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M, R  ddPCR #% | Septin9 A B ¥ A AL B & 69 stk 71 4 53K AR E 4 % 4 500 nmol/L 5 200 nmol/L, &
AR KB E A 56 C, RAEMEIRFA 45 Kk, ZHXBEAR, £5~10" HN/ LB AR, EEEIRI., ddPCR ¥
M Septing A B ¥ AR ALK E XA B IR A 0. 422% , B 845 5% 12 %) Septin9 A B ¥R ALTO R T 4x 5, M % E P
Bk, BRERIRRELAE RN ERE T FAK>ANA 1.340 0% 5 3.330 0%, 2R BR, EHERKLE
REFIAMARGFTRARIEHS 10 RELAENGFAEFSERREFESES A 100%., & ARRAER 2
R 27 ,ddPCR ##] Septin9 A& B ¥ A 4L sf CRC 4869 ZHE 4 82.61% (95%CI 66.10% ~99.10%) , 4 7+ &
1 78.38%(95%CI 65.20%~91.60%) . & F @4 A 0.881 3(95%CI 0.784 0~0.978 6), &it #ZARE
3. # ddPCR #: | CRC # Septin9 & B W A AL 8 7 ik LA 8 569 Z AL 455 B M5B B EHE R RD bk
B, T A CRC 89 F- 035 by A= Wl 04 77 324 T SE 9 R R F 8¢,
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Establishment and performance evaluation of a droplet digital PCR method for
detecting of Septin9 gene methylation in colorectal cancer’
ZHANG Jing,JI Xuyao . YANG Wenzu ,LIU Yu®
Department of Clinical Laboratory sthe Fourth Affiliated Hospital of Harbin
Medical University , Harbin , Heilongjiang 150001,China
Abstract: Objective To establish a droplet digital PCR (ddPCR) method for detecting the Septin9 gene
methylation in colorectal cancer (CRC) and evaluate its performance. Methods Specific primers and probes
were designed for the methylation of Septin9 gene. The reaction conditions of ddPCR for Septin9 gene methyl-
ation detection were optimized, including primer and probe concentrations, annealing temperature and cycle
number. A ddPCR method to detect the methylation of Septin9 gene was established. The linearity, sensitivi-
ty,specificity, precision,accuracy and clinical diagnostic accuracy of the established method were evaluated by
detecting methylation reference materials and clinical samples. Results The optimal concentrations of primers
and probes were 500 nmol/L and 200 nmol/L,respectively. The optimal annealing temperature was 56 ‘C and
the optimal number of cycles was 45. The linearity test showed good linearity in the range of 5—10" copy/re-
action,and the preset detection limit of Septin9 gene methylation concentration detected by ddPCR was
0.422% ,which could specifically identify Septin9 gene methylation positive control. In precision evaluation,
the coefficients of variation of high concentration and low concentration reference materials were 1. 340 0%
and 3. 330 0% ,which met the relevant requirements. The results of accuracy test showed that the positive co-

incidence rate and negative coincidence rate of 10 repeated tests of methylation quality control samples of 3

x EE&IB.EHZKAA/R¥IEESTH(82272389),
EEBN K L, WO AR, EE N R R I 5 R AR S, BIS1EE . E-mail: rainfall1982@163. com,



E R4 I E 5 22 % 2025 48 3 I % 46 %% 6 #  Int J Lab Med,March 2025, Vol. 46,No. 6 o 647

batches were both 100%. The results of clinical samples showed that the sensitivity and specificity of ddPCR
detection of Septin9 gene methylation in CRC group were 82.61% (95%CI 66.10%—99.10%) and 78.38%
(95%CI 65.20%—91.60%) srespectively. The area under the curve was 0. 881 3 (95%CI 0.784—0.978 6).
Conclusion The ddPCR method for detection of Septin9 gene methylation in CRC has high sensitivity, speci-

ficity, precision,accuracy and clinical diagnostic accuracy. It can provide a reliable technical means for early di-

agnosis, monitoring and treatment of CRC.
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BEit o Bt » S AR S b o il 22 T o i X IR 2 F S D
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2 W Ak — ol T o 2R A L AT S A T B
1 BEME5RH%E
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RS DA . B 2 3 T B A v L AR A TR YA T 2 SR
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4] DNA.SDC2 Jt 5 B 3 Ak BH 4 0 42 & i A7 K
PLddH, O 1B 28 R IR, 088 2 75 AR A PH 1 7940
VENIZ T e 5
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1.3.10 G RARA IR a2 B C 57 1) ik
WeAR 1 60 Ml I PR AR AS 3E AT 4 I, 3K BCREAS bR A

Septing K K Ak ré) A6 0 45 4l o R ARSI 25 SR 51 R
WA R AT B, PR ARG DU O % CRC i K12
VBT £7%) o 1 4

1.4 Siir2ghb# R Excel2021 # . SPSS26. 0
BT84 M Graphpad prism8. 0 #E47 8045 40 35 #r .
2 % S

2.1 ddPCR W W& 4l & 3, 551 Pk
24 500 nmol/L, #REF W E R 200 nmol/ L B, BF BH & 7
Oy B RRE d U s A A TR R AR E R AR TR E R
56 °C i 1 BH VR 43 B R B o5 W 0 5 A 3R Uk 8093 )k
35.40.45.50 K ddPCR #EFTHF 5T . 45 5 7R 2446 26
WELH 45 S BT BRI 7 s fE e e W . R T UL B
SR IEFRI SR AT R AL

2.2 LML R ddPCR K Septing J K T 3%
HETE 5~10" ¥ D1/ SO N 52 B i J3E 0 B0 5 PO vk
BEXF B 2t [BLE 7 2 Y=0. 970 9X +0. 148 4,
R*=0.999 0,48 R4r, WL 1,

57 v=0.970 9x+0. 148 4

R?=0.999 0
P<0.000 1
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T
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ISR E X A
E1 ddPCR # U B SEBR iR BE X 8B S 3R I8 IR =
MHELEX R

2.3 REERRS 30 ng/pL NEEH 40 B # 5
T, B R L E 1. 000 0%.,0.500 0%, 0.250 0%,
0.125 0% .0. 062 5% 5 4 [ £t 2 43 51 iy 100 % .
100%6.55% ,40% 5 10 % , HE % [9] 19 43 #7 45 3 R
ddPCR £ ] Septin9 %t B H 3 fb ¥k & LoD K
0.422%(95%CI 0.344%~0.570%),

2.4 FEREIRELE  Septin9 KK H AL FH M R
e FAM iS5 VIC @ (N 2 iE) H K il E|
B i BH A5 5 iR B AR R I 41 DNA R B3Rk %
B R 2H DNA (SDC2 P FY 3 4k BH 4 ot 458 i HAE
VIC B (N 23 1) Hok il 2 B W B {5 5 . FAM
iH JE (Septin9 & A Y BE Ak 38 18D AR & DU 2045 %, 25 1
HAE W TE R Wos PS5, R B ddPCR #¢ 5 2
RE, WE 2.,

2.5 HEEEIAKLER HTF ddPCR E =K Sep-
ting FE K P RALAE BN SR ILE 1, EIKE Sep-
tin9 HE K H A 2 7% 0 AR B Septing 5 A HH 36 4L
SH LR EA S RECV) 4518 1. 340 0% F
3.330 0%, W 2 CV<<5 WY ER
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A Sh Septing Fe P 3 Ak PR BT 45 0 B9 ddPCR K 25 4 5 B S HE I 3L A0 36 I 41 DNA B9 ddPCR K i 25 5 5 C iy o WY 3 Ak 7% 1k i 3 [ 41
DNA [ ddPCR Kl &5 5 ;D & SDC2 % [H H Ak B 45 1Y ddPCR K 25 238 s E s 1 BRARE i (1 ddPCR 4G 45 21 5 K £ sk 28 7R SURH P
T 5 W5 B USSR Septing JE P 56 Ak BH - V0075 5 % 60 WS 38 7R P 2 3 TR BRI Y00 20 68 Bl R Septing 56 B H 3K 46 5 9 2 SRR M TR
B 2 ddPCR # iUl Septin9 EE R ELXEREDT

x1 ddPCR #& i Septin9 £ FH B E X B2 ETMH

= JE Septin9
I H FHE B IS E &
(log10 45 U1 /)2 i)

¥ & Septin9
FLHEH IS 5
(log10 #5 U /R Ji)

MBI 3.993 3 1.116 0
HEMT5 22 0.001 7 0.001 1
L PN b o 22 0.041 2 0.032 5
HE 18] b5 v 22 0. 040 4 0.082 3
1) 7 22 0.001 7 0. 006 8
N 7 22 /4L 1A O 22 1.000 0 0.155 6
T2 0.002 9 0.001 4
S b 22 0.053 5 0.037 1

2.6 DRI 45 3 LR B Septing F K HI
FeAb By BT REAE i 10 YR S A I v, A I &5 2R s B
PEFF & R HMERT A R 100 %, 3 B2 A6 I 5 35 i
1 B R AT
2.7 IGIRARAAE M L5 CRC 4% ddPCR g
Septin9 % K H JE 4k fHPE 19 #l, 9F CRC 41 & &
ddPCR #& ] Septin9 % K H1 £ 4L BH 4 8 ], ddPCR
Kl Septin9 J P H L A6 X CRC 4 1 R B
82.61% (95%CI 66. 10% ~ 99. 10%), 4% 5 & K
78.38%(95% CI 65. 20% ~91. 60%), #h £& T 1 FX
(AUC) K 0.881 3(95%CI 0.784 0~0.978 6),
3 it ®

CRC {1 g —Ffr ™ 25 Jl Joip N 25 il B 1) 0 P i vg L
15 29 A L 12 W R 0 B0 iR 15 e 3% . CRC
ORI Y0 e R N e e s B s R A [ = T
FH ARSIy 3 A7 Sy BRAAE S 33 hy i 0 G 0 6 AR )
SEARBE T By, MR EEEAE g DNA B AR &)

Jre 9 B v RO RRR S EE L Ol CRC B2 W fit 1
BB, Horb, Septing 3 K JE ALK I EL 4K FDA
IV FH T 6 PR 07 A (EL B ARG T 32 A S AR i e
RIE R A B R, B A ddPCR # R 5 % 48
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TgRE 55 5 B O AR R AR 1Y 3 A CRE L B R T A R Ak
A bR A I B AL CG A7 A 0 o 1 5 5, A1) Hh 3%
AT blocker Gl ¥ 4 AR, IF X 519 5 %540 47 T 8%
R A 2E A M . 53 Ah o A 3R B A %) i 25 A, A
FERT ST ddPCR J7 3k 1 B 45 40 3R 47 IR 4k . 1 %8
FE T LR OO B W BB TR BE HEAT 0 R L Y 5 Wk EE Ry
500 nmol/L. 51 B K 200 nmol/L A, B BH ¥ 3% 43
B K. ddPCR BB IR B 2 i 8 2 1 52
PCR S50, X F 2 0 A e S 1 A B 22 52 I, G K TR B2
KARATRE SRR T3 31 L 3R JOR B 3o & SRR IR R
B R A AT IE 45 R R 56 °C N e fEIR AR
A3 G BR B R 6% 1 DR X H AR R 4y T AT A
St DT B o Tt A 000 390 o ) A TR L AR R A T P
5 RE RS BE L, A BE 5T U0 ARG R B 5 SR R T 45 K
S E

H @ ddPCR £l CRC Y Septin9 3 K F 3 Ak 7
G S ARG I Ty 1 0k RE HEAT T A T I R A T
fir. ELMERR SR M EITE 5~10"48 01/
T PN 5 S o e B X R 5 B U R N B S P R
ML PE R, LR IH T #BA Y =0. 970 9X +
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0.148 4,R*=0.999 0, X — = 4 M J& & iz ke I Oy
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SE D A v B L O o A BT B AL T AT SR A SRR . AE
R ERI 5 7F 30 ng/pl AFEFAME R T A
[7i) HY Ak B2 1) s A LA O [R] A A 1 %6, o, R
e BE 1. 000 0% H1 0. 500 0% Y bR A K i 3k )
100 %6 , T Bl 45 HY 56 b W B 10 B A1 L A o AT T T B
RE R [0] 9 4% #7435 B9 LoD B 0. 422% (95% CI
0.344%~0.570%) , @~ T 8 & 0 R AR GE 48 K
2] A AV o 3 1 FR R Ak, e 57 R a0 45 SR U S Sep-
tin9 & PR G b BH P 5T 458 o 8 AH N 38 JE A W B Pk
S5 AR B R AR 3 Y ZH DNA 25 78 $5 o 18 18 AR 46
FMET 2 VA AE W58 GE Y R A S, e T
ddPCR H i 75 1 1Y B 445 5 B, R A% v ff X 43 R4k
AR AR AS . K 25 B PEA 25 5 v, 0 R R AR ok
FEH) Septing FEF H B S H L E CV 4451k
1.340 0% 3.330 0%, B J£ CV 5% I ZEKk ., %
BRI vk B B A AR e . tkAh. 3
AR B Septing 3 P 34k 5 #5 BE A 10 IR &R
R v, PR R A R AR A R0 1009, i —2
UESE 7 A Ty 0k 0 oE AR RE R A I R A A A T 45
R, ddPCR #1 Septin9 & B B 3E 4k % CRC 2H 1Y
RAE N 82.61% (95%CI 66.10%~99.10%) , ¥ 5
JE R 78.38% (95%CI 65.20%~91.60%),AUC K
0.881 3(95%CI 0.784 0~0.978 6,2 W 1% Jy 1% %}
CRC EAE&EMZWME .

LA K F ddPCR & f K il Septing JE K H b
TELE  RBRE 7 S B NS % BE L ME R BE D I R 12 W
HERPESE Dy R B @, CRC R i2 Wi fit 7
— A AR D T B, SR AR S BRI iR
B JEARA B A AT T 22 A 5 R S B Ok E —
HoEBEMAE X —H AR, I CRC Wi2iR ST Bk K
T,
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