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Abstract

The PIP4K2A gene encodes for a class Il kinase of a family of kinases
known as phosphatidyl inositol 5 phosphate 4 kinase (PIP4K), which in
addition to PIP4K2A includes both PIP4K2B and PIP4K2C. PIP4K2A has
the highest enzymatic activity of this family. Several studies have indicated
the importance of the PIP4AK2A gene as one of the risk loci that genetically
predisposes to acute lymphocytic leukemia ALL, and other studies have
shown that the expression of PIP4K2A is strongly affected by the genotypes
of single-nucleotide polymorphisms, Thus, there is an association between
the SNPs of this gene, especially rs7088318, and leukemogenesis through
the induction of overexpression of the gene. At the same time, current
evidence showed an association between susceptibility to ALL and the
Ethnicity-Specific and Subtype-Specific leukemia gene PIP4K2A. This
study aimed to identify the frequency of the rs7088318 polymorphism allele
in a population of Syrian patients with acute lymphoblastic leukemia and to
investigate the relationship between the genotype and the patient's sex, age
and immunophenotype. Our cross-sectional descriptive study included 114
patients with ALL of both sex, children and adults of different immunotypes,
whose genotype was identified by ARMS-PCR. The data were analyzed
based on the statistical software SPSS released 23. The frequency of the
heterozygous T allele reached 80% in the study population, and there were
no statistically significant differences between the frequency of this allele
and under the disease groups, which shows that there is no correlation
between the rs7088318 polymorphism and each of the sex. Age, and
immunophenotype of

Syrian patients with acute lymphocytic leukemia.

This study highlights the need for further investigations to identify
frequencies of alleles at other genetic loci in Syrian patients with acute
lymphocytic leukemia and to assess their impact on susceptibility to disease

occurrence, response to chemotherapy, and prediction of relapse in patients.

key words: Acute lymphoblastic leukemia ALL, PIP4K2A gene, Single-
Nucleotide Polymorphisms Rs7088318, ARMS-PCR.

113


mailto:mohammad.moussa@damascusuniversity.edu.sy
mailto:chadi.soukkarieh@damascusuniversity.edu.sy
mailto:Nisreen.khazem@mail.damascusuniversity.edu.sy

i AySug g oo Ot g A o liall Jaailly yaally Guially PIPAK2A ¢pall rs7088318 ISl sanil) ¢y A8bal)

-

14aadall
calladl & JUkY) ol legdy <Y 45Lal (ALL) Acute Lymphoblastic Leukemia slall g5léalll adll (aliayl as
International Agency For Research On Cancer Ul cilasy algall AN cilibias) ijeldl L ) [BEWH
by Cali ) 2020 le ysdiall Linall Al dubally 2021 alal GLOBOCAN g5 e b 5ysid) (IARC)
aag 2m g sl Jaee Cun e (YY) Ayl 8 Ayyee g a8 2017-1990 HeY) G Lalle alan) eVl
SV Al oy pads all 100 U9 Alls 14.83 als dasiys Age-Standardized Incidence Rate (ASIR) el
12 1] g paall syl Lalle 413l

Lall Swa e 4l Al Lymphoid Neoplasms dugalll clslill (e degana ALL aladl (golialll (alian¥) Jady
Luaiill s g B-Lineage and T-Lineage Precursor Cells dstilly dsbl) Dl calu WA elidly S
o Aime Gilandy gad Agase Al By ol sladin) Gl e @l Lumban) dag ¥ Als Caiad b e lidll
s Y] aaats ) 23al) sa dagill 8 aalis 88 Clagles Ay gl Alages ADLN paas Ul 3 mlau
Flow (gslall (3axll s ddauls o Immunohistochemistry 4ue lid) dua sl sivngl) ¢ LaSl) ddasd s o= biall Jasatill ¢ya)
Capialy i 3 Lol Gl 138 2ay [4 (3] saalgll 4080 e lae cilacain 50 a3 24 Cus cytometry
;) Immunophenotyping el il s (el andy Mg CALL

Precursor B-cell ALL (B-ALL) o
Precursor T-cell ALL (T-ALL) e

slally gl 3 21 G Adagale AT dgas pe ¢ aSl) auilad aae 8 ALL J Gyl (ailadll gaa) Jias
basaad & illy ALL 3yshad 30 Caial 3 Glhadiul SV )3y Jalsall Jai +SlaasSl) 2 3all 34ty (gl
Ly (e V) aally ¢l s ~ L) dgmgs cpaniil) de eliapll aall S dlaxiy el 3)8Y) Gl
.[5] 2,8l dual) A lly ALK 3lagll igaa axy Minimal Residual Disease iyl

Jaxia¥) e cliall 536 G V) ¢ ALLa) gslaalll aliapdU dpalyel s Ayl jalaall aall agdll e a2yl
zalie Calint iy agiall agle sl pay 5AY) gl 3 Ll maaly e (sl g AL Susceptibility
aldie ) daguall el oda ey Cua ddupill byl duall USAY) Jalses duiall Gl paail Zaaled) el )
Ll gaa) *s GWAS I)Laials; Genome Wide Association Studies psiadl Jal€ Glai e aliy¥) du)) mgia
psinall o i) aenis adinall (e die duy e Glalinud) paliii A Observational Study dssall clud il
el ST (e S 2 die @llig agial) JalS 8 Apuall bl (e Ao gane e o GWAS bl 5 L JSS
20Kl Bayie AIKEN Cilaaadl) ADle e cluhall o2 S5 Lo dale LAma dawy e it G daldy) alad) caag
7 6] duyill (al YIS (5,8 calandly SNPS

038 (e edad) (gslialll aall oy okt 8 PIPAK2A () adlse Laysi GWAS Glaill dauls gial) ilulyy iy
fe A b A adl VY Jill saal SNP 2l ajie JISE 2003 Jaad (e 3 157088318 wsall 22y adlsal)
Oo el g Y1 e 22564019 adsall 3 (C) Gpsimll 2851 e (T) Cail) aisdSs dag 3 caall Gialiayl
2y eyl oo madll 8 s Al Splicing Defect i)l 4 JIs ) Jaiud) s g0 «PIPAK2A (s
(eQTL) s Loci expression Quantitative Trait oS jusi dew adse dagual)l Gluhall Caay 157088318 a8 sall
Gl ale)y 3l s Lymphoblastoid Cell Lines dyslalll chiliabian® 456al) Lagladll 8 clldy PIPAK2A (sl
O PIPAK2A pall ce gitipall pmilly Ula) Jasiyal) adsall 138 32 3 agley <[9 (8] mpall (g 8ylandd) 45V

11 4



i AySug g oo Ot g A o liall Jaailly yaally Guially PIPAK2A ¢pall rs7088318 ISl sanil) ¢y A8bal)

s 3508 (e il anall dadis die ciaia Meta-Analysis st Jdalas Jaad (e duadyy oSl L ALL 5 4badd s
Sl ¢coldl rs7088318 adsall & S sl S5 ALL o dla) jhd as 157088318 adsall Loyl sl 12446 5
rs7088318 aisall & Sl axaill Jali V) st il iy T Variant slasall Ja¥s Wild-Type C sl Jaail
& ALL o Llay) 446 ae sl Galaiiye Gahall cpda s TC5 TT Lad glailil) cpisall culaaill of ALL (udaye 2ic
Urayama ald) s cglals 2[9] (0aniDUls «cSym) 25V ¢ naya¥l GansysY) dgyaall ddjal) cile sandd)
4Ll 157088318 aisall A T JiV) g baloyl A8he apms ALL o ombias cusbl Jubl e cojas) Al 4Dl
Ll asas 4Blejs Deng bl )y Cehl LS (%61 oyl desane e Tils ST GIS Cun Giasally b))
Al o Al cluhy cnelal Qiaally L[12-10] gaeall JUbY) xe ALL o &baY) a0, T Ji on ol
Caald) Aulys ¢ ShauY) adinall s @llyg 4535 Lopez-Lopez caald) Gy A LS Gajally hagpe pe T Uaial)
14 ¢13] clusdl Julad sal 4Dl s Bekker-Méndez

O e pe ) ad L mpall e liall Jaailly (uially peall s 17088318 pdsdll Ale b iy Al cluhal) 4 AL
oWy (AYAs) adolescents and young adults  <luilly Galall ie & 5ui S (ALL) ladl gslaalll aall Gabiay
ALL (G ¢ Jalls (JULYL d)lia pavie egul iiny papall fils sball a8 o elid) c¥aae of V) JkYL 45l
e Il Ayl Al L) o e i Ll Jaee aliad) G Wle alllly AYA vie 23l Gua Uy
G LAY Jpa W i jlee¥) Gilite g osiall Jawaiill 8 5,881 skl e JUlYL 455lie gl
AYAS 1zl #5 cadl 3350 gal) adad) i) Jon dage Ay aniiy Gualllly JULY) G (ayall Laglen
JISIALL (e @silay 0l sl

G Jalsall Ja (e 203 BB 038 o V) Aesiaal) ciluhall 3 (i) e Zalal DY) dpaal (g pipll e
S Al GV LSl Aty alal) a8 o clilly ook Lages Uyl Lol Gl oy b layil ()
S uiad) Jale ety caagl 38 5,aY) Al cluhal) o Wle o dasgie pe Gauial) (n clBEAY) o8
J17 <16] duhall due ol v s

The Amplification Refractory Mutation System iy st o<1y QY 138 e @il B Aaadiuall GHlall e o
deyully Aigylall oda aidi LS (rs7088318 SN saxil)l CaiS) Aals \glily (3ykall Jawd o PCR (ARMS-PCR)
18] SNPs 3 Cai€l dalell gylall o il cpa 00 jlai b Lgia Juny Laa Allall 48435l

Rl e sl Gasm (aye s PIPAK2A (il 157088318 adsall 3 340CE0 dpnasil (g3a5 ) iy Caags
Uslae Linlyy (5S5 @llyg Lelid) adaais opacs el Guing SV 15 Gn 4D il ALL slal) (gsladl
s Gl gas VT Al Aleall (polie aal aal L Leidsi Jlae (& Caadls Bl ole aalia Sl

:Materials and Methods (3 _kllg 3)sal)

dufpal) clegana — 1

JULY) e Isxaly calal) gslialll al) by (e ity 5 315 1S3 83 (ha Limpa 114 (g syl 5ygan il
Lle 40 V2 g ajleel #oh 2021 Lalasis 2020 6 GlS G siad) 55l 8 Bded b slulsally aelal)
Aa3iuly T-ALL 5l B-ALL e liall Subtype Jacill ciad axdy agaal Llay) cuads (0.84+ 10.3 yeall Jaigi)
WAl ce B cells 45Ul WA 5 de g daal e slaeYL Flow Cytometry assay (ssiall 38l dulia 4

.T cells 4l

11 <5



aldy Ay g A e Cugm (@ s o Uall baailly jaally Guially PIP4K2A (ali rs7088318 ASal) amil) oy Aadal)

t o) Jasadil) — 2

223l 157088318 il aafids (Standard Method dplae iyl Jamall a2l o asiuall DNA 3 Galii
-[5] Gutierrez-Camino 2017 &alll Ji (e Ll Y Tetra ARMS-PCR 44, sk

ULS0 Slell dena Jelis zybe & Base Pair gasd) (e gid (348 248 ¢163) Jshy DNA Card sz g
ten¥) ldyall e pum/L 0.1 5 casind) DNA IV (5e ng 20 (s

(Forward Primer 1 4wasll 45.4) F1: CCTATGAAAAGAGAATAATAGAATTTGTTTG

(Reverse Primer 1 4181l 222W) R1: CAACCAGTGCCAGTTGTGAC

(Forward Primer 2 4wl 25.U) F2: ACAGAGAGGAAAGCCACACG

(Reverse Primer 2 4..8.1) £40ll) R2: CCGAGAAAGATGAGTTCTCGGTA

-PCR Master Mix 2X (Thermo Fisher Scientific InC) zae (e uL 255

: Al S8l e PCR Jeli (gulat (g)a

all 2% 60 Aspall dads 15 7 94 daall 488y 1 10e 3y 405 27 94 Aspall Bl 5 saal Ay jea d5had
7 72 Al 36y 10 sadl dlgs Alla) s5hads ¢ 72 daall 438y 15 Annealing <l all

i) ey e dslall %2 asled) A e Jelil cilatia Jiagi dnald) Bl Cunt b ga
Statistical Study dutaay¥) du)l)

5 e elial) bally jeally Guinll o IS il oy Al Bl 15 5 A Aglany) Laad) i 55
ladinly Alasy) didaall jlai) (ga .Chi-Squared gy IS OS] aladiuly cllyy ajall de gana 2l i) Lyl
23 laay) SPSS gl

Results il

La 5ypm 1 JSal) selays (Tetra ARMS-PCR 4l Jlextisls L Limppa 114 aanac s dabpal) spen 313 gaen Jadd
Ll i gyl e Slie a)¥ @lys ddbise Jlshl PCR cilsiid DNA o lgle jelay ¢S Dy
Cs T auhll Ll 4 i . TC cisagil) Callitiay CC Cisapill Jildiay TT Cigapill Jilaia :ADEN dyaual)
C Y 5 %20 Jiias %80 &1L T S il of oy cililadl o3a e bW

116



PCR J) cdlelii cilaiial AlsgS ooy Aol §gma 11 JSill
Gl 5AY) A liall Jiciy cilasll Gu 100pb ()liy DNA Ladder Lall ale sladl ge J9¥) ) Jiag
Jiliia Jaail) i 2 Zially ((CT) Capapll oliie Jaaill Zglilly JoV) Al Jidih Ll Llady) abide il
oo Aanlil) Cuilaal) Jlshals axe (e Jalal) 038 ciaaa o(TT) csagill Jilaia Jaatll Jidi 5831 dialls ¢(CC) isail
OIS 248bp sk dliac selas il 13ls 348bp sk dubias Al WLl R o2 selin Y (PCR Joli
sl Qallas Jds Jelal) (i il A fsbasdl seds «C SV IS 163bp Jstay danaley il 13) Lain T JaY!

o) galialll anll Galiagl paye cilegara iad ol 1S7088318 adgall Lubal) i £555 1 Jgaadl

dpayall Gile ganall caad : 2L 2 S Nes P value

Caial)
s 83(%72.8) (%83)138 (%16)28
ey 31(%27.2) (%80)50 (20%)12 0.65
sl
0-2 3 (%100)6 (%0)0
2-6 52 (%78)82 (%21)22
6-13 38 (%80) 61 (%20)15 029
>14 21 (%88)37 (%11)5
= lall Lol
B-ALL 108(%94.73) (%79)172 (%20)44 0.07
T-ALL 6(%5.26) (%100)12 (%0)0 '

Gy Lty %72.8 oS Aas aly Lo lid) Jaailly yeally Guind) e slaieVh Glesene ) sl sl 55a
Oo Al Al (3 L ampall dae b e I 0 e V) RS e @l )l ) el and Lain %27.2
14 o ST dag)ll 45l 38 &l laliaye 22 Lle 13 U 6 (e 4G 45l 052 laliape 220 &l Gy 6 ) (yfiias
ols B-ALL W) Jaailly bias %94.73 s Lo of acapall e liall Jaail) ani o LS 21 laliape e Lile
%5.266

cle sanall 538 (g de sana JS A 157088318 g sall dushyall Ll 568 1 Jsaall jeday T-ALL S Laailly (plias
Laill amye g2l %100 g 43)aally B-ALL e liall Jaaill (553 el desane 8 %79 T il V) ls o8
Gsbuiia JSy amyal) die V1 55 WS P=0.07 da cilS 3 Loliaal Ly dine lsil) 038 oS5 ol T-ALL el
el xie A 55 e Wi L Ailan) G)ls asms axe (P=0.65) P ded caxl %80 iliyly %83 Sl o Ly
100% Lele 2-0 G atjleet sl Gl o pall (o) Al ulS 388 alal) (golaalll alimpV) (il vie jenll Conen
Lle 136 o anjlee zsbis ) ompall (52l %78 sl il alsel 6-2 G abla] 5l O,J,m sl sl
13) g Apenll il Uilan) 43 Vine )l (S5 15 %88 Lale 14 (358 (palll) amyall die s (%80 dpwail) il
P=0.29 lein Lag cuiysi L

A8l

1157



i AySug g oo Ot g A o liall Jaailly yaally Guially PIPAK2A ¢pall rs7088318 ISl sanil) ¢y A8bal)

L HUSaY) Jalse o dall el e oinlll S Dbl aley aliiall SLaia¥) 13a Juaing 5yaY) LY
b oeliial) LVl s aely ai Gl e sdle by o (A Anadll Al Jalsall Ciae o 2xy gl
aad oo g pall e bl e 0l b L cdslpal) daslia) o (U0 UiaY dmpe Y1 abaYL sl
Ja b bl il e dggal daaall dleyl)l (allSs Jess 0 Jliys «Quality OF Life gyl sba s05a 8
Aphll Lle)ll ails (e calliiall gl agall jsys Afsoa

SV Laaill e die OIS asiall e o il el Bl Jad Jas (e 2019 ple iy Lia dulp b
oy die PIPAK2A Gl ge Ll dBle L 006 o oS L 214 e Gopmill 2 (B-ALL 35 ALL (1o legad
Jainall yeall ) duhall sl ciliagis clajes RBL2 5 RAC2 S Glajull ddle culd Ll ddgjna cilin Leias ¢ALL
&8 3 o g WS dhsall dadlaall cilajie 4 Ul oY) balal catl Apall Ll i PIPAK2A (pall
191 Lad) Jane (aliss) s (apall ¢ Zull Y1 pe Jadiy culillpudl (g dalisall 151 3 PIPAK2A (e il

3 Cpysad) dall golaalll adl) Gabiay) e 50 157088318 pdsall 3 SN axall T QY1 Hliml & Loy el
Galgia S 3 CALL mpe legene (53 T olaiall ) laml G e 28l cluyall ae Ll il (%80 &l
([11] 0.67 by ([14] 0.68 L) sl Jal oyliis) s il Laiy ([13] 0.86 (paSsnalls <[9] 0.81 lansgll ae
91 0.50 (1uS35a¥) 48,1891 ([9] 0.58 (yuylisdlly <[20 <7] 0.63 huisally <[9] 0.65 CpuSayaY) chmg ys¥1;

bl Ay L i YL Aplie el pavie #2300 G Jane of WS ST il 583 Gy sl o Jliiels
GWAS zei b lele Capeill &5 ) ARIDSB aadl of A&l il pall iy 3 CALL (oumpe die cpiald) 5] QYY)
DS gl ALy Al pdy Uaiiyl rs10740055 5 rs10994982 (padse Sllisi ¢ iayally Llay) Ll s lgiidle s Layl
@Al (OR = 1.03¢ 1.37) 4 43)las (OR = 3.79, 4.35) L, <4l xic Odds Ratio deaay¥) duws cialy 3) &by e
[21] &y

Sshall ALL aie Gauiall oy LU dyial) L6 Cdia) Candidate gene studies (sl mad il il iy WS
Ll 33y Lgie JS Laiiy) ERCCI (excision repair cross- complementation group 1)¢cpall Je (pl€E cpiast je
[22] QWYY s HsSA gl (apally Ailay)

Ha0 by iy il ampal) Y15 sSH cp iad) aon T o) Y1 565 8 Lilian) ola (36 Liiadps 2 o)
[23 <10] rs7088318 adsall i)y )sSA) (y Alian) dpaal 53 (5)lb a5ay ey agDlas Liao s

JULY) vy S8 (el Bladld Al LLEN o @ 5 4l cliuhs bl mal) e e ) &
) mpal) say Camy agall foandl AL ead) iy oY) i Basane il Lo cpalll) e clual oS Talle
151 JUkYG 4)lie Lad)l Y s agaal Gaiass Jle Uil 5

Cun ol JULY) die (el Lla) 3lE) adse 17 (50 2021 ale 4Blejs Qing Hao caald) dulys & Giaill
cend) e KA el (palldl vie ase sl 8 aals aisey JULY) e lgie Eail S adlse 8 ) Aubi) Cuald
e Copmilly Cald i samsl) Auyall [86] yeall me Laysi Waylad (ailinys JUlY) vie slie <Y1 4 ARIDSB
Ll bsale JS5 L GATA3 gl e 1573956024 saill o) chaay JihYly uallll ccaydl oo chlasal)
S Al Gl i W JEY) e calld) die Gl Alad sl Gelad) (R =y Lee callll die i)
123]1P = 0.21 ulS Cun gl (puadll) vie (o yally LilaYls 157088318 (s paal) 2axil) (Al

11 -8



i AySug g oo Ot g A o liall Jaailly yaally Guially PIPAK2A ¢pall rs7088318 ISl sanil) ¢y A8bal)

Gl g A3lie (%100) Sl 5 oyl bl ) gl TT il el e el jils cilsioe liuh ekl
Lle dglaa) AN o sn calld) S 28 CC il bl e ) 48l L ((%64) il 16 JEkY) aaall
Ol (pmpe Ao A Can

T-ALL Latll laml 4o aa Y Lay %85 oyl 4w 115 3 (ALL oy die hliml JSY) B-ALL Laaill ey
D13) 53 T-ALL Jaaill axy oSl ¢padd Gsale JS o 2l 10 hsa T-ALL Jaadl sy ol daasilly (%15 JIsa
[24] (sl cpalllly JLlY) NS die B-ALL Jaaill 455l Jtef 4 oSl Jaaag 7o

by ek Al e liall Cplaaill (s LeBA)y Al Bk ISAN il Hea (8 Cliag Al Gluball oo ALE
25 24] T-ALL Lail; PIPAK2A (pal rs7088318 aisall & SN saxd (p ADle 25a5 aele)s Sentis <Lejma

Aol sl Bilaia unll haaill e OIS persen O e a2y (D (aiare 6) T-ALL (oiaye mny Linlys Ciaa
e Al (%100) T-ALL elidl il mpe gl T opliadl Q1 oo el 5305 cligine T cplaall JiU
T-ALL baill mje die 48 Can Wl cdflas) AN dllin oK o 45 Y) (%79) B-ALL elid) baill
B-ALL Jiaall Laaill imye ae 43500

et (Says o liall Taadll i (uially seall (e Uy 157088318 Sl axaill T V1 cpn Bl asmg pde Lialyy Cjelal
C Genetic Association cual) oyl sl o Linkage sy & SEBEAYL dabal) L) Gle ganadl (G DAY 134
Gene el JET aams Ay of @he¥ly cladinadl G dahida) bl s3a jeli LAkl Gle sanall 3 LY
casine S ol ¢ 5 Polymorphism

¢ Jagadl) cilaglaa
(501100020595) sl iy (385 (3eked Aol (30 Jpan Cindl 13

119



i AySug g oo Ot g A o liall Jaailly yaally Guially PIPAK2A ¢pall rs7088318 ISl sanil) ¢y A8bal)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

saaladl
Dong, Y., et al., Leukemia incidence trends at the global, regional, and national level between 1990 and
2017. Experimental Hematology & Oncology, 2020. 9(1): p. 14.
Sung, H., et al., Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality
Worldwide for 36 Cancers in 185 Countries. CA: A Cancer Journal for Clinicians, 2021. 71(3): p. 209-249.
Bain, B.J. and L. Estcourt, FAB Classification of Leukemia, in Brenner's Encyclopedia of Genetics
(Second Edition), S. Maloy and K. Hughes, Editors. 2013, Academic Press: San Diego. p. 5-7.

Behm, F.G. Classification of Acute Leukemias. 2003.

Gutierrez-Camino, A., I. Martin-Guerrero, and A. Garcia-Orad, Genetic susceptibility in childhood
acute lymphoblastic leukemia. Med Oncol, 201 :(10)34 .7p. 179.

Sherborne, A.L. and R.S. Houlston, What are genome-wide association studies telling us about B-cell
tumor development? Oncotarget, 2010. 1(5): p. 367-72.

Perez-Andreu, V., et al., A genome-wide association study of susceptibility to acute lymphoblastic
leukemia in adolescents and young adults. Blood, 2015. 125(4): p. 680-6.

Lima, K. and J. Machado-Neto, PIP4K2A (phosphatidylinositol-5-phosphate 4-kinase, type 11, alpha).
Atlas of Genetics and Cytogenetics in Oncology and Haematology, 2016.

Liao, F., et al., Association Between PIP4K2A Polymorphisms and Acute Lymphoblastic Leukemia
Susceptibility. Medicine, 2016. 95(18): p. e3542.

Liao, F., et al., Validations of Top and Novel Susceptibility Variants in All-Age Chinese Patients With
Acute Lymphoblastic Leukemia. Frontiers in Genetics, 2020. 11.(1004)

Urayama, K.Y., et al., Regional evaluation of childhood acute lymphoblastic leukemia genetic
susceptibility loci among Japanese. Scientific Reports, 2018. 8(1): p. 789.

Xu, H., et al., Novel Susceptibility Variants at 10p12.31-12.2 for Childhood Acute Lymphoblastic
Leukemia in Ethnically Diverse Populations. JNCI: Journal of the National Cancer Institute, 2013.

105(10): p. 733-742.

Bekker-Méndez, V.C., et al., ARID5B, CEBPE and PIP4K2A Germline Genetic Polymorphisms and
Risk of Childhood Acute Lymphoblastic Leukemia in Mexican Patients: A MIGICCL Study. Archives

of Medical Research, 2016. 47(8): p. 623-628.

Lopez-Lopez, E., et al., Re: novel susceptibility variants at 10p12.31-12.2 for childhood acute
lymphoblastic leukemia in ethnically diverse populations. J Natl Cancer Inst, 2013. 105(19): p. 1512.
Roberts, K.G., Genetics and prognosis of ALL in children vs adults. Hematology Am Soc Hematol
Educ Program :(1)2018 .2018 «p. 137-145.

Lopes-Ramos, C.M., J. Quackenbush, and D.L. DeMeo, Genome-Wide Sex and Gender Differences in
Cancer. Frontiers in Oncology, 2020. 10.

Singh, S.K., et al., A childhood acute lymphoblastic leukemia genome-wide association study identifies
novel sex-specific risk variants. Medicine, 2016. 95(46): p. €5300.

Little, S., Amplification-refractory mutation system (ARMS) analysis of point mutations. Curr Protoc
Hum Genet, 2001. Chapter 9: p. Unit 9.8.

Zhang, S., et al «.Regulatory network and prognostic effect investigation of PIP4K2A in leukemia and

solid cancers. Frontiers in genetics, 2019. 9: p. 721.

11510



i AySug g oo Ot g A o liall Jaailly yaally Guially PIPAK2A ¢pall rs7088318 ISl sanil) ¢y A8bal)

20.

21.

22.

23.

24,

25.

Deng, J., et al., 10p12.31-12.2 variants and risk of childhood acute lymphoblastic leukemia in a Chinese
population. Leuk Lymphoma, 2015. 56(1): p. 175-8.

Healy, J., et al., Replication analysis confirms the association of ARID5B with childhood B-cell acute
lymphoblastic leukemia. Haematologica, 2010. 95(9): p. 1608-11.

Wang, S.L., et al., Polymorphisms in ERCC1 and susceptibility to childhood acute lymphoblastic
leukemia in a Chinese population. Leuk Res, 2006. 30(11): p. 1341-5.

Hao, Q., et al., Age-related differences of genetic susceptibility to patients with acute lymphoblastic

leukemia. Aging (Albany NY), 2021. 13(9): p. 12456.

Sentis, 1., et al., The evolution of relapse of adult T cell acute lymphoblastic leukemia. Genome
Biology, 2020. 21(1): p. 284.

Lejman, M., et al., Advantages and Limitations of SNP Array in the Molecular Characterization of
Pediatric T-Cell Acute Lymphoblastic Leukemia. Frontiers in Oncology, 2020. 10.(1184)

11411



