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XAY DUNG POI CHUNG CHUAN CHO KY THUAT MULTIPLEX
qPCR XAC PINH BACTEROIDES FRAGILIS, FUSOBACTERIUM
NUCLEATUM, AKKERMANSIA MUCINIPHILA VA ESCHERICHIA COLI
O BENH NHAN UNG THU PAI TRUC TRANG

Vi Son Giang'*, Nguyén Thi Than', Nguyén Linh Toan?, Hé Viin Son’

Tém tit

Muc tiéu: Xay dung dugc di chimg duong gitip phat hién dong thoi Enterotoxigenic
Bacteroides fragilis (ETBF), Fusobacterium nucleatum (Fn), Akkermansia
muciniphila (Am), Escherichia coli (E.coli) véi do dac hiéu va do nhay cao trong
khéi u sinh thiét tr bénh nhan (BN) ung thu dai truc trang (UTDTT).
Phwong phdp nghién ciru: St dung phuong phap qPCR da mdi, thiét ké cac cap
moi dac hi¢éu voi cac gen cua ETBF, Fn, Am, E.coli, xay dung mau chuin va toi
vu diéu kién qPCR da moi. Két qud: Tao ra 4 plasmid ti to hop cho cac ching vi
khuan. Ngudng phat hién cta ky thuat dat ¢én 10 ban sao vi khuan trén mot phan
tmg, v6i hé sd twong quan R%> 0,99; hiéu suit phan Gng > 94% va c6 thé su
dung lam d6i chung chudn dé phén tich trén mau bénh pham. Pong thoi, qua
khéo sat trén 100 mau UTDTT nhan thay ty 18 nhiém vi khuan ETBF, Fn, Am, E.coli
1an lugt 13 61%, 60%, 44% va 39%. Két ludgn: Budc dau cho thiy nhiing thay doi
ctia hé vi sinh vat co tiém nang tr¢ thanh déu 4n sinh hoc dé phat hién som UTDTT.

Tw khoa: Bacteroides fragilis, Fusobacterium nucleatum; Akkermansia
muciniphila; Escherichia coli; Ung thu dai truc trang; gPCR da moi.

DEVELOPMENT OF STANDARD CONTROLS FOR MULTIPLEX qPCR
TECHNIQUE TO QUANTIFY BACTEROIDES FRAGILIS,
FUSOBACTERIUM NUCLEATUM, AKKERMANSIA MUCINIPHILA,
AND ESCHERICHIA COLI IN COLORECTAL CANCER PATIENTS

Abstract

Objectives: To develop a standard calibrator for the simultaneous detection
of Enterotoxigenic Bacteroides fragilis (ETBF), Fusobacterium nucleatum (Fn),
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Akkermansia muciniphila (Am), and Escherichia coli (E.coli) with high specificificity
and sensitivity in tumor tissues of colorectal cancer (CRC) patients. Methods: The
specific primers and probes were designed based on the highly conserved regions
of ETBFE Fn, Am, and E.coli, built a standard calibrator, and optimized multiplex
gPCR conditions. Results: 4 recombinant plasmids containing specific regions
were successfully synthesized. The sensitivity of the technique reaches 10
copies/reaction, with correlation coefficient R? > 0.99 and E > 94%, and can be
used as a standard control for analyzing the specimens from patients. At the same
time, detected positivity for ETBF, Fn, A.m, and E.coli in 61%, 60%, 44%, and
39% of the samples respectively (n = 100). Conclusion: These preliminary
findings suggest that an imbalance in the gut microbiota has the potential to serve

as a biomarker for the early detection of CRC.

Keywords: Bacteroides fragilis; Fusobacterium nucleatum,; Akkermansia
muciniphila; Escherichia coli; Colorectal cancer; Multiplex qPCR.

PAT VAN PE

Ung thu dai tryc trang 1a mot trong
nhitng bénh ung thu phd bién, dimg
thir ba vé ty 16 mic méi va thi hai vé
ty 1 tir vong trén toan thé gidi, voi
> 1,9 triéu truong hop mic méi va gan
930.000 truong hgp tr vong trong ndm
2022 [1]. Su phat trién cuia UTPTT
gan nhu 1a két qua cua dot bién gen,
qua trinh methyl hoa DNA va rbi loan
vi sinh vat duong rudt [2, 3].

H¢ vi sinh vat duong rudt chua
khoang 40 nghin ty vi sinh vat séng
trong h¢ tiéu hoa cua nguoi [4]. Thanh
phan cta hé vi sinh vat duong rudt ¢
nguoi bi anh hudng boi ché do an udng,
tudi tac, vi tri dia 1y, ching toc va kiéu
gen cua vat chu [5, 6]. Cac phan tich so
sanh vé metagenomic va metataxonomic
hé vi sinh vat duong rudt dugc tim
thdy trong dai trang ctia BN ung thu va
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nguoi khoe manh cho théiy mot sd vi
khuan dudng rudt nhu Fn, ETBF, Am
va E.coli ¢6 lién quan dén sy khoi phat
va tién trién cia UTDTT [5, 6, 7].

Tai Vi¢t Nam, Tran va CS (2022) da
két hop giai trinh tu 16S rRNA, phan
tich dir liéu vi khuan ky khi va giai
trinh ty toan by hé gen, Fn da dugc
phat hien & BN UTDTT [8].
nhién, van chua c6 nghién ctru vé céc
vi khuan khac giy ung thu, dic biét 1a
mdi quan hé ciia chung v6i nhau & BN
UTPTT. Géan day, dot sang loc
UTDTT dau tién (2018 - 2019) duoc
thuc hién tai Ha Noi bﬁng xét nghiém
mién dich hoa hoc - mau an trong phan
(iIFOBT) va nhiing nguoi tham gia
FOBT duong tinh sau d6 dugc thuc
hién bang phuong phap ndi soi, ning
ty 1¢ UTDTT tu 1,7 - 16,4% [9]. Tuy
nhién, FOBT bi gi6i han vé do nhay
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(33%) va do chinh xac (11%) trong
phat hién cac khéi u tuyén tién trién,
lam ting nhu cau Gmg dung dau 4n sinh
hoc DNA chinh x4c hon. Vi vay, viéc
phat trién mot k§ thuat don gian, chinh
xac va thong luong cao dé phat hién
dong thoi cac ching vi khuan giy ung
thu, tir d6, k§ thuat qPCR da méi duogc
thiét 1ap nham phat hién dong thoi cac

vi khuan Fn, ETBF, Am va E.coli.
Theo hiéu biét cua ching toi, day 1a
mot trong nhitng nghién ctu dau tién
dwa vao k¥ thuat gPCR da moi dé phat
hién vi khuan. Vi vay, chung toi thuc
hién nghién ctru ndy nham: Xdy dung
doi chieng dwrong gitip phdt hién dong
thoi Fn, ETBF, Am va E.coli voi do
ddac hiéu va do nhay cao.

POI TUQNG VA PHUONG PHAP NGHIEN CUU

1. Poi twong nghién ciru

* Mdu bénh phdm: 100 mau mé ung thu tir BN mac UTDTT di dugc phan
loai m6 bénh hoc tai Bénh vién Quan y 175 trong nam 2023.

* Cap moi tw thiét ké: Ching t6i da thiét ké cac cap moi dic hiéu véi cac
chung ETBF, Fn, Am, E.coli dua trén cac gene tiét cac doc td hodc cac chat kich
hoat oncogen. Cac cip moi/dau do duoc tong hop boi hang IDT (Singapore) véi

trinh tu dugc trinh bay trong bang 1.

Bang 1. Trinh tu cic cip moi/dau do trong nghién ctru.

Vi khuén

Trinh tu (5'-3")

F: GTACATGTTTCTATGGATAAGCGT

B.fragilis
(gene Bfi-1)

R: CCAGTATAAAGCTGGTAGAATCC
P: Hex-TCCCTGCCGTTGAACAGACGGACA

F: CCATTACTTTAACTCTACCATGTTC

f"e N R: TTGACTTTACTGAGGGAGATTATG
nus
g P: FAM-CAATTTCAGCAACTTGTCCTTCTTGATC
, F: GAAGACGGAGGACGGAACT
" R: CCCGGCTCTGGGATTTGAA
(gene RluA)
P: Hex-CTTTCCCGTATTCTGTCCGTTGAAGC

oo F: TGTAAACTATACTCCGATTCCTC
( 'Zzel ae) R: GGAACTGCATTGAGTAAAGGAG

g P: FAM-ACCCGTACCATGACGGTAATCGATCC

Ny F: CAGGCAGCAAGCACAGTCA

Noi kiem R: GCAATCCCCAAAGCACCTG
(SLCO241) :

P: Cy5-TCACAGACATTCCTGAGAGGCCAAGA

73



TAP CHi Y DUQC HQC QUAN SU' SO 1 - 2025

2. Phwong phap nghién ciru

* Tdch chiét DNA tong sé: DNA
duge tach tr miu bénh pham theo
huéng dan cua kit PureLink Genomic
DNA (Invitrogen). Nong d6 va do sach
DNA dugc danh gia bang may do
quang phd hip thu NanoDrop 2000
(Invitrogen).

* Ky thuat PCR: Phuong phap PCR
duoc xay dung véi cac cap moi thiét ké
dac hiéu voi ting chung vi khun, st
dung 1X GoTaq Mastermix (Promega).
Néng dd moi st dung 1a 0,2uM, lugong
DNA Ia 150ng cho mdi phan tUng.
Piéu kién phan tGng: 95°C - 2 phat,
(95°C - 30 giay, 60°C - 30 giay, 72°C -
30 gidy) x 45, 72°C - 5 pht.

* Tach dong san pham PCR: San
pham PCR duoc tinh sach bang kit
GenJET PCR Purification (Thermo
Scientific), tach dong bang kit pGEM-
T Vector Systems (Promega).

* Xdc dinh s6 ban sao plasmid:
Néng dd DNA duoc xac dinh béng
phuong phap do quang phd héap thu
trén may NanoDrop2000, sau do sé
dugc tinh toan dua vé sb ban sao/uL
theo cong thire: S6 ban sao plasmid/pL
= (6,02 x 10* copy/uL) x (X ng/uL x
10")/kich thudc plasmid (bp).

Céc plasmid dugc pha loang bac 10
va phdi tron v6i nhau tao thanh dai
noéng do co ty 1& duoc trinh bay trong
bang 2 dé lan luot tao ra cic mau chuan.

* Ky thudt gPCR: Phan ung qPCR
da mdi khuéch dai trinh ty dich (Bfi-1;
nusG, eae, RluA) va trinh tg tham
chiéu (SLCO241) dugc thyc hién tir
cac duong chuan phdi tron véi nhau
(Bang 2), st dung Paltinum qPCR
Mastermix (Invitrogen). Diéu kién
phan ung: 95°C - 2 phuat (95°C - 30
giay, 60°C - 30 gidy) x 45 chu ky. Poc
tin hiéu tai 60°C.

Bang 2. Ty 18 phdi tron cac plasmid dé tao mau chuan.

Phan Gng Plasmid S6 ban copy
p.Bft-1 106 10° 10* 10° 10*> 10
Multi 1 p.nusG 106 10° 10* 10° 10> 10
gDNA vi khuan E.coli JM109 50ng
p.RIuA 106 10° 10* 10° 10*> 10
Multi 2 p.cae 106 10° 10* 10° 10> 10
p.SLCO2A1 106 10° 10* 10° 10*> 10
¢DNA vi khuén E.coli JM109 50ng
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* Phén tich thong ké: Dit lidu duoc
tong hop, xtr Iy bang Excel, st dung
phan mém Graphpad Prism 9 dé lap do
thi va phén tich. Puong hdi quy tuyén
tinh duoc biéu dién thong qua cac gia
tri Ct trung binh cia dai nong do
plasmid dugc pha lodng bac 10 dé tim
ra hé s6 tuyén tinh R? va hiéu suét
phan ung E.

3. Dao dirc nghién ctru

Nghién ctru da dugc thong qua Hoi
ddéng Pao dirc Bénh vién Quan y 175
(Gidy chimg nhan sé 58/GCN-HPDPD
ngay 10/01/2023). S6 lidu nghién ctru
dugc Bénh vién Quan y 175 cho phép
stt dung va cong bd. Cac két qua xét
nghiém chi c6 gié tri trong nghién ctru
va khong ap dung trong diéu tri hay
cho bat ky muc dich thwong mai.
Thong tin cua BN dugc dam bao gilr
bi mat. Nhom tac gia cam két khong
c6 bat ky xung dot loi ich trong
nghién ctru.

KET QUA NGHIEN CUU VA
BAN LUAN

1. Tach dong trinh tw khao sat va
trinh tu tham chiéu

San phém sau khi duogc khuéch dai
véi cac cap mdi dic hiéu véi cac chung
vi khuan, két qua dién di trén gel
polyacrylamide 8% cho thiy cac biang
sang 10 nét, dung kich thuoc (Hinh
14). San phém PCR tinh sach duoc
dua vao vector pGEM-T, ndi va bién
nap vao té bao kha bién E.coli JM109
theo phuong phap séc nhiét. Sang loc
trén moi truong khang sinh ampicillin,
thu nhan duoc plasmid tai to hop. Lan
luot chon 1 khuan lac mang doan chén
dé tach plasmid tai to hop (Hinh IB),
sau do6 giai trinh tu voi cip moi vector.
Két qua so sanh trinh tu nucleotide thu
dugc voi ngan hang dir liéu cho thay
doan DNA khuéch dai boi cip moi
chung toi thiét ké twong dong véi cac
trinh ty tuong Ung gene Bft-1, nusG,
RluA, eae va SLCO2A1 (Hinh 1C).

Hinh 1. (A) Két qua san pham PCR chtra cac gene Bft-1, eae, RIuA, nusG va
SLCO2A1 sau tinh sach; (B) Plasmid sau tach chiét; (C) Két qua giai trinh tu
doan cheén Bft-1, nusG, RluA, eae va SLCO2A1 dai dién cho
B.fragilis, Fn, Am va E.coli.
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2. X4c dinh hiéu suét phén ing cia phin wng PCR da moi

Céc nghién ctru trude day da chi ra cau hinh plasmid anh huong dén do nhay
phat hién phan tng PCR [10]. Theo d6, DNA plasmid dang thing lam khuén
trong phan tmg PCR c6 d6 nhay t6t hon so vo1 plasmid ¢ dang siéu xo4n. Chinh
vi vy, cac plasmid dang thang duoc téng hop bang phuong phap PCR dao. Sau
khi tinh sach, san pham duoc do ndng do va dién di kiém tra trén gel agarose 1%
(Hinh 2). Anh dién di cho thiy cac bing plasmid dang thang sau khi tinh sach rd
nét, dung voi kich thudce nhu tinh toan.

T
S.xodn Thing S.xodn Thing S.xodn Thing Sxodn Thing Sxodn TC Théng TC

Hinh 2. Két qua dién di 1pL plasmid dang thang sau tinh sach
trén gel agarose 1% sau khi tinh sach.
(TC: Thang chudn DNA SY- 4,6kb)

DNA plasmid thang duoc pha loang thanh mot dai ndng do theo bac 10 tir 10°
- 10 ban sao. Dua vao su chénh 1éch kich thudc cac plasmid duoc phéi tron voi
nhau dé 1am khuon cho 2 phan tmg PCR da moi nham xéac dinh d6 dic hiéu va do
nhay phan tng. Qua anh dién di, 5 cip mdi phdi tron trong 2 phan ung PCR da
mdi cho phép phat hién 3 bang DNA cua 4 ching vi khuan, dong thoi, d6 nhay
cua cac duong chuan phat hién dén 10 ban sao vi khuan (Hinh 3). Nhu vay,
chung t6i di t6i vu thanh cong va lua chon hai phan tmg PCR da mdi bao gdm
phan tng 1(Bft-1 va nusG) va phan ing 2 (eae, RluA, SLCO2A41).

Eae - RIuA - SLCO2A1 Bft-1- RIuA - nusG
10 10* 10* 10* 10° 10° E+S TC - 10° 10° 10* 10° 10* 10' B+N TC

Hinh 3. Két qua dién di san pham PCR da mdi tir mau ddi ching chuan
trén gel Polyacrylamide 12%.
(Giéng B+N: Sin pham PCR don ciia cdp méi Bftl va nusG; giéng E+S: San
pham PCR don ciia c¢dp moi eae va SLCO2A1. Mau doi chitng am (--): Khéng
cho khuén DNA. TC: Thang chudn DNA 50bp (ThermoScientific).
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3. Xac dinh hiéu suit, nguéng
phat hién ciia phan img qPCR da moi

Pé chimg minh 2 phan ung qPCR
da moi dam bao do tin cdy va on dinh,
ching t61 da dua trén cac ti€u chi: (1)
Hinh dang cua duong cong huynh
quang; (i) Gia tri tuyén tinh R hiéu
suat E thu dugc tir duong hoi quy
tuyén tinh; (iii) Gia tri Ct cua dbi
chting duong di biét trudce sé ban sao.
T d6, chung t6i tién hanh xay dung
5 duong chuén tir 2 phan tng qPCR da
mdi, sur dung khuon 1a cac plasmid &

nusc [ent

cac nong do khac nhau tir 10° - 10 ban
sao; thi nghiém duoc lap lai it nhét 10
lan. Chat luong cua cac duong tin hiéu
huynh quang cta cac kénh mau dugc
kiém tra. Hinh 4 cho thiy dudng cong
khuéch dai cia 5 gene déu ¢ dang
dién hinh, thé hién dugc su phan tach
0 rang céc duong tin hi¢u huynh
quang tuong ung véi cac bac pha loang
khac nhau. Puong threshold dugc st
dung cao hon tin hi¢u nén, dudi pha
bao hoa va thudc pha liy thura cua
duong tin hi¢u.

WrRu e [l siconn

Hinh 4. Pudng cong khuéch dai cua hai phan tng qPCR da moi.
(A) Phan ung 1: Gene Bft-1-Hex va nusG-FAM;
(B) Phan ung 2: Gene RluA-Hex, eae-FAM va SLCO2A1-Cy5.

Céc duong chuan duoc trinh bay
trén hinh 5 ¢6 hiéu suit 6n dinh trong
khoang tor 90 - 105% va gid tri
R2 > 0,99 (Hinh 5 va Bang 3); diéu
nay ching minh phan tng qPCR c6
hi¢u sudt khuéch dai tot va on dinh.

Mbi dudng chuin déu dat ngudng

phat hién 10 ban sao vi khuan trén
mot phan tng. Pé xac nhan viéc ghép
da moi cho phan g qPCR khong bi
anh huodng dén viéc khuéch dai cua
ting gene, chung t6i quan tim dén
gia tri Ct cia mdi gene trong ting phan

ung da moi. Gid tri Ct cua cac duong
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chuan dugc hién thi dudi dang gia tri
trung binh + d6 1éch chuan (SD) duogc
trinh bay trong bang 4. Cac gia tr1 Ct
ctia dai nong do pha lodng tir plasmid
(p.Bft-1; p.nusG) trong phan Gng 1;
phan utng 2 (p.RluA;, p.eae va
p.SLCO2A41) déu khong chénh léch
nhau qua 0,5 Ct. Piéu nay, cho thiy
hiéu sudt khuéch dai cua cac gene la
nhu nhau trong mdi phan tmg. Dya vao

Standard : Bacteroides fragilis & SLCO2A1 Standard : Fusobacterium spp. & SLCO2A1
404 404

duong chuin cua trinh tu tham chiéu
SLCO2A1 (mau d06 - Hinh 5), cic mau
c6 Ct > 34,1 dugc coi la khong du
luong khuon dé xac dinh vi khuén.
Vé6i dudng chuan cua p.Bfi-1; p.nusG;
p.RIuA va p.eae cho thiy cac mau co
Ct 16n hon lan lugt 36,6; 36,3; 34,7
va 34,4 duoc coi la am tinh vo1 vi
khuan hoic mau nim ngoai gidi han

phat hién.

Standard : A. muniniphila & SLCO2A1
40 40

Standard : E.coli & SLCO2A

304 304

Ct
Ct

Log 10 conc. Log 10 conc.

— Bacteroides fragilis Y =-3465°X +40.10

+ SLCO2A1 Y=3300X+3748  — SLCO2AT

—— Fusobacterium nucleatum Y =-3445°X + 39.85
Y=-3.300°X + 3748

Log 10 conc. Log 10 conc.

— A muniniphia Y =-3.311°X + 38.31
~+ SLCO2A1  Y=-3309'X +3748

~ Eool Y=-3363°X+37.98
— SLCO2A1 Y=-3309'X+3748

Hinh 5. Duong chuan Fn, ETBF, Am va E.coli 1an luot duoc so sanh
voi gen SLCO2A1.

Bang 3. Cac thong s6 cua duong chuan.

Chi tiéu nghién ciru Hiéu suit phan ing Heé s6 tuyén tinh Do déc
B. fragilis 94,37% 1 -3,465
Fn 95,12% 0,9998 -3,445
Am 100,45% 0,9995 -3,311
E.coli 98.,32% 0,9995 -3,363
SLCO241 100,55% 0,9998 -3,309
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Bang 4. Gia tr1 Ct trung binh ctia duong chuin Fn, ETBF, Am, E.coli
va SLCO2A1.

Target B.fragilis Fn Am E.coli SLCO2A41
Copy Ct SD n Ct SD n Ct SD n Ct SD n Ct SD n

10 19,272 0,171 13 19,157 0,405 13 18,394 0,160 13 17,795 0,315 13 17,668 0,240 13

10° 22,796 0,208 13 22,639 0,418 13 21,702 0,145 13 21,074 0,398 13 20,893 0,233 13

104 26,271 0,171 13 26,073 0,409 13 25,188 0,161 13 24,513 0,455 13 24,157 0,244 13

10> 29,693 0,332 13 29,480 0,699 13 28,443 0,337 13 27,976 0,407 13 27,598 0,194 13

10> 33,193 0,394 13 33,124 0,611 13 31,896 0,612 13 31,465 0,614 13 31,029 0,384 13

10 36,602 0,454 12 36,297 1,373 12 34,791 0,369 12 34,408 0,535 12 34,059 0,203 10

4. Khao sat tai lwong vi khuan trén miu phim

Véi diéu kién di duogc t6i vy, chiing toi tién hanh dinh luong vi khuan ¢ 100
mau moé UTDTT. St dung cho phan tng qPCR da méi, chiing ti thu dugc ty 16
duong tinh Fn, ETBF, Am va E.coli lan luot 12 61%, 60%, 44% va 39% & BN
UTDTT. So sanh véi cac cong bd trude day, ty 1& nay tuong dong véi cac quic

gia chau A nhu Malaysia, Trung Quéc, Iran [6, 7, 8].

KET LUAN

Thiét ké duoc bén plasmid tai to
hop (Bfi-1, nusG, eae, RluA) nhiam
dinh luong vi khuan Fn, ETBF, Am va
E.coli. Xay dyng va tbi uu cac thong
s6 ctia duong chuan (hé sb tuyén tinh
R2, hiéu suat khuéch dai E) phan tng
qPCR da moi, ngudng phét hién dat 10
ban sao trén mgt phan ung, vdi hé sb
tuyén tinh R2 > 0,99; hiéu suat phan
g > 94% va c6 thé sir dung lam d6i
ching chuin dé phan tich trén mau
bénh pham. Khao sat 100 miu mod
UTDTT thdy ty 1¢ nhiém vi khuan Fn,
ETBF, Am va E.coli lan luot 1a 65%,
66%, 62% va 36%. Két qua nay budc

dau cho thiy nhimng thay d6i ctia hé vi
sinh vat ¢ tiém ning tré thanh dau an
sinh hoc dé phat hién sém UTDTT.
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