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Etcaywyn

» Ztnv matdikn Asvxoipia utapxet
OELPA UTTOTUTIWV LLE BAon poplakad
KOl KUTTOLPOYEVETIKA
XOPOKTNPLOTLKA.

» ZNUOVTLKA N KATNYOPLOMOLNon O€
uroopadec acBevwyv pe Baon
KOWVWG aImoSEKTA KpLtrpLaL

NMPOBAHMA : Ol TENETIKEZ
ANQMAAIEZ NPOAIAGETOYN'H
EINAI TO ANOTEAEZMA MIAZ
NMOAYZTAAIAKHZ AIAAIKAZIAZ;
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GWAS: AIEPEYNQNTA2 THN NMPOAIAGEzH

Alomtolouvtal moAvpopdlopol (yevetikoi deikteg), mou
npocdidouv nowkihopopdio 0to yeVIKO MANOUOHAE Kot
nopotnpoulviol TOVAAxLoToV 6To 2% autou.

Eidn: SNPs, STRPs, VNTRs, CNVs

Kupiwg o€ case-control studies cuykpivovtat oL opadeg pe
Baon tn cuxvotnta TWV NOAVHOPPLOUWV AUTWV

11 ZJuoxétion noAvpopdLopwv He ortoladnnote acBevela
AEN touc opilel w¢ umtaitioug amapaitnta, aAAd auti
MIopEel anAd va eivatl EVOELEN OTL O€ AUTO TO YEVETLKO TOTO
Kovta unapxet aAAnAopopdo Kivduvou.




MeBobdoAoyia

» XpnowpornowOnke n Baon dedopevwv PubMed pe alyoplBuo:

(GWAS OR “genome-wide association” OR (risk AND

(polymorphism OR polymorphisms))) AND (childhood AND
(leukemia OR leukaemia))

- Apaipédnkav apdpa rov apopovoay Cs:

TTOAUUOP@LOUOUC GXETIKOUC UE TNV avTioTaon otn xnuetodepamneia, To UETABOALOUO PAPLIAKWY KOL TNV EUQAVLTN
deutepoyevwv Asuyatutwv.

MeAETec ue ULkpo deiyua aoFevwv-uapTupwV CUYKPLTIKA UE TO OUVOAO TwV UEAETWV Kal

amoteAéouata mou dev emtBeBalwvovtay amo unokeiueves ueAeteg atn BiBAoypapia, amokAsiotnkay amo tn
BBAwoypapikn avalntnon.

- Mapouaotalovtatl ot IOYUPOTEPEC UEAETEC.



Ermidoyn MeAstwv (Flow Chart)
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AmoteAeouara

Ta eupHUATA UOC OHPOPOUV OE YEVETIKOUC TOTTOUG OXETLKOUG UE :
A) tnv epBpuoyEveon kat dtapopormoinon TG aLLOTIOLNTLKAC OELPAC
B) to petaBoAlopd tov puAAikoU o&€o¢

I') TL¢ VOOOAOYLKEC AMMOKPLOELC

A) tTn pUOMLON TOU KUTTAPLKOU KUKAOU

E) Tnv avtipponnon tou ol wTIKoU OTPEC

Z) TG YEVETIKEG aAAnAou)ieg Ttou KwdikomoLoUv | aAAnAenidpouv Ue
microRNAs



A) EpBpuoyeveon kot Atadpopornoinon TnG

OLLLLOTTOLNTLKNG GELPOLG

EUTAEKSHEVO YOViBLo MoAvOPGIoHOS

ARID5B (10g21.2) rs10821936 - O npwrtog ouoyetiletal pe OAA og OAeC TIC EOVIKOTNTEG e
rs7089424 Stadopetikr) cuyxvotnta aAAnAopopdpwv yovidiwyv
rs10994982 -OL V0 televtaiotl moAvpopdLopol cuoyetilovral pe MLL

avodLaTatelg

IKZF1 (7p12.2) rs4132601 (;) - O npwtog cuoxetiletal onpavilkd o€ Eupwnaioug, OXL o€
rs11978267 Kwéloug kat lomavodwvoug ApepLkavoug

PIP4K2A (10p14) rs10828317 - O npwto¢ onNUavTLkoG os Evpwmaioug
rs7901152 - 0 beltepoc onpavtkog o Kwveloug

-Xu H et al. Novel susceptibility variants at 10p12.31-12.2 for childhood acute lymphoblastic leukemia in ethnically diverse populations. J Natl Cancer Inst
2013

-Emerenciano Met al. ARIDSB polymorphism confers an increased risk to acquire specific MLL rearrangements in early childhood leukemia. BMC Cancer
2014

-Migliorini G et al. Variation at 10p12.2 and 10p 14 influences risk of childhood B-cell acute lymphoblastic leukemia and phenotype. Blood 2013

-Dai YE et al. Contribution of Polymorphisms in IKZF1 Gene to Childhood Acute Leukemia: A Meta-Analysis of 33 Case-Conftrol Studies. PLoS One 2014
-Deng J et al. 10p12.31-12.2 variants and risk of childhood acute lymphoblastic leukemia in a Chinese population. Leuk Lymphoma 2014



AIAOOPETIKA EYPHMATA ANAAOTA TON NMAHOYZMO

To rs108211936 aAAnAopopdo C yovidio ARID5B (kwvéuvou) 1 kata oslpa:

Maupot Apepikavoi< Apepikavoi APpLKaVIKNG Katoywyns <pn lomavodpwvor Apepikavoi Evupwraikig
kataywyrig < lomovodwvol ApEpLKavol

Gene SNP Minor allele Non-Hispanic Whites Hispanics
MAF? (%) Total ALL B-cell B-cell hyperdiploid MAF (%) Total ALL B-cell B-cell hyperdiploid
Allelic ORP (CT) P¢ AllelicOR? (CT) Altelic ORP (CT) Allelic OR? (c) P€ Allelic OR? (CT) Allelic OR? (CT)

ARID3B 1510004082 A 48 1.37(1.08-1.73) 0.018 1.41(1.10-1.80) 1.67(1.14-247) 54 1.53(1.23-1.90) 0.0004 1.65(1.31-2.07) 221(1.52-321)
ARID5B 1510740055 C 48 1.50 (1.18-1.90) 0.003 157(123-2.02) 1.76 (1.19-2.61) 54 1.61(129-2.00) 1x10 > 172(137-217) 243(1.67-355)
ARID3B 157073837 A 45 143 (1.11-1.85) 0.009 1.59(120-2.11) 2.30(1.48-3.59) 52 1.76 (139-2.23) 43x10 =T o (1.68-2.94)  2.66(1.75-4.03)
ARIDSB 157089424 G 20 184(1.43-237) 22x10 ° 198(150-261) 2.71(1.79-4.12) 39 1.98(1.59-2.48) 1.0x10"7 220(1.72-2.81) .22 (2.18-4.73)
ARID5B 1510821936 C 31 1.79 (1.40-2.28) 48x10 6 183 (1422 2.43(1.64-3.61) 41 199 (1.61-247) 12x10 * 235 (1.70-2.71)  3.08(2.11-4.48)
CEBPE 152239633 C 51 1.44(1.13-1.82) 0.005 1.83 (1.42-2 1.88 (1.25-2.82) 61 1.24(099-1.55) 0.0671 126 (1.00-158)  1.81(1.24-2.66)
IKZFI 1511978267 G 27 1.81(1.41-232) 78x10 6 178 (137-230) 1.76(1.18-2.62) 27 120(095-1.51) 0.1483 1.18(093-150) 121(0.84-1.73)
IKZFI 154132601 G 27 180 (1.41-231) 8.4x10 5 378 (137-230) 1.75(1.18-2.61) 27 122(097-154) 008 121(095-154) 127(0.88-182)
CDKN24 153731217 G 14 0.71(049-1.03) 0079 0.66 (0.44-0.99)  0.46 (0.22-0.95) 9 0.74(0.50-1.11) 0.162 0.70(046-107)  0.38(0.16-0.89)
CDKN24 153218018 C 9 099(0.67-148) 0966 099(0.65-153) 124(0.66-232) 6 1.78 (1.19-2.66) 0.0145 177 (1.18-2.66)  2.37(1.40-4.00)
CDKN24 152811712 G 10 096 (0.66-141) 0921 1.05(0.70-157)  123(033-225) 8 1.56 (1.09-2.24) 0.0315 153(1.06-222) 1.91(1.17-3.11)
CDKN24 153731239 C 36 126(095-1.55) 0.163 132(1.02-1.71)  1.55(1.05-229) 32 097 (0.74-127) 0.7407 099(0.74-131)  1.04(0.68-1.58)
CDEN24 154074785 A 10 090 (0.59-138) 0623 1.03(066-160) 092(045-1.388) 29 096(0.76-122) 0633 100(0.78-128) 096 (0.65-141)

MAF minor allele frequency. SNP single nucleotide polymorphism. OR odds ratio. CI 95 % confidence interval. Bold typeface indicates results with p < 0.05 and’or odds ratios whose 93% confidence

mtervals exclude 1

*Minor alleles defined a priori to match previous GWAS papers: reported MAFs among controls may exceed 50 % in the present sample

%0R adjusted for age and gender

€ p value from log-additive inheritance model

Chokkalingam AP et al.
Genetic variantsin
ARID5B and CEBPE are
childhood ALL
susceptibility loci in
Hispanics. Cancer
Causes Control 2013




B)MetaBoAiopoc tou puAALKoU o0éEoC

MTFHR 1298 A>C - Acadécg av
(rs1801131) cuoxetileTal n OxL DNA Methylation « Homocysteine
677 C>T ocUuPpwva PE LEAETEG o
(rs1801133) KOl LETO-OVAAUOELG S
MTR 2756 -NpodLaBeon yLa to ATHER
yovotuno GG Methionine
TS 1494dell6 - MpobLabeon otoug
OHOGUYOUG yia To Folic Acid o OHF — My Sl +5,10-methylene THF

ENAepa 6-bp-/ 6-bp-
-Pereira TV et al. 5,10-Methylenetetrahydrofolate reductase
polymorphisms and acute lymphoblastic leukemia risk: a meta-analysis.
Cancer Epidemiol Biomarkers Prev 2006 Purines
-Wang J et al.MTHFR C677T polymorphisms and childhood acute
lymphoblastic leukemia: a meta-analysis. Leuk Res 2010
-Metayer C et al. Genetic variantsin the folate pathway and risk of

10-formyl THF

childhood acute lymphoblastic leukemia. Cancer Causes Conftrol
2011.

-Yan J et al. A meta-analysis of MTHFR C677T and A1298C
polymorphisms and risk of acute lymphoblastic leukemia in children.
Pediatr Blood Cancer 2012 DNA Synthesis dTMP« dUmP
Lightfoot TJ et al. Genetic variation in the folate metabolic pathway

and risk of childhood leukemia. Blood 2010




) AVOGOAOYLKEC QITOKPLOELC

MNePLOPLOUEVEC MEAETEC

loxupotepol moAupopdrlopoi oxetikoi pe OAA :
-LMAN1 rs1127220

- IL12A rs583911

-Greaves MF, Alexander FE. An infectious etiology for common acute lymphoblastic leukemia in childhood? Leukemia 1993.

-Greaves M. Infection, immune responses and the aetiology of childhood leukaemia. Nat Rev Cancer 2006.

-Kinlen LJ. Epidemiological evidence for an infective basis in childhood leukaemia. Br J Cancer 1995.

-Han S et al. Polymorphisms in innate immunity genes and risk of childhood leukemia. Hum Immunol 2010

-hang JS et al. Genetic polymorphisms in adaptive immunity genes and childhood acute lymphoblastic leukemia. Cancer Epidemiol Biomarkers Prev 2010.



INK CDK inhibitors
(P15, pl6, p18, p19)

A) PUOuLON TOU KUTTOPLKOU KUKAOU

Cyclin B:
CDK1

>HMEIO KAEIAI to onpeio eAeyxouv G1/S

CyclinD:
CDK4, CDKé6

OuvnoAupopodiopoi aadpopolv TOUG AVOLGTOAELG TWV

KUKALVOEPEAPTWHEVWV KIVOLOWV : KIP/CIP CDK inhibitors

» rs3731217 (ouykekpiéva to aAAnAdpopdo T) (P21, p27, p57)
tou CDKN2A

» -222 T>A tou CDKN2A

» -593 A>T,C tovu CDKN2B kot

» -1608 G> A tou CDKN1B

Cyclin E:
cbk2 '

O yovotunocg GG atn Oéon rs3217927 tou yovidiov CCND2 -;.:vaclin 25
g€ Agwarec CDK2

-Healy J et al. Promoter SNPs in G1/S checkpoint regulators and theirimpact on the susceptibility to childhood leukemia. Blood 2007
-Zhang H et al. Association between the polymorphism rs3217927 of CCND2 and the risk of childhood acute lymphoblastic leukemia in a Chinese population. PLoS One 2014
-Sherborne AL et al. Variation in CDKN2A at 9p21.3 influences childhood acute lymphoblastic leukemia risk. Nat Genet 2010



Reactive oxygen species Xjrays
Maethylation, deamination (single-stranded break)

E) Avtipponnon tou oéeEldwTikou

» H nmAnpnc amovoia tou yovidiov GSTM1 (null mut
O0TO GUVOALKO TTANBUOMO Kat Wlaitepa ota atopa A
KOTOY Wy ¢

» HmAnpng arnouvoia tou yovidiouv GSTT1 (null mut:
OLTTOKAELOTLIKA 0TOUC ACLATEC

» Xpelalovtal TEPALTEPW UEAETEC

2T) EmdopOwon tou DNA

KUploL mpotewvopevol moAupopdlopot

Iigas;:i ga a
» Arg399GIn, Arg194Trp kot Arg280His tou yoviSiou Vi; St Lol e SRR Ry
Short-patch BER Long-patch BER

(19913.2) pe Stadpwvieg yia to podo twv 2 TeAeuTa

(Minor pathway)

-Sheng X, et al. polymorphisms modify the risk o
acute lymphoblastic leukemia in Chinese children.
Carcinogenesis 2013.



I
microRNA gene or intron Nucleus | Cytoplasm

RNA Pol Il /il l Transcription /

Z) M'evetikec aAAnAouxiec MOV KWOLKO /
’ . /
N aAAnAemnidpouv pe microRNAs ::Dmmmmpﬁ_micmm (:} /

l Cleavage /

» Evtoutolg, npootiBepeva SNPs o miRNA oreliGroRNA X ccienr cxcer
napeunodifouv tn Bloyeveon twv miRNAs 1/ & il " P
aA\nAemniSpacn twv MRNA-miRNA. -7 I )

=" 3 .
- : e re-microRNA
EAGxloteC peétecos: . - 5
' . | l Cleavage
» 1s1803915 tou mir-612 ko rs3746444 tou mir
[ 3-
o€ Aolateg yia OAA - [Ty, L
microRNA duplex l stallon
l RISC formation
; ) L b g o
5 3 u ,u 11 1
-Gutierrez-Camino A et al. Noncoding RNA-related polymorphisms in pediatric acute Mature microRNA kT R
lymphoblastic leukemia susceptibility. Pediatr Res 2014
-Tong N et al. Hsa-miR-1926a2 polymorphism increases the risk of acute lymphoblastic / \
leukemia in Chinese children. Mutat Res Fundam Mol Mech Mutagen 2014

-Dzikiewicz-Krawczyk A et al. Polymorphisms in microRNA target sites modulate risk of

lymphoblastic and myeloid leukemias and affect microRNA binding. J Hematol Oncol 201 Translational repression mRNA deadenylation

4 7NA target cleavage




AAAnAerudpaoceic petaévu yovidiwyv (gene-gene interactions)

kat aAAnAerudpacelg petadu yovidiwv kot teptBailovrog §
(gene-environment interactions) |

» H madikn Aevxarpia napovotdlel moAvumhokatnta (complex disease)

» OLYEVETLKOL TAPAYOVTEC £XOUV HETPLA ETidpaoN 0 KaBEvag
EeEXwPLOTA. ABpOoLOTIKA OpWG, peyaAutepn. Movidia pmopei va
aAANAentidpoUv oto eninedo tng pUOULONG TNG EkPPaoNnG, KON Kot
o€ eninedo npwteivwyv ( PPl networks).

> AuvopKEG AAANAETILOPACELG TIOPATNPOUVTOL EMICNG LVALECO OE
yovotumo Kot mepLBAaAAov

» Q¢ oNUAVILKOTEPN EMISPAON GTO YOVISIWUO LECW ETILYEVETIKWV HNXOVLIOUWV
avadEépetal n €kBeon otnv Lovilovoa aktvoBolia.

Belson M et al. Risk factors for acute leukemia in children: a review. Environ Health Perspect 2007



2YMIEPA2ZMATA...

- O uPnAotepa cuoxetl{Opevog MTOAVLOPPLOHOG e TNV OAA GUVOALKA OTOV
nAnOuopo sivat o ARID5B, rs10821936 . O noAuvpopdropot otig O€oelg

rs4132601 katrsl1978267 duvntika cupBariouv otnv epdavion OAA Wblaitepa
arno B-npodpoua Aepdokuttapa avapeoa otouc Eupwnaioug

-NMPO2OXH 2TO 2XEAIAZMO KAI 2THN EPMHNEIA TQN MEAETQN:

» -Avaloya Tnv €MIAOYN TWV YEVETIKWY SELKTWY, TO HEYEBOC KAl TNV OLLOLOYEVELQL
Tou Selypatog

» -To HEAETOUHEVO UTIOTUTIO HE BAON HOPLAKA KOL KUTTOPOYEVETLKA XOPAKTNPLOTLKA
(avadiataelc MLL kot aAAa). Zuviotatal katnyopLomoinon

> -Xpelalovtal epALTEPW UEAETEC yLa emiBePaiwaon podlaBecikwy TOMwWY

- MPOAIAOGEzH AE ZHMAINEI ANAPAITHTA NOzHzH...



«Ta yovidia ortAi{ouv to ontAo, aAAa to meptBaAiov
ntata tn okavéaAn» - Dr. Francis Collins




2oc¢ EuyaploTw MmoAU...




