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Abstract

[Objective] To investigate the value of plasma SHOX2 /RASSF1A/PTGER4 gene methylation detection
in the identification and diagnosis of pulmonary nodules. [Method] Venous blood 8~10 ml was col-
lected for plasma separation, and the separated plasma was used for DNA extraction and prepara-
tion, which included the steps of lysis, binding, washing, sulfite conversion, desorption and other
steps. DNA methylation levels of SHOX2, RASSF1A and PTGER4 were detected by real-time fluores-
cence quantitative PCR. According to the set threshold, the analysis was performed using dedicated
interpretation software. The original P value (Positive Index) calculation formula method was used
to analyze the sample test data, and the positive and negative samples were determined according to
the positive judgment value. [Result] In 84 patients with pulmonary nodules indicated by chest CT,
plasma free DNA methylation of SHOX2 /RASSF1A/PTGER4 gene was detected. A total of 84 patients
with pulmonary nodules indicated by chest CT were selected for plasma SHOX2 /RASSF1A/PTGER4
gene methylation detection, including 18 cases of positive result and 66 cases of negative result. The
positive and negative results were not related to gender, smoking, nodule size, or multiple nodules.
It was related to age, density of nodules and pathological type. There were 8 patients who were pa-
thologically diagnosed as lung cancer, of which 6 were positive by SHOX2 /RASSF1A/PTGER methy-
lation test, and the positive rate was 75%. The methylation values of malignant and benign nodules
were 2.00 + 1.38 and 1.10 * 0.92, respectively. The area under the curve (AUC), sensitivity and speci-
ficity of plasma SHOX2 /RASSF1A/PTGER4 gene methylation in diagnosis of lung cancer were 0.754,
75% and 84.2%, respectively. SHOX2/RASSF1A/PTGER methylation was consistent with pathologi-
cal diagnosis, Kappa = 0.842. [Conclusion] Detection of SHOX2/RASSF1A/PTGER4 gene methylation
in plasma may be the reliable and sensitive new biomarkers for preliminary determination of lung
nodule properties, and provide a basis for the early diagnosis and treatment of lung cancer.

Keywords
Pulmonary Nodules, SHOX2 /RASSF1A/PTGER4, Methylation, Blood Plasma, Lung Cancer

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

(GRORR ope e

DOI: 10.12677/acm.2024.1441086 751 I PR = 2 3t


https://doi.org/10.12677/acm.2024.1441086
http://creativecommons.org/licenses/by/4.0/

Bty 5

1. 5|15

TS 22515 2 AR SR AE S B AR < 3em R Rk Ve L SRR « 25 B v 1) SE PR O SE PRl B 5, AT oA
SEPEERE R, ANEERBANTR i T B 4 e DR R B i R 1] i N AR R T DGR R R T W A S
ARIHES, B CT ()72 N BE A8 1R R B AR ) H i 97 o AR A I 485 745 25 5 AN TR 43 W K2 s
P IS 235 15 IV S5 4 it 4515 (sub-solid nodule, SSN), b, SIS 285 715 S AT 43 9 43 S 45 714 (part-solid
nodule, PSN)FI14{ B 3% 38§ 45 1 (pure ground-glass nodule, PGGN) [2] [3]. A WFFEHaH, PEAG 45T i B %
P e T B A B AR RAE . AR TR s BRER . SR S A Sl A B A I A s 4]
H UG AT A R G BV, S5 B R/ AR RIS 1Y N 1) #4082 VP Al it 45 15 AR P A P ) =
BSHIKIE[5]. ERE, FiE R KT RESA T, it 40%01) E & LY 2 402 Wik i
T AR 6] (R B R BN VR T FBOA BR BT Ak s, M SECAE TR EEA T . AR e
RIAMGEETT, EHAT, HALURIZEIIZEARE SARHE7]. X EIRAE 2208 I 12 N AR 7 5F AR EL
TEHLAA L, W TR B s AR R MRS, IAASTEERYT, fEEWR—ErOH,
Wy RS . Fitk, FoR-FEO. 4. JiE. REU TR B VR4l I 45 T 0 RS 5 E
KR s

UTAER, BEE DNA AL MTEOR IR T, DNA HIEAL K I AT LY b8 12 7 A= b 25 0 A B3
i e i 25 I OR8] [9] [10]e JA 8 IX H Ak fe —Fh B B R e ol bl 1, SR R A K A B D)
MR ZR[11] . [RIYR G 55 D8 SR I i DR 0% /N [RIR & 2 JE [F] (short stature homeobox 2, SHOX2), ‘&g —Ffi &
& 60 NMEFER KR P R R [12] . FVEHES AN 8 B B84 T 6E[13]. RASSFLA J&— i
RUBR NG IE N, S 54008 AT, AR A K ANE S RE T, A mnE R R R . ME R
T DX S ) v R A, R R R Th R o kv, kI Rk AR ) K AR [14] [15] [16]. RUBUMRE E
A4 4 FE R (prostaglandin E receptor 4 gene, PTGER4) A G JE (K . #H A 7 R BH M 3E 1 PTGER 4 F &1k
S5HAWVEYREY — RS ER, AT R mR[7]. SRS, H AT R 0 iR
HH A B S 1R =Pk DR R A, AT TN A 52 A8 S B A T 1 R (I 2 v i 5 P JiRg SHOX 2/
RASSF1A/PTGER4 HIZEAL 15 100, WA iZekor A2 715 Bl Bl oxo il 68 15 1k o (00 K e, AT SR — R e BRI 75 7%,
NGRS WT LA S5 22 B PR SR AR R B, e KFRFE b B Rl e R IR A . R NI AR
FEIRIT
2. M 5%

2.1. ARMR

HHE 2022 4 2 H~2023 4F 12 AERHER S — g BR Bei2 9638 I il CT R A BT £ 1 F 4T H R4k
R . it e, &2 84 BIANABITT . FrA F A BH A A R AR 2 R A () g P 45 SR 3R AT A
LI
22. MRA*

221 MEFSESER

50357 8~10 ml AL ¥ 775 DNA SR 12 min, £5.0 /7 1500 rcf, K15 2111 i 2% % 7 I8 10 25 0
Eep, WLE 2 ml A B UFRIISE 12 min, 25077 1500 rof #8%  SERT T bR c B I HE R A 2.0 mi IR B B
0> (eppendorf DNA LoBind Tube 2.0 ml)H. M3 FEAT] LAFE 2°C~8° CAE AL 3~5 K, #£-20C £5C
TRAFANEIE 30 K.
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2.2.2. DNA Bl S5 #I&

TE7r B MR FEA NN 3 ml 24K DL, #%RS08 W, ARSI B3R 15 rpm Jigh 20 41
BREAT, N 100 ul VR E)JG MRERR AT 72 0 IRTR ) . FE IR 215 15 ml B0 AT 1 %, £33 L
TEWL IINBEGI L ml, SREEREAT R IWRET, GRS HER R 2 1.5 ml B0, WiEfE 30 75,
UCREAT 30 FRIIR B, /INCOWR T BT AR, AR B0 JE SRR 30 BP, TEFH 200 pl A2 AR R R LR AR
A, EERT 10 8. TEBF IREER oI N AR R EhiA R 180 pl {RIPR 20 pl, KGREERIEST . B0
B BNFE b, BRI, 85 CIHIRIEE 45 4080 . 54k 5 IREER SOSARHH INN 600 ul 2RI 300
ul oK L o F B0 BT RO IR S 25 i, 380 15 rpm YR 2T 15 2 8h o R A1 45 RS AT A BTN O
PR FFTA A 75 1.5 ml B0 I 1000 pl Peil A, iR 20 B BBk 15~30 #0, #4752 B0
JEWFFEFTA A N 1000 pl %67 B, 1RSI B Lo K55 B BRI T B 2 S O, 30
BTHIIH30s, ANOBFERTAE A, W50 IIABER B1000 pl, TR S) G R E B O H /NI B
B FUGHTRE 0, F 10~200 Wl Bl gebk 2R TR 2 AR RTAK. BT OEER, SO
FER, BRI ANEERE 3 o K- Be B 40~50 pl AN 1.5 mil B8OV I 10 g E B B » =5 iR 1 264 T, 1000 + 10 rpm,
TrEIRIR 2 2% 10 08h. BHEHRIE, F 10~100 pl B K vE I U R T I B A T, A8 0.

2.2.3. PCR #&3

FEAFEART B 3 A PCR N, AR I N 5 4% LB AR N AR TR ) PCR S SN 5 4098 A i N &)
BEOE T % PCR RSO, PCR TS SRR A1 5 R B0, BB BEMR 25 T k. £ 8 BKHE PCR B 1)
EALH IO PCR i S 15 ple #E PCR & XS RZFFLH I 10 pl 1) BisDNA. HIE % E, IRGIRNE
1000 + 100 rcf &0 1 73h, ARG ETRANE KIF B R HIM . Applied Biosystems 7500 PCR ¥ |
Bl BEEIELR SN 10 MER, K ANE 18 MER, Hirisfr4R. % E SHOX2. H{E 15,000,
PTGER4 [#{& % 5000, RASSF1A [#{H 4000, ACTB /{E 7000 (7] ML EAMRGLHEATHRUA) . 262 & PCR
ARG RFEA ) SHOX2. RASSF1A. PTGER4 R H AL, i FE# ST 77kt PCR £, 1
44 ROC HIZkiE A 8184, PASHT& S im P B A XABAPEAIWHE . RO TR E I P A (PH TR
#(Positive Index) T 5 A B T AEAATIN AT, AKHE B L WHE e REAR IR . A I ZR4E T R <
BRI ATA R A E], 1% 7] PR B P A
2.3. Gt FERE

KF SPSS23.0 HEATHMHE /4T IEA A ELL AR BRI FIIME + brfEZE(X £S), /BT EH
SRR, W 4LIR) 2 A6 Student t A5G, 5 R 42 5L Fisher A5 HIKGS, P < 0.05 NEFHSI¥
B M2 TAERHERIZE(ROC), A L& ROC 4k R, R R E: KH Kappa
For 58 43 BT I FR B A0 AL 36 5 0 BRAZ T 1Y) — Uk
3. R
3.1. SHOX2/RASSF1A/PTGER4 HE M S RIFHER X R

SHOX2/RASSF1A/PTGER4 % X HIJEAL 45 5 5 J B 031 S RO 45715 K/ 2 K 575 855 (P > 0.05).
HERAR, FR > 50 fi<t0 & ZE %A g5 5 (P < 0.05). >50 % B2 32.7% (17/52). <50 %
3.1% (1/32). AN[E)#EELE R 2R A 225 (P < 0.05), SeiE4s¥ Aty 15% (9/60). V5247454
37.5% (9/24). HHRFIZWIA I, AR ERSBY L5 TR 22 A Guih 8 (P < 0.05), BIELE MR
75% (6/8). RPELETY 15.8% (12/76). W4 1.
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Table 1. Relationship between SHOX2/RASSF1A/PTGER4 methylation and clinical features in 84 patients [n(%)]
5= 1. 84 fjil £ SHOX2/RASSF1A/PTGER4 FREAL SIRRFFIER K F (51(%))

ilE| SHOX2/RASSF1A/PTGER4 HiH:4k, P P
PHE 5hE
el 0.147 0.701
5 7(9.3) 29 (34.5)
s 11 (13.1) 37 (44.0)
R 10.287 0.001
>50 17 (20.2) 35 (41.7)
<50 1(1.2) 31 (36.9)
%4 0.147 0.701
2 7(9.3) 29 (34.5)
3 11 (13.1) 37 (44.0)
LRGN 4.655 0.098
<4 mm 6 (4.6) 41 (31.5)
4~8 mm 9 (6.9) 19 (14.6)
>8 mm 9(6.9) 46 (35.3)
R 5.155 0.023
SEE LAY 9(10.7) 51 (60.7)
T SEAT 457 9(10.7) 15 (17.9)
emE K 0.21 0.647
& 9(10.7) 37 (44.0)
B 9(10.7) 29 (46.4)
P ELS W 11.76 0.001
Tk 6(7.1) 2 (2.4)
RpELET 12 (14.3) 64 (76.2)

32. REMEGTHRAEMMRAEEREIE,. FRIEMRLER

FE RAESE T 5SS B R R A G 2R (P < 0.005). ARPESE T b B fAEE )y 61.29 £
4.86, RPESTIHHBHAYENR Y 54.86 £ 12.75, U IAERMELS T BE IVFER KT RSB . BPELSY
PHPEFE Gy 2.00 £ 1.38, RAEGITRHVESREEUME A 1.10 +£0.92, BAEEE T PRI EHUE R T R

PESE T AL PSR EOUE, YA R R P SR O 22 A U2 (P < 0.05). L 2. ] 1o

Table 2. Comparison of methylation values between malignant and benign nodules [n, X +S ]

T2 BHETESRMETRENHELRN, X£5]

L T(N=T) B LES(n = 77) t/z P
g 61.29 + 4.86 54.86 + 12.75 2.746 0.015
FEPE SRS A 2.00 +1.38 1.10 £ 0.92 2.376 0.02
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Figure 1. Comparison of methylation values between malignant and be-
nign nodules
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3.3. SHOX2/RASSF1A/PTGER4 FAEALISHTAfZHY ROC %k

PL SHOX2/RASSF1A/PTGER4 K H Ak FH M Fe BUCBME A I AR &, DU A5 e Ny o SRR & 241
ROC £k, &5 F on AL BE PE 38 BEUE 2 W A it 26 R THA(AUC) N 0.754, s =3 W {E v 0.592 i,
FABERVEE 5 53 5N 75%F1 84.2% (Z = —0.994, P < 0.05). LA 2.

ROCHH £k
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Figure 2. The ability of SHOX2/RASSF1A/PTGER4 methylation levels
to predict lung cancer. The area under the curve (AUC) of the receiver
operating curve (ROC) was 0.754

[ 2. SHOX2/RASSF1A/PTGER4 R EAL K FHUMAHRERIGE 1. ik
& T{EflZk(ROC) & ~ayehzk TEFI(AUC) = 0.754
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3.4. SHOX2/RASSF1A/PTGER4 EFE R EMN 5HIBISHIN—B M o4

5 EIR, Kappa=0.842, U=7.236, P<0.001, 7£0.05 /KVZE RG24 E N, £ SHOX2/
RASSF1A/PTGER H 4k 5 B WiiF e 45 A7 /e —BuhE . WAk 3.

Table 3. Correlation between SHOX2/RASSF1A/PTGER methylation and pathological diagnosis
< 3. SHOX2/RASSF1A/PTGER BREW SHFIBISHIM—BIE 547

AL

AL it Kappa u P
it ez R g5
iy 6 0 6
0.842 7.236 0.000
RAMESETS 2 64 66

4. ¥W1ig

FREE T R AR B 2 MR R IR, AR EE MR R, BOEREE. WOR. AiSHE. 18t
RAEE[18], HARMRE. SRR, S#RENE. B AR A R IR S [19], PRk 2 )
CT BT KBNS MEE, SR X 53 A PSR PR B K B R e it a7 . FRAT 1 B30 R R4 e 50 %
e A _E PR B 1 R ELAfAS e 1) B AR AN 61.29 + 4.86, DMULARIE AL, A IUH AT Filie 07 25 1)
ELR AT 50 %5 [20]. DNA FI AP IESE T2 BIAAAE T LT BT E WeiE v, 5 FE IR AR A T 36 40 e
AR R R [6]. XS MR, R SO IMRRESR . Fim R IR RO R R s Re e
M3 2] DNA FFEEAG . SRT, A G5 3REX LA B el A G 757 (1 B SR idt, 08 P 15 B 7 (5 1) I A SRR AR Xt 1
Koy W B3 BcA W 5] IR By 2 [21].

B T 3 435 4 B 0 S 4 G MR R T st S T [22] 0 A R TR Y, R 4 4l B B 3 45 75 (0GGN)
ZBBEVT T s SRS (PSN) R DB YT 3 4E[23]. 4 A E KA BE U S A MR KL AR h A 5
ARG, FIR A B R B VR IS L, DRl SR — P R] S S 2 T I VA
FREE, RINWEIEER, TWsehEgs1 5 #E SHOX2/RASSFIA/PTGERS HIFEALFHYE R N 60% (9/15)ix
e TS MESE T 15% (9/60). UL IR B ILE YA HIITREVII R B0 R 2 5 AT m A
EH, MU, KRR, RS RGN, S O S R B SRR B . B
238 1 955 FE A2 it 1Y) 3 SHOX2/RASSFIA/PTGER4S FRELALFH 2R 75% (6/8) T K45 15 15.8%
(12/76), XK AN SHOX2/RASSFLIA/PTGER4S LAY X Sl il 4o M i B A — @ MR EH . 1
[24]55 N B IN T SHOX2 Fil PTGER4 HJ:AL 12 Wit 1) R UEE 23 3] 74.1%F0 39.6%; 475 73 il
70.0%7F11 94.6%; I&A K 40 AT LABE e F e FROAS: H e, Sk s 1) TILRS B R AR IR AR AT 2R LT . AEFRATTII AL
P bt [F R RSN 2 SHOX2/RASSFIA/PTGER FFEAL L W fitiie ) ik RBUSE A 75%, 4R
N 84.2%, REMETE B RS A F ARG S A A TR, A BN — R AT SR A e bR . R, T
RSB 80 T 225 M SR U, TR AN e R B DRTRS W P2 Wy e P A i v o AT RO FEAFAE R BR A
AR T MRAE RS bR A, R AE HAD AR A AP AE X PR S, A R AT — 20 (A
Fo

WFFE e DNA FFSEEALAS I TR B 14 2 5 AN [) (1 it S 2B e 20 T — B IR R, — R R /N i
filijes > Flifds > FiiiRdE[25]. HONG CHENL [26]%5 A 475 k& PEfiE 41 41+ RASSF1A fl RASGRF2
BR] FR LIRS S IR A BRI C 2R, 15 HY RASSF 1A 7E 10091 /INH B il A1 70% P A /N2 e e o 77
FEFFFELL . Christoph Kneip Z5[27] A\ LAILZZ H SHOX 2 DNA ARG AN (=] fii e 10 B4 A8 [ REARHE 1 /N
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i it R 5 LR 200 T A 1) R B v T . SR RIS [28] % ATEXT PTGER4 JE K H AL /KF- 43 il 2
b M i A e R I, 12 T e 114 SR R AR S 2 43 2 9000671 98.7% K Tt 65.8% 71 96.1%, it B
PTGER4 FILAV K2 Wil i s g oL T Mttt . SR AERATAIALS S SHOX2/RASSFIA/PTGER4
FR ARSI R BTE 6 Bl B s Wifis it i s v, Hobol 4 B, 2 B0/ hdrpaliie, 2
TR A S T IR 2, AT EE— DI AR AR SRS H ARG 5T . 2= H A
7R DNA HIEAV I T 1612 ARI3G 0, FRRABA P23 R R R I 2 B n[27] [29] [30]. HJR R AT e
PR/ IR AR T A RIEAREE . AMUFRFEAE OC,  Jilved 4t R 75 B 22 (1) R R DA 7E 125 B 5

5. &

Z¢ I, SHOX2/RASSF1A/PTGER4 i [K| AL IR A6 I H A B 47 1) RS A e 2, Wl DM NI
W ERIAN TS, VR — T S H R B R AE Y E bR W, A BT X Bl e R R, nOATR
— B R R RS SR A K, o ) B S T BRI 4

E&H
= FB A TR T 2 42(2023Y0999) .
S 3k
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