweight & obesity talla et al. 2013
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AnULOUpYROAUE EVA YEVETIKO oKop aBpoilovtac Tig aAANAETILOPACELC TWV
aAAnAopopdwv (GRS-34) yia kaBe dtopo.

ErBefowoape TG EMIOPACELS TWV YEVETIKWV TOTIWV FTO, TMEM18,
FAIM2, RBJ, ZNF608 and QPCTL oto BMI kot otov kivbuvo yla urtépBapo
(p<0.05).

AvaAuon otpwpatonoltnuevn pe to dulo £6etée yia ta TFAP2B and NEGR1

YEVETLKOUC TOTIOUC cuoXeton pe BMI kat urtépBapo (p<0.05) otouc
AvOPEC KOl OTLC YUVALKEC avTioToLyal.

To okop GRS-34 cuoyetiotnke pe to BMI (beta=0.17kg/m?/allele; p<0.001)
Kal pLe Tov Kivouvo yia urtépPBapo (OR=1.09/allele; 95%Cl: 1.04-1.16;
p=0.001).



97 MeveTIKOL TOTTOL

dMéeypL onuepa €xouv dnpooteuBel 75 yevetikol tomnot
nou e&nyouv mepinouv to 3% TNC¢ SLakupavong Tou
BMI.

J'Otav Ba avokolwvwBouv EPLOCOTEPOL YEVETLKOL TOTIOL
yla kowa aAAnAopopda, Ba eényeital pexpt kot 20%
¢ Stakupavonc tov BMI.

JTo unoAouto ¢ pn SLayvwoUEVNC KANPOVOULKOTNTOC
Urtopel va odelletal eite o onavia aAAnAopopda,
elte o AAANAETULOPACELC LE TTOPAYOVTEC TOU TPOTIOU

{wng¢
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Does a short breastfeeding period protect from FTO-induced
adiposity in children?

Table I. Anthropometric variables and FTO genotvping in all children cohorts.

GENDAL

ALSPAC

GEMNESIS

FTO variant

n
Age (vears)

Sex (m'f (M)

BMI (kg/m?)

Waist (cm)

WHE

Tricept Skinfolds (mm)
Subscapular

Genotype (%)

MAF

922
11.2 + 0.6
46.9/53.1
20,0 + 3.4
68.7 + 9.6
0.8 + 0.1
19.4 = 7.5
11.4 = 5.3
AA (16.1)
TA (52.0)
TT (32.0)
AD.421)

rs2939609 (T=A)

G131
11.7 = 0.22
51.5/48.5

19.05 = 3.4

683 + 0.4
0.84 + 0.06
NA
NA
AA (15.500
TA (47.17)
TT (37.33)
A(0.39)

rslT817449 (T=0G)

394
2-3
54.8/45.2
164+ 1.5
49.5 + 3.3
0.0 + 0.0
9.6 + 2.5
6.7+ 2.1
GG (20.7)
TG (32.6)
TT (46.7)
G{(0.370)

775
34
52.9/47.1
162 + 1.6
514 + 3.9
0.9 + 0.0
9.5 + 2.7
6.7 + 2.1
GG (22.1)
TG (33.5)
TT (44.4)
G(0.388)




Does a short breastfeeding period protect from FTO-induced
adiposity in children?

Table IV. Multiple linear regression models for the FTO polymorphisms rs9939609 and rs] 781 7449,

GENDAI ALSPAC GEMESIS
2-3 vears 3—4 years

Dependent variable Beta (SE) P Beta (SE) P Beta (SE) P Beta (SE) P

BMI (kg/m®) 0.430 (0.166) 0,009 0,542 (0.096) 1.961e-08 —0.046 (0.00%) 0621 _Q003 (0073 02303
Waist circumference {cm) 1.067 (0.456) 0019 1.468 (0.263) 2.803e-08  0.033 (0.213y  0.876 | 0.473 (0.181)  0.008
WHE 0.004 (0.003) 0.061* 0,005 (0.002) 0.004 —0.001 (0.003) 0.625 "O.000 (O.002; . O.O080
Triceps skinfold (mm) 0.972 (0.36T) 0,003 NA NA —0.018 (0.163) 0.020 0221 (0.122) 0.068
Subscapular skinfold (mm) 0.503 (0.261) 0.023 NA NA —0.000 (0.134) 0.454 0.227 (0.005) 0.014

International Fournal of Pediatric Obesity, 2010; Early Online, 1-10



T
TA
rs9939609

; 5 j
5 54 i1
i il 1]
i3 i i
L & 2 a2z
HH ] i
i | “ 7 | _ - |
-1, - f L 1
-1, -
- - -
. ) — =
pomm o3 - B - P23
sl =4
Ll =} Ll )
H- Ey HamH E f—
4 £
b—iZ3—{  E— SIS | N |
= =
= =
- . -
T T T T T T T T T T T T T I I I I I
Ll b 1 — = L= oo oo o T ol = o — oo Ll -l o -
I 2] L] L= ] - - o o o o = - = [ [ - Er=1 g
= = = = = =
TN 12 %S6 2P ISTEAL 1D %556

HHAL [ %56



Table VI. Mumber of cbese children included, stratnfied bv genotvpe and breastfeeding category.

GEMNDAIL ATLSPAC GEMNESIS
10—12 wears 11-12 years 2-3 years 3—4 wears
TT TA Al TT TA AA TT TG GG TT TG GG
Breastfeeders (BF) 19 24 T 3R 84 29 10 2 1 15 32 12
Mon-breastfeeders (M-BEF) & B 4 30 52 21 ) 4 4 14 18 13
Eatic BE/-BEF 3B 4 1.75 1.27 1.61 1.38 1.43 0.9 0.25 0.9 1.8 0.9

In summary, our findings indicate that breast-
feeding may exert a modifving effect on the relation-
ship between FTO wvariants and adiposity indices
in Greek children from the ages of three upwards.
Longitudinal data are needed in order to evaluate
whether the breastfeeding protection on the FTO-
influenced phenotvpe is maintained bevond adoles-
cence and whether the breastfeeding protection is
also associated with other metabolic and inflamma-
torv markers.



10-30 million SNPs
believed to exist
(4 million known)

How useful is data
on 1 SNP?

The future relies on
Genome Wide Association Studies (GWAS)
(+100,000 SNPs)

[ To péAAov eival n mAnpn aAAnAouxilon YOVISLWHATWVY Kol N
gVpPECN TwWV Oomaviwv aAAnlopopdwv, n aAAnAenidpaon
HeTaéL yoviSiwv Kat MeEPLBAAAOVTIKWY TTAPOYOVTWV
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" According to the tests your obesity is genetic.
Most people have 'XY'chromosomes...yours are 'XL'!"

The genetics of obesity: FTO leads
the way
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O1koyevnG YITEPXOANOCTEPOAAIHIA
(Familial Hypercholesterolemia-FH)

e O TPWTOCG TTOU TTPOCBIOPICE, TOV TPOTTO KANPAVOUNoNS TNG FH, ueAetwvrag
olkoyéveleg AiBavikAc kataywync ntav o Khachadurian to 1964

e AUTOOWHUIKN ETTIKPATNG VOOOG
e 271NV FH opeileTal 10 15% KapdiakwVv TTROCROAWYV
e 2 KAIVIKEG HOPPEC

ETEPOZYIH OMOZYTH
JuxvoTnTa: 1/500 2UXVOTNTa: 1/'1.000.000
LDL-C 12-3 (OpEG LDL-C 16 popec
STeaviaia vooog (CAD) kata Tnv CAD npiv TNV NAIKia Tev

nAikia Twv 30-40. > nAikia 50 eTwy, 20 eTwV

50% avdpwv kal 15% yuvaikwv Oa . .
KATGAREOUV GRo MI H1BavA-BvnoeiyevAc-yevvnon




Nobel prize

® To 1973, 01t Brown kot Goldstein avakdivoyov
uio TPOTEIVT LTOOOYEN OE KAAAMEPYELES
woPAacTOV dEpUaTOC atd opdlvya
npooBefinuéva dropa ue FH. O vrodoygog
avtoc/(LDL-receptor protein) € QUGLOAOYIKA,
dtoua aroupdkpove tnv LDL and tnv
KUKAOQOpia, Eved ota opolvya dtopa o
VTTOO0YENS AEITOVPYOVGE UEPIKMG

& Otav npocebetav yolnotepoin ota FH kdtTopa .
mopatnpovcay peimon g Procvieong (ue
Oldyvon pEca amd TIC LEUPPAVEC TEPVOVOCE GTO
KVUTTaPO). Me mposOnkn LDL-C dev vinpye
LEI®ON TNG EVOOKVTTUPIKNG CUYKEVIPWOGTNC TNG
YOANGTEPOANG.

Goldstein JL,-Brown MS, Stone-NJ, Cell, 1977



KukAoc Tou LDL-R
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KAivikin Aiayvwon FH (US MEDPED)

A. Kpiripia diayvwon¢ srepoluyorwyv FH

HAIKia
45 35 25 <18
1. TC/(mg/dl) >360 >340 >290 >270
2. LDL-C (mg/dl) >260 >240 >220 >200

3. ATToucia OEUTEPEUOVTWYV AITIWV. UTTEPXOANGTEPOAAIMIOC

4 TouldxioTov évag ouyyevic <18 etwyv, pe TC>270mg/dl | €vag eviAIKOG ME

cavlwpara

5. EmkpatAC Ekppaon

B. Kpitnpia diayvwong ouyysvwyv twy aclsvwv FH

HAIKia
45 35 25 <18
1. TC (mg/dl) >290 >270 >240 >220
A LDL-C (mg/dl) >205 >190 >170 >155

2. ATToucia OEUTEPEUOVTWYV QITIWV UTTEPXOANOTEPOAAIMIOG

(Kwiterovich-et al,, J Clin Invest 19/74)



Bine 1: Dutch Lipid Hetwaork climical oriteria for diagnicsis
of heterozygous familial by percholesterolemia {HeFH)

Criteria

1.

Family histony: a first-degree relative (a parent,
offspring or sibling of the patient) with known

aj Premature® coronary and vascular disease

b} Plasma LDL-C concentration = 95th percentile
for age and sex

[} In an adult relative
[1j In a relative < 18 years of age

¢l Tendon xanthomata or arcus carnealis

. Clinical history: patient has premature®

a) Coronary artery dissase

b} Cerebral or peripheral vasoular disease

. Physical examination of the patient

a) Tendon xanthomata
b} Arcus cornealis in a patient < 45 years of age

. LOL-C levels in patient’s blood, mmalsL

al = 8.5

b} &6.5-8.4
ci 5.0-6.4
dj 4.0-4.9

. DHA& analysis showing a functional mutation in

the LOLR or other HeFH-related gene

Diagnosis Total points
Definite HeFH = B
Probable HeFH &8
Possible HeFH 35

More: L0AL-C = low'-dersing popronein cholesrenal

*If & male relathe, < 55 years of a9e; i & female relarkyve, -

Points

& YeErs.

Boze 2: Simon Broome Register criteria for diagnosis of
heterczygous familial hypercholesteralemia (HeFH)

Criteria

& A plasma cholesterol measurement of either:

« Total cholesterol = 7.5 mmaol /L {adult patient) or
= 6.7 mmol/L (child aged < 16 yr)

+ Low-density lipoprotein = 4.9 mmol/ L {(adult patient) or
= 4.0 mmol/L {child aged < 16 yr)

Tendon xanthomas in the patient ar amy of the patient’s
first- or second-degree relatives®

DMA-based evidence in the patient of mutation in LOLR
or any ather HeFH-related gene

Family history of myvocardial infarction before the age of
+ o0 yr, in any first- or second-degree relative®

« &0 yr, in any first-degree relative®

Family history of plasma total cholesterol measurements
= 7.5 mmol/L in any first- or second-degres relative®

Dhagnosis Criteria required
Definite HeFH &+B  ar O
Frobable H=FH &+D  ar A+E

*FIrst-degree relation = parant, offspring or sbling; second-degres relation
= grandparant, grandchild, rephew, nlece or half-siblirg.




Table 1: Low-density lipoprotein (LOL) cholesterol thresholds
i heteraeyaous familial by percholesterolemia (HeFH)
: cificity in a patient, by degree of relatedness to
hiz @r her closest relative with known HeFH

LOL cholesterol concentration, mmaold/L

Degres of rel:

First* Secondt Thirdt |:-:1:-.u| =|L o

4.0
4.4
4.9

5.3

“Parant, offspring of sibling.
fGrandparent, grandchild, nephew, rikece of half-gblirg.
perear-grandparent, fIrstcousin, grear-grandchild.

the predi

Test

Forman o2 of various diagnostic criteria in

n of HeFH-related DHA mutations in patients

Sensitivity, ¥ Specificity, &

Biochemical only
Litah BEDPED ifarmilies)
Taotal cholesteral

LOL ¢

Clinical

Dutch Lipid Metwork

Definite
Frobable

Possible

Sirmon Broome Register

Definite

: L lernla, MEDPED =
r Early Deaths (Medical Padigres
dersiny Hpoprotein.




Familial hypercholesterolemia
« autosomal dominant
« LDL receptor deficiency

Heterozygous
Homozygous

Normal

- .
e ¢ »

see o cese 2uss
e 088 SsbEEsEREe

+ see see

2]
Q
o

Plasma cholesterol (mg/dl)

Apoprotein  ester
B-100

Fig. 1: Physical signs of heterozygous familial hypercholesterolemia (HeFH), which
result from cholesterol deposited within macrophages in specific sites. Tendinous
xanthomas, for example, manifest first as thickening of, and later as deposits within,
extensor tendons. A: Lateral borders of thickened Achilles’ tendons are shown with
arrows. B: Tendinous xanthomas can also occur in the extensor tendons of the hands
{shown), feet, elbows and knees. C: Xanthelasmas are cholesterol deposits in the
eyelids. D: Arcus cornealis results from cholesterol infiltration around the corneal rim
(arrow). Deposits in and around the eye tend to be more specific for HeFH in people
younger than 45 years; in eldery people, they are less likely to be associated with
blood lipoprotein abnormalities, for instance in the case of arcus senilis.

Some patients may report having observed cutaneous cholesterol deposition in
response to a functional enquiry. People with HeFH have been known to undergo cos-
metic eyelid surgery to remove xanthelasmas — even repeatedly, for lesions that con-
tinued to recur—without ever having had their plasma lipoprotein profiles determined.
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2. Anonpwteivn B-100
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LoV nuprva
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EikGva 14  m QI TE00EQIC NOWTEIVES NOU OXETIZOVTAI JE TNV OIKOYEVA ungpxoAnotepoiaiyia. O unodoxgac TnS LDL SUvOEETAN WE TNV
anonpwteivn B-100. O yeTaAfdEaIc atnv NEMOXA TOU unodoxEa Tne LOL nou auvagsTal ug Tny anonpwteivn B-100 diatapdodouy Tny
npdodeon Tne LOL pg tov unadoxeq TNC, 0AnyWVTAC 08 YEIMON TNC anopdkpuvanc Tne LDL-xofnaTtepoAne and To nAdoua. H oudow
PEUCN TOU CuNAdkou Tou unodoxéa tne LDL ue Tnv anonpoteivn B-100 onc kaAUWWEVES WE KAQBDIVN ETOXEC, QNQITE TNV NPWTEVN
noodopuoyeEa ARH, nou ouvaEes TOV UNOSOXED KE TO UNXaVIOUD EVOOKUTTWONG Twv KaAuuuEveyY gaoxayv. QI oudfuvee YETQARAEEIC
gTnV NPWTEIVN ARH Siatapdacouy TNy EvAoKUTTWON ToU gupunidkou Tnc LOL Y Tov UNodOXEQ TNC PE QUVENEIQ VA LNV ONOUaKPUVETS
n LOL. H &paon tne npwtedonc PCSKY odnyel g8 anoikodounan tou unodoxea tne LOL (BAENE kEilEVD)




nivaxac [l}-5 4 Ta téooepa yovidia nou OXETIZovEal PE TNV OIKOYEVH UnEpXoRIoTEPORaILia

Enineda LDL-xoAnotePGANG
(@uolofoyika enineda eviAnIKa:
~120mg/dL)

Metanfayuévo
rovidiaké Npoidv

Ynodoxéac tnc LDL

AnonpwTteivn B-100

MPWTEIVN-NPOOAN-

JOYEQC ARH

Npwtegon PCSK9

"Kupiwc o€ AToua EUpWNAIKAC KATAYWyNne
Kupiw¢C 0g atoua LE kataywyn and tny Itadia n th Méon Avatonin
MepIKGWC Tpononoinuévo and: Goldstein JL, Brown MS: The cholesterol quartet, Science 292: 1310-1312, 2001

Npdtuno
KAnpovéunong

AUTOOMUATIKO
ENIKPATEC

AUTOOWUATIKO
ENIKPATEC

AUTOOWUATIKO
UNoAsINOUEVOD

AUTOOMWUATIKO
ENIKPATEC

fuxvétnta
guEaviong

Etepoluywtec: 1/500
Ouoluywtec: 1/10°

Etepoluywreg: 1/1000*
Ouoluywrtec: 1/10°*

NnoAu onavio

NnoAv onavio

Enintwon tng
UETGANQENC

AnwAEgIa AsToupyiac

AnNWAEIO ASToupyiac

ANMAEIQ AEToupYiag

Evioxuon Agoupyiag

Etepoluywteg: 350 mg/dL
Ouoluywted: 700 mg/dL

Etepoluymteg: 270 ma/dl
Ouoluywtec: 320 mg/dL

Ouoluywtec: 470 mg/dL

ETEPOJUYWTEC: 225 mg/dL




LDL-R
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Fovidio LDLR

19p13.1-3, 45KDb;, 18 e¢ovia

¥8 9 10 11121314 15 416 17 18
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LDL receptor gene
Alu repeats present within int*ro*ns
-+ —t——+H—+-H—H+—m -

4 56 A A

Alu repeats in exons
unequal

one product has a

Ai }—.:.—i '7 deleted exon 5

(the other product is not shown)




MeTaAAaceic otov LDLR
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Karnyopie¢ LDLR MeTaAAagewv

Asopsuon LDL LDL-R

L
A Y
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SyyKévipwon GE, daivoTunoc

K LEVEC 800X§€— - 8)\CITT(DCITIKOU
\$H] (2-30%)
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unodoxea
@Anoéeopsuorig LDL-LDL-R| lEPATY,
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ij,ﬂ (1) suveeon LDL-R
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Hobbs et-al., Hum Mutat, 2002



Ekdva 16  ® H doun tou unodoxea tnc LDL, dnou
QNEIKOVICOVTAI QI NEVTE QOMIKEC NEPIOXES TOU Kl Ol
ENINTWOEIC TwV METAAROEEWY OE QUTEC, NOU 0dNyouUY
OF QIKOYEVN UneEpxofinotepoiaipia. EGF: Epidermal
growth factor, QUENTIKGC NapdyovTac Twy EMGERUI-
KV KUTTApoV (BOCIOWEVO 08 EVa OXNWa Twv Hobbs
HH, Eussell W, Brown MS, Goldstein JL: The LDL rece-
ptor locus and familial hypercholesterolemia: mutatio

24:133-170, 1390,

KUTTaponfaoudTikn JEpBodvn

MepioxEc TNE NPWTEIVNG
ToU unoSoxEa tng LDL

Mepioxri
npdodeonc Tou
npoodeTn

Mepioxn
oudAoyn UE Tov
npdépopo EGF

EniSpaon petoffdEewy
OE KOBg SopKn nEpIoXN

Abuvayio npoodeong
g LDL
(Katnyopla 3)

Ynodoxeog eykiwRIouEvog
oto ER (Katnyopia 2)

i aduvapio anoSEoUEUONE
e LOL oto evdoomua
(Katnyoia 5)

Anotuxia eykatdotaonc

TOU unodoxeq
OTC KOAUUUEVES

Aiauepgpavikn nepioxri /

KuttaponAaouatikn oupd

g00x£EC (Katnyopia 4)

Anotuxia eykoTAoTaoNE ToU UNoSoxEn
oTIC KaRUPPEVES E00xEC (Katnyopia 4)

A ANOTUXIO OTOXEUONC TOU UNodoxen

atn BagonAsupikh PEUBnGYn (Katnyopia &)




KATHIOPIEE METAMANAZELIM:

ATAAIKAZIA Katnyopia 1 Katn yooia 2 ) Katnyooia 3

oY AIATAPAFZETAIT POvBEean METQ@OPA TOL UNoSoxXED Npooodson tng LDL

AMNO TH METAAAAZH: TOU UNoSoxED ER — Golgi OToV UNoSoxED LDOL oTo nAdoua
| | | | <& 5 51

| |
ANONPOTEIVN

‘Qpluoc unodoxeac ¥oRAnoTtEpof-
Kﬁ Tewwv LOL B-100 £0TEPAC
Kuthﬁl-D
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Karuuua Karnyopia 4
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KaTtnyooia 5 N
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Eikdva 17 4 KUTTARIKN BIoAoyia kol © Boxnupikos ponog Tou unodoxeEa tng LOL ko on £5) Katnyopied peTaffdaiswy Nou Tponono-
noooy TN Asitoupyia Tou, O unodoxeas tne LOL, JETa Tn SuvBEon Tou OTo evaonAQouaTike Siktuo (ER), LETOEEQETAI OT0 oUoTNUAa
Golgi ka1l oTn guvEXEID JTNYV KUTTOOIKA pEUBEodavn. O QUOIOAoVIKOD uNoSOoxXEic EVvIONiEovTal O E00XEC KAAUMMEVES JE KAQSDN, O Onoi-
EC EVKOAMNM@YOYTAl OXNUATIZOVTOS KAAULKEYa KUOTIS kKal, Otn OUVEXEID, EvS0SwWUaTa, TIC NMEOSpoUES HOoPES Twy AUCOTWUaTWY.
YOS USIOAOYIKES JUVENKES, N EVAOKUTTADIO JUudoWpEudn TN EAsU8Epns XOoANOTEROANS EunodifZeTal YvIaTi N adiEnon Tne EfsdgsEpnc
HOANOTEPAANCS (A HEIMVE! TO JOXNUATIONS unodoxEwy Tne LDL, (B) eAaTTovEl TNV £k VEOU dUvBsEodn TN xofnadtepdnnc ko (M auEdvel
TNY AnoSnKEUon E0TEpwWY XORAUSTERSANC, O BIOXNUIKAS @andTunoc KABE katnyopiac yeTtafndaEswy avaidsTtal OTo KEfuevo. ACAT: aku-
AoTpavaEeEpaon ToU QKURO-guvaEYZIUOoOU A Npoc xOoANOTEpain, avaywyadn HMG-CoA: avaywyaon ToU 3-uS8pofu-3-pusEbufo-yAouTapu-
Ac-auvevdlpou A (TpononoinuéEvo and: Brown MS, Goldstein JL: The LDL receptor and HMG-CoA reductactase-two membrane mo-
lecules that regulate cholesterol homeostasis. Curr Top Cell Regul 26:3-15, 1985},
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Naoumova and Soutar, NCP, 2007



Mutations in PCSK9 cause autosomal dominant
hypercholesterolemia

*PCSK9, kmowkomotel pio proprotein
convertase subtilisin/kexin type 9a,
TPOIELV] TOL OVNKEL GTNV  LITO-
olkoyéveln TV mpwtevacov K tov
subtilase. 2LUOUUETEYOVV oTNV
opipavon twv SREBP.
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PCSK9 puetadddelc eEnyodv 10
12.5% TOV OTKOYEVELDV LE
VILEPYOANCTEPOAE LI

*H vrepyoinotepoieuio opeiletanl o
EVOL LETO- LETAYPAPTKO YEYOVOS TTOV
npokdiece peimwon otov LDL-R mpwv
TNV EVOOKLTTAPMOGN KoL TNV
AVOKUKAMGT TOV DITOOOYEM.

Marfanne Abitadaletal. Nature Genetics-34-154 — 156 (2003)



Mivaxac J§6 4 Zuvég napaifayég tng PCSKY nou oxetZova ue XaunAd nfneda LDL-xoAnatepdng

LUxvOTnTa TV
ETENOIUYLTEY Mean peioon e Enipacn atn ouxvaTnTa Eupaviong
NapaAfayn gtov nAnduoud LDL- xofnotepdine TNC oTepaviaiac véoou

Tyr1245top fi Cys679 Stop Appo-Auepikavoi: 2,6% 28% (38mg/dL) Meiwan 90%
Argdbleu Kaukdaior: 3,2% 15% (20mg/dL) Meion 50%

Ano: Cohen JC, Boerwinkle E, Mosley TH, Hobbs H: Sequence variants in PCSK9, low LDL, and protection against coronary heart disea:
se. N Eng J Med 354: 1264-1272, 2006.
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O1koyevig ApoB untepXoAnoTeEPOAEHiIa
(FDB)

210 uéoca TNG OekacTiag Tou 80 o1 Grundy et al., dcicave 611 n
avakukAwon TG LDL eixe peiwbei og/aropa mmou dev gixav OAa Ta
dIayVWOoTIKA KpITApla TG FH

Me Tnv opada Twv Innerarity et al4 Bp€OnkKe O11 N TTPOGdEON TNG
LDL oTov utrodoxéa eixe HEIwBEi

To popiakd aiTio ATav HETAAAAEEIC OTOV TTPWTEIVIKO TTPOCOETN
ApoB, Kata Tnv ouvdeon Tou JE TOV UTTOOOXEQ

H 1o ouyvr petdAAagn givaur n Arg3500Gin (2-5% otnv EupwTrn)
kKal N Arg3500Trp oTtoug KivéCoug

2ToUG EupwTraioug n yet@AAagn kAnpovountnke atrd €va Koivo
TTPOYoVvo TTou £(noe 6750 xpovia TTpIv.

Ta cuptrtwuara givar o Ama oo Tnv FH

Vega and Grundy-1986; Innerariry 1987



Autocleavage site

PCSK9

Signal
peptide  Prodomain l Subtilisin-like catalytic domain Carbowyterminal domain
NHE‘ \ Asp 186
1 314 T 2147 T 1 425T | T b 552
Associated with -
increased LDL: Ser127Arg Phe216Leu | [ Asp374Tyr | [Asnd255er ArgdasTrp
Associated with | argaglen | | Tyrazx Alad43Thi® Cys679X

Figure 6 PCSKS variants associated with plasma LDL cholesterol concentration. Diagram of the PCSKS
protein, showing the position of the domains with homology 1o the prodomain and the catalytic domain {with

the Asp-His—Ser catalytic triad) of the subtilisin family of proprotein convertases. The third domain has
no knawn homology. Immediately below the protein are indicated the variants that cosegregate with

hypercholesterclemia in familial hypercholesterolemic families; the evidence of pathogenicity is stronger for
the variants in bold type. Below these are shown the variants for which there is convincing evidence that they

are significantly associated with lower than normal plasma LDL cholesterol levels.>® 30nly associated with low
cholesterol in whites. POnly associated with low cholesterol in American blacks homozygous for the variant.
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AVTOCOUIKT] VTTOAAELTOUEVY
vrtepyorafoteporepia (ARH)

To yovidilo £xel EVIOMGTEL GTN YPOUOGOIKT

neployn 1p36-35 ko kwdtkomolel pio oD i

npwteivn Tpocapuroyéa 308 autvosémy, 1 T . A /\
omoio TEPIEYEL Hia TEPLOYT OECUELONG - T‘i'/ / .
e®o@oTVpocivng. Tétoleg meployEg o e
oeopevovy FXNPXY aiiniovyieg oto ﬁ‘

KUTTOPOTANCULATIKO AKPO TNE TPOTEIVIG TOV
LDL-R

Transport to

Onwc/xor o LDL-R, 1 ARH mpwteivn membrane [ I.DLR-Recycling
OEGUEVETOL GTO CUUTAEY L TOV KLOTIOI®MV ' i
KAaBpivng. EAattopatik) ARH npokalet

wpofAnuota oty evookvtTdpmon tov LDL-

Post translational
modifications

Ta opoluya ARH og oyéon e tovg
opolvyovg LDL-R wapovcidlovy ota Opla
TOV PLGIOAOYIKOV Ta EMIMEdA AMTTISI®V KOTd,
M O1dpKELn TG KUM oG, o€ avtifeon pe ta 5-
9 popéc avénuéva otovg LDL-R opolvyovg,
Myotepa avénuéva eninedo LDL-C,
BpadvTepm onpovpyic abnpOUATIKGOV
TAOK®OV, peyorvTepa Soavldpata Kot
KaAVTEPT avtomdkpion otn Bepaneio pe
otativn Kot vynidtepa eninedo HDL og

4

oyéon pe tovg LDL- VYOLC

Garcia et al;2001 Science;Dedoussis et al., 2004 Hum Mutat
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Newypapikn Kartavopn LDOLR MeTtaAAagewyv

O1 V408M, G528D, C6W, S265R
Exovv ueyorvtepn cvyvotntoa (73%
acOevav ge petdAracn NTav Popeic
Yo o ogtd 0TEG) Kol Topovstalovy
YEQYPOPIKT] KOTOVOUN

Ot 1016 petaAhders Bpednkay e
LEYAAN GLYVOTNTO KOl GE AALEC
LEAETEC

H G571E givail vrevBovn yia 6o to,
neprotatikd FH ota loavviva

(founder) ®\/408M

G528D
Cew

¢ S265R

Dedoussis et-al,;, Eurd Tlin Invest, 2004



O TUMmo¢g TnNG peTaAAagng otov LDLR
EMNPEA(ErTA EMITTESA AITTIOIWYV

AgikTng EAaTtTwpaTikoU | ApvnTikou | P BtSE* P* R2*
Ymodoxed | Yrrodoxéa
TC 298.3+47.1 333.3+66.0 || 0.08(-44.05+28.47| 0.044 | 0.20
LDL-C (mg/dL) 230.6145.8 264.9+60.8 |0.058(%39.05+26.02| 0.024 | 0.23
HDL-C (mg/dL) 47.7+17.2 46.3+14.7 - -8.48+6.43 -
TG (mg/dL) 124.6+70.4 116.54£51.6 - 8.47+15.59 -
Apo-Al (mg/dL) 143.8426.3 137.0£54.8 | - -2.2918.36 -
Apo-B (mg/dL) 181.7+28.6 195.4452.6 | - |-10'55+22.89 -

*MovTeAo MoAAanAng MaAivdpopunonc oTo onoio £xel Yivel npooappoyn yia nAikia,

(pUAO kal BMI

O1 Tigec Aimdiwv napouaoialovTal we HECEC TIEG +TA

Dedoussis-et al,, Eur J Clin-dnvest, 2004



O TUMmog TG peTaAAagng oTtov LDLR sninpeadel
TH CUXVOTNIA EHPAVIONS SAvOWHATWYV

Oudada Mapdayovrag | ZuxvoTnTa OR 95% CI P
EAaTT0OMOTIKOU =T+ 1/15
UTTOQOXEQ =T- 14/15 5.96 0.984-1.1 0.1
ApvnTikou =T+ 10/36
YT11000¥%£a =T- 26/36
EAaTTwpaTIKOU CAD+ 2/15
UTTO00XEQ CAD- 13/15 0.11 0.335-32.35 | 0.307
ApvnTIKOU CAD+ 9/36
YTodoxea CAD- 27/36
EAaTTWHATIKOU = 2/15
UTTOO0XEQ [E- 13/15 2.6 0.439-15.407 | 0.293
ApvnTiKoU [E+ 9/36
YT1rodoxEa = 26/36

MovTeAo AoyioTIKNG MaAivOpounong oTo onoio £xEl Yivel npooapuoyn yia

*nAikia, ¥**nAikia, @uAo kal BMI.

Dedoussis et al.,-£urJ-Clin Invest, 2004



H mapoucoia pyeraAAa¢ng orov LDOLR
emnPedadel Tn ovyxvornta epuaviong CAD

Oupada Mapdayovrag | Zuxvoernra OR 95% CI P
ATOYZIA =1 19/80

METAANA=H =T- 71/80 1.13 0.51-2.51 0.75*
>

NAPOYZIA =1 13/62

METAANA=ZH =T- 49/62

2

AIOYZIA CAD+ 12/94

METAANAZ=H CAD- 82/94 2.03 0.78-5.25 0.14**
Y

MAPOYZIA CAD+ 13/62

METAANA=H CAD- 49/62

2

AIMOYZIA FE+ 16/75

METAANA=H [E- - 59/75 0.93 0.40-2.15 0.88*
Ylpooappoyn yia *nAikia, **nAikia, @uio kai BMI.

MAPOYZIA [E+ T3/65

\Y | SPAVAVAVAN=S o = 49/65




Emimeda ETEPOYEVEING WG TIPOG TIG
HETAAAGEEIC LLLR otnv Eupwrn

APIGMOEL
METAANAZESN

B-50
.1 _

1
—
5

Dedoussis et al, Hum Mutat, 2004



Oepancia Tng FH

DapuakeuTIKA KAl SIAITNTIKA aywyr, OTIG OTTOIEG
avtatrgkpivovTal KUPIwg o1 ETEPOCUYWTES

aipeon, LDL-agaipeon

TO bypass Tou €IAe0U TNV AvaoTOUWON TNG TTUAQIAG
A€

OOXEUON ATTATOG KAl T YoVIOIaKH Bepartreia.
OuUo TeAguTaia €idn gival IdIAITEPA KATAAANAQ yia
TOUG OMOCUYWTEG.




White rice,
white bread, ) ’ ’ ) ) )
Red meat, white pasta O KUpIoGg 0TOXOG TNG DIAITNTIKNG AyWwYyNg o€ £TEPOLUya AToua
butter ! pe FH eival n peiwon tng LDL-C Tou mMAGopartog. Auto
potatoes, MTTOPEl Va emmiTeuxBei augavovtag Tn 0pacTnEIOTNTA TOU
soda, and LDLR, kaBwg kal geivovtag TNV NITaTikf ouveeon
N sweets XOANoTEPOANG. ZnuavTiKA TTidpacn oToug dUo TTaPATTavVW
t Use sparingly 4 TTAPAYOVTEG €XEI N XOANOTEPOAN Kal TO KOPETUEVO AITTOG TNG
I diaitag, TTou peiwvouv Tn dpactnpeidTnTa Tou LDLR Kai
ol - —-Dairy or Calcium\, eutrodifouv TNV atmopdkpuvon NG LDL atmé 1o Adoua.

Multiple vitamins / | ;7> Supplement \

formost [.-“-=—-i 1-2 times/day \§

. W .
= & \V"‘ Mepitrou 10 40% TNG dIAITNTIKAG XOANOTEPOANG
atroppo@dral, evw 10 uTTéAoITTo 60% aTroBAAAETAI PE TO
KOTTPAVA. UVETTWG N XOANOTEPOAN TwV TPOPWV TTPOCTIBETAI

) ) O€ QuTAV TTOU CUVTIBETaI aTTé TO oCWHA. MEPog TNG
2 ﬁ o @ N XOANOTEPOANG OTTEKKPIVETAI 0T XOAr Kal TEAIKA OTA
moderation \A:m @ Nuts, legumes, W) KOTTpava, €iTe wg autoUold, EiTE WG OUCTATIKO TWV XOAIKWV

Alcohol in

(if appropriate) /- it 1-3 times/day aAdTwv

-/,' 3 }

H augnon tng nmmaTikng XoAnoTepOAnG Ba Peiwael Tov
apiBuo Twv LDLRs kal cuvettwg Ba auénBouv Ta eTTitTreda
LDL aTto mAdoua. AvTiBeTa, n Yeiwan NG dIAITNTIKAG
X0AnaTepdANng Ba augnaoel Tov apiBuod Twyv LDLRs oTto rmap,
B0a auénoel Tn 6éapeucn TG LDL oToug utmtodoxeig Tng Kai
OUVETTWG Ba peIwaoel Ta eTTITTEdA TNG OTO TTAGCUA.




DAPHAKEUTIKN aywyn




DAPUHAKEUTIK aywyn

Npoéo@areg dNuooieUPEVES KAIVIKEG BOKINES @aong | kai ll, pe
TNV EQAPMOYH AVOPWITIVWV HOVOKAWVIKWY AVTICWHATWYV
évavTi TnG Tpwreivng PCSK9, édwoav {ekabBapa
evOApPUVTIKA aTtroTEAEoaTa, deiXvovTag 0TI avaoTEAAOVTOG
TRV PCSK9, gival pia TToAU atroteAeopaTIK HE60OOG yia TRV
MEiwon Twv emMITTEOWYV TNG LDL-XOANOTEPOANG (Stein and Raal, 2014).

‘Eva aAAo Kaivoupyio @APHOKO, TO OTTOI0 TTPOCPATA TTHPE
éykpion atoé Tov Opyavioud Tpo@ipwyv Kal Papudkwyv TNG
Apepikng (Food and Drug Administration:FDA) yia tTnv
Oeparreia Tng opdluyng FH, eival To Mipomersen, éva
OAIYOVOUKAEOTIOIO AVTIOTPOPNG CUMTTANPWHATIKOTNTAG
(antisense). H aAAnAouyia Tou gival CUNTTANPWHATIKA HE TV
aAAnAouyia evog TuRpatog Tou m-RNA tou yovidiou tnG (Apo)
B-100 pe atroTtéAeopa va deopeVETAI E1I0IKA OE QUTO Kal VO
avAaOTEAAEI TNV HETAQPOAOT O TTPWTEIVN (Toth, 2013).
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NMAacupapaipeon kai LDL apaipeon

H mAacpagaipeon epapuoletar o FH opoluywTeg
(aviAIKoug Kal eVAMNKEG) TTOUOEV AVTATTOKPIVOVTAV O€
Bepatreia e @dpuaka n/kar  diaita  (ouvriBwg
ouoluywTeg TTou Oev Trapdyouv KabBoAou LDLRs+
receptor negative).

Epapualetar  dUo  @opéc TNV, €BOoudda/ Kkal
TepINapBaAvel  pia diadikacia Katd TV OTeia  TO
TTAGOPa Tou acBevoug (Madli he To UTTOAOITIO aiua)
eCEPYETAlI ATTO TO CWHPA TOU PE OUVEXOMUEVR PON Kal
cava-cIoEpxeTal, agpou €xouv agaipedei: LDL, IDL,
VLDL, HDL, ivwdoybévo kal algoTreTaAIa.

Me T1n HéBOdO autrp €xouv ONUEIWOEI  BeTIKA
atmmoteAéoparta. MNaparnprndnke 50% peiwon Tng TC o€
ATOMa  TTOU  ETTAIPVAV  OUYXPOVWG KOl QpApuOKa
(vikoTivoKO 0&u). ETmriong, onuelwvetalr o011 TO
TTPOCOOKINO (WNAC TWV OMOCUYWTWV aucnOnke kartd
9,5 xpovia.

To PEIOVEKTNMA TNG TTAACPAPAIPECNC Eival OTI PEIWVEI

@ catheter blood

® membrane filter

© circuit of erythrocytes

© plasma with isolated toxic fractions

kal to—€Tmimeda 1Tng HDL-C. Avagépetal ouwg O
ETTAVEPXOVTAL —OTA  QUOIOAOYIKGETTITTEOD O€  [ia

NS .../



MeTaHOOXEUOT) NITATOS

® H petapdoxeuon NmATog AnoteAEL T

Bepaneia emloyng oe FH opoluywteg mou

Portion of donor’s Recipient's
' , ' /' liver to be liver
bev mapayouv KaBoAou AeLtoupykoug P />, transplanted _removed

uTtodoxeic Kat 6ev avtamokpivovtal o€
aAAa €l6n Bepameiag. Auto odeiletal oto

yEeyovoc oTL tepimovu ta 2/3 twv LDLRs oto

,'/"
| Donor's liver~ |

ocwpa Bpiokovtal oto Amap, KaBwc Ko : | | { transplanted
" In recipient

OTNV IPOO0SO TIOU £XEL ETUTEAECTEL TA

TEAEUTOLO XPOVLA OTLC XELPOUPYLKEC KOl
OVOOOAOYLKEC TEXVLKEC yLaL T

HETOUOOYELVON NTTATOC.
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Novidilokn Oepamreia

H FH €ival éva KaAd PovTEAO yia TNV avaTiTugn Kal EQapuoyr TngS A/OVIOIOKNC
Bepatgiag, yia Toug TTapakA&Tw AOGYouUG:

-To guacioAoyikd yovidio £xel atropovwOeil(Yamamoto et al, 1984)

-H/atmroteAeopatikdtnTa TNG BepaTreiag UTTOPEI va eAeyXOei NE METPAOEIC TWV
AITTIdiwyY OTO aipa

-H ooBapry pop®ry TN aobévelag Oev AVTIATIOKPIVETAlI O€ OUMPPBATIKEG
Bepartreiec kal oxeTiCeTal HE HEYAAN BvNOIUOTNTA KATA TNV TTAIBIKA KAl €QnPIKN
NAIKiQ

-Eival diabéoipo éva povrtého, To WHHL (Watanabe Heritable Hyperlipidemic
rabbit), TTou BonBdasl onuavTika oTIC JEAETEC yia Tn yovidlakr BepaTtreia oTnv
FH. To WHHL kouvéhl €xel pia petaAAagn oto yovidlo tou LDLR, 1TOU TOV
KaBIOTA €VvTEAWG avevePYO, odNywvTac O€ cofapry UTTEPXOANOTEPOAQIlIa,

aBnpookArpuvorkor TTpowpo-Bavaro (Watanabeetat;1985)—



Zkonof Tn¢ fovidiakhe Oepaneiag

Napadeiypa 1:

To yovisio npooBaAnel

TO KUTTOPO
fikd
N Ancowpatxa
OEPOUETOPEPOUEVD
orayovidio
(ExvEQwpo)

Kuttopixkée 86varog

A

To NPoiGv OKoTWVE! fh EUNOSIZE TNV GUENON
TV KUTTapaV
Nopdderypa epappoync: METOPOPA OE XOPKIVIKG KUTIOPO

Avukatdoraon npoiévrog nou Aenel
f gival ovauaio
NopGseyuo EQapuoync: METapopd Tou yovidiou CFTR
010 OVONVEUOTIKG ENBAMIO EVEC 0OBEVOUC

TOU NOPAYOVTIa VEKDWONS TWV Gykwv f Tou yowidiou TK
WE IVOKUOTIXN VOO0

axoflouBolpuevn and Bepaneia ue ganciciovir

Napadeiyua 2:

To yovisio npooBannel
YEITOVIKOUG 1
AnNOUaKPUONEVOUG
10to0¢

EpQuTEUpéV
xUTTop0
NpooBepAnuévog
xopSIox6e 10T0C,
Noyw puokapdioxol
EUPOAYLOTOC

To Npoidv NPOoRGANRE! YEITOVIKOUE I0TOUG
Nopddeyua epoppoync: H EpPUTELON KUTTGPWY
fi n éveon DNA odnyel otnv nopaywyn ouEnuk@yv s

NoPaYGVTWY Nou

To NPOIGY NPOORGANEI ANOUOKOUOUEVOUC 1I0TOUG
NOPGBEIVUO EPAPUOYAG: H EUPUTEUON YEVETKE

oINPEVOV PUOBNOOTMY f n Eveon DNA odnyel 0
JUEC NOU EXKDIVOUV TG KUKADY U0EC NPWTENVE:
SiEVEIDOUV TV GYYEIOVEVEDN UUEC OUV TG KPOPOUOEC NP C

nou Aginouv

aneiag. O1 EQAPUOYES NOU f C 3 /a EiVQ )ONTIKEC. O
VOUIKNC &1 ( \C VOVISIQKS /01 QUTEC YIO T 1 £C BapIag
XOWHOOWUA X KOl QUTAV

YUQ TNGC NEQINT

atko (BA. KEINEVO N SI0uEUE

JYWYINOTNTag
Bupidivng tou anAou

uotikng vOooou

anp 3 UT Qi08 ) anciclovir (Ano: Bla ML
novel form of drug very. N Engl J Me




EXx vivo yoviOoiakn Oepamreia

@ H ex vivo.~yovidiak \Bepatreia  TTOU
epappooTnke apxikd ota WHHL kouvéhia
EXEl wg €CNG: Metd a1, NTTATEKTOMNA

] , , Human ex vivo Gene Therapy
ATTOMOVMWVOVTAI TA NTTATOKUTTAPA TA OTToId

’ ' Therapeutie 1. m’mu“ﬁﬂ!m I:I"“I,;I;:h“. ‘.:&
XPNOIMOTTOIOUVTAI VIO KAAAIEPYEIEG. @;ﬁ e s ,
2. Cella from the target tissue are
- J removed from the patient.

EKTIBEVTAI OTN OUVEXEID O€E €vav YEVETIKA
AvAoUuVvOIAOUEVO PETPOIO TTOU EKPPACEI TO

3. The celle are grown In large
numbers in Hesue cultire
plates. The cultured cells
are then mized with the virus.

e O KOMIEPYEIEC TWV — NITATOKUTTAPWYV {:nn}
g

PUOIONOYIKO YOVidIo Tou LDLR. TENOC TO  wstitii A Tl
NTTOTOKUTTOPO  €I0GyovVTal  OTnNV  TTUAdia -s;,{ Somtanioedus o nheiae
KUKAOQOPIO TwWV KOUVEAIWV aTrd Ta oTToia %"Gﬁ"“‘
atrogovwonkav.

@ H epapuoyn TNG yovidIaKnG Bepartreiag oTo
WHHL povtéAo odriynoe o€ peiwon 1ng TC
Tou opou katd 30-50%, TTou TTOPEMEIVE
oTaBepry  kKaBOAn 1n  OiIdpKeEla  TOU
TTEIPAPATOC (4 UNVEGS).




Epappoyn-orov avlpwto




Acpalsia Tngyovidiakng Oepameiag

2XETIKA MUE TNV AC@PAAEId TNG YOVIOIAKNG
OepaTtreiag avapEpeTal OTI TTPOKAAEI

AUZnonN Twv NTTATIKWY TPAVOAUIVOOWV Kal
TWV AEUKOKUTTAPWY OTO aiua Kal

Meiwon Tou aluaTokpitn

AU¢non 1n¢ TTieong otnv TTUAaia QAERa
KOTA TNV £€yXUon TWV KUTTAPWV

Agv TTapaTtneEEital TTEPIEYXEIPNTIKN
OvnoiyoTnTa, KUPiwg atrd Eu@Paypa TOU
Juokapdiou, aigoppayia Kar Bpoupwon
oTNV TTUAQia QAERa.
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