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Tom tit:

K§ thuit dinh lwgng ciac YH2AX foci dwgc sir dung dé nghién ciru ton thwong chudi déi DNA (DSB) & té bao do tic
dong cia birc xa ion héa. Té bao lympho mau ngoal vi va nguyén bao s¢i ngwoi duoc chiéu xa tia X lidu 2 Gy. S6
lwgng cac yHZAX foci trong té bao dwge phan tich bang phwong phap dinh hrgng mién dich huynh quang dung cac
khang thé dac hiéu. Danh gia & cac thoi diém sau Kkhi té bao dwgce chiéu xa trong khoang 0-5 gio dé xac dinh dong
hoc cac YH2AX foci & té bao. Két qua chi ra té bao lympho dat lwgng YH2AX foci cao nhit & thoi diém 1 gio, con
nguyén bao s¢i la ¢ thoi diém 45 phiit sau chiéu xa. Diéu nay cho thiy birc xa gy ton thwong DNA va kha néng sira
chira cia 2 loai té bao nay la khac nhau. Cac nghién ctru ton thwong DSB in vitro & cac loai té bao nay bang ky thuat
dinh lrgng yH2AX foci cin dugc thwe hién & cac thoi diém nhw trén dé dam bao tinh 6n dinh ciia cic yYH2AX foci

dwgec sinh ra tai vij tri cic DSB.

Tir khéa: nguyén bao soi, té bao lympho, ton thwong chudi ddi DNA, yH2AX foci.

Chi s6 phdn logi: 2.6

Biic xa ion hoa ¢ thé gay ra nhiéu dang ton thwong phan
tr DNA. Nhiéu phan tng sinh hoa duoc kich hoat dé té
bao dép tng vai cac tén thuong nay. Protein YH2AX xudt
hién sém hon cac protein dap ing véi ton thuong khéac khi
¢6 cac DSB. Chung c6 thé xuat hién chi vai gidy sau khi
chiéu xa. Histone H2AX ctia histone H2A ¢6 mat trong thé
nhan (chiém 2-25% tong sb H2A) va c6 lién quan dén qua
trinh stta chita DSB. Khi H2AX dugc phosphoryl hoa ¢
serine 139 boi cac protein kinase PIKKs s€ tao nén dang
yH2AX [1, 2]. YH2AX hoat dong dé kich hoat cac protein
stra chita DNA khac nhue BRCAL1, 53BP1, MDC1 va Rad51.
Su hoat héa ATM va MDC1 ¢6 vai trd trong diéu hoa qua
trinh phosphoryl hoa cia H2AX doc theo cac sgi DNA bi
dut [3]. Mdi yH2AX foci do birc xa gay ra dai dién cho mot
DSB duy nhét trong cac té bao & pha G1 [4, 5]. Liic dau, cac
vyH2AX foci co kich thudc nhd, tach biét tai vi tri cia DSB
va ¢6 thé nhin thay ngay sau khi chiéu xa trong khoang 1-3
phut. Theo thoi gian, cac YH2AX foci nay phat trién va lan
rong doc theo chat nhiém sic, cang xa vi tri DSB va dat
dén 6n dinh sau 10-30 phut [1,5]. S6 luong YH2AX foci ¢6
turong quan chat ché voi lidu birc xa. Trong thoi gian dau
sau chleu xa, s6 lugng YH2AX foci twong ng v6i s6 DSB.
Sau d6 s luong nay giam xudng do qua trinh sira chira ton
thuong DNA dién ra. L.T. Kuo va L.X. Yang (2008) [6] da
chimg minh rang, ty 1& cac YH2AX foci so véi cac DSB la
1:1 nén chung c6 thé 1a chi d1em sinh hoc (biomarker) cho
t6n thuong DNA. Phan tich cac t6n thuong DNA thong qua
dinh lwong s6 YH2AX foci bang cach s dung cac khang
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thé khang yYH2AX va khang thé thir cp danh dau huynh
quang. Trong ky thuat nay, cac té bao dwoc cb dinh 1én lam
kinh, sau d6 chiing dugc lai h6a mé mién dich huynh quang
v6i khang thé khang yYH2AX, cac diém huynh quang dugc
phan tich bang kinh hién vi huynh quang, flow cytometry
hodc western blot [7-9]. K¥ thut phén tich nay rat nhay,
¢6 the danh gia dugc ton thuong DSB khi chiéu véi liéu rat
thap (c6 thé & mirc 1 mGy) [10]. Nguyén bao s¢i va té bao
lympho mau ngoai vi ngudi la cac loai té bao duoc chon phd
bién dé nghién ctru hidu tng tac dong in vitro ciia bure xa ion
héa vi nguyén bao soi 1a 16p té bao chiu tac dong dau tién
clia birc xa ion hoa, con té bao lympho da sb ton tai & pha
GO trong hé thong mau ngoai vi, ludn chuyén khip co thé
va da dugc chiing minh hiéu Gng 1a twong duong nhau khi
chiéu xa in vitro va in vivo [11, 12]. Nghién ctru nay duoc
thuc hién nham danh gia muc do gy ton thuong DNA cia
burc xa tia X va kha nang phuc hoi ton thuong clia té bao
lympho va nguyén bao sgi nguoi. Qua dé cho thay dong hoc
bién dbi s6 luong YH2AX foci & té bao tai cac thoi diém sau
khi chiéu xa in vitro va xac dinh thoi diém dat vyH2AX foci
cao nhét. Tir d6 lya chon thoi diém sau chiéu xa thich hop
dé thuc hién cac nghién ctru yYH2AX.

Doi tuong va phuong phap nghién ciu
Déi twong

Mau méu ngoai vi tir 3 ngudi binh thudng (2 nam, 1 nir);
nguyén bao s¢i nguoi tr Phong Thi nghiém k¥ ngh¢ mo va
vat liéu y sinh, Truong Dai hoc Khoa hoc Ty nhién, Dai hoc
Quéc gia TP Hd Chi Minh.
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Abstract:

The technique for quantification of YH2AX foci was used
for studying the DNA double-strand break (DSB) of the
cells exposed to ionising radiation. Peripheral blood
lymphocyte and human fibroblast cells were exposed
to X-ray irradiation at a dose of 2 Gy. The number of
H2AX foci in cells was scored by immunofluorescence
quantification using specific antibodies. An evaluation
was conducted at time points after irradiation between
0 and 5 hours to determine the kinetics of H2AX foci in
cells. The results showed that lymphocytes reached the
highest number of YH2AX foci at 1 hour and fibroblasts
at 45 minutes after irradiation. This indicated that
radiation damages DNA and the repair ability of these
two cell types were different. The in vitro studies of DSB
of these cell types using the YH2AX assay should be
performed at the above time points to ensure the stability
of the YH2AX foci generated at the DSB sites.

Keywords: DNA double-strand break, fibroblast,
lymphocyte, YH2AX foci.

Classification number: 2.6

|
Phwong phap nghién ciru

- Téch té bao lympho tir mau toan phan (theo hudng
dan ctia nha san xuat Ficoll- Paque PLUS 1077): pha loang
ty 1& 1:1 (v/v) méu toan phan trong RPMI-1640 (Sigma
Aldrich) c6 10% huyet thanh, nhe nhang chuyén vao tao
thanh 16p trén trong ong ly tdm c6 chura Ficoll-Paque PLUS
1077 (GE), ly tam 2000 vong/phit trong 30 phut, thu liy
16p té bao trang duc 12 16p t& bao don nhan chtra phan 16n té
bao lympho, rira t& bao bang PBS, pH=7,2. C dinh 2x10°
té bao/ml 1én lamen 22x22 mm.

- Nudi cdy nguyén bao soi nguoi: nudi ciy nguyén bao
soi trong dia petri @ 35 mm c6 dat lamen 22x22 mm. Nuoi
cay 10° té bao/dia trong moi truong DMEM (Sigma Aldrich)
¢6 10% huyét thanh, khang sinh. U té bao ¢ 37°C trong 5%
CO, trong thoi gian’48 gio. Thay mc”)i‘ truong DMEM c6
0,1% huyét thanh, tiép tuc u t€ bao ¢ diéu kién nhu trén.

TAP CHI

HOA HOC

ONG NGHE /It Nam 64(8) 8.2022

- Phwong phap chiéu xa in vitro: chiéu xa in vitro bang
ngudn phat tia X (Rigaku, Radioflex-200EGM, dai cao thé
dinh HV=70-200 kVp) & nhiét d6 phong, liéu 0 va 2,0 Gy
tai vi tri c6 suat lidu khoang 0,5 Gy/phut. Sau chiéu xa, 1 té
bao ¢ 37°C va 5% CO, trong cac khodng thoi gian 0, 0,25,
0,5, 0, 75 1,1,5,2va 5 gio. U té bao ngay vao d4 lanh sau
cac mdc thoi gian néu trén dé e ché sy thay doi YH2AX.
Thi nghiém duoc lap lai 3 1an.

- Nhuoém huynh quang YH2AX: c¢6 dinh té bao bang 4%
formaldehyde trong 10 phut ¢ nhiét d¢ phong; xu 1y 0,5%
Triton-X100/PBS, u trong d4 5 phut; blocking bang 1 ml
1% huyét thanh/PBS trong 30 phiit & nhiét d6 phong; @ v6i
khang thé khang H2AX (Ser139) JBW301 (Millipore) &
37°C trong 60 phiit, rira 3 1dn bang PBS; sau d6 ¢ v6i khang
thé thur cAp CF488A (Sigma Aldrich) ¢ 37°C trong 30 phit,
rira 3 14n bang PBS; ddy lamen c¢6 DAPI; quan sat va chup
anh huynh quang vdi phin loc DAPI (budc song kich thich
461 nm va budc song phat 359 nm) va phin loc FITC (budc
song kich thich 525 nm va budc song phat 490 nm).

- Phan tich tiéu ban hién vi: sir dung kinh hién vi huynh
quang AXIO Imager Z2 két hop phin mém Metafer 4.0 va
Metacyte (Metasystem) dé tu dong quét, chup anh va dém
s6 luong YH2AX foci.

- Phwong phap xir Iy s6 liéu: sir dung phan mém Excel dé
phan tich thong ké va v& do thi.

£ 2
Ket qua

Dong hoc cac yH2AX foci ¢ 1é bao lympho ngwoi duwgc
chiéu xq tia X in vitro

Biic xa ion hoa gay ra cac DSB va cac yH2AX foci xudt
hién gan nhu tirc thoi sau khi té bao dugc chiéu xa. Hé thong
phan tich tgy dong Metacyte (Metasystem) cho phép phan
tich nhanh s6 luong cac YH2AX foci dugc nhuom mién dich
huynh quang mau xanh 14. Hinh 1 thé hién cac yH2AX foci
& té bao lympho mau ngoai vi ngudi ¢ cac thoi diém tir 0
dén 5 gio sau khi duoc chiéu xa tia X liéu 2 Gy.

2 Gy-0.25h

2Gy—0,75h

2Gy-1,5h

Hinh 1. Cac yH2AX foci & té bao lympho mau ngoai vi nguwoi tai
cac thoi diém tir 0 dén 5 gio sau khi dworc chiéu xa tia X liéu 2
Gy (d6 phéng dai x1000).
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Ty 1¢ cac yYH2AX foci ¢ t€ bao lympho thay doi theo thoi
gian sau chi€u xa, so liéu duoc thé hién ¢ bang 1.

Bang 1. Ty lé yH2AX foci & té bao lympho sau chiéu xa tia X.

Thoi gian sau chiéu xa lidu 2 Gy (gio)

0 Gy
0 025 05 075 1 L5 2 5
Trung binh
W 0,04 323 349 502 6,28 8,05 548 499 216
foci/té bao
SD 0,02 1,06 1,12 1,26 090 1,33 1,18 0,81 0,77

Céc yH2AX foci xuat hién gﬁn nhu ngay sau khi chiéu
xa voi trung binh 3,23+1,16 foci/té bao (n=3). Ty 1é trung
binh céc foci ting dan va dat cao nhét ¢ thoi diém 1 gid sau
chiéu xa, trung binh 8,05+1,33 foci/té bao (n=3). Sau dé
ching giam dan cho dén thoi diém 5 gid va ¢ xu huong
giam thém. Hinh 2 biéu dién dong hoc cac yYH2AX foci & té
bao lympho nguoi tai cac thoi diém tir 0 dén 5 gio sau khi
chiéu xa tia X liéu 2,0 Gy.

&
[=}

S6 YH2AX foci/té bao

0,0
0 05 1 L5 2 25 3 35 4 45 5 55

Thoi gian sau chiéu xa (gid)
Hinh 2. Dong hoc sw tao thanh cac yH2AX foci & té bao lympho
ngwoi.
Dong hoc cic yH2AX foci ¢ nguyén bao sgi nguwoi
dwgc chiéu xa tia X in vitro

Str dung cuing loai khang thé danh ddu huynh quang mau
xanh 14 dé xac dinh cac DSB & nguyén bao soi ngudi sau
chiéu xa tia X. két qua hinh 3 cho thdy, cic YH2AX foci hinh
thanh ¢ nguyén bao sgi nguoi sau chiéu xa tu 0 dén 5 gio.

2 Gy —0,5h

2 Gy —Oh 2 Gy —0,75h

2 Gy —0,25h

2Gy-1,5h

Hinh 3. Céc’yHZAX foci & nguyén béq soi ngwoi tai cac thoi
diém tir 0 dén 5 gi® sau khi dwoc chiéu xa tia X lidu 2 Gy (do
phéng dai x1000).

TAP CHI

HOA HOC

ONG NGHE I(} Nam 64(8) 8.2022

Khoa hoc Ky thuat va Céng nghé | Ky thuat y hoc

Ty 1¢ cac YH2AX foci 6 nguyén bao soi nguoi theo thoi
gian sau chiéu xa duoc thé hién ¢ bang 2.

Bang 2. Ty lé yH2AX foci & nguyén bao s¢i ngwoi sau chiéu
xa tia X lidu 2 Gy.

Thoi gian sau chiéu xa lién 2 Gy (gio)

0 Gy
0 025 05 075 1 s 2 5
Trung binh
A 0,06 5,67 850 12,10 17,54 15,13 12,20 10,30 7,52
foci/té bao
SD 0,02 1,55 2,11 2,05 1,70 1,85 1,07 192 1,66

Twong tu nhu & té& bao lympho, cac yYH2AX foci &
nguyén bao soi ciing xuit hién ngay sau khi chiéu xa voi ty
1¢ trung binh 5,67+1,55 foci/té bao (n=3). Ty 1¢ cac yH2AX
foci ting dan va dat cao nhit sau thoi gian chiéu xa khoang
45 phut véi ty 1& trung binh 17,54+1,70 foci/té bao (n=3),
sau do ty 1¢ nay cang giam theo thoi gian va sau 5 gio thi
ty 1& nay giam vé gan bang ¢ thoi diém ngay sau chiéu xa.
Hinh 4 biéu dién dong hoc cac yYH2AX foci & nguyén bao
$Q1 nguodi sau chiéu xa tia X liéu 2 Gy tai cac thoi diém tur
0 d&én 5 gio.

210
18,0
15,0
12,0

9,0

6,0

$6 YH2AX foci/té bao

0,0
0 05 1 L5 2 2,3 3 35 4 45 5 535

Thoi gian sau chiéu xa (gi)

Hinh 4. Déng hoc s tao thanh cac yH2AX foci & nguyén bao
soi ngwoi.

Nang luong truc tiép clia céc tia buc xa tao ra cac ton
thwong trén mot ving nho ciia DNA. DSB 14 ton thuong
nghiém trong nhat giy ra boi birc xa ion hoa, 1a nhimng dut
gy ¢ ca 2 sgi don DNA. Khi ¢c6 DSB, cac protein H2AX
duoc tong hop trude tién va duge phosphoryl héa thanh cac
dang YH2AX tap trung xung quanh cac DSB, tao nén cac
yH2AX foci va sb luong cac diém nay s& twong ing véi s6
luong DSB trén DNA. Mot DSB don 1¢ din dén qua trinh
phosphoryl héa hang nghin protein H2AX trén céc vung
nhiém sic & 2 phia cua diém dut gdy DNA. Cac yH2AX foci
¢6 kich thudc ban dau trung binh 13 0,2 um? cho thdy qua
trinh phosphoryl hoa nhanh chong cta hang nghin phan tu
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YH2AX trong vung khoang 2 Mbp [13]. Nho kich thudc do
ma k¥ thuat nhuom mién dich huynh quang c6 thé dé dang
dugc dung dé danh gia mic d6 ton thuong DSB ciia té bao.

Ty 1& cac yYH2AX foci trung binh & té bao lympho mau
ngoai vi va nguyén bao soi nguoi khi chiéu xa liéu 2 Gy
nguodn phat tia X dat cao nhét & cac thoi diém tuong tmg 1a
60 va 45 phut sau chiéu xa. Sandrine Roch Lefevre va cs
(2010) [14], Maria Moroni va cs (2013) [15], Rajesh Kumar
Chaurasia va cs (2021) [16] ciing di chi ra thoi diém luong
YH2AX ¢ té bao lympho va nguyén bao soi dat cao nhét 1a
30-60 phut sau chiéu xa. Ban dau, khi xdy ra cac DSB thi
c6 su phosphoryl hda cac protein H2AX, qua trinh nay cang
dién ra manh hon dé thuc hién céc con duong sua chira ton
thuong cua té bao va dat cuc dai & mot thoi diém sau chiéu
xa. Sau do, khi té bao dan hoan thanh qua trinh sira chita ton
thuong DSB, cac protein tham gia stra chita ciing thoai hoa
dan nén sb luong yH2AX foci ciing giam theo thoi gian.
Két qua nghién ctru dd xac dinh dwoc thoi diém thich hop
dé phan tich yH2AX ¢ té bao lympho mau ngoai vi 1a vao
khoang 60 phut va ¢ nguyén bao soi nguoi la 45 phut sau
khi chiéu xa in vitro, khi ma hau hét cac yH2AX foci van
con ton tai, dat dén kich thudc va cuong do cho phép ghi
nhan déng tin cdy. Nghién ctru nay st dung liéu 2 Gy cua
ngudn burc xa tia X va khao sat tin hiéu huynh quang ¢ cac
thoi diém tir 0 dén 5 gio sau chiéu xa cho thay, ty 18 cac
yYH2AX foci trung binh cta t& bao lympho mau ngoai vi
1a thap hon ¢ nguyén bao soi nguoi. Pong thoi, sd luong
YH2AX foci tai cac thoi diém & té bao lympho ting chim
hon nhung lai giam nhanh hon & nguyén bao sgi nguoi.
Diéu nay cho thiy kha ning gy ton thuong DSB va kha
nang sira chira ton thuong DSB do birc xa ion hoa cua 2 loai
té bao nay 1a khac nhau.

Viéc Iwa chon cac loai té bao binh thudng nay cho cac
nghién ctru in vitro 13 rit phu hop vi khi ching & pha nghi
va khong chiéu xa thi s6 YH2AX foci trung binh 1a rat thap
trén moi té bao (dudi 0,1). Pong thoi, do bién dong giira
nhimg nguoi khac nhau hodc cac té bao khac nhau ciing
khong khéc biét dang ké [10]. Ngoai danh gia & cac loai té
bao binh thuong néu trén, viée sir dung chi diém yH2AX
trong diéu trj ung thu hién dang dugc nghién ciru. YH2AX
foci 14 mot biomarker rat tot dé tién luong hiéu qua xa tri
[6]. Su bién ddi sb luong YH2AX foci co thé dugce sir dung
dé xac dinh do nhay cam phong xa cta té bao hodc kha nang
phuc hdi sau tén thuong cia ching va hiéu qua cua qua
trinh sira chita ton thuong té bao. Ty 1& té bao khéi u van
con xuat hién yH2AX foci trong thoi gian sau khi chiéu xa
¢6 thé danh gia duoc muc do dap Gmg véi birc xa cua té bao
[17]. S6 luong DSB do birc xa gy ra c6 tuong quan chit
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ché véi s6 lugng cac YH2AX foci va sd lugng céc foci nay
tang tuyén tinh véi liéu birc xa khi so sanh hiéu tng in vitro
va in vivo. Do d6, phan tich cac yH2AX foci trong t& bao
lympho mau ngoai vi nguoi ciing di dwoc sir dung dé dinh
lidu bure xa, dic biét 1a trong truong hop chiéu xa in vivo &
lidu rat thap [18]. Nhu vay, k¥ thuat phan tich yH2AX hién
nay duoc str dung rong rai dé nghién ctru muc d6 ton thuong
DSB v6i nhitng uu diém vé do nhay va kha nang thyc hién
trén céc loai té bao khac nhau ctia chung.

£ a
Ket luan

Phan tich t6n thuong dang DSB béng dinh lugng mién
dich huynh quang YH2AX dugc Ung dung rong rai trong
nhiéu nghién ctru in vitro va in vivo. Trong nghién ctru nay,
dong hoc YH2AX foci ¢ té bao lympho ting chim nhung
giam nhanh hon & nguyén bao s¢i ngudi. Thoi diém luong
yH2AX foci dat cao nhat ¢ t& bao lympho mau ngoai vi
nguoi la 1 gio va & nguyén bao sgi nguoi la 45 phut sau
chiéu xa tia X lidu 2 Gy. Do vay, cac nghién ctru in vitro d6i
véi cac loai té bao nay can thuc hién & cac thoi diém nhu
trén la thich hop.

LGOI CAM ON

Nhom nghién ctru xin cam on sy hd tro cua cac dong
nghiép trong qua trinh thuc hién cac thi nghiém tai Vién
Nghién ciru Hat nhan. Nghién ctru nay dugc thuc hién thong
qua dé tai ma s6 CS/21/01-01 va mot phan kinh phi tir RC
VIE20887-IAEA E3.5010.
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