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Fig. 1 A statistical chart of the publication number related to “ DNA methylation ” and “ cancer ”
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Fig. 2 The relationship between DNA methylation and cancer
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Table 1 Clinical applications of detection of DNA methylation in cancer
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Table 2 Comparison of main parameters of different DNA methylation detection methods
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I T DNA H AR KOF 5 T IE s A4, itk
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RS HEAT 7RI o0 A I 45 L B AT AR e i R
JFEFARE S il e P R bR AR R PR i T L
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PR aah, bRk O L R R, A
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PEOP SR R, i EL R A AR ) SRR R
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Table 3 Detection of DNA methylation based on different body fluids of cancer patients
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M EIR 2GR 6 9, SRIFRAZ
i MethyLight X R 0 /) 8 Ff DNA H L4k /E9)

2.2.2

SERR YA TR, 38 AT 3 R AR I PR
PRAS AR, AT S8 FH 12 3 Fm 6 3 KL
B B4 25 A BE 1 . Zhao %5 7 SR G A] logistic [A11
ik, %8 T AR EAL SR (APC. CRIP3.,
GSTP1 FMTHOXDS) . 455 8ox, 5 HAIWRTE S
G RTIN R F-, aG8 AR S B R A i Wi s e
TR BHPEAZ OB 43 EAR L, S 3R A5 1Y) 4 F5 PR
FEAR S SRR — AR X 20 7 - EL ] 8 TR0 PR 7
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Renard 55 7 | FH Ji% It 9 A8 35 DR W TWISTT il
NID2 55 K i H AR IR AR 2 A 7 5 & 1 5 I 9 1 T )
K, 38 3 MSP )5 7 %t 496 A SRR REA BEF T
TWISTI MINID2 3 5301, -5 4R~ il Jy i
T T X 25 50 BIRA 466 41~ (94%) FEA K
TWISTI 1 NID2 F5 [F 38 A7 e 34k, REE W%
fm TARLE AT (430000 90% F148%) , Fi 5
P 5 A B AR (4350 R 93% F196%) .
TRYT I &R R A RITA AR A A R I A e A%
FURIEAET 0y AR . PRI T 55 DNA B BEAL Y17
Al AT VR Ry A 00 i 5 AR AR AP DIBR A J5 A A A &
MICE) T E . flh, Daniunaite 25 7™ 5% H H 2k ik
TR A Bl SN I, XoF 149 (51 i 51) i L 40
37 51 i 50 J g ZEL VRN 17 900 i 370 b A R M 4H 41
W 7 AL B B 7 B SRR HE T T RS L R B
ERBAEE Y (quantitative PCR) X 253 14l Aif
B i g S5 AR 32 461 i 900 M 44 A SR T DR BEEA T
DNA HIEAb 7t . ERTSI BRI 2, e WLy
LAV FEH Sl RASSFI . GSTPI FIRARB, =H 454 FH
PER H R 1K 85%, X EEILIRITE 60% 14T 51) i 2 &
F) PRI P9k B AL, RASSFI A 45% T 51 B8
BERIFEAR PR B4k, L AR B 7R 51
Ji g v B s T R PR RS R A e ] . AE A A
RIrh RASSFI1 W ELAL A 51 i 4 20 v F S qb 3
PR BOnT T A A A e st ) . R Z R A
IR ZH SRR BRE AR, RASSFI W 3L &
FRATUIAT DIAE A fi d 2 B F0 R, SR T A 1) 2k
I3 6 B E R SRR P R AR R R
DL EWFFE I, FRE A9 DNA H Ak 7K1 i i
W IR R G ikt AR, B R & W R 12 W
e
2.2.3  MERFRDNA F IEAL AR AAG

MRV % AR I I ZE RS RN A At e, AR
K AT MR DNA LAk ) 6 T 55 2 95 12 W 1)
FEH BN Z . HETRREST 32 B8 e Sk SR eIk 40
JHE g AN B SEE R . 94N, Gaykalova 48 7 i e
PEIREE 1 14, BEFE B 1 160 FNAEHE B 1 420 1
DNA HIEARAE R A i DNA H Ak bRy, s
T — TR 5 A M R R A T S S iR 40
MU T, IR EEAAH LD, RS is s T
100%. Rettori 5§ 7' R FH A2 T MSP-PCR 7% 3k #i7
TR 20 Mg J 3 P A T T OEA, RS —IRR
7 JE 6 A WCAR B Sk 200 65 bR A0 e AR AR
TIMP3 J& 8F W 540 5 R TR R A AR Z AR

W BAISCE . R Bh TR R R R TR
FE N I 22 B0 I B4R 4 . Arantes 55 70 SR
Q-MSP Xif 40 {51 [T Jis 8 11 40 51 £ e A WY s A v
8 /™ H g B AL B R AT T 0 A . IR SR R W
CCNAI. DAPK. DCCHI TIMP3 H EALTE 1 s i i
FEG P B = R S SRR, X
FER LA B A OLAL TR RCR R AR A
Sk B 92.5% (i 41 & CCNAI. DCC Al
TIMP3I5}) . AL, 3T 90% FA IR IR T1 A1 T2 F Ay
DAPK . DCC 1 TIMP3 3£ R ¥ 1775 i3 FF 3L Ak . ix sk
WF5E TARIERA 1 W DNA F LAk AT 1 o Sk 25150
DR M e A R0 11 B P2 B A )
2.2.4 PR DNAF AR E Y AR

it 26 BT AT SRR E AR T Rt e, S BRI ] 4
e g SR AR AR R D A Il SR R
BRI, AR R 2 ke e, Il 4
il 2 Bt Al SR PR DRl P A M ) TS
B T 1 AR HC Je 20 B, T A R AR R nT A
DNA F AL bR RN i n] SEAEAS . 51101, Hubers
877 R SRR PCRTIE S 553 H T
e B XoF HRCAL R Ml 98 RR A 0 8 W RE AR TP i APC
cytoglobin . 30872, RASSFIA PRDM14 ,
FAM1944 F1 PHACTR3 1 W 3L L R &5 . 78 X
RASSF1A K& R By A6 I v & 3, il 98 8 380 8 0
RASSF 1A FE PR 52 30 5 HY 56 bR 285 177 4t e xof e 1 v
AR IR ARSI it £8 28 DA (e
X RRZL P XA ok, A R AR Ry 42.5%, FESEE
9 96.5%. {E Xt RASSFIA, 30ST2 1 PRDM14 %
2H A R R AR AT, R R Ul 82.2%, Y
5 h 663%; FE X RASSFIA. 30ST2 Hi
PHACTR3 FER A 0 H 34k b, R 22 A
JEHN 67.1%, FiS5PEHN 89.5%. WS EIE T DNA
3 Ak b 75 ) 76 B i B 002 W TP A T, E K
RASSF1A 15 W AL 7 A Fric SE PR v fe A7 880 il
&Y.
2.2.5 KB AP DNA S AR 9 G

ST BN, I AR B 104 i Y v m s 2]
TiFBI Y ctDNA, [RGB e £ i I T 1
DNA H MM IREA . ARG, 16 ph 2 TR
AGMER A ] LR C0 0 s 1) B S0 okl i PR 1 0
Bl 7 X I B DNA H LA B4 . flan, Liu 55 [
SR PE T 245 A PCR B AR 1Y Jy i 2 e b Jie
R R A AU XF N T A A BE TR
(cerebrospinal fluid, CSF) #4771 B Eefb i . 52
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B EE AR, A1l I FUCA RS TR MGMT .
pl6™  TIMP-3 Fl THBS1 & R #f 52 P i BRIk
A, JFEX TR RAAS, W W T MGMT
THBSI 1) = F BAL B TR 2R . ik, 23
PR 201 e FR AR A R R e o v A T A
THRWE A M3 5% CSF H A SRS e s 7

3 ¥ =FPCRATDNARE/LE M

3.1 ETFHFPCREARMBPEMLEN T %

B PCR A I LEAF SR B R B H R
HTAEIFHEE : MRERRAEAT B2 — ke i, it
—EHARTF B L E R T MU N Hoc il
o4 KB AR R 2 245 — 45 UL DNA
M. FEA R R B A3 A AR IR AT AR, SRS
H4 A B U N BT R B R AT PCR 3G RN, e
JE ARWCI AT F AT 240007 . BUF PCRECARAS
T ERREDOC I RAEXT IR, A2 SRR R
AISEEE B AR IR 4a X e i )

FEA A BUR BT PCR R 020 38, Hody
Bk BB AR TSR L. & T
IMELK IR I i . FE I = /By ik M
FETHTERRGE 0 7% . St A (8 Jr 3 ol 4 #i
A Rk AR T B L I8 = A BT A T4
SO AR ZR 38 i AL T B — T A kST
PG TR IR Y SR, AT B R R A
JE A v B R S BB B L T AL B R B Bk
Thermo Fisher Scientific®/\ @) & & R i ML AL AL &% |
SEPR T SEPRAEAR ARSI 052 A K R S R
BRI A . PCRY G AL 3 5 . Bk
R PCR W IR AE R /NS S0 I B NV T 5k
AR, SRS AR A AL K TR A PCR
B E PCRANER T EATY 1Y, e BV 8 2o
T DL IS AT 205 5 i . S BT
ALK H A (41 Bio-Rad®2y FIHEH T QX100™
FQX200™EF PCR R %) CHH T Z SR
WA G R e 5 SR 8 PCROZ T i
VAR PR B MK A ot o B R AN ST ) B
JG, SEIUAST A PCRY Y . SRS PCRIU
)= PDMS iliE Z /4 : PCR W JZ (DNA R,
£ % PCR mix) FJE J) i ¥l 2 (4R .
FHD . I B T RO I R R & R I Ak T

PCR ¥ #§ T %4 Fluidigm® 2 & BR85S &
(BioMark™ HD system) &N 248 . T4
FTENAY LT PCR R Go sl o AE AT ENEE AR AT BN
TRFR— A SO , SRR T J A T A A 7
PCR b FHZ G EUR A2 B . AL AAE T 55 f Ao
IASAAS, (AR BEAAA ik A8 7= 5

PCR 4" 34 Ji5 5 S EIG 1) AR U A 3 32 A Ok
TOLHAEE (PMT) MHEMHIA A (CCD) 1)
R . JEF AL e B 4 4 AR i Jr vk —
K H CCDOMEZEAF S, BT aL K InaEmy ik
— R H PMT Kl 2055, T AWTERAR
(%7 PCRONAE J7 i — MR R 0 5 ik itk A7 28
AT T BRI . AEUN DT 5 A JC 2 5 e itk
14t Mt AL E F F H Image). Matlab Fl
Mathematica 55 ' I TGE 24000 (Can DLi-#ip
YMTILAE) . JE4 AR R (R A 45 L .t TAK
5 PCR il 7 AN 32 PCR &R Z S sg ), o] $2 4t
DNA B L xt g i, 5SRO i PCRAHLE,
THE T R 0 R R M TR S
H1 PCR, #0F PCR A 78 A Al fL A I B 11
BiRR 1, TR IR 0.1% A58 JL R ) B R
VB PCR AN, AR 20158 R B 40F PCR
RS- 15 b qPCR B LR, BARECT PCR Y2t
6 I B A7 986 78 B PCR 5, H A3 87
FARTEINES A E BN, HPCRY”
WCRR . brTiteE s . REJERE . Hk, R
FHECF PCR A M AV 3 119 DNA H 4L 57
WHABE KRG, HECRHECT PCR £ K 1E DNA
R ARG A T — e ke

#7 PCR il DNA H S Ak F= LA FH A & il 4k
BT PCR &3 K9 G MR AR B S 43 B =
T (F3) RS TAL B AGIN S — 4 . o R
JES ASRIUREAR 2203 8 | alifb S5 D IR DNA
SR K S DNA £ H A R S AR AL B, i DNA
Hh A S A PP R0 P i W 2 06 2 R 7 i PR W W
177 FR R A ) e R R A AR B B R BT
PCR ¥ 3 72, W5 20 8 A iR & Eh 7% 16 )5 1 DNA
FEARMEAT il oy &, W Rs T LA “Hsr+7
PR R, BT PCR Y, SR )5 KK
WU 5 AT AT A 30 A R 45
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Fig.3 Procedures for detecting DNA methylation in body fluids of cancer patients using digital PCR
E3 RAHFPCRENEEEBEFEFBHDNARENLN TR

32 HFPCREAREREEDNABELENFH
v FH

1 T80 PCR AR AR ARSI 2 50 119 26 % FE 34,
PRI AT i 2 A 3 25 ofDNA Y 6 Ak K% 6 B4 Jirh 2
YA CTC AR . BB Bl ok 1 22 (R A 52 2 1 40
PCR £ AR H £ DNA H Ak py i rfr I rp it FH i
Z 1 J& Bio-Rad” 2 F] [ QX100™ . QX200™ %=
PCR 2% . N, Wiencke 25 ¥ 3% F{ Bio-Rad®/\ 7]
1 QX100™%F PCR &G mb kil 1 CD3Z 3R 2
H 34k CpG Ja sh PO i #8 DUE, FHFAS T A
TRORNZH 23 H T 200 B A 5 A EL 3] 3 0o SR S A PR
AR AT D K P e T RE 8 3 R £ R %o A 1Y)
157 4~ ML AR A B DNA 9E47 7 AL BE, 43 54
1 qPCR F1 ddPCR #4717 HH JEAAG I . A [H) 1l A
A By 4 I 7R ddPCR H gPCR Z8fE A K . Gt
2p ot R ddPCR Y £k 4 — B b qPCR 5,
ddCCR #Y 4 %f {8 © 4% i FACS (fluorescence
activated cell sorting) HJZ53% . KL, %F ddPCR
POARERE T . MERRE T R . BRI, R h
P F % #L qPCR ) DNA H 34/ e, vl H T
VEAS T 48 28 11 %) 22 Ffgeg E 6 A7 5 7Al . B4,
Yu %5 R FIZEUT PCR ARG HERNTIG RALSURE AR
Wi 4k NTRK3 R EVL $EAT 1 52 ARG, 52
56 25 JEUF B 05 PCR A6 AG I FH LAk 1 Je A1 2 PR
b qPCREE S T 254%, Bl illvik FE 48 v 1 20 4%
Ivi] Fsf Al & BR507- PCR AT S8 Ji o o 1 G 000 445 i 10
s LU IE W 25 I B A R AC rh EVE B Y
FLAL B, DR 85 PCROAG I 5L DY) R A S
TESS Y B9 1) RS2 Wb B 1 Y J) . Hayashi

8GR FZ B PCR R Gekaill 1 3k S0 iR 41 i
S PAXS SR F AR O, AT TX) 824 F- Rk
GREARGEATRII, 25 R3] PAXS F AL 23k i
3R R T AR 2k 4 BT AL R g R PR bR e . b
Hh, FHAL SR MSP & vk, FE T 87 PCR Y
MSP J7i i H B i A Ak im0 2R %S

TiAb, BT ALK TR 2 R G R R B
PCR AR, H BEAMing 43 A A1 i FH 1) 3 PR
L HIRG I (18] 4c) . Barault 25 ) % 8 & R A
B 1 P 20 £ PCR it 28 DNA 2 b A I 2 R
(Methyl-BEAMing) , A5 £ W £l 35 i 9 20 20 R4
i 25 DNA B EAL RS i MGMT 5L DR 1) Y Ak
ARAS, AE U SRS 4 23 AN 4G B i 2l SRR A i
2| MGMT R W A %, JOF HAEZS B i 8
0 I3 AT 7 2H 2 B AR ) — bk L S2R
45 W2 W] Methyl-BEAMing A4 K6 I J7 v HA e 2 7]
RN FEREM ARG AT T RAE A R R
DNA H EE4k Ay 46  . Sartore-Bianchi %5 ' YEHL T
EERSELE E R N B A I A R A U EA,
TT6 P AL B Tl MSP 34 S BRBHE: , 5T 34 43001
K 9092 2H AL A1 methyl-BEAMing 1977 5 % B 34k,
R Y 235 M MGMT 3R ) sl 7 FF 34k A 4y
FEEAT TASE . B S X2 IR T R W L AL
MSP BH P ) 45 L 96 R AR 19 T Bt 1k 53 A, 2 IR IBG
A7 BRI A MGMT #6052 — o 9
iE KBS TN RE g . Eedn, SR S 2H AR ARG 2 1 5
FIRMFERE, d F Methyl-BEAMing X 45 5 52 4 3
ST I T AL

Weisenberger 55 ' 75— F 5 F AL 4 51108 A
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) 3Ll F & T — 80T 1k MethyLight (digital
MethyLight) J3 Y, | FH £ % %05 MethyLight
E L MR g8 K8 A 0 0003 FE TR R I B T RUNXS
CLDN5 Fl FOXE1 %X CpG & 1y 75 B K4k, Hop
CLDN5 Fl FOXEI 3£ CpG & 1 e F AL @ T 5 vk
B, 1 EIZESE HH T 100 wl 5 I R AR R
f) /b #& DNA. Digital MethyLight 1 It 1& 4 i)
MethyLight J5 7% B U8, A7 K H 3L {k DNA
(T 5 AN /D i AR B P, ARG ) D 8 €]
4a JT7R . KU MethyLight i 13 75 21 PCR FL 4
A DNA AT 930, FRAR T (5 M L 2 PCR
A IIHIVE R, B0 T DNA B L ALAG I 5% ff % .
2T R AT RS X LR B A A rh A
AL DNA 73 FREA TR A e &, e A0 1k
AR DNA & B A R Tk . 288K
- MethyLight Il % 7% J& X 54 7> MethyLight J5 15 ()

tefe, HE—2E8E T MR b DNA B 104 5
(ARSI SR R . FRAR il 2 F 80 MethyLight JL T
SUREAE IV 301 2L MR8 283 A9 1 2% G  31) DNA 5
FeAb, HEE L, 0 T HAZLIRE B Al
T DNA R HI AL, X8 T HF—25 4 5 DNA H
FEACAI R A BTN, KA B T BRI Y
AW . B, b 7R3 nl {5 (0 R 2 W 4
W, Al A 2 HBUT MethyLight % 24510
FE R HE AT 4 BT R ¢ B0 B o W 9 #) I8T . Digital
MethyLight HAG 143 [ B8 AE I A2 W1 5 I 9
FHRTS, SRTSCE0 % Hh ST AR B3 B A
KREA, X PR T HAT R M, R
TR A R i ] 2 5 405 MethyLight 0 22 H kGl
AN H LML DNA 4 F I RUE . ik, 5
MethyLight £ I {4 H ) DNA F 3 Ak 75 9 i 30
ISR I 17 W ) b EL A VA A 1o FH T 5

(a) B2 53 WA
@
> » () 52 o O
& © ®
® ®
D eoe D ece o
Q .
N % 2 ) o @
HEWRRE A
J5 (IDNAREAS b 4
CGGTTGGACGAGATAGTGGTGAATTG
‘ PCR=4ll )
AN AA,AJMJ
b
®) ‘ - © BURRANLE P maEk
Hwe T -~
= AL A
S =t ﬁ;ﬂéz I L =
Mg SR ~1I
<I"Ipa II - 008 ®) N//El;.c CHy %
k VA R ~ /r!\ /Ju
> % k SO . - [ u
RSN PS4 < 5- B v
5w
Hpall s080 lece ity € BEAMing#FPCR
WY V) e 0808, 0000 ,
DNAREZA t N Unmethylated =
» % L * 9‘6
3] BASE  PCRYHY b e’
% : FHE(LDNA w : E I EEDNA ~ : BI04 F2ELDNA | e
®:HERE O BIER R | Methylated

Fig.4 Typical applications of digital PCR for DNA methylation detection
B4 #HFPCREAKNDNAFRELHLFHELE R
(a) Digital MethyLightk:IlIDNAF ZEA/R Z &5 (b) S K DNA R BEALR Z &5 (¢) Methyl-BEAMinghkyIIIDNA FH (L AR 1]
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AR B i A (microfluidic chip)
ARIGAWIAE, BT RS F 1) DNA ARG
Wk Kok . WudgE ™ Rk T —Fh3tF
TR B B B PCR HOAR B 5 46 I Y A6 8
7, ARt AT sk (il 20 PCRAY AR,
B AT S B AR I HL AT i AR E R I L 3208 I YRR
S RE R I BR AN 4b TR, 5 AR T A
A BUR R BR # B Hpa 11, W] U1K T 4L ) DNA
B, [A]BHOR T H L1 1Y DNA 524 . 7% Hpa Il 4b#H
Ja . R T RO S B 1B PCR 2 & I
DNA ALK SEBRAS R, s )
RN BR A 0.52% . SRy Bk st 5 25 i3 FH A, 78 10
151 LS00 it i s B LA SRR B 2 ZUREAS v I 1 70
PRI EE R (PCDHGBG6 Il HOXA9) WA sh T
Al . SO0 45 R R ) P A R S R AR B R I 7
25 LB R AP — B iz s A
15 )RR RS A AT, PR 2 T i 08 v Y
BeF PCROTEA AR ML B I 5 | 538 p A I J7
2%, J17T DNA FUEEAR H: 2 R85 27 AH DS 11
T2 W

4 Zit5RE

FERE K IUARE A TTGHRRE 2 Wit 1 27 Bl
APAUE TARRIRTE, o DNA WAL Hrd T

AL . TEXT A 2R AE DNA H AL 53 3 B 5
ORI T LR RS hRIC R, B T KRR T

H AR L 5% AL A PCR BOR 4T DNA FE AL A6
AIBIFST . SR, R ZECTH B bR B D] P A
F e AR JEEAE A2 W R S B 22 G E AR
%?%%HR%@%%@W%%%M%%W%%

FEJE B UERGE 1, BT 08T PCR BRI A o
R E %i@ﬁﬂ% PR T RUF PCR 1Y

DNA ARG F2 A 4 e 2 S50 R T A B
MARR AVERSS &, A SR BB B AR AIEAE
W I R B ARSI ARZR IR T A
] f 2 T PCR $ AR 1) DNA B 3L AR AG I 7 3k 1) £ d
mi, ANES T A SRR A [RMARRREAS 24T DNA
AR I AT 5T, S 4 T 35 T 805 PCR BOR
Ay 3 DR PR R A s G 4 [ B S AR 2 W P Y
B BERE , WHgIF R T 3 T35 PCR R
He AL R AN TR A 0192 W R ) R
LR
EARSRE AR T —LL);
SEALEIN JEAT S AR T AU RIS

5 R0 PCR AR X F
HENTRH T

T A AR ST, 6 R 0 Y B I T
EAE 1) W i — DR R . A AR AT )
THASEMIFFE N BRI PR 2 A XA 26 D HR Ak G )
B AR IR AE A A T e 8%, HE3h B T 407 PCR iy &
WA EE A KR, BB ESE | e H e
S A 2 TR AN B I RAZ W AL I . 55
Fb, FIHECF PCR (AT H A0 %) s A I A LA
e R UL, (B B D IR
Ko EREMR., TFELWAREE, HRMELIHZ
HARY 0 RIS REIN , 3x SE PR 2 BHAS 1 ARG R )
E— 20 N L IO R R R R .
W AR B AR AE BN B2 W b A58 T
H1. BT DNA H AR 1) 558 228 8 R e i 19 2B )
SRS, RS R L SCE MR 2 DNA H
FEAL KGN E A L . AR PR — P R R R
H AR S 507 PCRGS R A &, (H—{kfk
FRCS R T AR AR A ok . IR, Sl A B A% TR
PRI, VA R Ak B RN R Ak AR 5 1 B0 PCR
PHEROR S A, S R A REAR ZE gt e
RO, I LR FH 28 5 T AT A i - 2
M EAERE Y. I, TS W
ERAMCYE R E B AR S, BNSZ
R BAESS A5, B2 W s tE . Bk H
TR A3 T LR AH G iy H Ak pr it 2
B, AHEATEEA BA X JE R E ) & — 8 5
PR, T DA SR A OCRIFIE N D e IR B B S R ) J e
AR ICY) . Aok, AW EALEER o, 78
ﬁhﬁﬁ ST AE YIRS, G PSR ARR
RSB BAREN RS, s U AR
FE CpG A s AN IX IR, HEBR AN GG 19 CpG 7 5,
KU A A W) A e e 2 . IR FEAR K

ARk, i PUBCY PCR ORI B 7 A% DBk
AR IC AN 5 VAN A6 3 A DG RE R i Y A 5
W, A EMOAE S W I B DA
MME 2 R T B
2 % X W

[1]  Gorgannezhad L, Umer M, Islam M N, et al. Circulating tumor
DNA and liquid biopsy: opportunities, challenges, and recent
advances in detection technologies. Lab on a Chip, 2018, 18(8):
1174-1196

[2]  Willams P M, Conley B A. Clinical application of liquid biopsies.
JAMA Oncology,2016,2(8): 1003-1005

[3]  Hashimoto Y, Zumwalt T J, Goel A. DNA methylation patterns as

noninvasive biomarkers and targets of epigenetic therapies in



2019; 46 (11) BE, £ BERKELHE

: HIFPCRIEMDNAFEAL <1097

(4]

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

colorectal cancer. Epigenomics, 2016, 8(5): 685-703

Hao X, Luo H, Krawczyk M, et al. DNA methylation markers for
diagnosis and prognosis of common cancers. Proc Natl Acad Sci
USA,2017,114(28): 7414-7419

Tang Q, Cheng J, Cao X, et al. Blood-based DNA methylation as
biomarker for breast cancer: a systematic review. Clinical
Epigenetics,2016,8: 115

Qin Z, Ljubimov V A, Zhou C, et al. Cell-free circulating tumor
DNA incancer. ChinJ Cancer, 2016, 35:36

Wan J C, Massie C, Garcia-corbacho J, et al. Liquid biopsies come
of age: towards implementation of circulating tumour DNA.
Nature Reviews Cancer, 2017, 17(4): 223-228

Yu M, Carter K T, Makar K W, et al. Methylight droplet digital
PCR for detection and absolute quantification of infrequently
methylated alleles. Epigenetics, 2015, 10(9): 803-809

Cui X, Cao L, Huang Y, et al. In vitro diagnosis of DNA
methylation biomarkers with digital PCR in breast tumors. The
Analyst,2018,143(13):3011-3020

CriderK S, Yang T P, Berry R J, et al. Folate and DNA methylation:
a review of molecular mechanisms and the evidence for folate's
role. Advances in Nutrition, 2012, 3(1): 21-38

Schubeler D. Function and information content of DNA
methylation. Nature, 2015,517(7534):321-326

Ciriello G, Miller M L, Aksoy B A, et al. Emerging landscape of
oncogenic signatures across human cancers. Nature Genetics,
2013,45(10): 1127-1133

Hong B, Van den heuvel A P, Prabhu V, er al. Targeting tumor
suppressor p53 for cancer therapy: strategies, challenges and
opportunities. Current Drug Targets, 2014, 15(1): 80-89

Heng H H, Bremer S W, Stevens J B, et al. Chromosomal
instability (cin): what it is and why it is crucial to cancer evolution.
Cancer and Metastasis Reviews, 2013,32(3-4): 325-340

Kelly A D, Issa J P J. Epigenetics and cancer. Genes &
Development, 2016, 18(19):2315-2335

Tongelen A V, Loriot A, Smet C D. Oncogenic roles of DNA
hypomethylation through the activation of cancer-germline genes.
Cancer Letters,2017,396: 130-137

NgJ, YuJ. Promoter hypermethylation of tumour suppressor genes
as potential biomarkers in colorectal cancer. International Journal
of Molecular Sciences, 2015, 16(2): 2472-2496

Chen W-D, Han Z J, Skoletsky J, et al. Detection in fecal DNA of
colon cancer - specific methylation of the nonexpressed vimentin
gene. JNCI: Journal of the National Cancer Institute, 2005, 97(15):
1124-1132

Wong I HN, Dennis Lo Y M, Zhang J, et al. Detection of aberrant
p16 methylation in the plasma and serum of liver cancer patients.
Cancer Research, 1999,59(1): 71-73

Lu C, Soriaj J-C, Tang X, et al. Prognostic factors in resected stage
I non - small-cell lung cancer: a multivariate analysis of six
molecular markers. Journal of Clinical Oncology, 2004, 22(22):
4575-4583

Brock M V, Hooker C M, Ota-machida E, et al. DNA methylation

[22]

[23]

[24]

(23]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[33]

[36]

markers and early recurrence in stage I lung cancer. New England
Journal of Medicine, 2008,358(11): 1118-1128

Esteller M, Garcia-foncillas J, Andion E, et al. Inactivation of the
DNA-repair gene mgmt and the clinical response of gliomas to
alkylating agents. New England Journal of Medicine, 2000,
343(19): 1350-1354

Roupr T M, Hupertan V, Yates D R, ez al. Molecular detection of
localized prostate cancer using quantitative methylation-specific
PCR on urinary cells obtained following prostate massage.
Clinical Cancer Research, 2007, 13(6): 1720-1725

Watanabe Y, Kim H S, Castoro R J, ef al. Sensitive and specific
detection of early gastric cancer with DNA methylation analysis of
gastric washes. Gastroenterology, 2009, 136(7): 2149-2158
Harbeck N, Nimmrich I, Hartmann A, et al. Multicenter study
using paraffin-embedded tumor tissue testing pitx2 DNA
methylation as a marker for outcome prediction in tamoxifen-
treated, node-negative breast cancer patients. Journal of Clinical
Oncology,2008,26(31): 5036-5042

Alumkal J J, Zhang Z, Humphreys E B, et al. Effect of DNA
methylation on identification of aggressive prostate cancer.
Urology, 2008, 72(6): 1234-1239

Taniguchi T, Tisvhkowitz M, Ameziane N, ef al. Disruption of the
fanconi anemia - brca pathway in cisplatin-sensitive ovarian
tumors. Nature Medicine, 2003, 9(5): 568-574

Satoh A, Toyota M, litoh F, et al. Epigenetic Inactivation of chfr
and sensitivity to microtubule inhibitors in gastric cancer. Cancer
Research,2003,63(24): 8606-8613

Chaudhry P, Srinivasan R, Patel F D. Utility of gene promoter
methylation in prediction of response to platinum-based
chemotherapy in epithelial ovarian cancer (eoc). Cancer
Investigation, 2009, 27(8): 877-884

Kurdyukov S, Bullock M. DNA methylation analysis: choosing
the right method. Biology, 2016, 5(1). Pii:E3

Edwards J R, Yarychkivska O, Boulard M, et al. DNA methylation
and DNA methyltransferases. Epigenetics Chromatin, 2017,10:23
Stark A, Dong J S, Pisanic T, et al. A parallelized microfluidic DNA
bisulfite conversion module for streamlined methylation analysis.
Biomedical Microdevices, 2016, 18(1): 5

Shi W, Jia L, Zhang L, et al. Methylrad: a simple and scalable
method for genome-wide DNA methylation profiling using
methylation-dependent restriction enzymes. Open Biology, 2015,
5(11). pii: 150130

Zhang L, Xu'Y Z, Xiao X F, et al. Development of techniques for
DNA-methylation analysis. Trac Trends in Analytical Chemistry,
2015,72:114-122

Xu Z, Yin H, Huo L, et al. Electrochemical immunosensor for
DNA methyltransferase activity assay based on methyl cpg-
binding protein and dual gold nanoparticle conjugate-based signal
amplification. Sensors & Actuators B Chemical, 2014, 192(192):
143-149

Hua D, Hu 'Y, Wu Y'Y, ef al. Quantitative methylation analysis of

multiple genes using methylation-sensitive restriction enzyme-



<1098

EMUFESEYWIRHR

Prog. Biochem. Biophys.

2019; 46 (1D

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

based quantitative PCR for the detection of hepatocellular
carcinoma. Experimental & Molecular Pathology, 2011, 91(1):
455-460

Frommer M, Mcdonald L E, Millar D S, et al. A genomic
sequencing protocol that yields a positive display of 5-
methylcytosine residues in individual DNA strands. Proc Natl
AcadSciUSA, 1992,89(5): 1827-1831

Herman J G, Graff J R, Myohanen S, et al. Methylation-specific
PCR: anovel PCR assay for methylation status of cpg islands. Proc
Natl Acad Sci USA, 1996, 93(18): 9821-9826

Alkhalaf M A, Guiver M, Cooper R J. Prevalence and quantitation
of adenovirus DNA from human tonsil and adenoid tissues. Journal
of Medical Virology, 2013, 85(11): 1947-1954

Scher M B, Elbaum M B, Migilevkin Y, et al. Detecting DNA
methylation of the bcl2 , cdkn2a and nid2 genes in urine using a
nested methylation specific polymerase chain reaction assay to
predictbladder cancer. J Urol, 2012, 188(6): 2101-2107

Campan M, Weisenberger D J, Trinh B, et al. Methylight and
digital methylight. Methods Mol Biol, 2018, 1708: 497-513
ZhouJ, CaoJ, Lu Z, et al. A 115-bp methylight assay for detection
of p16 (cdkn2aA) methylation as a diagnostic biomarker in human
tissues. BMC Medical Genetics, 2011, 12: 67

Um T-H, Kim H, Oh B-K, et al. Aberrant cpg island
hypermethylation in dysplastic nodules and early hce of hepatitis b
virus-related human multistep hepatocarcinogenesis. Journal of
Hepatology, 2011,54(5): 939-947

Olkhov-mitsel E, Zdravic D, Kron K, et al. Novel multiplex
methyLight protocol for detection of DNA methylation in patient
tissues and bodily fluids. Scientific Reports, 2014, 4: 4432
Hussmann D, Hansen L L. Methylation-sensitive high resolution
melting (ms-hrm). Methods Mol Biol, 2018, 1708: 551-571

Xiao Z, Li B, Wang G, et al. Validation of methylation-sensitive
high-resolution melting (ms-hrm) for the detection of stool DNA
methylation in colorectal neoplasms. Clinica Chimica Acta, 2014,
431:154-163

Di Meo A, Bartlett J, Cheng Y, et al. Liquid biopsy: a step forward
towards precision medicine in urologic malignancies. Molecular
Cancer,2017,16(1): 80

Kachakova D, Mitkova A, Popov E, et al. Combinations of serum
prostate-specific antigen and plasma expression levels of let-7c,
mir-30c, mir-141, and mir-375 as potential better diagnostic
biomarkers for prostate cancer. DNA and Cell Biology, 2014,
34(3): 189-200

Warren J D, Xiong W, Bunker AM, et al. Septin 9 methylated DNA
is a sensitive and specific blood test for colorectal cancer. BMC
Medicine, 2011,9: 133

Church T R, Wandell M, Lofton-day C, et al. Prospective
evaluation of methylated sept9 in plasma for detection of
asymptomatic colorectal cancer. Gut, 2014, 63(2): 317-325
Spitzwieser M, Holzweber E, Pfeiler G, et al. Applicability of hin-
1, mgmt and rassfla promoter methylation as biomarkers for

detecting field cancerization in breast cancer. Breast Cancer

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

Research, 2015,17: 125

Chimonidou M, Strati A, Malamos N, et al. Sox17 promoter
methylation in circulating tumor cells and matched cell-free DNA
isolated from plasma of patients with breast cancer. Clinical
Chemistry, 2013, 59(1):270-279

Klajic J, Busato F, Edvardsen H, et al. DNA methylation status of
key cell-cycle regulators such as cdkna2/p16 and ccnal correlates
with treatment response to doxorubicin and 5-fluorouracil in
locally advanced breast tumors. Clinical Cancer Research, 2014,
20(24): 6357-6366

Elshimali Y I, Khaddour H, Sarkissyan M, et al. The clinical
utilization of circulating cell free dan (ccfDNA) in blood of cancer
patients. International Journal of Molecular Sciences, 2013, 14(9):
18925-18958

Xiang T X, Yuan Y, Li L L, ef al. Aberrant promoter cpg
methylation and its translational applications in breast cancer.
Chinese Journal of Cancer,2013,32(1): 12-20

Park J W, Baek I H, Kim Y T. Preliminary study analyzing the
methylated genes in the plasma of patients with pancreatic cancer.
ScandJ Surg,2012,101(1): 38-44

Liggett T E, Melnikov A, Y1 Q, et al. Distinctive DNA methylation
patterns of cell-free plasma DNA in women with malignant
ovarian tumors. Gynecologic Oncology, 2011,120(1): 113-120
Yul, Zhu T, Wang Z, et al. Anovel set of DNA methylation markers
in urine sediments for sensitive/specific detection of bladder
cancer. Clinical Cancer Research, 2007, 13(24): 7296-7304
Kandimalla R, Van Tilborg A A, Zwarthoff E C. DNA methylation-
based biomarkers in bladder cancer. Nature Reviews Urology,
2013,10(6):327-335

Rettori M M, De Carvalho A C, Bomfim Longo A L, et al.
Prognostic significance of timp3 hypermethylation in post-
treatment salivary rinse from head and neck squamous cell
carcinoma patients. Carcinogenesis, 2013, 34(1):20-27

Hubers A J, Heideman D A M, Burgers S A, et al. DNA
hypermethylation analysis in sputum for the diagnosis of lung
cancer: training validation set approach. British Journal of Cancer,
2015,112(6): 1105-1113

Liu B L, Cheng J X, Zhang W, et al. Quantitative detection of
multiple gene promoter hypermethylation in tumor tissue, serum,
and cerebrospinal fluid predicts prognosis of malignant gliomas.
Neuro-oncology, 2010, 12(6): 540-548

Balgkouranidou I, Matthaios D, Karayiannakis A, et al. Prognostic
role of apc and rassfla promoter methylation status in cell free
circulating DNA of operable gastric cancer patients. Mutat Res,
2015,778:46-51

Wong T S, Kwong D L W, Sham J S T, et al. Quantitative plasma
hypermethylated =~ DNA  markers  of  undifferentiated
nasopharyngeal carcinoma. Clinical Cancer Research, 2004,
10(7):2401-2406

Chimonidou M, Strati A, Malamos N, et al. Sox17 promoter
methylation in circulating tumor cells and matched cell-free DNA

isolated from plasma of patients with breast cancer. Clinical



2019; 46 (11) BE, £ BERKELHE

: HIFPCRIEMDNAFEAL <1099

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

Chemistry, 2013,59(1):270-279

Elshimali Y, Khaddour H, Sarkissyan M, et al. The clinical
utilization of circulating cell free DNA (ccfDNA) in blood of
cancer patients. International Journal of Molecular Sciences,
2013,14(9): 18925-18958

Hoque M O, Feng Q, Toure P, et al. Detection of aberrant
methylation of four genes in plasma DNA for the detection of
breast cancer. Journal of Clinical Oncology, 2006, 24(26): 4262-
4269

Li J, Zhu J, Hassan M M, et al. K-ras mutation and pl6 and
preproenkephalin promoter hypermethylation in plasma DNA of
pancreatic cancer patients: in relation to cigarette smoking.
Pancreas, 2007,34(1): 55-62

Ponomaryova A A, Rykova E Y, Cherdyntseva N V, et al.
Potentialities of aberrantly methylated circulating DNA for
diagnostics and post-treatment follow-up of lung cancer patients.
Lung Cancer, 2013,81(3): 397-403

Zhang Q, Hu G, Yang Q, et al. A multiplex methylation-specific
PCR assay for the detection of early-stage ovarian cancer using
cell-free serum DNA. Gynecologic Oncology, 2013, 130(1):
132-139

Zhao F, Olkhov-Mitsel E, Van Der Kwast T, ef al. Urinary DNA
methylation biomarkers for noninvasive prediction of aggressive
disease in patients with prostate cancer on active surveillance. J
Urol,2017,197(2): 335-341

Renard I, Joniau S, Van Cleynenbreugel B, et al. Identification and
validation of the methylated twistl and nid2 genes through real-
time methylation-specific polymerase chain reaction assays for
the noninvasive detection of primary bladder cancer in urine
samples. European Urology, 2010, 58(1): 96-104

Daniunaite K, Jarmalaite S, Kalinauskaite N, e al. Prognostic
value of rassfl promoter methylation in prostate cancer. J Urol,
2014,192(6): 1849-1855

Gaykalova D A, Vatapalli R, Wei Y, et al. Outlier analysis defines
zinc finger gene family DNA methylation in tumors and saliva of
head and neck cancer patients. Plos One, 2015,10(11): 0142148
Rettori M M, De Carvalho A C, Bomfim Longo A L, et al.
Prognostic significance of timp3 hypermethylation in post-
treatment salivary rinse from head and neck squamous cell
carcinoma patients. Carcinogenesis, 2012, 34(1): 20-27

Arantes L M, De Carvalho A C, Melendez M E, et al. Validation of
methylation markers for diagnosis of oral cavity cancer. European
Journal of Cancer, 2015,51(5): 632-641

Hubers A, Heideman D, Burgers S, ef al. DNA hypermethylation
analysis in sputum for the diagnosis of lung cancer: training
validation set approach. British Journal of Cancer, 2015, 112(6):
1105-1113

Baker M. Digital PCR hits its stride. Nature Methods, 2012, 9(6):
541-544

Hindson C M, Chevillet J R, Briggs H A, et al. Absolute

quantification by droplet digital PCR versus analog real-time

[80]

[81]

[82]

[83]

[84]

(85]

[86]

[87]

(88]

[89]

[90]

[91]

[92]

[93]

PCR. Nature Methods,2013,10(10): 1003-1005

Morishita S, Takahashi K, Araki M, et al. Melting curve analysis
after t allele enrichment (melcatle) as a highly sensitive and
reliable method for detecting the Jak2v617f mutation. Plos One,
2015,10(3): 0122003

Stabley D L, Harris A W, Holbrook J, et a/. Smn1 and smn2 copy
numbers in cell lines derived from patients with spinal muscular
atrophy as measured by array digital PCR. Mol Genet Genomic
Med, 2015, 3(4): 248-257

Sefrioui D, Sarafan-Vasseur N, Beaussire L, et al. Clinical value of
chip-based digital-PCR platform for the detection of circulating
DNA in metastatic colorectal cancer. Dig Liver Dis, 2015, 47(10):
884-890

Lemos D R, Babaeijandaghi F, Low M, et al. Nilotinib reduces
muscle fibrosis in chronic muscle injury by promoting tnf-
mediated apoptosis of fibro/adipogenic progenitors. Nature
Medicine, 2015,21(7): 786-794

Jahn M, Vorpahl C, Turkowsky D, et al. Accurate determination of
plasmid copy number of flow-sorted cells using droplet digital
PCR. Analytical Chemistry, 2014, 86(12): 5969-5976

Strain M C, Lada S M, Luong T, ez a/. Highly precise measurement
of HIV DNA by droplet digital PCR. Plos One, 2013, 8(4): 55943
Taly V, Pekin D, El Abed A, et al. Detecting biomarkers with
microdroplet technology. Trends in Molecular Medicine, 2012,
18(7):405-416

Cao L, Cui X, Hu J, ef al. Advances in digital polymerase chain
reaction (dPCR) and its emerging biomedical applications.
Biosensors and Bioelectronics, 2017, 90: 459-474

Wiencke J K, Bracci P M, Hsuang G, et al. A comparison of DNA
methylation specific droplet digital PCR (ddPCR) and real time
qPCR with flow cytometry in characterizing human t cells in
peripheral blood. Epigenetics, 2014, 9(10): 1360-1365

Hayashi M, Guerrero-Preston R, Sidransky D, et al. Paired box 5
methylation detection by droplet digital PCR for ultra-sensitive
deep surgical margins analysis of head and neck squamou cell
carcinoma. Cancer Prevention Research, 2015,8(11): 1017-1026
Barault L, Amatu A, Bleeker F E, et a/. Digital PCR quantification
of mgmt methylation refines prediction of clinical benefit from
alkylating agents in glioblastoma and metastatic colorectal cancer.
Annals of Oncology, 2015, 26(9): 1994-1999

Sartore-Bianchi A, Pietrantonio F, Amatu A, ez al. Digital PCR
assessment of mgmt promoter methylation coupled with reduced
protein expression optimises prediction of response to alkylating
agents in metastatic colorectal cancer patients. European Journal
of Cancer, 2017,71:43-50

Weisenberger D J, Trinh BN, Campan M, et al. DNA methylation
analysis by digital bisulfite genomic sequencing and digital
methylight. Nucleic Acids Research, 2008, 36(14): 4689-4698

Wu Z, Bai Y, Cheng Z, et al. Absolute quantification of DNA
methylation using microfluidic chip-based digital PCR. Biosens
Bioelectron,2017,96: 339-344



+1100- EYUZSEYYIEH#RE  Prog. Biochem. Biophys. 2019; 46 (11)

New Path of Cancer Liquid Biopsy:
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Abstract Early diagnosis of cancer can increase the survival rate of patients. Minimally invasive liquid biopsy
can avoid the problems of invasion and heterogeneity of traditional tumor biopsy methods, also is becoming a new
approach for cancer diagnosis. In addition, DNA methylation as a marker to predict the occurrence and
development of cancer has aroused more and more researchers' interest. But the traditional DNA methylation
detection methods usually possess poor sensitivity and false positive. In recent years, digital PCR technology has
been used for quantitative detection of DNA methylation because of its super sensitivity, better accuracy and the
advantage of absolute quantification of nucleic acids without standard curve. Firstly, this review introduced the
relationship between DNA methylation and carcinogenesis, then summarized the traditional detection methods of
DNA methylation and their applications in clinical cancer early diagnosis. Secondly, the digital PCR based on
different methods of nucleic acid sample dispersion and its advantages in the detection of DNA methylation are
elaborated. Also, this review summarized the specific steps of using digital PCR to detect DNA methylation in
body fluids for cancer diagnosis. Finally, we reviewed the research results and application progress of digital PCR
in cancer DNA methylation detection. The possible challenges in the future of digital PCR in cancer DNA
methylation detection are put forward and the opportunity of digital PCR in cancer liquid biopsy are prospected.
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