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TOM TAT

Pa hong cau, tang tiéu cau tién phat va xo tiry cip la nhitng cin bénh thudéc nhoém bénh ung thu

mau ting sinh tay &c tinh khdng xay ra hién tuong trao ddi doan nhidm sic thé Philadelphia. Nhiéu
nghién ctru di chi ra dot bién V617F thuoc gen JAK2 chiu trach nhiém cho phan 16n s6 ca méc phai
céc cin bénh trén, do d6 viéc xac dinh chinh xéac kiéu gen cua dot bién trén c6 y nghia rat quan
trong trong viéc sang loc va chan doan sém nhiing cin bénh nay. Mot s cong trinh trén thé gisi da
dua ra nhitng phuong phap khac nhau dé xac dinh kiéu gen cua JAK2 V617F. Trong nghién cau
nay, chling t6i tién hanh danh gia cac phuong phap PCR-ARMS, PCR-RFLP, giai trinh ty Sanger
nham tim ra phuong phap nhanh chong, chinh xéc, ré tién dé xac dinh kiéu gen JAK2 V617F va du
doan in-silico anh huéng cua dot bién nay 1én ciu tric va chire nang cua protein Janus kinase 2. Két
qua nghién ciru cho thiy hai phuong phap giai trinh tu Sanger va PCR-RFLP ¢6 dé chinh xéc tuong
duong va t6t hon so véi PCR-ARMS. Phuong phap PCR-RFLP ciing c6 thoi gian va chi phi trén
mot mau tuong ddi tot so véi cac phuong phap con lai. Cac phan tich in silico ciing cho thdy JAK2
V617F co tac dong lén dén hoat tinh cua protein ma hoa twong tng. Két qua caa nghién cau nay 1a
dir liéu tién dé quan trong phuc vu cho céc nghién cau tiép theo nham sang loc, du doan bénh ting
sinh tiy 4c tinh va cac can bénh khac c6 lién quan ¢ nguoi Viét.

Tir khoa: PCR-ARMS, PCR-RFLP, giai trinh tu, da hong cau, JAK2 V617F, tang sinh tay 4c tinh

MO PAU

Nhom bénh ting sinh tay ac tinh
(Myeloproliferative neoplasms - MPNs) [a mot
dang ung thu mau gy ra boi su bién d6i bat
thuong cua cac té bao gbc tay xwong sinh mau,
gay ra sy ting sinh dot bién cac té bao mau nhur
bach cau, hdng cau va tiéu cau (Wadleigh et al.,
2010). Theo wéc tinh cua to6 chuc LLS
(Leukemia & Lymphoma Society), chi tinh
riéng tai Hoa Ky, sé ngudi mic phai mét trong
cac can bénh ting sinh tiay 4c tinh la gan
300.000 bénh nhan, véi gan 20.000 ca mac mai

mdi nam (Shallis et al., 2020). O Viét Nam cho
dén nay vin chua c6 con sb théng ké vé sb
luong nguoi mac nhém bénh nay trong cong
dong.

Bénh da hong ciu la mét trong cac bénh
tang sinh tay &c tinh, gay ra do cac té bao tiy
xuong sinh ra qua nhiéu t& bao hong cau, vuot
qua 16,5 g/dL ¢ nam giai va 16,0 g/dL & nix gioi
(Horvitz, 2017). Lugng té bao hong cau cao bat
thuong dan dén giam téc do luu thong trong
mach mau, ting nguy co dong mau. Do vay
nguoi bénh thuong c6 céc triéu chimg nhu da
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do hoic tai xanh, dé xuat huyét trong, 14 lach
sung to, mét moi kho thg, tang nguy co bi dot
quy, nhdi mau co tim. Bénh nhan da hdng cau
dé dan dén céc bénh bién chimg nhu xo hoa tuy
xuong va bénh bach cau cap (Saini et al., 2010).
Thoi gian SOng sot trung binh cua ngudgi mac
bénh da hong cau 1a 13,5 nim, v6i hé s nguy
co la 1,8 (Tefferi et al., 2014).

Hon 90% truong hop bénh nhan da hong cau
c6 lién quan dén dot bién V617F trén gen JAK2
gay ra bgi da hinh gen rs77375493 (Jones et al.,
2013). JAK2 ma hoéa cho thu thé tin hiéu janus
kinase 2 trén mang té bao, dong vai tro quan
trong trong mot s6 con dudng truyén tin hiéu
cytokine JAK/STATs, MAPK va PI3K/AKT
lién quan dén qua trinh kiém soat mién dich, su
phét trién cua té bao va qua trinh chét theo
chuong trinh (apoptosis) (Dell'Albani et al.,
1998; Krasilnikov et al., 2003). Trong nghién
ctru ndy, chang tdi tién hanh so sanh 3 phuong
phéap 1a: phuong phap khuéch dai da hinh chiéu
dai cit gioi han (PCR-RFLP), phuong phap
khuéch dai allele dic trung (ARMS-PCR) va
phuong phap giai trinh ty Sanger dé xac dinh
kiéu gen cua da hinh JAK2 V617F cac bénh
nhan mac bénh da hong cau, tang tiéu cau va xo
héa tily xwong. Bén canh d6 chung téi ciing tién
hanh mot sé phan tich in silico dé du doan anh
huong cua dot bién nay 1én ciu trdc va chic
nang cua protein twong ung. Nghién cuu nay sé
Ia tién @& cho cac nghién cau tiép theo nham
diéu tra vé ty 1& cac bénh nhan ting sinh tuy ac
tinh do lién quan dén dot bién JAK2 V617F va
cac dot bién co lién quan.

VAT LIEU VA PHUONG PHAP

Poi twgng nghién ciru

Mau mau nghién ctu dugc thu thap tir cac
bénh nhan méc bénh ting sinh tiy &c tinh va cac
tinh nguyén vién tai bénh vién Hoc vién Quéan Y
103 bao gém 4 nhom: nhom bénh da hdng cau,
nhém bénh ting tiéu cau tién phat, nhém bénh
X0 tuy cap va nhom ddi ching khoe manh, chua
c6 tién sir bénh tat hodc sir dung céac chét kich
thich gay nghién. Cac bénh nhéan va tlnh nguyén
vién tham gia déu ddng y cung cAp mau mau va
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thong tin cho dé tai nay. Nghién ciu da duoc
chap thuan va cho phép tién hanh bai Hoi dong
dao dtrc trong Nghién cau Y sinh cua Vién
Nghién ciau Hé gen theo Chung nhan sé 4-
2021/NCHG-HDbDD.

Phwong phap nghién ctru
Tach DNA tr mau tong so

DNA genome duoc chiét tich tir mau tong
s6 cuia bénh nhan mic bénh ting sinh tay &c tinh
va nhom khoe manh dbi chung bang kit
Maxwell® RSC Blood DNA Kit (Promega, Hoa
Ky) theo quy trinh cua nha san xuat. San pham
sau d6 duoc kiém tra nong d6 DNA va do tinh
sach bang phuong phap dién di trén gel agarose
1% va do OD trén may Nanodrop.

Ky thudt phan tich kiéu gen PCR-RFLP

Phan tng khuéch dai doan DNA chua da
hinh JAK2 V617F bao gom 2 U Tag DNA
polymerase (Thermo), Taq enzyme buffer 1X,
dNTP 2 mM mdi loai, ndng d6 mdi mol loai 0,4
uM, 20 ng DNA khuén va nuéc cat dugc bd
sung dén thé tich 30 pL. Trinh tu cap moi st
dung duoc liét ké trong Bang 1. PCR bit dau
V6i giai doan bién tinh 95°C trong 5 phut, 40
chu ky lap lai bao gébm bién tinh ¢ 95°C trong
30 gidy, gdn mdi ¢ 57°C trong 30 gidy va kéo
dai & 72°C trong 40 gidy, buéc kéo dai cudi
cung ¢ 72°C trong 5 phat va gitr ¢ 10°C. San
pham PCR duoc cit giéi han voi 1 U BsaXl| ¢
37°C trong 10 phat va dién di kiém tra kich
thudc cac bang san pham trén gel agarose 2,5%.

Ky thugt phan tich kiéu gen ARMS-PCR

AMRS-PCR phan tich dot bién JAK2
V617F sir dung 2 cip mdi cung lac dugc md ta
boi A.V. Jones va cong su (Bang 1) (Jones et
al., 2005). Phan ung c6 thanh phan gom 2 U
Tag DNA polymerase (Thermo), Tag enzyme
buffer 1X, dNTP 2 mM, 20 ng ADN khudn,
nong d6 cap moi ngoai va moi trong lan luot 1a
1 uM va 0,5 uM, nudéc cat bo sung dén 30 pL.
PCR sir dung céc nhiét do gan mdi khac nhau:
tir 56°C dén 64°C trong 30 gidy. San pham cua
ARMS-PCR dugc di¢n di kiém tra kich thuéc
trén gel agarose 3%.
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Ky thugt gidi trinh te Sanger

Phan tng PCR nhan gen dugc tién hanh
gidng phuong phap PCR-RFLP di néu trén. San
pham PCR sau d6 dugc tinh sach bang kit
MEGAQquick-spin™  Plus Purification Kit
(iNtRON, Han Qudc) va giai trinh tu theo

Bang 1. Trinh tw cac cap mdi st dung trong nghién cuu.

phuong phap doc Sanger trén kit Kit BigDye
Terminator v3.1 (Applied Biosystems) bai may
doc sequence model ABI PRISM 3500 Genetic
Analyzer sir dung moi doc theo chiéu nguoc.
Trinh ty san pham thu duoc dugc phéan tich
bang phan mém Chromas.

Phan tng Tén moi Trinh tw méi (5 — 37)

PCR-RFLP RFLP-FP TCCTCAGAACGTTGATGGCAG
RFLP-RP ATTGCTTTCCTTTTTCACAAGAT

ARMS-PCR ARMS-FP-outer TCCTCAGAACGTTGATGGCAG

ARMS-RP-outer
ARMS-Wt-inner
ARMS-Mut-inner

ATTGCTTTCCTTTTTCACAAGAT
GCATTTGGTTTTAAATTATGGAGTATATG
GTTTTACTTACTCTCGTCTCCACAAAA

Dw dodn in silico

Trinh ty va vi tri dot bién tai diém V617F
thuoc gen JAK2 duoc nhap vao cac phan mém
phan tich anh huong cua dot bién gen 1én ciu
trdc va chirc nang protein bao gdm Predict SNP,
PhD-SNP, Polyphen-2, SIFT, va SNAP. D6 bao
tha cua trinh tu axit amin gitta cac loai dwoc
phan tich dua trén co s¢ dir liéu cua UCSC, hé
gen nguoi ban GRCh38/hg38.

KET QUA
Két qua giai trinh tw Sanger

Dot bién JAK2 p.V617F xay ra do dot bién
sai nghia tai vi tri nucleotide s6 1849 trén trinh
tu cDNA bién d6i guanine thanh thymine. Két
qua giai trinh tu Sanger tir san pham PCR tinh
sach chua diém dot bién cho thay tin hiéu giai
trinh tu rd rang, sic nét, khdng co tin hiéu nhiéu
hay ngoai lai. Do mbi dugc st dung dé giai
trinh tu 12 mdi nguoc, kiéu gen GG tai vj tri da
hinh JAK2 V617F s& c6 mot dinh tin hiéu C,
kiéu gen TT s& c6 mot dinh tin hiéu A va kiéu
gen di hop tir GT s€ ¢6 2 dinh tin hiéu cua C va
A. Két qua c6 thé sir dung dé phan biét dé dang
céc kiéu gen dong hop GG, di hop GT hay dong
hop GT ma khdng gay ra nham lan (Hinh 1).

Két qua phan tich PCR-RFLP
DPoan DNA chira dot bién JAK2 V617F

dugc khuéch dai bang PCR co kich thugc 453
bp. San pham PCR s& duoc o Voi enzyme gi6i
han cit BsaXI dé phan (g cit xay ra hoan toan.
Enzyme sé cit ¢ allele G (allele hoang dai) tao
thanh céc san pham cit c6 kich thuéc lan luot 1a
201 bp va 252 bp. Do vay & cac mau c6 kiéu
gen dong hop tir GG, san pham PCR-RFLP s&
cho ra hai bang vdi kich thudc 201 va 252 bp. O
cac mau c6 kiéu gen dong hop tar TT, do
enzyme Bsa XI khong cit & allele T (allele dot
bién), s& cho ra 1 bing duy nhét véi kich thudc
bang kich thudc san pham PCR la 453 bp. O céc
mau c6 kiéu gen di hop tir GT s& quan sét thay
ca 3 bang c6 kich thudc lan luot 12 201 bp, 252
bp va 453 bp. Két qua dién di kiém tra cho thay
cic bang ADN phén tach rd rang, phu hop dé
nhan biét kiéu gen JAK2 V617F & ting ca thé
(Hinh 2).

Két qua phan tich PCR-ARMS

PCR nhan doan gen chtra JAK2 V617F sir
dung dong thoi 2 cap mdi va duoc tién hanh
thar nghiém véi cac nhiét d6 bat moi khéc
nhau tir 56°C dén 64°C. V¢ ly thuyét, o tat ca
cac mau nghién ctru s& xuat hién bing ADN
kich thudc 453 bp 1a san pham khuéch dai cia
cap moi ngoai (outer). G mau co allele G s&
Xuat hién thém bang DNA c6 kich thudc 229
bp I& san pham cua cip mdi ARMS-Wt-inner
va ARMS-RP-outer. O allele T s& xuat hién
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bing voi kich thudc 279 bp 1a san pham cia  két qua khong rd rang, dan dén c6 thé xay ra
cap moi ARMS-FP-outer va ARMS-Mut- sai sot trong qua trinh xac dinh kiéu gen theo
inner. Bénh nhan mang kiéu gen di hop tir s§ phwong phap nay (Hinh 3). Gia thanh, thoi
c6 ca 3 bang DNA trén. Tuy nhién thyc té khi  gian thyc hién va d¢ tin cay cua timg phuong
kiém tra bang dién di cho thdy cac bang cho phap duoc thé hién trong Bang 2.

JAK2 VB17F/ G1849T

om
=
n

Kiéu gen GG
(Bédng hop binh thudng)

Kiéu gen GT
(Di hop tir)

Kiéu gen TT
(Bdng hop dot bién)

Hinh 1. Két qua giai trinh tw Sanger vi tri JAK2 p.V617F c.G1849T & cac kiéu gen khac nhau v&i moi duoc st
dung dé giai trinh tw 1& méi nguoc.

M 1 GG GT TT

500 bp
300 bp

Hinh 2. Két qua dién di kiém tra san phdm PCR-RFLP trén gel agarose 2,5%. (M: Thang DNA 100 bp; 1: san
pham PCR trwéc RFLP; GG, GT va TT: san pham RFLP & cac kieu gen twong (*ng).

58°C 60°C 62°C
M GG GT TT GG GT TT GG GT TT

1kb
500 bp

Hinh 3. Két qua dién di kiém tra san phdm PCR-ARMS trén gel agarose 3% & cac kiéu gen twong (ng tai cac
nhiét d6 bat moi khac nhau (M: Thang 1 kb).
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Bang 2. Bang so sanh gia thanh, théi gian thyc hién va do tin cay clia cac phwong phap phan tich kiéu gen

dwoc thwe hién trong nghién ctru.

Phwong phap xac dinh kiéu gen JAK2 V617F

Giai trinh tw Sanger PCR-RFLP PCR-ARMS
Gia thanh/m4u (USD) 8,5 3,5 2,5
Thoi gian tién hanh (gio) 11 2,5 1,5
Do tin cay Chinh xac Chinh xac Khoéng rd rang

Phan bé kiéu gen & quan thé nghién ciru

Trong nghién ctru nay, chung toi da tiép tuc
st dung phuong phap PCR-RFLP dé xac dinh
duoc kiéu gen cua dot bién JAK2 V617F & 54
bénh nhan ting sinh tay ac tinh bao gom 44
bénh nhan ting tiéu cAu tién phat, 8 bénh nhan
da hong cau, 2 bénh nhan xo tay cip va 15 tinh
nguyén vién thuéc nhém ddi ching khoe manh.

Két qua tan sé kiéu gen cua dot bién JAK2
V617F cho thdy tin sé xuat hién it nhit mot
allele dot bién ¢ nhom bénh nhan méc bénh
tang tiéu cau tién phat, da hong cau va xo tiy
cap lan luot 12 61,4%, 75% va 50%, khong phat
hién thay allele nay ¢ nhom déi ching (Bang 3).
Mbi tuong quan giita kiéu gen da hinh JAK2
V617F va tinh trang bénh tang sinh tuy &c tinh
duoc kiém tra bang kiém dinh Fisher exact.

Bang 3. Két qua phan tich tan s6 kiéu gen va xac dinh mdi twong quan ctia da hinh JAK2 V617F & nhom
bénh Tang tiéu cau tién phat (TTCTP), Ba hong cau (PHC), Xo tly cap (XTC) va nhém déi chirng khée manh.

Kiéu gen Nhém bénh Tang sinh tay &c tinh Nhém d6i chieng  [95%CI]

JAK2 V617F TTCTP PHC XTC khée manh p-value

GG 17 2 1 15

GT 16 2 1 [2,888 — 900,612]
TT 11 4 0 p < 0,0001

Téng cong 44 8 2 15

Két qua dw doan in silico

Két qua phan tich bang cac phan mém nhu
PredictSNP, PhD-SNP, Polyphen-2, SIFT,
SNAP déu dy doan rang dot bién JAK2 V617F
c6 kha ning cao 1am thay d6i ciu tric 3D cua
protein, qua d6 lam suy giam hoat tinh cua

enzyme twong ing (deleterious). Ngoai ra, vi tri
axit amin s6 617 (Valine) & gen JAK2 ciing cho
thiy su bao thu 16n giira cac loai dong vat khac
nhau, cho thdy viing trinh ty axit amin nay déng
mét vai trd quan trong trong cau trdc va chic
nang cua Janus Kinase 2.
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Hinh 4. So séanh trinh tw amino acid tai vi tri JAK2 V617 gira cac loai khac nhau.
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THAO LUAN

Bénh tang sinh tiy ac tinh dugc chia thanh
hai phan nhom chinh la nhom Philadelphia
duong va Philadelphia am, véi dau hiéu dac
trung 1a sy chuyen doan nhlem sic thé (NST)
gitra NST s6 22 va NST s6 9, tao thanh to hop
gen BCR-ABL trén NST sb 22 (con goi 1a NST
Philadelphia) (Harrison et al., 2017). Cac nhém
bénh nhan tham gia vao nghién ctru nay bao
gom: nhém bénh da hdong cau, nhém bénh ting
tiéu cau tién phat va nhém bénh xo tay cip
thugc phan nhom tang sinh tay &c tinh
philadelphia 4m, nghia 13 khong c6 su chuyén
doan gitra 2 NST s6 22 va 9. Nguyén nhan gay
ra cac cin bénh trén thuong tip trung vao céac
dot bién trén gen JAK2 ma chu yéu 1a dot bién
tai vi tri V617F thudoc gen nay (Tefferi et al.,
2008). Dot bién nay chiu trach nhiém cho 90%
s6 ca bénh da hong cau va khoang 50%-60% s6
ca bénh ting tiéu cau tién phat va bénh xo tay
cip trén toan thé giéi (Vainchenker et al.,
2017). Dot bién nay ciing di dwoc ching minh
rang c6 lién quan dén tinh trang ting huyét
khéi, qua d6 dan dén réi loan chirc ning tim
mach & cac nghién ciu in vitro trén mo hinh té
bdo noi moé clng nhu trén moé hinh chudt
(Edelmann et al., 2018; Sano et al., 2019).
Trong nghién cuu nay, cac md hinh du doan in
silico ciing da du doan dot bién V617F cd tiém
ning gdy anh huong lén dén cau trac va chic
nang cua enzyme tuong Ung, tr d6 co6 kha nag
lam thay d6i mang ludi phan tir tin hiéu bén
trong té bao gdc tay xwong sinh mau. Do do,
viéc xay dung duoc mot phuong phap co thé
xac dinh kiéu gen cia JAK2 V617F mot cach
chinh xéac, nhanh chong, thuan tién vai chi phi
hop ly 1a vd cling can thiét dé nghién ctiu nhitng
cidn bénh trén.

Dé c6 thé xac dinh kiéu gen (genotyping)
ctia da hinh gen JAK2 V617F, nhiéu nghién ciu
trén thé gioi da sir dung cac phuong phéap khac
nhau nhu PCR-RFLP (Nikolova et al., 2019),
giai trinh ty (Riedlinger et al., 2019), PCR-
ARMS (Jones et al., 2005), Real-time PCR
(Senamela et al., 2018). Tai Viét Nam, nhém
nghién ctru cta L& H.S va cong su ciing da thir
ap dung phuong phap PCR-ARMS va phuong
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phép xét nghiém nhan gen phéan biét d6 dai
(PCR-ALDA) dé xac dinh kiéu gen cua JAK2
V617F va cac da hinh co6 lién quan dén bénh
tang sinh tay &c tinh (Trung et al., 2019). Tuy
nhién két qua nghién ctu cua ching toi khi so
sanh ba phuong phap giai trinh ty gen Sanger,
PCR-RFLP va PCR-ARMS cho thiy phuong
phdp PCR-RFLP t6 ra téi wu nhat khi xét trén
cac phuong dién d6 chinh xéc, thoi gian tién
hanh, d6 don gidn va gia thanh xet nghiém trén
tirng mau. Do dé phuong phép nay da dugc ang
dung dé xac dinh kiéu gen cua mot quan the
bénh chang nho bao gom 54 bénh nhan mic
bénh ting sinh tay &c tinh va 15 tinh nguyén
vién ddi chung khoe manh. Véi ¢& mau cua
quan thé nghién cttu con nho, viéc xac dinh tan
s allele cia dot bién JAK2 V617F c6 thé chua
hoan toan chinh xac. Do vay, ching toi kién
nghi nén s dung phuong phap nay cho cac
nghién ctu tiép theo vé khao sat tan sé da hinh
JAK2 V617F trong nghién cttu bénh tang sinh
tuy &c tinh ¢ nguoi Viét.

KET LUAN

Két qua nghién cau nay cho thay viéc xac
dinh kiéu gen cua da hinh JAK2 V617F & céc
bénh nhan Ting suy &c tinh bang phuong phap
PCR-RFLP t6 ra t6i wu so véi 2 phuong phap
con lai 1a PCR_ARMS va giai trinh ty Sanger
vé do chinh xéc, thoi gian va gia thanh. Ching
t6i cling da xac dinh kiéu gen caa mot sé bénh
nhan méac Tang sinh tuy ac tinh bing phuong
phap nay. Tuy nhién voi ¢ mau cua quan thé
nghién ctu con nho, viéc xac dinh tan s alen
caa dot bién JAK2 VB17F ¢ thé chua hoan toan
chinh xac. Do vay, ching t6i kién nghi nén st
dung phuong phép nay cho cac nghién ctu tiép
theo vé khao st tan sb da hinh JAK2 V617F
trong nghién ctru bénh tang sinh tay ac tinh ¢
nguoi Viét.

Loi cam on: Nghién cizu nay duwoc tai tro boi de
tai Khoa hoc Cong nghé cap co sé ciia Truong
Pai hoc Khoa hoc va Cong nghé Ha Ngi ma so
USTH.BIO.01/20-22. Chung t6i xin chan thanh
cam on cdc bénh nhan va tinh nguyén vién da
cung cap mau cho nghién ciu nay.
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SUMMARY

Polycythemia vera, essential thrombocythemia and primary myelofibrosis are members of the
Philadelphia negative chronic subgroup of Myeloproliferative neoplasm. Published studies showed
that the mutation JAK2 V617F is mostly responsible for the diseases; therefore, an accurate, low-
cost and rapid molecular method to identify this mutation is important in screening and early
diagnostic of these diseases. Different methods for genotyping of JAK2 VV617F have been proposed.
In this study, we evaluated the quality and cost-effectiveness of three genotyping methods, i.e.,
PCR-ARMS, PCR-RFLP, Sanger sequencing, to determine the appropriate genotyping for JAK2
V617F and predicted in silico the effect of this mutation on the structure and function of Janus
kinase 2 protein. Results showed that the Sanger sequencing and PCR-RFLP genotyping methods
were more accurate than PCR-ARMS. PCR-RFLP was also more rapid and economical than the
other methods. In silico studies also demonstrated that the JAK2 V617F mutation had a large effect
on the activity of corresponding protein. These results provided the initial data for further studies on
genetic screening and prediction of myeloproliferative neoplasm and other related diseases in the
Vietnamese population.

Keywords: PCR-ARMS, PCR-RFLP, Sanger sequencing, polycythemia vera, JAK2 V617F,
myeloproliferative neoplasm

440



