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TOM TAT

O nhiém dioxin do chién tranh hoa hoc dé lai di va dang gy ra hau qua hét stic ning né 1én méi truong
sinh thai va dac biét 1a d6i vdi strc khoe con nguoi Viét Nam. Déc biét, chét doc dioxin gdy ra hang loat bénh
khac nhau trong d6 ¢6 nhidu bénh lién quan dén hé than kinh, bénh thiéu ning vé tri tué (Intellectual disability-
ID) 1a mot trong 17 bénh da dugc Viét Nam cong nhan. Cac di dang, di tat badm sinh, chim phat trién tri
tué/thiéu nang tri tu¢ da duogc phat hién ¢ cac thé hé F1 va F2 coa cdc nan nhan bj phoi nhidm. Dioxin ¢6 thé
gdy anh huéng & mic do gen 1én toan bd hé gen/ hé gen bidu hién (exome) hay céu triic va chirc ning ctia mot
hay nhom gen dén t61 phat sinh bénh tat & ngudi bi phoi nhidm tryc tiép; cac thay dbi nay con c6 thé di truyén
cho céc thé hé tiép theo. Trong nghién ctru ndy, phuong phép giai trinh ty toan bo hé gen biéu hién (Whole
exome sequencing-WES) di duoc sir dung dé nghién clru va xdc dinh cic bién di di truyén lién quan dén bénh
thiéu nang tri tué trong gia dinh c6 nan nhan bi nhidm dioxin & Viét Nam. Két qua sang loc cho thdy mot dot
bién thay thé dang di hop trr GIn2933Pro trén gen FAT (Fat atypical cadherin 1) cua bénh nhén dugc di truyén
tir nguoi cha c6 nong do dioxin trong mau cao, cling nhu nhung thay d01 vé& cu triic protein nay. Ngoai y nghla
khoa hoc quan trong, két qua nay c¢6 thé can thiét cho viéc hd tro tu vén cho cac gia dinh 1a nan nhan chit doc
dioxin.

Tww Khoa: Gen FATI, Thiéu nang tri tué (Intellectual disability-1D), Dioxin, Djt bién GIn2933Pro, Whole

exome sequencing
GIOI THIEU

Thiéu nang tri tué (Intellectual Disability-ID) c6
thé dwugc dinh nghia 1a mot suy giam dang ké cac
chuirc nang nhan thure va thich mg voi xa hdi véi ty
1€ khoang 1,5-2% (Helen, Xingyan, 2002; Basel-
Vanagaite, 2007). ID dugc xéc dinh boi chi s6 thong
minh (IQ- Intelligence quotient) dudi 70 va suy
giam céc k¥ nang thich tng xa hoi dugc chin doan
trude 18 tudi (Basel-Vanagaite, 2007). ID c6 thé
duoc gy ra boi di truyén ciing nhu cac yéu té
khong di truyén. Ngudi ta chia lam 4 muc do cham
phat trién tri tu¢ 1a: nhe, trung binh, ning va rit
ning/nghiém trong (rit ning véi IQ dudi 20 hodc
25, nang IQ tir 20 dén 40, trung binh v&i IQ tir 35

dén 55 va thé nhe véi IQ tir 50 dén xép xi 70) (Scott
et al., 2006; Donatella et al., 2015).

Dioxin 1 chit doc tac dong nghiém trong dén
modi truong va suc khde con ngudi (IOM, 2010).
Céc chit doc nay khong nhimng tac dong 1én cac dbi
tuong 1a nan nhan bi phoi nhiém ma con gy hau
qua cho céc thé hé tiép theo vé stc khoe, bénh di
truyén, ung thu, cac bat thuong sinh san, di dang, di
tat bam sinh, rdi loan tdm than va nhiéu cin bénh
hiém nghéo khac (Jeffrey et al., 1999; Xiao-ming et
al., 2013; Bock, 2017; Chrystal et al., 2017). Trong
d6, cac bit thuong ¢ muc do gen di truyén la
nguyén nhén cua bénh ID dbi véi cac thé hé con
chéu cua nhitng ngudi da bi phoi nhiém dioxin dang
la mdi quan tim hang dau cuia cac nha khoa hoc.
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Vi su phat trién ciia cong nghé giai trinh tu gen thé
hé moi, nhidu gen/nhom gen di dwoc phat hién trén
nhiéu bénh khac nhau trong d6 c6 bénh ID khi phan
tich trén timg ca thé, mét nhom ciing nhu mot
truong hop gia dinh bénh nhan (Liana et al., 2010;
Petro, Filomena, 2016). Petro va déng tac gid (2016)
da danh gia voi 818 gen lién quan dén bénh ID
trong du 4n Human Phenotype Ontology bing cac
phuong phéap giai trinh ty toan bd hé gen biéu hién
(Whole exome sequencing- WES), gidi trinh tu gen
thé hé mai (Next generation sequenceing- NGS) va
giai trinh ty toan bd hé gen (Whole genome
sequencing- WGS) (Petro, Filomena, 2016).

Gen FAT dugc phan ldp va xac dinh vao nam
1920 ¢ Drosophila (Takuji, Masatoshi, 2005). Gen
FATI nam trén NST 4q35.2 va bao gdm 27 exon, la
gen dau tién dugc xac dinh trong ho gen FAT va ¢
lién quan chit ché dén cac bénh cia con nguoi
(Jenny et al., 1995; Petro et al., 2016). Holly va
ddng tac gia (2014) da ching minh rdng cac bién
thé trén gen FATI khong nhiing lién quan dén cac
bénh tu ky ma con la gen tmg cu vién gay ra cac rdi
loan khac vé than kinh va ID (Holly et al., 2014).
Vi muc tiéu tim kiém sy lién quan gilra nong do
dioxin cao trong mau va nhiing thay d6i/ dot bién &
muc d¢ hé gen biéu hién (exome) trén dbi tugng 1a
thé hé con cua nan nhan nhiém chét doc dioxin bi
ID, chung toi da tién hanh nghién ctru di truyén
phan tir ctia dot bién GIn2933Pro trén gen FATI &
bénh nhan bi ID trong mot gia dinh Viét Nam c6
nguoi bi nhiém doc dioxin.

VAT LIEU VA PHUONG PHAP

Bénh nhan

Bénh nhan 1a nit, 44 tudi bi liét bim sinh va ID
v6i cac biéu hién, khong biét doc, khong biét viét,
khong biét n6i, khuén mit co dic diém dic biét nhu:
miii hinh tam giac, mét triing sau, 16ng may va long
mi rdm, cim ngén, rang hd ra ngoai. B6 cua bénh
nhén 1a cyu chién binh Viét Nam tham gia chién
tranh chong My, bi phoi nhiém chit doc dioxin, me
bénh nhan 1a nguoi binh thuong khong bi phoi
nhiém chét doc. Bénh nhan tir luc sinh ra va truong
thanh déu ¢ qué nha 1a noi khong bi rai chat doc
dioxin. Thu tuc ldy mau mau tuan thii dung quy dinh
va quy trinh véi sy trg giap ciia Trung Tam Y té
Tinh Thai Nguyén noi bénh nhan sinh song.

Phwong phap
Tdch chiét DNA
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DNA tong s dugc tach chiét tir mau toan phan
cua bénh nhan ID va gia dinh st dung QIAamp
DNA Blood Mini Kit (Qiagen, Ptrc).

Gidi trinh ty exome (WES)

Thu vién cDNA dugc xiy dung tir DNA tong sb
clia cac miu mau bang bo kit Agilent SureSelect
Target Enrichment, sau d6 giai trinh tuy trén may
giai trinh ty thé hé¢ mai cua Hang Illumina. Dir lidu
trinh ty duoc sip xép va so sanh véi Ngan hang gen
ngudi (hgl9) bing phin mém Burrows—Wheeler
Alignerv 0.7.10 va phén tich bing Genome Analysis
Toolkit v3.4. Anh hudng cta bién thé dugc xac dinh
bing cic phin mém SnpEff v4.1, 1000Genome,
ClinVar... Chon loc cac bién thé theo cac chi sd
MQ>50, Sift_score va Polyphen2_score tir 0 dén 1,
cac gen lién quan dén than kinh va bénh ID.

Gidi trinh tw Sanger

Khuéch dai mot vung exon 10 cua gen FATI
bﬁng cdp moi duogc thiét ké dua theo trinh ty gen
FATI tham chiéu cia ngudi trén co so dir liéu
Ensembl  (www.ensembl.org) v6i ma s6
ENSG00000083857. Poan gen c6 chidu dai 696
nucleotide duoc nhan 1én sir dung cip mdi: FA-F 5'-
CGTGCCTATTGGAACAGAGATAG - 3'; FA-R-5'-
GAATCAGCATCCGTGGTACTT - 3. PCR duoc
thuc hién voi thanh phan c6 ndng do ban dau bao
gém: 10x Dream Taq Buffer, 10 mM dNTP, 10
pmol/uL mdi mdi, 2U Dream Taq DNA polymerase
va 40 + 100 ng/ul DNA khuon. Chu trinh nhiét
duge toi wu hoa: 95°C/ 3min; (95°C/ 30s; 60°C/
45s; 72°C/ 1min 30s) x 30 chu ky; 72°C/ 10min va
san phim PCR dugc dién di kiém tra trén gel
agarose 0,8% va tinh sach bang NucleoSpin kit
(Macherey - Nagel, Dirc). San phim PCR tinh sach
duoc giai trinh ty voi mdi FA-F trén may giai trinh
tu ABI 3100 Avant Genetic Analyser (Applied
Biosystems, Hoa Ky). Két qua doc trinh tu dugc
phan tich trén phin mém ClustalX2 va BioEdit 7.0
dé phat hién cac dot bién khi so sanh vdi trinh tu
gen FATI tham chiéu va so sanh voi két qua giai
trinh ty exome.

KET QUA VA THAO LUAN

Phén tich dgt bién gen bing giai trinh tw WES va
Sanger

T miu mau ctia bénh nhén ID va bd cua
bénh nhan, trinh ty hé gen bi€u hién da dugc xac
dinh theo phuong phap WES. Két qua sang loc
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theo cac chi sé nhu trinh bay trong phan phwong
phap, mot bién thé trén gen FATI & bénh nhan da
dugc di truyén tir b6. Bién thé nay nim & nhidém
sdc thé sb 4, ¢ vi tri 8798 trén cDNA va dich ma

Bang 1. Bién thé GIn2933Pro dwoc xac dinh bang WES.

tai vi tri 2933 trén protein FAT1. Ngoai ra, vi tri
bién thé nay nim trén exon thir 10 cta gen nay
cing cic chi sd Sift score la 1 va
Polyphen2 score 1a 0 (Bang 1).

£ L2 g . Amino Polyphe
HET/ SIFT
boi NST Tén gen K.|?u dot Exon Nucleokt.lde acid thay CDS_ n2_scor
twong HOM bien thay doi aéi pos _score e
B6 chr4 FAT1 HOM missense  10/27 c.8798A>C GIn2933Pro 8798 1.0;1.0 0.0
Eﬁg: chr4 FAT1 HET missense  10/27 c.8798A>C GIn2933Pro 8798 1.0;1.0 0.0

Tir két qua WES ching t6i lya chon thiét k& moi
dé nghién ctru sy di truyén cta bién thé bang phwong
phap giai trinh tu Sanger va kiém tra lai bién thé tai
exon 10 ctia gen FAT1 cla bénh nhan va gia dinh. St
dung cip mdi FA-F va FA-R dé nhan doan gen 696
nucleotide trén exon 10 cta gen FATI (Hinh 1). Két
quéa giai trinh tu Sanger cho thdy, bénh nhin mang
mot bién thé di hop tir dang dot bién thay thé
¢.8798A>C. Bénh nhan nhan dot bién nay tir bo, dot
bién nay xay ra trong exon 10, trong d6 A dugc thay
thé bang C ¢ vi tri 8798 trong cDNA, din dén viéc
thay thé Gln (Glutamine) thanh Pro (Proline) tai vi
tri 2933 trén protein FAT1 (Hinh 2). Ngudi bd cua
bénh nhan 14 ngudi bi nhidm doc boi co6 ndng do
dioxin trong mau cao, tuy nhién chua thé xéc dinh
dugc dot bién nay moi xudt hién & ngudi bd hay
khong va xay ra ¢ ca té bao soma va té bao sinh san
nén c6 thé di truyén sang cho con gai.

FATI 1a thanh vién cua ho gen cadherin 6 nguoi.
Protein FAT1 chira 33 cadherin 1ap di lap lai, 5
epidermal growth factor (EGF) lap lai & domain
mién, mot domain G laminin, mot domain xuyén
mang va mdt domain ndi bao. FATI dong vai tro
quan trong trong sy di truyén, bam dinh, phan cyc va
su két dinh giira cac té bao (Heon ef al., 2016). Cac
nghién ctru khoa hoc gan day cho thay, dot bién mét
doan trén canh tay dai ciia NST sb 4 dugc cho 1a lién
quan dén bénh cham phat trién va ID (Jenny ef al.,
1995). Trong khi do, protein FATI nim trong ving
4q35.2 ctia NST 4 la vung quan trong tham gia vao
viéc bam dinh t& bao than kinh va thudc ho gen

cadherin dong vai tr0 quan trong trong nhiéu qué
trinh phat trién (Jenny et al., 1995; Erin et al., 2012).
Bén canh d6, su 6 loan cua gen FATI c6 lién quan
dén chimg rdi loan cam xuc ludng cuc, ching tw ky
va cham phat trién vé nhan thic va tri tué (Abou et
al., 2008; Chien et al., 2010; Holly et al., 2014). Vi
vay, dot bién GIn2933Pro trén gen FATI ma bénh
nhan nhan tir ngudi bd c6 thé 1a mot trong nhing
nguyén nhan gay ra bénh ID.

Phén tich ddt bién trén mé hinh cu tric protein
3 chiéu

Dé phan tich va du doan anh huéng cia dot bién
lén cau trac protein FAT1, m6 hinh phdn mén 3D
PDB dugc sir dung. Vi protein FATI chwa ¢ cdu
trac 3D hoan chinh, vi tri d6t bién chua c6 ciu truc
3D, nén phan mén BLAST-PROTEIN dugc sir dung
dé so sanh va tim ra cu tric trong dong véi doan
trinh ty amino acid c6 chira vi tri dot bién. Duva vao
trinh tu tham chiéu cua cdu tric 3D tham khao tur
wed PDB ma sb 3H2Z
(http://www.rcsb.org/structure/3H2Z), ching to6i da
phan tich dwgc sy thay ddi ctia cic amino acid trong
chudi khi xay ra dot bién trén protein FAT1 (Hinh
3). Khi chua xay ra dot bién thi ¢ vi tri GIn2933
khong c6 cac lién két hydrogen voi cac amino acid
trong chudi (Hinh 3A), nhung khi dot bién xay ra da
bién dbi amino acid GIn2933 thanh Pro2933 thi vi tri
Pro2933 trén protein FAT1 hinh thanh mot lién két
hydrogen xa v&i amino acid Asp2931 (danh déu mii
tén mau tim) (Hinh 3B). Két qua nay hoan toan phu
hop véi két qua giai trinh ty WES.

c.8798A>C, GIn2933Pro

— -

Hinh 1. Vi tri d6t bién trén exon 10 cla gen FAT1.

255



Nguyén Thi Thanh Ngan et al.

B6 Me
c.8798A>C, GIn2933Pro
c ¢ ¢ ¢ ¢c_¢c A cC C C C C A A
° O W
Bénh nhan

c.8798A>C, GIn2933Pro
c € CcC ¢ Cc C A

Hinh 2. Phan tich di truyén dot bién & bénh nhan va gia dinh. So' db pha hé va trinh tw dot bién c.8798A>C (GIn2933Pro)
trong gia dinh bénh nhan.

Hir)h 3. Mo hin[\ mé phdng ca‘}u trdc 3D chira vi tri dot bién GIn2933Pro trén protein FAT1. A. chwa xay ra dot bién, B. khi
xuat hién dét bién. Vi tri dot bién ky hiéu mdi tén mau xanh. Lién két hydro hinh thanh ky hiéu mau xanh 1a cay.
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KET LUAN

Bing phwong phap giai trinh ty WES cia gia
dinh nan nhan nhidm chét doc dioxin c6 bénh nhan
bi thiéu nang tri tu¢ & Viét Nam, chung to6i da phat
hién ra mot dot bién thay thé GIn2933Pro trén gen
FATI (gen lién quan dén bénh thiéu nang vé tri tug).
Dot bién duoc di truyén truc tiép tir ngudi b bi phoi
nhiém chat doc dioxin sang con gai 1a ngudi bi ID,
day co thé dugc coi 1a mot trong nhitng nguyén nhan
gdy bénh ID.

Loi cam on: Cong trinh nghién ciru nay dwoc Quy
Phat trién Khoa hoc va Cong nghé Viét Nam
(NAFOSTED) tdi tro kinh phi theo ma sé dé tdi
106.YS.01.2014.34.

TAI LIEU THAM KHAO

https://www.niehs.nih.gov/news/newsletter/2012/11/scienc
e-dioxin/index.htm.

Abou JR, Becker T, Georgi A, Feulner T, Schumacher J,
Stromaier J, Schirmbeck F, Schulze TG, Propping P,
Rietschel M, Nothen MM, Cichon S (2008) Genetic
variation of the FAT gene at 4q35 is associated with
bipolar affective disorder. Mol Psych 13: 277-284.

Basel-Vanagaite L (2007) Genetics of autosomal recessive
non-syndromic mental retardation: recent advances. Clin
Genet 72(3): 167-174.

Bock KW (2017) 2,3,7,8-Tetrachlorodibenzo-p-dioxin
(TCDD)-mediated deregulation of myeloid and sebaceous
gland stem/progenitor cell homeostasis. Arch Toxicol
91(6):2295-2301.

Chien WH, Gau SS, Wu YY, Huang YS, Fang JS, Chen
YJ, Soong WT, Chiu YN, Chen CH (2010) Identification
and molecular characterization of two novel chromosomal
deletions associated with autism. Clin Genet 78(5):
449-456.

Chrystal C, Michael B, Mina MF (2017) A review of
Agent Orange and its associated oncologic risk of
genitourina cancers. Urol Oncol 35(11):633-639.

Donatella Mi, Luisa R, Susanna E (2015) Genetic
Advances in Intellectual Disability. J Pediatr Genet
4:125-127.

Erin LY, Rebecca SH, Jessica AH, Merlin GB (2012) 12-
year-old boy with a 4q35.2 microdeletion and involvement
of MTNRI1A, FATI1, and F11 genes. Clin Dysmorphol
21(2): 93-96.

Jenny D, Andrew MH, Richard P, Tania AJ, Denise S, Wu
GC, Shi MD, Qiang Z, Peter CLB, Michael JO (1995)

Molecular cloning and tissue expression of FAT, the
human homologue of the Drosophila fat gene that is
located on chromosome 4q34-q35 and encodes a putative
adhesion molecule. Genomics 30: 207-223.

Heon YG, Carolin ES, Pardeep KA, Jonathan DP, Toma
AY, Markus S, Svjetlana L, Shazia A, Daniela AB, Jan H,
Humphrey F, Rannar A, Virginia VW, Kyeong JC,
Timothy AC, Luc GTM, Charles FC, Nicholas A, Helen
M, Rainer B, Henriette K, Michael W, Ariana G, Thomas
K, David VM, Moin AS, Wee TK, Stephen IA, Rudolph
PV, Christoph L, Jun CT, Radovan B, Ania K, Agnieszka
B, Neveen AS, Edgar AO, Richard PL, Lawrence BH,
Nicholas ESS, Gerd W, Alda T, Friedhelm H (2016) FAT1
mutations cause a glomerulotubular nephropathy. Nat
Commun 7:10822: doi: 10.1038/ncomms10822.

Holly NC, Nicole DD, Susan HS, Joycelyn ML, Patrice
LW, Eminisha L, Natalia L, Ioanna K, Ryan CG, William
FH, Derek VB, Vera M, Natalia KH, Michael AS, Eden
RM, Jonathan LH, Michael LC, John RG, Margaret APV
(2014) Exome sequencing of extended families with
autism reveals genes shared across neurodevelopmental
and neuropsychiatric disorders. Mol Autism 5(1): doi:
10.1186/2040-2392-1185-1181.

IOM (2010) Veterans and Agent Orange Update 2010.
Washington D.C: The National Academies Press.

Jeffrey MP, Michael GN, Guillermo E, Pedro MFS, Frank
JG, Barbara DA (1999) Amelioration of TCDD-induced
teratogenesis in Aryl Hydrocarbon Receptor (AhR)-Null
Mice. Toxicol Sci 47: 86-92.

Liana K, Muhammad A, John BV (2010) The genetic basis
of non-syndromic intellectual disability." J Neurodev
Disord 2: 182-209.

Petro C, Filomena P (2016) Advances in understanding-
genetic basis of intellectual disability. F1000 Faculty Rev
5(599): 16.

Scott LR, Lisa MS, Elizabeth AP (2006) Neurocircuitry
models of posttraumatic stress disorder and extinction:
Human neuroimaging research-Part, Present, and Future."
Biol Psychiatry 60: 376-382.

Takuji T, Masatoshi T (2005) New insights into FAT
cadherins." J Cell Sci 118(11): 2347-2353.

Helen L, Xingyan W (2002) The epidemiology of mental
retardation: challenges and opportunities in the new
millennium. Ment Retard Dev Disabil Res Rev 8: 117-134.

Xiao-ming L, Juan P, Wen G, Xue-jun G (2013) TCDD-
Induced Activation of Aryl Hydrocarbon Receptor Inhibits
Th17 Polarization and Regulates Non-Eosinophilic Airway
Inflammation in Asthma. PLoS One 11(3): e0150551.

Wu R, Clancy S, Joachimiak A The crystal structure of
mannitol-1-phosphate  dehydrogenase fromm Shigella
flexneri. http://www.rcsb.org/structure/3H2Z:
10.2210/pdb3h2z/pdb [doi].

257



Nguyén Thi Thanh Ngan et al.

IDENTIFICATION OF Q2933P MUTATION IN FATI GENE IN A PATIENT WITH
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SUMMARY

Dioxins are a group of chemicals known as highly toxic environmental persistent organic pollutants
(POPs). Numerous dioxin-like compounds have been identified, such as polychlorinated dibenzo-p-
dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs), polychlorinated/polybrominated biphenyls
(PCBs/PBBs), and 1,4-dioxin. The singular term dioxin refers to the most toxic compound, 2,3,7,8-
tetrachlorodibenzodioxin (2,3,7,8-TCDD). Dioxin pollution caused by chemical warfare has been causing
serious consequences to the ecological environment and especially to the health of Vietnamese people. In
particular, dioxin was demonstrated to be the cause of many diseases, including diseases related to the nervous
system of which intellectual disability is one of the 17 diseases have been recognized by Vietnam. Deformities,
birth defects, intellectual disability have been detected in F1 and F2 generations of the exposed victims. Dioxin
may cause changes in the whole genome / genome expression (exome), or the structure and function of the
gene that leads to pathogenesis in the exposed people and the genetic changes can be passed on to the next
generations. In the present study, the Whole Exome Sequencing (WES) method was used to analyze and
identify genetic variants related to the intellectual disability in a dioxin exposed victim’s family in Vietnam.
The screening results revealed that a GIn2933Pro heterozygous mutant in the FAT1 (Fat atypical cadherin 1)
gene of the patient was inherited from the patient’s father whose high blood concentration of dioxin, as well as
illustrated the changes in the protein structure. In addition to the important scientific implications, this result
might be essential for providing counseling for families who are the dioxin victims.

Keywords: FATI gene, Intellectual disability-1D, Dioxin, GIn2933Pro mutant, Whole exome sequencing
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