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Abstract: Alterations in mitochondrial DNA (mtDNA) copy number and the level of large-scale
deletions have been shown to affect the function of the oxidative phosphorylation system
(OXPHOS) and are associated with carcinogenesis when they exceed a critical threshold.
Most studies quantify either mtDNA copy number alteration or large-scale deletions individually,
without assessing both parameters simultaneously. In this study, we aim to develop a real-time
PCR-based method capable of simultaneously quantifying mtDNA copy number and the extent of
large-scale deletions. The detection limit was established at as low as 20 copies per reaction, with
high repeatability. Standard curves demonstrated high linearity (R? > 0.993) and amplification
efficiency (> 93.08%). Application of the method to 20 tissue and blood samples from patients
with benign breast tumors revealed that mtDNA copy number was generally higher in tissue
samples compared to blood. Conversely, the level of large-scale deletions was significantly lower
in tissue than in blood samples (p < 0.05). These findings suggest the successful development of a
quantitative method based on real-time PCR with high sensitivity and accuracy, which enables the
simultaneous quantification of mtDNA copy number and large-scale deletions, providing a
valuable tool for mitochondrial gene analysis in biomedical research.
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ciua ADN ty thé bang phuong phap real-time PCR
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Tém tit: Bién doi s6 ban sao va mat doan 16n ciia ADN ty thé di dugc chig minh c6 anh hudng
dén chirc nang cia phirc hé phosphoryl héa oxi hoa (OXPHOS) va lién quan dén qué trinh phat
sinh ung thu khi vuot qua mot ngudng nhat dinh. Hau hét cac nghién ctru déu dinh lugng riéng 1é
su thay doi sb ban sao hodc mirc d6 mét doan 16n ciia ADN ty thé ma chua dinh lugng dong thoi
ca hai sy bién doi nay. Trong nghién ctru nay, ching toi tién hanh xdy dung phuong phap dinh
lwong ddng thoi s6 ban sao va mirc d6 mat doan 16n cia ADN ty thé bang real-time PCR. Gi6i han
phat hién ctia phuong phap dugc xac dinh 1a tir 20 ban sao trong mot phan rng va c6 do 1ap lai cao.
Céc duong chuan dugce xay dung c6 hé sé R? (> 0,993) va hiéu suit khuéch dai (> 93,08%) cao.
Ap dung phan tich thir nghiém trén 20 mﬁu moé va mau cua cac bénh nhan méic u tuyén va lanh tinh
cho thdy sb ban sao ADN ty the trong mau md ¢6 xu hudng cao hon so voi trong mau cua cung
bénh nhén, tuy nhién mirc d6 mat doan 16n & mau mo lai thip hon c6 ¥ nghia thong ké so véi mau
mau (p < 0,05). Pidu nay chimg t6 ching t6i di xay dung thanh cong phuong phép dinh luong
béng real-time PCR c6 d6 nhay va d6 chinh xac cao, co thé ap dung dugc trong dinh lugng déng
thoi sb ban sao va mirc dd mét doan 16n cuia ADN ty thé, cung cép mot cong cu co gia tri dé phén

tich gen ty thé trong nghién ctru y sinh.

Tir khéa: ADN ty thé, Mat doan 16n, S6 ban sao, Real-time PCR.

1. Mé dau

Bién dbi cua cic gen ma hoa bai ty thé tir
lau da dugc cho 1a c6 lién quan véi qua trinh
tao u boi vi cic té bao ung thu can sir dung
nhiéu ning luong dé sinh truong va ting sinh
dudi cac diéu kién han ché [1]. Cho dén nay,
anh hudng cta cac dot bién ADN ty thé dén
chic ning ctia con duong phosphoryl hoa oxi
hda (OXPHOS), qua trinh phat sinh ung thu va
tién trién thanh ac tinh da duoc chimg minh ¢6
lién quan dén mot sb thay ddi trong ADN ty thé
ma trude tién 1a thay doi s6 ban sao ADN ty
thé, sau do 1a giam biéu hién cia cac gen ty thé
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hodc bién ddi hoat tinh cac enzyme cua ty thé
[2, 3].

Gan day, nhiéu bang chimg cho thay c6 su
tich liiy bat thuong vé s6 ban sao ADN ty thé
trong cac loai ung thu. Khi so sanh véi mo
khong ung thu, ting s6 ban sao ADN ty thé da
duge bao cao trong ung thu budng tring [4],
ung thu tuyén tién liét [5], ung thu dai tryc
trang [6],... Trong khi do, giam s6 ban sao ADN
ty thé da duoc tim thiy trong ung thu biéu mé
té bao than, ung thu biéu mo té bao gan, ung
thu phoi khong té bao nho va mét sé dang ung
thu khac [7-9]. Nguyén nhan cia hién tugng
nay co thé 1a do su thiéu hut cia OXPHOS e
ché biéu hién/chic ning cua p53, tir d6 lam
tang cac dot bién ciia ADN ty thé hodc giam s6
ban sao ADN ty thé. Cac bién doi nay tic dong
nguoc lai gy rdi loan chirc ning cia OXPHOS
tir ¢ 1am cho ti 1é méc ung thu cao hon [10].
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Bén canh su thay ddi sb ban sao cuia ADN
ty thé, giam biéu hién cua cac gen ty thé hodc
bién doi hoat tinh enzyme ciia ty thé co thé lién
quan dén cac mat doan 16n cia ADN ty thé. Hé
gen ty thé dugc ddc trung bai mot sd it cac trinh
tu lap va hau hét cac mat doan 16n cia ADN ty
thé déu nam giira hai trinh ty 1ap truc tiép [11].
Ving mat doan chinh cia ADN ty thé nim tir
gen CYTB dén COI va c6 kich thudc khoang tir
1,3 dén 8 kb. Nguoc lai, ving nguoc chiéu kim
ddng ho tir vi tri 547 thudc D-loop dén vi tri
5443 cua gen ND2 c6 it trinh ty 1ap hon va do
d6 it bi mat hon [12]. Dot bién nay tao ra phan
tir ADN ty thé nho hon binh thudng va van co
thé sao chép dugc nén c6 thé dugc tich lity theo
thoi gian & cac md sau nguyén phan voi ti 1€
khéc nhau [13]. Cac mit doan nay thudng &
dang di té bao chat va mirc do mat doan dugc
cho 1a khoang 60% méi anh huong dén chirc
ning cua chudi hd hap ty thé [14]. So véi cac
dot bién diém, mat doan 16n cia ADN ty thé
xay ra it thuong xuyén hon nhung lai dong vai
trd quan trong hon trong céc bénh lién quan dén
ty thé va ung thu.

Trong nhimng nim gan diy, c6 nhidu
phuong phap di dugc st dung dé xac dinh sd
ban sao va muc dd mat doan 16n cuia ADN ty
thé nhu PCR, long-range PCR, PCR ban dinh
lugng, Southern blotting... tuy nhién khong phai
phuong phap nao ciling ¢6 d6 nhay cao, dac hiéu
va co thé lap lai dwoc [15, 16]. Nguoc lai,
phuong phép real-time PCR dugc cho 1a thich
hop cho viéc xac dinh s6 ban sao va muc do
mat doan 16n cia ADN ty thé do c6 d nhay va
d6 chinh x4c cao, c6 thé xac dinh duoc tir mot
lwong nhé khudn ADN, khong tén thoi gian va
nhan lyc,... Tuy nhién, trong phan 16n cac nghién
ctru, phuong phép real-time PCR dugc phat trién
dé dinh luong riéng 1¢ sy thay ddi s6 ban sao hodc
mirc 36 mét doan 16n cia ADN ty thé duya trén sur
cd mdt ciia mot gen nam trong vung it xdy ra mat
doan véi mot gen nam trong ving hay xdy ra mét
doan va so sanh véi s6 ban sao ctia mot gen giit
nha trong nhan ma chua cd phuong phéap nao co
thé dinh lugng dugc dong thoi ca hai sy bién doi
nay ctia ADN ty thé [17 18].

Do d6, trong nghién ciru niy, chung tdi tién
hanh xay dung phuong phéap xéac dinh dong thoi
s6 ban sao va muc dd mat doan 16m caia ADN ty
thé bang phuong phap real-time PCR st dung
SYBR Green lam chat phat huynh quang, sau
do6 tién hanh Gng dung xac dinh cac bién d6i
nay trén cac mau md va mau cua bénh nhén
mac u tuyén va lanh tinh.

2. Thuc nghiém
2.1. Nguyén liéu

Mau nghién ctru bao gébm miu méu cia
nguoi binh thuong do Khoa Sang loc mau, Vién
Huyét hoc va Truyén mau Trung wong cung
cip, dung dé xay dung cac plasmid chuin va
danh gia phuong phap. Cac miu mo va mau
mau cia 20 bénh nhan dugc chan doan méc u
tuyén v lanh tinh do Khoa Giai phiu bénh - Té
bao, Bénh vién K cung cép duoc st dung dé
danh gia phuong phap. Mau méau dugc dung
trong ong dung mau chuyén dung c6 chat chdng
déng va dugc bao quan trong tu lanh -20 °C cho
dén khi s dung. Cac mau mé dung trong ong
eppendorf dugc van chuyén trong Nito 10ng va
bao quan trong ta lanh sau -80 °C cho dén khi
thuc hién nghién ctru tiép theo.

Bénh nhan tham gia 1iy mau da dugc biét
vé muc dich nghién ctru va dong y chap thuan
cho mau. Nghién ctru dugc thuc hién dung theo
céc quy dinh hién hanh vé dao diic trong nghién
ctiru y hoc trong viéc thu thap cac mau mau va
mo cua bénh nhan va d3a duoc Hoi déng Pai
hoc Quéc gia Ha Noi thong qua va phé duyét
(2422/Qb-KHCN).

2.2. Phurong phap

2.2.1. Tach chiét ADN tong s6

ADN téng sb dugc tach chiét tir mdu mé va
mau méu s dung QIAamp DNA Mini Kit va
QIAamp DNA Blood Mini Kit (QIAGEN buc)
theo quy trinh cua nha san xuat. Nong do ADN
téng sd dugc xac dinh bang may quang phd
NanoDrop 2000c¢ (Thermoscientific, M¥).
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2.2.2. Tao plasmid tai t6 hop

Dé dinh lugng s ban sao va mit doan 16n
cia ADN ty thé bang phuong phap real-time
PCR, doan ADN cua gen HBB (hemoglobln
subunit beta - nam trén vai ngan cia nhidm sic
thé 1 1) dugc chon dai dién cho ADN nhan. Gen
ND1 nam trong ving it xay ra mat doan va gen
ND4 niam trong ving hay xay ra mat doan dugc
chon dai dién cho ADN ty thé [19]. Cac cip
mdi dic hiéu cho gen HBB, ND1 va ND4 dugc
thiét ké bang chuong trinh Primer-BLAST dya
vao trinh ty chuian cia ADN ty thé (mid sb

NC 012920.1) va gen HBB (mid s
NG _000007.3) trén NCBI (Bang 1).

Thanh phan PCR bao gom: 6,25 pl Maxima
Hot Start PCR Mastermix (2X); 0,25 pl mdi xudi
(0,2 uM); 0,25 ul mdi nguge (0,2 uM); khudn
ADN (2 ng/ul) va H,O cho tong thé tich 12,5 ul.
Hon hop phan tmg duoc tron déu va chay trén
may GenAmp® PCR System 9700 véi chu trinh
nhiét nhu sau: 95 °C: 4 phut, 35 chu ky (95 °C: 30
gidy; 54 °C: 30 giay; 72 °C:30 gidy); 72 °C: 5
phtt, sau do giit ¢ 4 °C.

Béng 1. Trinh tu céc cip mdi st dung trong nghién ctru

Gene Tén KICh;thuUC safl Trinh ty mdi xudi Trinh ty mdi ngugc ,
. - pham PCR s R s ns Muc dich
dich moi (vi tri) 5 - 5°-3")
HBB | HBB-1 272 bp gtcagaagcaaatgtaagcaaaga | Qaaaatagaccaataggcagagaga
(70535 - 70806) Tach dong
ND1 | ND1-1 293 bp cctagccatcattctactatcaaca ggaagattgtagtggtgagggt tao plasmid
(3741 - 4033) it h
ND4 | ND4-1 547 bp cctagaaggaataatactatcgctgt atatgattagttctgtggctgtga P
(10565 - 11111)
104 bp
HBB | HBB-2 (70615 - 70718) ggagaagtctgccgttactg ccttaaacctgtcttgtaacct
115 bp Real-time
ND1 | ND1-2 (3775 - 3889) agtggctcctttaacctctc ggttggtctctgctagtgtg PCR
128 bp
ND4 | ND4-2 (10903 - 11030) cctatttagctgttccccaa gtgatagtggttcactggataagt

Céc san pham PCR sau khi di kiém tra
bang dién di trén gel agarose dugc tao dau bang
va gin truc tiép vao vector nhin dong
pJET1.2/blunt Cloning Vector va bién nap vao
vi khuan E. coli chung DH5a. Cac buéc cua
phan ung tao dau béng, ndi va bién nap duogc
thuc hién theo hudng din coa nha san xuét
(Fermentas). Plasmid tai t6 hop mang doan
ADN cuia gen HBB, ND1 va ND4 dugc tach
chiét va tinh sach bang QIAprep Spin Miniprep
Kit (Qiagen, Buc), sau d6 dugc gidi trinh ty va
so sanh voi trinh ty tham chiéu ctia ADN ty thé
(NC_012920.1) va gen HBB (NG_000007.3) da
duogc cong bd trén NCBI. Nong do plasmid dugce
dinh Iugng bang cach do mét do hap thu anh sang
& budce song 260 nm (A260) trén may NanoDrop
2000c.

2.2.3. Xy dyng dudng chuan dinh luong sb
ban sao va mirc dd mat doan 16n

Dé xiy dung dudng chuan, sb ban sao ADN
plasmid ban dau dugce tinh toan dua trén kich
thudc, trong luong phan tir va ndng do cua
ADN plasmid theo cong thirc sau [20]:

C x 6,02 x 10%
L x 660 x 10°

SO ban sao
ADN plasmid

Trong d6: C 1a nong d6 plasmid (ng/pl).
L Ia kich thudc plasmid cong doan chén (bp).

Dung dich ADN plasmid chua cac doan
ADN cua gen HBB, ND1 va ND4 dugc pha
lodng v&i hé s6 10 (tir 10° dén 10* ban sao/pl)
dé xay dung duong chuin va xac dinh gidi han
phat hién cta phan tng cho phuong phéap dinh
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lugng real-time PCR. Thi nghiém duoc ldp lai
trong 3 ngay, moi ngay 3 lan, mdi lan 3 phan
mg. Hiéu suat khuéch dai cta phan tng real-
time PCR duoc x4c dinh dya vao duong chuan
theo cong thirc: Hiéu sudt phan iimg (%) = (10
Ya _ 1) x 100. Trong d6: a 1a hé s6 goc cia
duong chuan dinh lwong [21].

2.2.4. Phan tich duong cong nong chay

Phan tich dudng cong nong chdy sau céc
chu ky cta phan tmg real-time PCR bang cach
bién tinh san phim PCR & cac diém nhiét khac
nhau, nang 1én dan tir 55 °C dén 95 °C theo
ting 0,5 °C/lan dé xac dinh dugc nhiét d6 nong
chay Tm. Bén canh dé, san pham sau khi chay
real-time PCR dugc dién di trén gel agarose 2%
dé kiém tra do dic hi€u cua san pham.

2.2.5. Xac dinh s6 ban sao va muc d6 mat
doan ctia ADN ty thé

S6 ban sao va mirc do mét doan cia ADN
ty thé dwoc xac dinh bang phuong phap
real-time PCR st dung SYBR Green lam chét
phat huynh quang. Thanh phan phan tng gom:
5 pul gPCR BIO SyGreen Mix Lo-ROX
(Bioline, Meridian Bioscience) 1 pl mdi xudi
(0,04 uM) 1 pl moi nguoc (O 04 uM); 15 ng
ADN téng sb va H,O trong tong thé tich 10 pl
phan tng. Trinh ty cac cap moi dung cho phan
ung real-time PCR dugc trinh bay trong Bang
1. Hon hop phan tmg dugc tron déu va chay
trén may MyGo Pro Real-time PCR (IT-IS Life
Science Ltd) véi chu trinh: hoat hoa enzyme &
95 °C trong 120 giay, 40 chu ky gom bién tinh
ADN ¢ 95 °C trong 10 gidy; gan moi va kéo dai
chudi ¢ 60 °C trong 30 gidy. Cudng do tin hiéu
huynh quang dugc ghi nhin trong 1 gidy sau
khi két thiic mot chu ky va dugc phén tich bai
phan mém ctia may MyGo Pro Real-time PCR.

Dua trén cac gia tri Ct cia mau nghién ctru,
s6 ban sao tuong d6i cia ADN ty thé dugc tinh
toan dua trén cong thirc 24, trong d6 ACt = Ct
nes - Ct o1 [22]. i

Mtrc d6 mat doan (%) ctia ADN ty thé dugc
tinh toan st dung cong thirc (1 - Rnpanpi) X
100. Trong d6, Rnpanos 12 ti s6 ban sao ciia gen
ND4 va ND1, duoc xac dinh bang 2°¢ va ACt =
Ct np1 - Ct npa [23].

2.2.6. Cac phan mém tin sinh hoc va phan
tich théng ké

Cac mdi dic hiéu cho phan tng PCR duoc
thiét ké bang chuong trinh Primer-BLAST
(NCBI). Trinh tu cac gen ty thé duoc so sanh,
phan tich véi trinh tu tham chiéu ciia ADN ty
thé cong bd trén co s¢ dir lidu NCBI bang céc
phin mém tin sinh hoc chuyén dung nhu
BioEdit v7.0, BLAST va ClustalX. Str dung
phan mém GraphPad Prism 8.4.2 dé phan tich
sO liéu thu duge theo cac kiém dinh thong ké
thuong dung. So sanh thong ké bang kiém dinh
T Wilcoxon dbi véi cac bién dinh luong theo
cip khong tuan theo phéan phdi chuan.

3. Két qua va thao luin

3.1. Tgo cac plasmid mang doan gen HBB,
NDI1 va ND4 lam méu chudn

Céc plasmid tai t6 hop mang doan gen
HBB, ND1 va ND4 dugc giai trinh ty nucleotide
va so sanh véi trinh tu tham chiéu ciia ADN ty
thé va trinh tu ciia gen HBB trén NCBI. Két qua
phan tich trinh ty ADN cho thdy da thanh cong
trong nhan dong, giai trinh tu va xac dinh dugc
chinh xac doan ADN cua gen HBB, ND1 va
ND4 duoc chén vao céac plasmid thu duoc
(Hinh 1).

Cac plasmid chira gen HBB, ND1 va ND4
dugc do ndng do trén may quang phd va duoc
xac dinh tuong tng bang 6,6 ng/pl, 6,7 ng/ul va
7,3 ng/ul. S6 ban sao ADN plasmid dugc tinh
toan dua trén kich thudc cua plasmid sau khi
gin gen HBB, ND1 va ND4 (twong tmg 1a 3246 bp,
3267 bp va 3521 bp) voi gia dinh ring
660 g/mol cho mdi bp ciia ADN. Két qua thu
dugc dung dich plasmid dd gan doan gen HBB,
ND1 va ND4 c6 ndng d6 twong tng 1a 1,86 x
10° ban sao/ul, 1,87 x 10° ban sao/pl va 1,89 x
10° ban sao/pl.

Nhu vay, két qua phan tich di cho thay cac
plasmid du diéu kién dé su dung 1am mau
chuin xay dung dudng chuén dinh luong sb ban
sao va mirc d6 mat doan 16n cia ADN ty thé.
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Hinh 1. Két qua giai trinh ty cic plasmid mang doan chén cua gen HBB, ND1 va ND4.
Vung dong khung chi vi tri bat cap cia cac moi vao trinh ty gen dich.

3.2. Xdy dung dwong chudn xdc dinh 56 ban sao
va migc do mat doan cua ADN ty thé

ADN plasmid dugc pha lodng voi hé s6 10
(tir 10° dén 10! ban sao/ul) dé xdy dung duong
chuan bang real-time PCR. Két qua cho thay
néng d6 ADN plasmid thip nhat cho tin hiéu
duong tinh la ~ 2 x 10! ban sao/ul (gia tri Ct > 25).
Diéu nay ching to giéi han phat hién cua
phuong phap 1a khoang 20 ban sao trong mot

phan mg. Tuy nhién, v6i cic nong do qua cao
(2 x 10°) hodc qua thap (2 x 10%) thi gia tri Ct
thu dwoc nim ngoai khoang tuyén tinh, do do6
gi6i han dinh luong ctia phuong phap dugc xac
dinh 1a tir 108 d&én 102 ban sao/ul. Bén canh do,
phuong phap c¢6 do lip lai cao voi hé s6 bién
thién (CV) tir 0,89 dén 2,95 dbi voi gen HBB,
tir 0,21 dén 0,94 dbi voi gen ND1 va tir 0,003
dén 0,86 ddi voi gen ND4 (Bang 2).

Bang 2. Do nhay va d6 bién thién két qua dinh luong plasmid chuén bang real-time PCR

Nong do plasmid HBB ND1 ND4

(sébansaol) | 1B | sp | EV | TB | gp | GV TB Jgn | CV
(c () | (%) | (Y (%)

2 x 108 7,63 0,14 1,84 | 492 | 0,04 | 0,77 | 9,12 | 0,02 | 0,23

2 x 107 10,17 | 0,28 2,74 8,38 | 0,03 | 0,33 | 12,01 | 0,34 | 2,80

2 x 108 12,66 | 0,14 1,10 | 12,21 | 0,04 | 0,33 | 15,39 | 0,07 | 0,43
2x10° 1759 | 0,16 0,89 | 1555 | 0,07 | 0,44 | 19,17 | 0,09 | 0,46

2 x 104 21,23 | 0,35 1,66 | 18,98 | 0,05 | 0,24 | 22,77 | 0,12 | 0,52
2x10° 2450 | 0,72 295 | 2221 | 0,05 | 0,21 | 26,53 | 0,00 | 0,00

2 x 102 27,88 | 0,40 1,42 | 2519 | 0,24 | 0,94 | 29,01 | 0,25 | 0,86

Ghi cha: TB: gia tri trung binh. SD: d6 16ch chuan. CV: hé sb bién thién.

b6 nhay va két qua dinh luong chinh xac
con dugc khang dinh thong qua dudng chuén -
duong thiang tuyén tinh biéu dién mdi tuwong
quan gitra chu ky ngudng Ct voi lugng ban sao
dich ban dau trong timg ndng do plasmid pha

loang. Theo Hinh 2, duong chu{m dinh luorng
cua gen HBB thu duoc c¢6 hé s6 R? = 0,9934 va
hé so gboc cua duong chuén 1a 3,4998, do d6 ¢o
hidu sudt khuéch dai tinh toan dugc 1a 96,69%.
Tuong tu, duong chuén dinh luong ctia gen
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ND1 thu dugc co6 céac gia tri tuong tng la 0,999;
3,4038 va 93,08%. Duong chuan dinh lugng
cua gen ND4 thu dugc c6 cac gia tri tuong Uing
14 0,9977; 3,4311 va 95,64%. Diéu nay chimg to
phén tmg c6 hiéu suat khuéch dai t6t va on dinh.
Bén canh @6, phan tich duong cong dinh
chay cho thiy nhiét d6 nong chay cuia doan gen
HBB, ND1 va ND4 tuong ung la 85,38 °C;

>
w

°
@

Intensity (RFU)

°

Intensity (RFU)
¥ &

°

81,66 °C va 84,04 °C (Hinh 3A, B, C). Két qua
dién di cac san pham PCR trén gel agarose 2%
cling cho thiy cac bang thu dugc sang 1d nét,
dic hiéu, khong c¢6 san phim phu. DPidu nay
chung t6 cac cdp mdi di nhan ban dic hiéu céac
doan gen quan tim va co thé sir dung duoc
trong PCR dinh lugng voi SYBR Green
(Hinh 3D, E).
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Hinh 2. Biéu d6 khuéch dai real-time PCR sir dung SYBR Green cua céc plasmid mang doan gen HBB (A),
ND1 (B), ND4 (C) & cac nong do tir 108 — 102 ban sao/ul va cdc dudng chuan dinh lugng tuong tng
cta gen HBB (D), ND1 (E) va ND4 (F).
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Hinh 3. Duong biéu dién nhiét d6 nong chay cua san pham khuéch dai bang real-time PCR va két qua dién di san
pham real-time PCR trén gel agarose 2%. (A) Pudng cong dinh chay ciia doan gen HBB. (B) Pudng cong dinh
chay ciia doan gen ND1. (C) Pudng cong dinh chay cta doan gen ND4. (D) Anh dién di san pham real-time
PCR nhan ban gen ND1 (bang kich thudc 115 bp) va gen ND4 (bang kich thudc 128 bp). (E) Anh dién di san
pham real-time PCR nhan ban gen ND1 (bang kich thudc 115 bp) va gen HBB (bang kich thugc 104 bp). Trong
d6, M: thang chuan ADN 50 bp. Giéng 1-12: cic mau phan tich. Giéng 13: Ddi chimg am (H0).
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3.3. Ung dung dinh heong s6 ban sao va mic
d¢ mat doagn cia ADN ty thé trén cdc mdu
bénh phim

Ap dung phuong phap real-time PCR da dinh
lugng dugc so ban sao va _muc do mat doan 16n
cia ADN ty thé trén cac mau mau mo va mau clia
bénh nhan mic u tuyén v lanh tinh. Dé xac dinh
ving tuyén tinh va gioi han phat hién cuia mau,
cac mau ADN tong s duoc chay thir nghiém véi
cac nong do giam dan tir 50 dén 0,5 ng/ul. Két
qua cho thdy nong d6 ADN tong sb tdi uu cho
phan tmg real-time PCR 1a tir 1 - 1,5 ng/pl. Két
qua nay cling phu hgp véi phuong phap dinh
lugng s6 ban sao ADN ty thé duoc ap dung trong
cac nghién ctru trude day [24, 25].
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Két qua phan tich cho thiy sb ban sao ADN
ty thé trong mo ctia bénh nhan mic u tuyén va
lanh tinh (trung vi = 400,5; khoang tin cdy
95%: 315,7 - 471,3) ¢6 xu huéng cao hon so
v6i s6 ban sao trong mau cua cung bénh
nhan (trung vi = 297,0; khoang tin cdy 95%:
192,6 - 456,8) (p = 0,0532). Pbi véi mic do
mat doan 16n cia ADN ty thé, so sanh giita mau
moé va miu mau cua cing bénh nhan mic u
tuyén via lanh tinh thiy mirc d6 mat doan 16n &
mau mo (trung vi = 46,3; khoang tin cay 95%:
39,7 - 50,6) thip hon c6 y nghia théng ké so vai
mau mau (trung vi = 52,6, khoang tin cay 95%:
49,4 - 53,2) véi p = 0,0037 (Hinh 4).
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Hinh 4. Biéu d6 biéu dién két qua dinh luqngrs(') ban sao (A) va mirc d6 mét doan 16n cua ADN ty thé (B) trén
mau mo6 va mau mau cia bénh nhan mac u tuyén va lanh tinh. Hinh tron va tam giac biéu dién cho cac gia tri thu
dugc cta tmg mau nghién ctru. p nhan dugce tir kiém dinh T Wilcoxon.

3.4. Thdo ludn

ADN ty thé c6 tir hang traim dén hang ngan
ban sao trong mot té bao va cic ban sao ADN
ty thé co bién doi c6 thé cung ton tai v4i cac
ban sao khong bi bién ddi (hién twong di té bao
chat) va chi anh huong dén chirc niang cua
OXPHOS khi ti 1& phan tir bi bién d6i vuot qua
mot ngudng nhét dinh, dic hiéu cho loai mo va
loai dot bién. Vi du, ddi véi dot bién mét doan
16n ciia ADN ty thé, ngudng anh huong duoc
xac dinh la tr khoang 50 - 60%, trong khi do
dbi voi cac dot bién diém cua gen tRNA co
ngudng anh hudng la trén 90% [15]. Do do,
viéc dinh luong dugc sb ban sao cua ADN ty

thé, dac biét 1a s ban sao ADN bj bién doi, c6
vai trd quan trong va tiém ning duoc sir dung
nhu mdt chi thi sinh hoc dac hi€u trong chan
doén va tién lugng bénh.

C6 nhiéu phuong phap dugc st dung dé
phat hién va dinh luong muc do di té bao chat
ciia ADN ty thé. Trudc day, phuong phap lai
Southern blot dugc st dung nhu mét phuong
phap tiéu chuin trong danh gia mirc do bién 601
s6 ban sao cua ADN ty thé trong ciac miu
nghién ctru. Mac du ¢6 d9 tin cdy cao nhung ky
thuat nay c6 nhugc dlem 1a mét nhiéu thoi gian,
chi ban dinh lugng va can lugng ADN ban dau
tuong d6i 16n [15]. Pay duoc cho 1a nhuoc
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diém 16n trong nghién ciru trén ciac mau &
nguoi. Tuong ty, phuong phap sic ky 1ong hiéu
ning cao bién tinh DHPLC ciing c¢6 thé phan
tach duoc cac dang bién doi ADN ty thé véi do
tin cdy cao. Tuy nhién, nhuoc diém ciia phuong
phap nay 1a can cac doan khuéch dai 1on két
hop véi st dung cac enzyme gidi han hodc phan
tich DHPLC cac san pham PCR don 1¢ véi do
phan giai khong xac dinh, khong phu hop dé
dinh luong mirc do di té bao chét cia ADN ty
thé [26, 27]. Phuong phéap lai huynh quang tai
chd ciing dugc sir dung dé phan tich s6 ban sao
ADN ty thé trong mot té bao nhung ciing co
nhuoc diém 14 ton nhiéu cong sire, chi cung cp
duoc mot phan thong tin do chi udc tinh duogc ti
1¢ thay d6i cia ADN ty thé [15]. Gan day,
phuong phap giai trinh ty Sanger va giai trinh
tw thé hé mai (NGS) cling dugc st dung trong
xéac dinh murc d6 di té bao chit cia ADN ty thé,
bao gdm phuong phap giai trinh ty toan bod
exome (WES) va gidi trinh tu toan by genome
(WGS). Cac phuong phap nay c6 do chinh xac
cao, tuy nhién gia thanh dit, do d6 han ché
trong phén tich thuong quy va ap dung rong rai
trong 1am sang. Bén canh do, ti 18 bién doi thap
ciia ADN ty thé ciing gay kho khin trong viéc
phat hién cac bién d6i do chua dat duoc do bao
phu can thiét dé loai bo cac sai sot clia giai trinh
tu va gia thanh xét nghiém cao [15, 16].

Khic phuc nhugc diém cua cac phuong
phap trén, phuong phap real-time PCR dugc coi
la chuan vang trong xac dinh s6 ban sao va mirc
d6 mét doan 16n cia ADN ty thé do c6 do nhay
va dd chinh xé4c cao, c6 thé xac dinh dugc tir
mot lwgng nhé khuén ADN, khong ton thoi
gian va nhan lyc,... Tuy nhién, trong phan 16n
cac nghién ctru, phuong phép real-time PCR
dugc phat trién dé dinh luong riéng 1¢ sy thay
d6i s6 ban sao hodc muc do mat doan 16n cua
ADN ty thé ma chua c6 phwong phéap nao c6
thé dinh luong dugc dong thoi ca hai sy bién
ddi nay [17, 18]. Do d6, trong nghién ctru nay
chung t61 xay dung phwong phap xac dinh dong
thoi sb ban sao tuong dbi va mirc do mét doan
16n ctia ADN ty thé bang real-time PCR, tir d6
¢6 thé mo rong tiém ning st dung cac chi thi

nay trong trong chan doan va tién luong bénh
dugc nhanh chong va thuén tién hon.

Trong nghién ciru ndy, sd ban sao ciia ADN
ty thé duoc xac dinh dya trén ty sb giira s6 ban
sao ctia gen ND1 ty thé trén s6 ban sao ctia gen
HBB. Gen HBB (hemoglobin subunit beta) nim
trén vai nge’in ctia nhiém sic thé 11 duoc lua
chon dai dién cho sy c6 mat cua hé gen nhan do
luén duge biéu hién 6n dinh va tinh da hinh
thip. P4i véi ty thé, gen ND1 nim trong ving
hiém khi x4y ra méat doan cia ADN ty thé (co
trong hé gen cta 94% truong hop c6 céac mat
doan don va 100% trudng hop co nhiéu mat
doan cua ADN ty thé) dugc lya chon dai dién
cho s6 ban sao ciia ADN ty thé trong mot té bao
[19, 23].

Pé xac dinh mirc do mat doan 16n cia ADN
ty thé, ty s giita s6 ban sao cua gen ND4 va
ND1 ty thé da dugc sir dung. Gen ND1 thudc
ving ADN ty thé hiém khi bi mait ¢ nguoi
(ving it xay ra mit doan) duoc lya chon dai
dién cho s ban sao cia ADN ty thé trong mot
té bao. Gen ND4 thudc ving thuong bi mét ¢ da
s6 cac bénh nhan co6 cac dot bién mét doan 16n
(ving mét doan chinh) (chiém 82% truong hop
c6 mat doan 16n va 96% trudng hop co nhidu
mét doan cia ADN ty thé) va duoc lya chon dé
dai dién cho sy c6 mat ciia ban sao ADN ty thé
khong chtra mét doan [19, 23]. Nhu vy, s6 ban
sao va murc dd mét doan 16n cua ADN ty thé s&
duoc xac dinh déng thoi nho sy ¢6 mat cua 3
gen nay.

Két qua cho thdy phwong phap nay c6 do
chinh xac va do nhay cao, cd thé phat hién duogc
tbi thiéu 2 x 10! ban sao trong mot phan ung véi
hé s6 khuéch dai > 93,08%. Pham vi phat hién
rong, c6 thé xac dinh duogc tir 102 dén 108 ban
sao/pl. Hé s6 bién thién giira cac 1an chay thap,
dao dong tir 0,003% dén 2,95% dbi véi cac gen
dich khac nhau. Bén canh do6, phan tich duong
cong néng chay cung giup danh gia tinh dac
hiéu san pham (khong c6 san pham phu) khi
dua vao dinh cua duong biéu dién nhiét do
nong chay voi cac gia tri Tm déu > 81,66 °C.
Piéu niy cho thdy cac thong sd cta duong
chuan déu c6 do tin cay va quy trinh dinh luong
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dat hi€u qua cao, co thé 4p dung dugc trong
phan tich s ban sao va muc dd mat doan 16n
cia ADN ty thé voi wu diém nhanh, chinh xéac
va khong can cac bude phan tich sau khi PCR.

Ap dung thir nghiém trén céc mau cua bénh
nhin mic u tuyén v lanh tinh, phan tng
real-time PCR xac dinh sd ban sao va mirc do
mat doan 16n ADN ty thé déu cho két qua thanh
cong 100%. Phan tich dit liéu thu dugc cho thiy
sO ban sao ADN ty thé trong mau mé cua bénh
nhan méc u tuyén vii lanh tinh c6 xu huéng cao
hon so véi s6 ban sao trong miu mau cia cing
bénh nhan. Ngugc lai, mic d mét doan 16n &
mau md (46,3%) thap hon co ¥ nghia thong ké
so voi mau mau (52,6%) (p < 0,05).

Ciing trén ddi tugng bénh nhan méc u tuyén
vU lanh tinh, sir dung phuong phap real-time
PCR dinh luong tuyét ddi dua vao duong
chuin, Ye va cOng sy xac dinh dugc ph?m tram
d6t bién mat doan 4977 bp 1a tir 0,000149% dén
7% trong tit ca cic miu nghién ciru [28]. Céc
téc gia cho rang ti 1& phat hién dot bién mat
doan 16n cao trong nghién ctru nay 1a két qua
cua phuong phap dinh lugng c6 d6 nhay va do
dac hiéu cao hon so vdi cac phuong phap dugc
dung truéc day nhu long-PCR hay PCR ban
dinh lugng. Nghién ctru ctia Nie va cong sy Xac
dinh théy ca s0 ban sao va mirc do mat doan 1on
ciia ADN ty thé trong mau mé déu cao hon so
véi trong mau mau cta cung bénh nhan Trung
Qudc bi u tuyén va lanh tinh [18]. Bén canh do,
nhom tac gia cting khong tim thay c6 méi lién
quan gila ting sO ban sao cua ADN ty thé & cac
mau md va miu mau cé mirc do mat doan tang.
Ly giai cho diéu nay, co gia thuyét cho ring
thay doi s6 ban sao cia ADN ty thé trong qua
trinh phat sinh ung thu c¢6 thé dwoc diéu hoa
theo mot cach thirc dac hiéu mo, tic la khac
nhau ¢ cac loai m6 khac nhau [29]. DPdi véi
bién dbi cua sb ban sao ADN ty thé, sé ban sao
ADN ty thé cao trong mé hodc mau cua bénh
nhan so voi dbi ching duoc cho 1a lam ting
nguy co mac ung thu v [17].

Theo hiéu blet ctia chiing t6i, cho dén nay
méi ¢6 mot sd it nghién ciru sir dung phuong
phép real-time PCR dé xac dinh dong thoi su

thay ddi sb ban sao va mirc do mat doan 16n cia
ADN ty thé, dic biét trén cic miu mo va mau
clia bénh nhan mic u tuyén va lanh tinh. Két
quéa nghién ctru ctia chung toi néu két hop véi
dir liéu phan tich trén d6i twong bénh nhan méc
ung thu vii va nhom ddi ching khoe manh co
thé co gi tri trong viéc danh gia nguy co ciing
nhu tién lugng cua ung thu vu.

4. Két luan

Trong nghién ctru nay, ching t6i da xay
dung thanh cong phwong phap dinh lugng s6
ban sao va mac d6 mat doan 16n cia ADN ty
thé bang real-time PCR c6 d nhay va d6 chinh
Xac cao, co thé ap dung duoc trong dinh lwong
ddng thoi s6 ban sao va muc do mit doan 16n
ctia ADN ty thé trong cic miu md va mau mau.
Ket qua phan tich ban dau trén 20 bénh nhan
mic u tuyen va lanh tinh cho thiy s6 ban sao
ADN ty thé trong mau md c6 xu huéng cao hon
so voi sd ban sao trong mau cta cing bénh
nhan. Nguoc lai, mic d6 mat doan 16n & mau
mo lai thip hon c6 ¥ nghia thong ké so v&i mau
mau cua cung nhom bénh nhén nay.
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