TAP CHi NGHIEN CPU Y HOC

NGHIEN C’U CHINH SU’A GEN BANG HE THONG CRISPR/
CAS9 TRONG DONG TE BAO UNG THV

Vii Thi Ha'2™, Bui Twong An', Poan Thi Kim Phuwong'?
"Trrong Pai hoc Y Ha Noi, 2Bénh vién Pai hoc Y Ha N§i

Hé théng CRISPR/Cas9 la mét trong nhitng céng cu dem lai hiéu qué chinh stra gen cao va cé trién vong

trong tng dung lam sang. V6i muc tiéu chinh stra gen RAPTOR va Atg5 trén dong té bao bach cau man
tinh dong tiy K562 va té bao ung thu ndo TGS04 bang hé théng CRISPR/Cas9, chiing toi thiét ké hé théng
CRISPR/Cas9 bang céch chén doan trinh tw dich vao plasmid PX330. Plasmid nay duoc dua vao té bao dich

bang xung dién. Bé danh gié hiéu qué cta qué trinh chinh stra gen chiing téi str dung cac ky thuat PCR, gidi

trinh tw gen va Western blotting. Két qué cho thdy CRISPR/Cas9 duoc thiét ké da gay xéa exon3 trén gen

RAPTOR; gay dét bién mét doan gen Atg5 dén dén tang ré rét mirc d6 biéu hién cta protein LC3I va gidm

dang ké mirc d6 biéu hién cua protein LC3Il. Nghién ctru cta ching t6i da chi ra rdng hé théng CRISPR/Cas9

chinh stra duoc cac gen dich dan dén sw bién déi protein va cac san phdm trong con dudng hoat hda gen.

T khéa: CRISPR/Cas9, liéu phap gen, té bao ung thw.

. DAT VAN BE

CRISPR/Cas9 dwoc viét tit t» nhirng
chiv cai dau cta cum Clustered Regularly
Interspaced Short Palindromic Repeats va
CRISPR-associated (Cas) protein, la mét hé
mién dich & sinh vat nhan so gitp ching cé kha
nang ghi nhé va tao mién dich véi cac yéu té di
truyén ngoai lai. Trinh tw CRISPR I&n dau tién
dwoc nha khoa hoc Nhat Ban Yoshizumi Ishino
va cong s tim ra vao nam 1987 trén E. coli va
nhiéu vi khuén khac sau dé. Bén nam 2013 co
ché hoat dong ctia CRISPR/enzym Cas duoc
lam sang té va st dung trong cac té bao dong
vat co vu, dat co sé cho viéc ap dung CRISPR /
Cas9 nhw mot cdng cu chinh stra bd gen. Hoat
doéng cua hé CRISPR/Cas9 c6 su tham gia cla
hai thanh phan chinh la Cas9 protein va doan
dan RNA khéng ma hoa (dwoc goi 1a sgRNA).
Phan tir sgRNA bat cdp véi trinh tw cla ving
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dém spacer trén DNA dich mé&i x&m nhép va
giup protein Cas (CRISPR-associated) nhan
ra va thuc hién cat dit, stra chiva soi DNA tai
vung béat cap. Két qua la DNA cé thé duoc sira
ddi nhanh hon va dé dang hon nhiéu so vé&i kha
nang st dung cac phwong phap chinh stra gen
trwdc d6."2 Trén thé gidi, nhiéu nghién clru da
st dung hé théng nay dé stra chiva DNA cla bo
gen trén mot sb dong té bao ung thw hodc trén
té bao gbc.? Heckl D. va cong sw, ndm 2014, da
dung hé théng CRISPR/Cas9 tao dot bién gay
ung thw tdy bao & chudt.* O mét nghién ctu
khac, Xue W. va cong sy da gay dot bién gen
ung thw & gan chudt véi muc dich pha vé chire
nang cla gen ung thw.® Tuy nhién & Viét Nam,
nhirng nghién ctru vé hé théng CRISPR/Cas9
con kha méi mé va chwa dwoc sir dung réng
rai. Vi vay, chung téi thwe hién nghién clru nay
v&i muc tiéu (ring dung hé théng CRISPR/Cas9
chinh stra gen RAPTOR trén dong té bao ung
thu mau va gen Atg5 trén dong té bao ung thw
n&o, déng thdi danh gia hiéu qua clia qua trinh
chinh stra dé .

TCNCYH 126 (2) - 2020



TAP CHi NGHIEN CUU Y HOC
Il. POl TWVONG VA PHUONG PHAP
1. Th&i gian va dia diém nghién ctru

Nghién ctru dwoc tién hanh tai: B6 mén Y
Sinh hoc — Di truyén, Trwdng DH Y Ha Noi.

Tho&i gian nghién cru: 10/2018 - 10/2019
2. Thiét ké va sir dung hé théng CRISPR/
Cas9

Doan trinh tw dich sgRNA thich hop Iya
chon twr thu vién sgRNAG gdm 20 pb dugc bién
tinh va chén vao plasmid PX330 sau khi dwoc
cat b&i enzym Bbsl. Plasmid mang doan trinh
tw dich dwoc dwa vao té bao bang xung dién
(Amaxa Mouse neural stem Nucleofector Kit,
Lonza, Basel, Switzerland). S& dung déng thoi
hai sgRNA dich trén viung intron gilra exon2
(GCCGAAATACAAATGAACGT)
va vung intron gilra exon3 v&i exon4
(GAAATTTACCACGGACTCCA) dé gay xoda
doan exon3 cla gen RAPTOR trén dong té

véoi  exon3

bao ung thw mau, hoac mot sgRNA trén gen
Atg5 (GGCCATCAATCGGAAACTCA) dé gay
dot bién gen Atg5 trén dong té bao ung thw
nao.
3. Tao dét bién trén cac té bao va nubi cay
dong té bao

S dung té bao Leukemia man tinh dong tdy
K562 va té bao ung thw ndo TGS04 dugc cung
cap bdi gido sw Atsushi Hirao, Trung tdm ung
thw, trwong Dai hoc Kanazawa, Nhat Ban7.
Té bao ung thw mau va té& bao ung thw ndo
duwoc nudi cay trong méi trurng RPMI (Sigma-

Aldrich) va DMEM/F12 (Wako) twong &ng .
4. Cac ky thuat kiém tra hiéu qua gay dot
bién cda hé théng CRISPR/Cas9

Té bao sau khi gay dot bién dwoc thu hoach
va khuéch dai vung doét bién bang ky thuat
PCR v6i ba méi ddng thoi. S dung phdn mém
primer3 dé thiét ké cac méi trén vung intron
trwdc va sau exon3 clia gen RAPTOR (M6i xubi:

CTGGAACCCACTCCTGAAAT, mbi nguoc
the nhéat: CGATGGTTTCCAGAGCTTTC
va moi nguoc the hai:

CACACCCACCTTGTTGAAGA). St dung cap
moi xudi: GGCCATCAATCGGAAACTCA, va
moi nguoc: TGAGTTTCCGATTGATGGCC cho
k¥ thuat gidi trinh tw gen cho gen Atg5. Cac san
phdm cla phan tng PCR dwoc kiém tra trén
gel Agarose 2%. Protein cla gen twong (rng
duwoc kiém tra bang ky thuat Western blotting
v&i cac khang thé twong rng ATG5 (Novusbio,
Littleton, CO, USA, NB110 - 53818; 1:500), LC3
(NanoTools, Teningen, Germany; clone 5F10,
0231; 1:200), B - actin (Sigma - Aldrich A5441;
1:2000). Trinh tw DNA hay trinh t mRNA duwgc
kiém tra bang ky thuat gidi trinh tw gen trén
may gidi trinh tw 3500 clia Applied Biosystems
— Thermo Fisher Scientific.
5. Pao dirc nghién ciru

Nghién ctvu tuan tha cac quy dinh vé dao
dirc trong nghién ctu y sinh. Cac thi nghiém
trong nghién ctru tuan tha theo dung cac quy
trinh, quy t&c phong thi nghiém.
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. KET QUA
1. Hé théng CRISPR/Cas9 x6a hoan toan exon3 trén gen RAPTOR

1 2 3 4
bp R
Hinh 1. Hinh anh dién di san pham PCR phat hién
x6a doan exon3 trén gen RAPTOR.
2000 | Cot 1- Thang chuén
Cot 2- Té bao K562 khong gay dét bién
1000 — Cot 3- Té bao khong ung thur
500 == Cot 4- Té bao K562 gay dot bien.
300 ==

(Hinh 1) Cot 2: Xuat hién béng exon3 & té bao khéng gay dot bién. Cot 3: khong hién thi sdn pham
PCR do kich thuwéc cia doan intron rat Ién, cac cap moi khong thé bét cap, do d6 phan rng PCR
khong xay ra. Cot 4: xuét hién bang dot bién chirng té exon 3 bj xéa bd.

Dé khéng dinh thém bang chirng exon 3 bi x6a b hoan toan, ching téi kiém tra trinh tw genome
va trinh ty mRNA cua té bao dot bién.

(Hinh 2) A) Poan DNA nam trong khoang git*a hai sgRNA dich bao gdm ca exon 3 va mét phan
intron trwdc va sau exon 3 bi x6a bd. B) Trén mRNA, exon 3 bi x6a bé hoan toan, exon 2 va exon 4
két nbi lai v&i nhau.

Intron2 Intron3 Exon2 Exon4

GRAATITACC ACGGCACCTG ITGTACCGEGC CGATCCAGCAT

4 p

CCAGCA

Exon3 bi x6a trén mRNA

Hinh 2. Két qua giai trinh tw DNA (A) va trinh tw mRNA (B) cta gen RAPTOR
trén té bao K562 bj gay dot bién.
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2. CRISPR/Cas9 gay knockout gen Atg5 dan dén sw bién déi protein va cac san pham trong

con dwong hoat héa cua gen dé.

(Hinh 3) MAu dot bién bi x6a cac trinh tw gen twong (ng véi cac axit amin K, L, M, E. Sy x6a doan
gen Agt5 dwoc khang dinh bang thi nghiém kiém tra sw bién dbi clia cac protein ma bj anh huéng

b&i gen nay.
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Hinh 3. Két qua giai trinh tw gen Atg5 va cac acid amin twong trng bi dét bién trén
dong té bao ung thw nao
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Hinh 4. Hinh anh xéa gen Atg5 trén dong té bao ung thw ndo TGS04. Mau dét bién dwoc
kiém tra bang Western blotting. Mau binh thwong: 1, 4; Mau dét bién: 2,3,5,6
(Hinh 4) Gen Atg5 ¢6 vai trd hoat héa LC3I thanh LC3II trong trong qué trinh tw thue bao cua té
bao. Néu gen Atg5 bi dot bién mét chirc nang thi phan t&r LC3I cling khéng duwoc kich hoat thanh
LC3Il, dan t&i sw khéng hinh thanh LC3II. Hinh 4 cho thdy & mau dot bién, protein Atg5 va LC3lII bién
mét hoan toan, dong thdi LC3I ting lén dang ké.

IV. BAN LUAN

Hoat déng cta hé théng CRISPR/Cas9 da
duoc biét dén véi hiéu qué cao chinh stra gen,
ttr d6 mé ra mot rng dung vé cung to lon va
hivu ich trong twong lai @& nghién clru cac chire
naéng gen va diéu tri bénh di truyén. So sanh véi
cac ky thuat chinh stra gen khac, thi hé théng
CRISPR/Cas9 cho chi phi st dung thap, st
dung don gian va dé thyc hién. N6 khéng doi
h&i phai thiét ké cac phirc hop protein cing nhw

cac ky thuat lién quan khac nhw cac ky thuat
Meganucleases (MNs), Zinc Finger Nucleases
(ZNFs), Transcription Activator-Like Effector
Nucleases (TALENSs)."? RAPTOR la mét trong
nhirtng thanh phan ciu tao nén gen mTOR —
mot gen quan trong trong con dwdng hoat hda
PI3K-mTOR tham gia nhiéu hoat déng cua té
bao.® Atg5 la mét gen tham gia vao qua trinh tw
thwe bao té bao. Nghién clru cla Ha va cong
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s, nam 2018, ciing cho thdy dong té bao ung
thw ndo bi dot bién gen Atg5 két hop véi mot
s6 thudc chdng ung thw, két qua diéu tri co hiéu
qua rd rét so v&i dong té bao khong bi dét bién.®
Nhiéu nghién ctru gan day da chi ra vai trd quan
trong clia nhirng gen nay trong té bao ung thw,
va dot bién gen nay cé thé dwa lai hiéu qua diéu
tri khac biét rd rét trong ung thw mau va ung thw
ndo.t-1°

Nghién cu cGa chang téi chi ra hé théng
CRISPR/Cas9 c6 thé x6a hoan toan exon3 trén
gen RAPTOR bang cach st dung hai sgRNA
dich khac nhau trén nhirng vung khac nhau cta
gen. Thi nghiém twong tw véi exond va mot sé
exon khac, cling cho hiéu qua xéa doan twong
tw. Nhw vay, véi viéc sir dung déng thoi hai hay
nhiéu sgRNA dich trén cuing mét gen hodc trén
cac gen khac nhau, ching ta cé thé x6a bd moét
exon hodc nhiéu exon, x6a bé mét hodc nhiéu
gen mong muébn khac nhau. Diéu nay mé ra
kha nang méi trong nghién ctru vé& nhirng réi
loan mang tinh chat da gen phurc tap.?

Nghién ctru nay ciing da tao ra mot hé thdng
CRISPR/Cas9 gay xda gen Atg5 dan dén thay
ddi mrc do biéu hién protein twong &ng. Piéu
doé ching té rang CRISPR/Cas9 cé kha nang
xéa hoan toan chc néng cla gen, lam bién
ddi cac san pham protein trong con dudng hoat
héa ctia ching. Nhidu nghién ctu trén thé gidi
da chi ra rang CRISPR/Cas9 ¢6 thé gay nhiéu
dang dét bién khac nhau nhw d6t bién diém voi
s mat, hodc thém mot nucleotide, hodc xda
bd mot hay nhidu gen, va co6 thé 1a sy sap xép
lai cAu tric nhiém séc thé. 'ng dung kha nang
gay dot bién da gen cla hé théng CRISPR/
Cas9, Heckl va cong sy da gay dot bién déng
thdi 5 gen trong té bao gbc tao mau chudt dé
tao ra mdé hinh bénh bach cu tly cép tinh.
Twong tw nhw vay, nhiéu tac gid da st dung
hé thdng CRISPR/Cas9 dé bt hoat hai hoadc
nhiéu gen trc ché khéi u trong ung thw gan, phéi
& trén chubt.*5" V&i nhiéu két qua nghién ciru
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kha quan vé hiéu qua chinh sira gen, hién nay
hé théng CRISPR/Cas9 da va dang dwoc thiv
nghiém lam sang, dac biét la trong tri liéu gen
va liéu phap diéu tri mién dich ung thw.2°10

V. KET LUAN

Nghién ctru cda ching téi da chi ra dwoc
hiéu qua gay dot bién gen RAPTOR va Atg5
trén dong té bao ung thw mau va ung thw ndo
bang hé thébng CRISPR/Cas9. Hiéu qua gay dot
bién nay biéu hién & ca ba mirc dd gen, mMRNA
va protein.

Trong twong lai ching t6i tiép tuc ng dung
kha nang gay dot bién da gen cla hé thdng nay
dé dbng thoi knockout hai hay nhiéu gen khéng
mong mudn, (rng dung trong liéu phap gen va
liéu phap mién dich trén 1am sang, d&c biét |a
trén bénh ung thw va bénh di truyén.

L&i cam on

Nhom nghién ctu xin chan thanh cam on
BO moén 'Y Sinh hoc — Di truyén, Trwdng Dai hoc
Y Ha Noi, Trung tdm Tw van Di truyén, Bénh
vién Dai hoc Y Ha ndi va sw giup d& cla gido
sw Atsushi Hirao, Trung tdm Ung thw, Pai hoc
Kanazawa, Nhat Ban da cung cap cac ngudn
vat liéu cho nghién ctru.
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Summary
A STUDY ON GENE EDITING BY CRISPR/CAS9 SYSTEM
IN CANCER CELL LINE

CRISPR/Cas9 system is one of the most high efficiency tool that could allow for clinical
utilization to editing the gene of interest. The aim of study is editing RAPTOR and Atg5 gene on
chronic myeloid leukemia cell line K562 and human glioma cell line TGS04 by using CRISPR/
Cas9 system. The targeted sequences of sgRNA were designed and inserted into the pX330
plasmid. The pX330- inserted target sgRNA plasmids were transfected to targeted cells by
electroporation. RAPTOR and Atg5 gene disruption were confirmed by PCR, sequencing
and Western blotting. The results showed that CRISPR/Cas9 system could delete exon3 on
RAPTOR gene; knockout Atg5 gene consequently significantly simultaneously increase and
decrease protein expression levels of LC3l and LC3Il. Therefore, CRISPR/Cas9 system could
edit gene of interest resulting in alteration of proteins and other products in their pathway.

Keywords: CRISPR/Cas9, gene therapy, cancer cell line.
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