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TOM T A T 

Ung thu nguyen bao vong mac (UTNBVM) la benh u vong mac ac tinh d tre em thuong dupc phat hien 
trudc 5 tuoi.Benh nay phat trien khi ca hai alelle cua gen RBI nam tren nhiem sac the so I3ql4 2 bi dot 
bifin,Myc tieu ciia nghien ciru nay nham xac dinh cac dot bien Uen gen RBI cua hai Ue em mac UTNBVM d 
VietNam. Mau mau ngoai vi ciia cac benh nhi da dirpc sit dung lam nguyen lieu nghien ciru. Viing dieu khien 
va toan bp vung ma hoa gen RSMaqc giai trinh tu bang phuong phap Sanger, Hai dot bien dj hpp tir gay dich 
khung tten gen RBI da dirpc phat hien d hai fre UTNBVM. Mot dot bienl337-1338insTA dupc xac dmh a 
mlu RB6 va I d$t bifin c6n lai 1450-1451delTA dupc tim th^y d mlu RB7, Dot bifin 1337-1338insTA gay 
dich khung dpc md tai amino acid s6 447 vd m5 kit thuc sorn sau amino acid so 450 frong khi dpi bi^n 1450-
1451delTA ldm dich khung dpc md tai acid min 484 va ma ket thiic sau amino acid 490. Day la cdc dot bien 
giy bfinh, cd tinh di tmyfin va la co sd quan frpng cho cong tac frr van di tmyen va quan ly lam sang. 

Tv khda: Dgt bien te bao dong. gen RBI, gidi trinh tu, tu van di tmyen, ung thu nguyen bdo vong mac, 
Gearmline 

DAT VAN DE 

Ung thunguyfin bdo vdng mac (retinoblastoma, 
UTNBVM) Id bfinh u dc tinh mdt thudng gdp d fre 
em dudi 5 tudi.UTNBVM xudt hifin vdi ty le khoang 
1/200000 d My (Young et al 1999) va d nhieu khu 
v\rc tren the gidi. Bfinh xay ra can bang d ca hai gidi 
tinh nam vd nS, khdng phy thudc nguon gdc chung 
tQC. UTNBVM cd thfi xuat hifin d dang di truyen 
(-40%) hodc khdng di truyfin (~ 60%) (Balmer et al, 
2006), Dang di truyfin thudng xdy ra d hai mat va 
nhieu d trong khi dang khdng di truyfin chi xdy ra d 1 
mdt va I khdi u. Cd hai dang nay ciia UTNBVM dfiu 
lien quan den sy mdt chiic ndng ciia ca hai alen ciia 
gen dp ehfi khdi u i!B7 (retinoblastoma 1) nim trfin 
nhiem sdc thfi 13. Dang di truyfin do mpt alen ciia 
RBlh\ bat ho^t cd ngudn gdc tu ddng mam 
(germline) vd mpt mot alen bi bat hoat sinh duong 
(Knudson, 1971; Cavenee et al, 1983; Friend el al, 
1986). RBI protein cd vai fro quan trpng ddi vdi sir 
dieu khifin chu ky tfi bdo va qua trinh bifit hda lfi bdo, 
tham gia vdo sy chuyfin pha 01/S bang cdch lic che 
yeu to phifin ma E2F cdn thifit cho su khdi ddu cua 
pha S. Sy bdt hogt ciia RBI cd tdc dpng ldn nhdt dfin 
mpl qudn the nhd cdc tfi bdo lifin thdn ciia tfi bao ndn 
trong qua trinh phdt men vdng mac. Su bifiu hi?n cao 
ciia RB trong nhdm tfi bao nay chiing td nd cd vai tro 

rat idn trong viec han ehfi phdn chia vd tang sinh te 
bao (Xu el al, 2009). 

Gen RBI nam tai vj tri 13ql4 2, gdm 27 exon va 
26 intron. Cho dfin nay, hon 900 dpt bifin da dupc 
phdt hifin frfin gen RBI a cdc bfinh nhan UTNBVM 
(Valverde et al. 2005). Cac phuang phap tifip can kfit 
hgp gida multiplex PCR dinh luong vd gidi trinh ty, 
sac ky Idng cao dp bifin tinh (DHPLC) vdi multiplex 
PCR djnh luong cho cac doan huynh quang ngdn 
(QMPSF) hay PCR-RFLP vdi multiplex PCR djnh 
lupng vd gidl trinh ty gen cho phep phdt hifin dupc 
cac dpt bien tai phdt, cdc mat doan/thfim doan ldn vd 
cac ddt bien diem fren vung promoter, trfin cdc exon 
va cd viing ndi infron-exon ciia gen RBI (Fernandez 
et al, 2007; Abouzeid et al, 2009; Parsam el al, 
2009; Abidi et al, 2011). Viec xdc dinh dot bifin gen 
RBI tren cdc bfinh nhan UTNBVM vd gia dinh mang 
lai cdc thdng tin cdn thifit de thirc hien difiu tri hifiu 
qua va bdo tdn thi luc cho benh nhdn, Ngoai ra, ddy 
cQng Id cd sd dfi thirc hifin tu vdn di truyen cho thdn 
nhan cdc bfinh nhan. 

Hdng nam d benh vifin Mat trung uong phat hifin 
khoang 40 ca ung Ehu vong mac mdi. Phdn ldn cdc 
bfinh nhan nhap vifin d giai doan mudn nen bi Id mat 
CO hpi difiu tri bao ton mat,Trong sd dd, nhifiu bfinh 
nhdn dirpc sinh trong cdc gia dinh cd tien sir bfinh 

23 



Nguyfin Hai Ha era/. 

UTNBVM da cho thdy vai tro ciia yeu td di truyfin 
ddi vdi kha ndng sinh benh. Nam 2005, Nguyen 
Cdng Kifit va Nguyfin Tri Dung da nghifin ciiu dac 
difim di trayfin trfin 30 ca ung thir vdng mac d Viet 
Nam. Tuy nhifin, do nhung han ehfi vfi phucmg phdp 
nghien ciiu, cac tdc gid mdi chi xac dinh dugc 1 
trudng hgp bfinh nhdn cd mat doan d vj tri NST 
I3q l4 (Nguyfin Cdng Kiet vd Nguyfin Tri Diing, 
2005). Mac dii rat nhifiu kinh phi da dugc ddu tu cho 
vific phdt trifin cac ky thuat dieu tri ldm sdng nhung 
phdn phdt trifin cdc ky thudt sinh hpc phan tir phuc 
vu chdn dodn sdm cua bfinh UTNBVM hau nhu cdn 
bd ngd. 

Muc tifiu ciia nghifin ciiu ndy nbdm xdc lap va 
ling dung quy trinh ky thuat giai trinh tu chudi DNA 
vung difiu khifin vd toan bd vimg mang ma ciia RBI 
de phat hien cac dot bifin d benh nhan UTNBVM tai 
Viet Nam. Cac kfit qua thu dugc cd thfi sir dung lam 
CO sd cho cong tac chan dodn, chfta tri va tu van di 
truyen cho cac benh nhdn va gia dinh ngudi bfinh 
UTNBVM. 

DOI TUONG PHUONG PHAP NGHIEN CUU 

D^i tuong nghien cihi 

Ddi tugng nghifin cmi Id hai bfinh nhi da dygc 
chan doan UTNBVM trfin lam sang vd can ldm sang 
tai Benh vifin Mat Trung uong. Bfinh nhi nir, ky hifiu 
RB6, 3 thang tudi tai thdi diem thu mdu, cd u d mat 
frai, tien sir gia dinh khdng cd UTNBVM (Bdng 1). 
Bfinh nhi nam, ky hifiu RB7, 2 tudi tai thdi difim thu 
mdu, cd u d cd hai mat, anh frai cua bfinh nhi da chet 
vi UTNBVM (Bang 1). Cha me cdc benh nhi ddng y 
tham gia nghifin ciiu ty nguyen, Nghien ciiu dugc 
tifin hdnh tai Vifin Nghien cuu he gen thudc Vifin 
Han lam Khoa hpc Ty nhifin vd Cdng nghfi Qudc gia 
frong ndm 2013. 

Tach chiet genomic DNA 

Mdu mau ngoai vi cua hai benh nhi sau khi ldy vo 
tning dirge dua vao dng chira mdu tifiu chudn cd 
EDTA va bao qudn d -20°C cho dfin khi sii dung. 
Chung tdi diing kit EZNA blood DNA mini 

Bang 1 . Tom fdt tinh trang benh ciia Soi tu'ong nghien cdu 

(Promega) dfi tdch chifit genomic DNA hi mdu ngogi 
vi theo hudng din cua nhd san xudt. DNA sau khi tach 
chifit da dugc dien di kifim tra tren gel agarose va do 
ndng do dfi kifim tra chdt lugng trudc khi giu d -20°C. 

Thiet k^ moi cho PCR vd sequencing 

Cap mdi nhdn vimg difiu khien gen dugc thifit ke 
dya tren trinh ty chuan ciia RBI mang accession 
number NM_000321.2 trong ngan hang 
GenBank-Cac cap mdi nay deu dugc thifit kfi dfi nhdn 
dugc toan bd exon dich va 50-100 bp thugc hai 
intron lifin kfi. Thong tin ve cdc doan moi sfi dupc 
cung cap nfiu dpc gia cd yen cdu. 

Thuc hien PCR 

Mdi phdn irng (25 |.il) bao gom cdc thdnh phan: 
0,125 \i[ Taq DNA polymerase (5U) ciia Fermentas; 
2,5 nl dem lOX; 0,5 îl dNTPs (100 tnM); 1 ^1 mSi 
loai mdi (10 pM); 1,5 nl DNA tdng sd (100 ng/ pi) 
va i 8,375 \i\ H2O. Ky thuat PCR dugc tifin hdnh tren 
mdy Iuan nhiet (MJ Research) vdi chu trinh nhifit 
nhu sau' 9 5 ^ 2 phiit, 35 chu ky (PS-C 30s, 55 hoac 
dO'-C 30 gidy, 72''C 30-60 gidy), 72"^ 10 phiit; giQ d 
4''C. Sdn phdm PCR dygc phdt hifin bdng difin di frfin 
thach agarose 1,2% cd nhuom ethidium bromide va 
quan sat dudi anh sdng UV. San pham PCR sau d6 
dygc tinh sach bdng kit Gene JETTM PCR 
purification (Thermo Scientific) theo phuong phap 
cila nha sdn xudt. 

Thuc hien gidi trinh tu chu5i DNA 

Sdn phdm PCR da dugc tinh sach se dugc th\rc 
hien phan ijng cycle sequencing vdi BigDye 
Terminator V3,l tCtAppIied Biosystems, theo 2 
chieu xudi vd ngugc cho radi doan cdn doc. San 
phdm sau do dugc kfit tiia bdng ethanol, hda tan 
trong Hi-Di formamide, bifin tinh d 9 5 ^ trong 2 
phiit trudc khi ldm lanh dot ngdt. Trinh tu DNA 
dugc dpc bdng mdy ABI PRISM 3100 Genetic 
Analyzer (Applied Biosystems, HoaKy). Kfit qua 
dugc phan tich bang phdn mem sinh hpc BioEdit. So 
thu frr ciia cac nucleotide dygc tinh theo chuoi 
cDNA binh thudng cua RBI voi accession number 
NM_000231.2 trong GenBank, 

Ky hieu 
bfnh nhan Tien si> gia dinh 

RB6 

RB7 
3 thang 

2 tuoi Anh trai bj u m l t da ch^t 
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KET QUA VA THAO LUAN 

Ket qud xdc lap quy trinh giai trinh tv gen RBI 

Chung toi dung 1^ thuat gidi trinh tu gen Sanger 
de xdc djnh dpt bien gen RBI cho hai bfinh nhi 
UTNBVM. 

DNA tong sd tinh sach tii mdu ciia hai bfinh nhi 
UTNBVM dugc sit dung ldm khudn cho PCR. Difiu 
k i ^ PCR dd dugc xdc lap de khufich dai vung dieu 
khien vd 27 exon ciia gen RBI bang 27 phdn iing vdi 
cdc cdp raoi ddc hifiu frong dd exon 15 va 16 dirge su 
dyng chung mdt cdp mdi. Cdc exon 2, 6 vd 24 dirge 
khufich d^i rifing vdi cdc exon cdn lai do can difiu 

chiidi nhiet dp bdm moi cao hon. Cac phdn irag PCR 
cho bang dac hieu tucmg iing vdi cdc sdn phdm cd 
kich thudc tir 194 bp dfin 694 bp (Huihl). Cdc sdn 
phdm PCR nay se dugc tinh sach cho cac phdn iing 
gidi trinh tu gen tifip theo. 

Viing dieu khifin gen, todn bd 27 exon ma hda 
cua gen RBI va cac vimg bifin exon-intron da dugc 
gidi trinh ty thanh cdng frfin cd hai mdu bfinh, Hdu 
hfit cac doan gen da dugc giai trinh ty trfin cd hai 
chieu xudi vd ngugc. Rifing doan chiia 2 exon 15-16 
chi trinh ty dugc dpc theo chifiu ngirgc cho kfit qua 
tdt nfin da dugc thyc hifin lap lai 3 Idn dfi dam bdo 
tinh chinh xdc. 

A M Pi' 
b p l 

7 0 0 -

5 0 0 -

300 -

2 0 0 -

1 2 3 4 5 6 7 S 9 10 11 12 13 1415-16 

Hinh 1. Anh minh hpa k^t qua difin di cic san pham PCR. (A) M- thang DNA chuan (marker 100 bp), Pf san phdm PCR 
vCing diiu khi^n. 1-16. sdn phim PCR ciia cac exon 1 den 16, (B) M.thang DNA chuan (marker 100 bp), 17-27: san phdm 
PCR ciia cSc exon 17 d in 27"+" D6i chdng duo-ng beta actin. 

Kit qud phdn tich trinh tu tren mau RB6 

Trinh ti; ADN nhdn dugc ciia mdu RB6 da dugc 
so sdnh vdl trinh t̂ r cDNA chuan ciia gen RBl\\m 
trong ngan hdng gen vdi ma sd NM_00023l,2 vd 
trinh ty gen ngudi chudn (GRCh37/hgl9).Kfit 

qudxdc dinh tai viing dieu khifin vd cac viing bien 
exon-mtron ciia gen RBI khdng cd bdt thudng ve 
trinh ty nucleotide, Khi phdn tich trinh tg trfin cdc 
exon chiing tdi da phat hifin mpt allele cua gen 
RBlbi dot bifin tai exon sd 14. Day la dang dpt bifin 
them 2 nucleotide trong dd hai nucleotide TA dd 
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dygc them vdo tai vi h i giiia nucleotide so 1337 vd 
sd 1338. Dot bifin nay dugc ky hieu la 1SS7-
ISSSinsTA (Hinh 2A), Phdn tich dich ma cho thay 
dot bifin ndy ldm lfich khung doc tu codon sd 447, 
gay ra su tdng hgp ciia 10 amino acid la va sdm tao 
ma kfit thiic tai codon sd 457 cua protein RBI (Hmh 

2B). Ngoai ra, kfit qua xac djnh trinh frJ theo chieu 
xudi cho thdy tai vi tri 1340, nucleotide A bi thay the 
thdnh C trfin cd hai allele cua RBI . Tuy nhifin, kfit 
qua gidi trinh tu theo chifiu ngugc dugc lap lai 2 m 
lai cho thdy khdng co su thay ddi ndo chung td diem 
thay thfi tren xdy ra do ldi cua may doc trinh ty. 

B i n h t f i t r c m e 

,-W\-AA- m\ 
E>ot b i € n RBS 

YMX^MM 
AGC^ATACAAACTTTGGAGTTCGCTr t r i n h tM" c h u a n 

AGCGATACACACTTGGAGTTCGCTT a l l e l e 1 - RB6 

AGCGATA!ACACA<nTGGAGTTCGCnrT a l l e l e 2 - RB6 

Wild-type/Allel i-RB6 

4 2 1 D I G Y I F K E K F A K A V G Q G C V E 
1261 ga ta tagga taca tc t t t aaagagaaa t t tgc taaagc tg tgggacagggt tg tg tcgaa . 

441 I G S Q R Y K L G V R L Y Y R V M E S M 
1321 a t tgga tcacagcgatacaaac t tggagt tcgc t tg ta t taccgagt :aa tggaa tcca tg 

461 L K S E E E R L S I Q N F S K L L N D N 
1381 c t t aaa t cagaagaagaacga t t a t cca t t caaaa t t t t agcaaac t t c tgaa tgacaac 

Al le l 2-RB6 
4 2 1 D I G Y I F K E K F A K A V G Q G C V E 

1261 ga ta tagga taca tc t t t aaagagaaa t t tgc taaagc tg tgggacagggt tg tg tcgaa 
441 I G S Q R Y T H L E F A C I T E * W N P 

1321 a t tgga tcacagcga ta t acacac t tggag t t cgc t tg t a t t accgag taa tggaa tcca 
4 6 1 C L N Q K K N D Y P F K I L A N F * M T 

1381 tgc t t aaa t cagaagaagaacga t t a t cca t t caaaa t t t t agcaaac t t c tgaa tgaca 

Hinh 2. Dpt bifin co y nghTa iam sang cua RBI phat hien d m l u RB6. (A) Opt bien them 2 nucleotide TA tgi vi tri 1337-
1338(1337-1338insTA) tren 1 allele cOa gen RBI ph^t hien bang phuo-ng phap gidi trinh t\f Sanger chi^u dpc xuoi (B) H&u 
qua cCia dOt bien 1337-1338insTA gay lech khung dpc tu- amino acid 447 va tao mS k^t thiic tai vj codon 457. (JA ,la) vj tri 
them nucleotide (') ma ket thuc 
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Ket qud phan tich trinh tv trfio mSu RB7 

Trinh tu ADN nhan dugc cua mdu RB7 da dugc 
so sdnh vdi trinh tu cDNA chuan ciia gen RBI luu 
Uong ngdn hdng gen vdi ma sd NM_000231.2 va 
trinh hj gen ngudi chudn (GRCh37/hgl9). Kfit 
qudpbdn tich cho thdy vimg dieu khifin va cac vimg 
bifin exon-intron cua gen RBI khdng co bdt ihudng 
ve trinh tu nucleotide. Tuy nhifin, kfit qud phdn tich 

trinh tu cua cac exon dd xac dinh mgt allele ciia gen 
RBI bi dot bifin tai exon sd 16. Day la dang dot bifin 
mat 2 nucleotide trong do hai nucleotide TA tai vi tri 
1450-1451 da bi mat di.Dpt bifin ndy dugc ky hifiu la 
1450-145IdelTA (Hinh 3A). Phdn tich dich ma cho 
thay dot bifin ndy lam lfich khung dpc tii codon sd 
484, gdy ra su tdng hgp ciia 7 amino acid la vd sdm 
tao ma ket thuc tai codon sd 491 ciia protein RBI 
(Hinh 3B). 

A 

E>$l: bi^n RB7 

T A A A G A C A T A T G A A A A A r G T T 

T A A A G A C A j A T G A A A A A T G T T 

I! I I I I M /X/;--'/,--x.-v;-^>-
TAAAGACAFGAAAAATGTT 

trinh tu* chuan 

allele 1 - RB7 

allele 2- RB7 
B 

Wild-type/Allel 1-RB7 
461 L K S E E E R L S I Q N F S K L L N D N 

1381 c t taaa tcagaagaagaacgat ta tcca t tcaaaa t t t t agcaaac t tc tgaa tgacaac 
481 I F H M S L L A C A L E V V H A T Y S R 

1441 a t t t t t c a t a tg t c t t t a t t ggcg tgcgc t c t t gagg t tg t aa tggccaca t a t agcaga 
501 S T S Q N L D S G T D L S F P W I L N V 

1501 ag t aca t c t cagaa t c t t ga t t c tggaacaga t t t g t c t t t c cca tgga t t c tgaa tg tg 

Allel 2-RB7 
461 L K S E E E R L S I Q N F S K L L N D N 

1381 c t taaa tcagaagaagaacga t ta tcca t tcaaaa t t t t agcaaac t tc tgaa tgacaac 
481 I F H V F I G V R S * G C N G H I * Q K 

14 41 a t t t t t ca tg t c t t t a t tggcg tgcgc tc t tgagg t tg t aa tggccaca ta t agcagaag 
5 0 1 Y I S E S * F W N R F V F P M D S E C A 

1501 t a c a t c t c a g a a t c t t g a t t c t g g a a c a g a t t t g t c t t t c c c a t g g a t t c t g a a t g t g c t 

Hinh 3. D^t bi^n c6 y nghlal am sSng ciia RB1 phSt hifin d miu RB7. (A) Opt bien mit 2 nucleotide TA tai vi tri 1450-
1451(1450-1451delTA) tren 1 allele cua RBI ph§t hi^n bing phu^ong phap giaitrJnh ty Sanger chiiu dpc ngirgc (B) Hdu 
qui cua d^t bi^n 1450-1451 delTA gSy Ipch khung dpc tir amino acid 484 va tao ma kit thuc tai codon 491 (") mS kit Ihiic 
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Sang lpc cac dot bifin gen RB 1 d cdc bfinh nhan 
UTNBVM cd thfi giiip xac dinh cdc ddt bifin co tinh 
di truyfin va cung cdp co sd quan ttgng cho chdn 
doan sdm vd tu van di truyfin. Trong nghien cim ve 
dac difim di truyfin ciia UTNBVM d nudc ta trudc 
ddy, do sii dung phuong phdp xet nghifim nhifim sdc 
thfi dd nfin cac tac gid chi cd thfi phdt hien dugc cdc 
dot bifin thfim/mdt doan Idn trfin viing DNA chiia gen 
RBI (Nguyfin Cdng Kifit vd Nguyfin Tri Diing, 
2005). Day la loai dot bifin chifim ty lfi thdp ttong s6 
cdc loai dot bifin da bifit cua RBI cdng bd trfin ngan 
hang dot bifin gen ciia ngudi. Trong cdng trinh nay 
chung tdi da tdi uu hda thanh cdng cac difiu kien ky 
thudt cho phucmg phdp gidi trinh ty DNA, vdn dugc 
coi la tifiu chudn vang ttong chdn dodn cac dot bifin 
gen, nham phdt hifin dot bifin gen RBI. Trong sd hai 
dot bifin da xdc dinh, ddt bifin 1337-1338insTA cua 
bfinh nhdn RB6 gay dich khung dpc tu amino acid 
447 cila protein RBI la hoan todn mdi, chua dugc 
cdng bd ttong co sd dii lieu ve dot bifin gen cua 
ngydi (www.hgmd.org). Hai dot bien chiing toi tim 
thdy dfiu Id dot bifin tfi bdo ddng (germline mutation), 
cd kha nang di truyen, tdn tai d dang di hgp tu trong 
mSi bfinh nhan.Theo gia thuyfit hai cii hic dot bien 
gdy bfinh cua Knudson (Knudson, 1971), cdc dot biet 
nay chinh la cii hic thir nhat ttong tien ttinh hinh 
thanh nguyfin nhdn gdy bfinh. Ddt bien thii hai cua 
RB I cd thfi xudt hien mugn hon ttong qua trinh phat 
trifin phdi vd biet hda ciia cac tfi bao vong mac. 

KET LUAN 

Nghifin cuii nay da xay dung dugc cdc difiu kien 
ky thudt cho phep cac dinh cac dot bifin ttfin viing 
difiu khifin, viing mang ma va cdc vung bifin exon-
intton ciia gen RBI. Ddi vdi mdi benh nhan nghifin 
cim, chiing tdi da xdc dinh dugc mot dot bien gay 
bfinh ttfin mdt alen cua gen RBI trong do dpt bifin 
xac dinh d bfinh nhan ky hifiu RB6 la hoan todn mdi. 
Ca hai dot bien la dot bifin tfi bao ddng, cd tinh chat 
di truyen nfin kfit qua thu dugc khdng chi cd y nghia 
cho vific xdc dinh nguyfin nhan gay benh cho cac 
bfinh nhi ma cdn la thdng tin hiru ich cho cdng tac tu 
vdn di truyen ddi vdi cac bfinh nhi va gia dinh cua 
hp, 

Ldi cam cm; Cong irinh dugc ihuc hien tir ngudn 
kinh phi cua de tdi cdp ca sd ndm 201S cua Vien 
Nghien ciru he gen. 
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DETECTION OF RBI MUTATIONS IN PEDIATRIC RETINOBLASTOMA 
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SUMMARY 

Retinoblastoma is a malignant tumor of the retina that occurs in children, usually before age five years. 
Loss or mutations of both alleles of the retinoblastoma gene RBI, localized to chromosome I3ql4.2, are 
required to develop the disease This study was conducted to determine RBI mutations in twoVietnaraese 
children with retinoblastoma. The promoter and whole coding region of RBI of two children with 
retinoblastoma were sequenced by Sanger sequencing. Two germline frameshift mutations in RBI gene were 
detected fi'om two retinoblastoma children. One is 1337-l338nisTA heterozygous mutation identified in RB6 
sample and another is 1450-145IdelTAheterozygous mutation found in RB7 sample. The 1337-1338nisTA 
mutation causes a fi'ameshift at amino acid 447 and an early stop codon at ammo acid 451 while the 1450-
1451delTA results in aframeshift at amino acid 484 and a stop codon at aminoacid 491. They are both 
pathological, heritable mutations These finding provide important clues for genetic counseling and clmical 
management. 
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