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[Abstract] Objective To investigate the feasibility of using plasma methylation of ZNF582 in conjunction with EL-
MO1 to diagnose gastric cancer (GC). Methods Plasma samples from 47 GC patients and 63 individuals without relevant
gastrointestinal diseases were collected as the experimental and control groups, respectively, at The Affiliated Jiangning
Hospital of Nanjing Medical University. Methylation markers ZNF582 and ELLMO1 were quantified using Quantitative
Real-time Polymerase Chain Reaction (qPCR). Results The methylation level of ZNF582 in the GC group was significant-
ly higher than that in the control group (P<<0.0001), and the ELMO]1 methylation level was significantly elevated in the
GC group compared to the control group (P<C0. 05). The sensitivity of ELMO1 correlated significantly with the depth of
invasion and staging of GC, with higher sensitivity in stages T3-T4 compared to T1-T2 (12.5% ws 51.6%), and in sta-
ges M-IV compared to T-11 (22.7% ws 52%). Compared to stages | -1l GC, stages [[-IV GC showed higher sensitivi-
ty for ZNF582 (27.3% ws 56.0%). When methylation of ZNF582 and ELMO1 were combined, sensitivity increased,
compared to individual detection. Additionally, the methylation of ZNF582 and ELMOI1 demonstrates higher sensitivity
for T3-T4 and M-IV stages than for T1-T2 and [ -1 stages (31.2% wvs 71. 0%, 36.4% wvs 68. 0% , respectively), with
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statistically significant differences P << 0. 05). The ROC curve analysis revealed that area under curve (AUC) values for
methylation of ZNF582 and ELMO1 in distinguishing the GC group from the control group were 0.7270 (95% CI.
0.6277-0.8263) and 0. 7789 (95% CI: 0.6398-0.9180), respectively. When combined, the AUC increased to 0. 8990
(95%CI: 0.8411-0.9570). Conclusion The plasma methylation levels of ZNF582 and ELMOLI are higher than those in

the control group, exhibiting heightened sensitivity in detecting GC, and showing an association with clinical staging.

Combining these two methylation markers enhances the precision of GC diagnosis. Therefore, the utilization of plasma

ZNF582 and ELLMOL in diagnosing GC and predicting pathological staging holds potential clinical significance.
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Figure 1 Methylation levels of ZNF582 and ELMOL1 in the control group

and the GC group
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Table 1 Sensitivity of methylation of ZNF582 and ELMOL1 in detecting GC with different clinicopathological features

T i ZNF582 ELMO1 ZNF582+ ELMO1
PR (%) P UM VD) P R (20 P

P 51 0.551 0.077 0.498
% 32 37.5(12/32) 45.5(15/32) 56.3(18/32)
% 15 46.7(7/15) 20.0(3/15) 66.7(10/15)

FH () 0.243 0.766 0.116
<60 10 40.0(4/10) 40.0(4/10) 60.0(6/10)
60~70 16 25.0(4/16) 31.3(5/16) 37.5(6/16)
=70 21 52.4(11/21) 42.9(9/21) 71.4(15/21)

12 R 0.122 0.0099 0.009%
T1~T2 16 25.0(4/16) 12.5(2/16) 31.2(5/16)
T3~T4 31 48.4(15/31) 51.6(16/31) 71.0(22/31)

LA R 0.074 0.221 0.316
I 37 32.4(12/37) 32.4(12/37) 48.6(18/37)
H 10 70.0(7/10) 60.0(6/10) 90.0(9/10)

R 0. 589 0.117 0.278
I 17 35.3(6/17) 23.5(4/17) 47.1(8/17)
A 30 43.3(13/30) 46.7(14/30) 63.3(19/30)

TNM 43 0.047% 0.039% 0.030%
I~1 22 27.3(6/22) 22.7(5/22) 36.4(8/22)
M~V 25 56.0(14/25) 52.0(13/25) 68.0(17/25)

SR 0.772 0. 160 0.195
[ 4 25.0(1/4) 0.000/4) 25.0(1/4)
o 18 44.4(8/18) 33.3(6/18) 50.0(9/18)
{8 25 40.0(10/25) 48.0(12/25) 68.0(17/25)

e ARURE = BB/ CELBR M R IR X100 % ., SEIERE T1~T2 #AHL, OP<<0.05;5 TNM 4348 [ ~ [ #1% GC H 1k , @ P<0. 05,
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Table 2 ROC curve analysis of ZNF582 and ELMOL in diagnosing GC

Ei=R N e A AR BT (E EAREEr FHURE (%) R SERE (%) AUC 95%CI P
ZNF582 39. 45 0.63 72 91. 07 0.727 0 0.627 7~0. 826 3 <20. 001
ELMO1 35.95 0.42 65.22 77.42 0.778 9 0.639 8~0.918 0 <<0. 001
ZNF582+ELMO1 53. 49 0. 66 74.47 92. 06 0.899 0 0.841 1~0.957 0 <<0. 001
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Figure 2 ROC curve of combined detection of two methylation biomark-

ers for the diagnosis of GC

3 itig
AR GC ML IR B LT, I 8
R, HEAESRERE - NERNZHE,
Z W BoA B SN ok B I 22 R R 3R GRS R
FHEAE IR P AL I8 I A g ik IR 3R U0 35kt
A% J2 T 1 R 3 AR T R X R E 1) & A A B
FHRMT . ZNFs B8 UE SE AT O 8 45 T Ui £ R
J DAL 1 2 3 AT BEL BT 5 3% b 15 5 38 % . 2 5 b Jgg 4 it
XG5 PR T R BRI R AR Sy EE A Sk R AR
BLH L DNA WP TE B 48 B H R N h 3 3 iz
T, Ja sh F o A9 B 3 Mk ZNF582 i T 4 o ik
19q13. 43 X3k, Hoga it iy #Ed8 R I HA 9 DR R
1A~ KRAB-AB S5 #83 , H 3R 38 7 J2 I E 28 W 35t
EUTBR I EZEHLH . e TR R, R R TR
IRE A FHER ZNF281 il id F 8 microRNA-124 {2 ik
GC 4N MIE 5% 2 B MR A5 &K GC &
HINF582 W AL KPR F & TXHRA (P <
0.001),$&7R ZNF582 KA 7 8 + W Fe 4k K1 19 F- 5
AIRERZM T ZNF582 S By Rk 2 GC &4,
R R GC i i B b JCHE M A ) 25 FRAE L B2 R 3L
BECT M BB R, AR T GC B #H LK
ZNF582 5l R B # FRAE MM X S R B R 5
I~ 180 GC A, s CI~ IV 38D ) GC B 1

(R % S) 6 AR N A1 A S T B AT ik R 09 5% 7% 5 Tang
UV IE B ZNF582 F 3 Ak 7K S 7 6 £ 78 5 bR 4
Jif0 988 v AT R e R R S 1 L O L AR A3 Ak 1 i
AL LU g ZNF582 W 3L ALK F & F 4 b R 4 1 i
. MAEFIE IR B ZNF582 H AL /KOS5 b g 43
R K, T i — L5 UE 2. ELMO1 & H R %
5 M 5 4 248 0 L 4 T A ELAE T ORS AUHE A0 i A
W F e Ak iz 2l A ¥ OC AR T L 38 2 5 90 Ah i 4 8 i
HERRZES , AR M oPCR #2017 ELMO1 7£
GC iy B 3 A 7K P AU 25 R 8. 7w ELMO1
FAL K 2 = T X R AL (P <<0. 05) . 478 GC i3
i ELMO1 &4 K 8 3% FE. ELMOL 2K g2
5 GC W&, Pirini S HEZEEAG T 3 4 GC &
DAV DX WA 6 1 P 80 5 0% R e i) 4 R TR A Ry S P R
B3 IR 7E 4G ELMOL 76 9 i — 4135 B p o 2 1
J BT 34K, 9 H ELMO1 H 3 4k 7K SF 7T X 43
T E % AENE R GC, X —45187E TCGA
J?EJ?FE@#ZIKEM%%M@& AR — 0 T GC
BFSME MK ELMOL 3k 5 i R 2109 A7 OGPk, 45
SR 7R B T BE L PR 4391 e 3 I L IV 38D 1 3% EL-
MO1 BHM:RE &, £ ELMO1 #3515 GC 1k & Al
MMA K, TR A 3 E A E LA 5 — T
SR Y 3 A4 H Bk Aric ¥ ELMO1,ZNF569
HI Cl30rf18 BRAH M H 86% (95%CI:0.71~0.95)
1) GC, R 51k R 95 % . R4 ELMOL /9 H 3 Ak br
CIFE A BRI K 3 B8 ME R IX 4y GC 5 IE 4
BRSO IR 45 - — 8, AR, MK ZNF582
1 ELMOL 7E GC &35 v H A oK F 1835 38 5 itk 4h
ZNF582 fl ELMO1 Wy H B b4 & AUC [H#E &=
0.899 0(95% CI:0.841 1~0.957 0), H 95%CI #



+ 1320 - W3R E S 2025 5F 9 A

7 %5 %

9 # Med J] West China,September 2025, Vol. 37,No. 9

78 RUZA G A GC 12 W b L s i 3 iy o i P L R
HORE FIRR S B R L 25 R T, L X — DNA 3
T4l A7 GC [T A2 Wi b B 52 0 .

AR JE I S R AR 2 P R DU B R — AR AR A
PERY AT 42 2 BE i 04 I ROR I T B A B A — A
AR GC T H, RIFFRIFLIFEUE T —Fh 5k
T 2% DNA H AR 7 L 53 5048 00 5 A A 5 2B P
ZNF582 fil ELMO1, 25 3 i /R GC 41y ZNF582 Al
ELMO1 ¥ 18 3% & F %t B4l i B 3L ALK SF L I ALk &
R BE R, 43 WA GC b 7 T 1 U
ROC 487 % B, ZNF582 Bt A ELMO1 78 GC £ Wi
WERR R L 28 ZNF582 fil ELMOL 444 % GC A
BRI Wi (B . SR A 58 A A7 7 — 28 )5 B %
BN Bt FEA R BN R — DR B R 4

HLHI A5, 3 F 24 1 sﬁmﬁs,%mmuwzngz
K5E ZNF582 fil ELMO1 B2 Wit 4, b 17 ik — 2 1
TF 5 NI PR 3 36 DA 48 2R LA I DR S 8 b 1 o2 FH ¥ 77
4 g

13 ZNF582 F1 ELMO1 ) B 34k K S 75 T % 1R
L AERI GC A e BB ME L L5598 i R B I R
Oy IAH O K A SR A T HE S 2 W GC B i
PE, ¥ ZNF582 F1 ELMO1 FH? GC 112 Wb F i
N P 27 43 30 v A VA I R R X

(5% 3#k]

[1] LOPEZ M ], CARBAJAL J, ALFARO A L, et al.
istics of gastric cancer around the world[J]. Crit Rev Oncol,
2023, 181: 103841.

[2] SMYTH E C, NILSSON M, GRABSCH H 1, et al.
cancer[J]. Lancet, 2020, 396(10251): 635-648.

[3] SUZUKI H, YOSHITAKA T, YOSHIO T, etal.

Character-

Gastric

Artificial in-
telligence for cancer detection of the upper gastrointestinal tract
[J]. Dig Endosc, 2021, 33(2): 254-262.

(4] Efdide, EWF & SUR. ANTE G840 B 1k M B 7 B 9% R 02
R TR PR LT/OL]. PE#EE~%, 1-9[2025-02-17].

[5] TANG L, LIOU Y L, WAN Z R,etal. Aberrant DNA methyl-
ation of PAX1 SOX1 and ZNFjss, genes as potential biomarkers
for esophageal squamous cell carcinomalJ]. Biomed Pharmaco-
ther, 2019, 120: 109488.

[6] JINP, YOUP, FANG] Y, etal.

of two stool DNA tests and a fecal immunochemical test in detec-

Comparison of performance

ting colorectal neoplasm: a multicenter diagnostic study [ ] ].
Cancer Epidemiol Biomarkers Prev, 2022, 31(3): 654-661.

[7] USUI G, MATSUSAKA K, MANO Y,et al. DNA methyla-
tion and genetic aberrations in gastric cancer [ J ]. Digestion,
2021, 102(1) . 25-32.

[8] NIE YZ, GAO X C, CAI X Q. et al.
SEPTINY and RNF180 plasma markers for diagnosis and early

Combining methylated

detection of gastric cancer[J]. Cancer Commun (Lond), 2023,

43(11): 1275-1279.

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

DING M Y., WANG Q, ZHU W W, et al. DNA methylation-
mediated low expression of ZNFss52 promotes the proliferation,
migration, and invasion of clear cell renal cell carcinomal ]].
Clin Exp Nephrol, 2023, 27(1): 24-31.

JUAN Y C, SU Y F, BAI C H,etal. ZNFss; hypermethylation
as a prognostic biomarker for malignant transformation of oral
lesions[J]. Oral Dis, 2023, 29(2): 505-514.

YANG WP, ZHANG Z D, LI L, et al. ZNF;5; overexpression
restrains the progression of clear cell renal cell carcinoma by en-
hancing the binding of TJP2 and ERK2 and inhibiting ERK2
phosphorylation[J]. Cell Death Dis, 2023, 14(3): 212.
LICK, YIJ M, JIE H Q, et al. Acetylation of ELMO]1 corre-
lates with Racl activity and colorectal cancer progress[J]. Exp
Cell Res, 2024, 439(1): 114068.
CHEN J G, LI G M, HE X W, ez al. ELMOI1 ameliorates in-
testinal epithelial cellular senescence via SIRT1/p65 signaling in
inflammatory bowel disease-related fibrosis[J]. Gastroenterol
Rep (Oxf), 2024, 12: goae045.

PIRINI F, NOAZIN S, JAHUIRA-ARIAS M H,et al. Early
detection of gastric cancer using global, genome-wide and IRF4,
ELMO1, CLIP4 and MSC DNA methylation in endoscopic biop-
sies[J]. Oncotarget, 2017, 8(24): 38501-38516.
LI YH, HAHN A I, LASZKOWSKA M, et al. Global burden
of young-onset gastric cancer: a systematic trend analysis of the
global burden of disease study 2019[J]. Gastric Cancer, 2024,
27(4); 684-700.

MR, TUWLAR, T, 4. IncRNA H19 I SIRT6 76 A H 41
U i1 3R 3k B 5 G R B AH DG HELT D VE AR BE %, 2023, 35
(7): 1006-1010.

SOGUTLU F, PEKERBAS M, BIRAY AVCI C. Epigenetic
current knowledge and future per-

1063-1075.

signatures in gastric cancer:
spectives[ J]. Expert Rev Mol Diagn, 2022, 22(12)
WU Z H, WANG W J, ZHANG K, et al. Epigenetic and
tumor microenvironment for prognosis of patients with gastric
cancer[ J]. Biomolecules, 2023, 13(5): 736.

AR/INE S TF A o B A T A, BB - TR, SEL BRI IR
11 582 5 A B FU B H HOT SUS M A D). eSS
Wi 5997 4¢3, 2021,35(12) ; 1229-1232.

GAOHL, LI P Z, HEI Y R, et al. Long non-coding RNA-
ZNF281 promotes cancer cell migration and invasion in gastric
cancer via downregulation of microRNA-124[J]. Oncol Lett,
2020, 19(3): 1849-1855.

KM, WIELL, IhE. 4 E R AL ZNF655 5 37 H 4k
R LG R LT P AR bR B A Ak 5. 201926 (17)
1257-1262.

R, HEmew, AR, 4. ZNFsso i HHE AL 2 98 45 7 4
Nectin-3 Al NRXN3 # s fe of S WA g 56 £ [1]. S AE. 2021, 40
(2): 52-68.

TOCCI S, IBEAWUCHI SR, DASS, etal. Role of ELMOI in
inflammation and cancer-clinical implications [ J]. Cell Oncol
(Dordr) , 2022, 45(4); 505-525.
ANDERSON B W, SUH Y S, CHOI B, etz al.

tric cancer with novel methylated DNA markers:

Detection of gas-
discovery, tis-
sue validation, and pilot testing in plasmal[ J]. Clin Cancer Res,
2018, 24(22) . 5724-5734.

(H 78 B #1:2024-12-15; 18 H#5.2025-02-22; %E KEH)



