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[ Abstract ] Background and objective The incidence and mortality of lung cancer often rank first in all malignant
tumors. DNA methylation, as one of epigenetics, often participates in the development and progression of tumors. CDOI as a
tumor suppressor gene always undergoes methylation changes early in tumor development. Therefore, this study aims to dis-
cuss the value of CDOI methylation in the early diagnosis of lung cancer. Methods Peripheral blood samples were collected
from tumor patients and healthy people. Detection of the methylation level of CDO1 in plasma by sulfite modification and
quantitative real-time PCR. Results The level of gene methylation in peripheral blood of lung cancer patients was significantly
higher than that of benign lung disease patients and healthy people. The methylation level of CDOI was significantly different in
the stratified comparison of gender, lymph node metastasis and tumor-node-metastasis (TNM) stage (P<0.05). The sensitivity
and specificity of CDO1 were 52.2% and 78.6%, respectively. The overall accuracy of the diagnosis was significantly higher than
that of the clinical tumor markers, and the sensitivity of CDO1 to stage I and II patients was the highest (40.8%, 47.1%). In ad-
dition, CDO1 could effectively increase the sensitivity of diagnosis in multiple joint examinations. Conclusion Detecting the
methylation level of CDO1 has a potentially huge advantage for the early diagnosis of lung cancer.
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AR S8 B T0UR 2 DIAH DGR, DR, % AT 88 i A6 10 4k
DR Bl 5 R A 1A 7 L A A2 W A LV Y
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FIfE, 2 SHEA R R A R AR - E I 2 BRI
BERR, AT TSR AR D R 0k 32, T 6 By A A e
TG PES (reactive oxygen species, ROS) 7KF-34, APk
SR AUINEMF1 (cysteine dioxygenase 1, CDOI) FEF i F5
SR, PRI P CDO1E Pk 5 B A
WFFEHA S CD O HUFE 2 B iR i 4 i v (4 4L A R LR
AT 5 e 2 i X RO S AR IR T A E b 5 7%, DR
CDOIEIA A 2 S B ) e e F0 f J [A], mT E Js 2 JL irf 24
I —bRii o AR TE T CDOENTE i . P i
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L1 —BBER WHE20184E91-20194E 10 H7E RIHEERIR
S S IR 57 it 0 R S i S o g 8 A A LR A 247
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JenRE IR R kE- IR T 45 - 5432 (tumor-node-metastasis, TNM )
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1.2 EEAER SR SO E BPCRIL (7500) « K [H
Applied Biosystems/>Fl; Il 3¢ DNAFEHGATR & : /R (At
50 FHECA TR PCREUBIR : TRk (Jbst) BHEA TR
Z ]y DA R A ARG I a5 B B St IR IR B BR 2
IS

1.3 [ DNARFRPS M B e T RN
fkIf.10 mL, 2,750 r/min.(>12 min, E FFFM 3K 3.5 mL,
A PRI (A ) AT B2 w18 P 6 £ 5 PRI ARG I 7]
AARIBUI K B DNAJF HEA T AR R Eh e Ak LI A

1.4 SERFYOGE TRPCR PCRY IG5 [ MR (bat) 2

T5145-GAAACTCTTAAAAAAACGCGAAAC-3, 15
5tS-CCGAAAAAACCGAAAATATACGCGT-3', PCRJZN
KZ AL 25 wLIEMFHIDNA, 11.9 uLiY4.2xPCR buffer,
1.5 uLf¥Probe. 3 uLFYFP, 3 uLIYRP, 4 uLf¥Block. 0.4 uLf¥
ddH,0F11.2 LY Taqfif. 1EOGFLIT TR MFEAR T 2K . [T
I3 41094 °C 20 min, 62°C S's, 55.5°C 3S's, 93°C 30s, 3&
EFR 4N E ], AEDEEERPCRIY FiEf ) 14, cDO1RYH
HALIRF R 22T (ACT=Ctyyy114-Chy ) T 5

1.5 Giit=#0rik BEgei RAISPSS 2.0 i1 1 4i it
K Graphpad Prism 8.0. LR/ /Il S HiA 7 IEAS 43
AR 2255 MR, AR IEAS A LA A 5 (25%, 75%)
7N, TR R E] 3R I Mann-Whitney UKLER, 2241

%1 351BABERIGKRIER
Tab 1 Clinical characteristics of all the subjects

Category n (%)
All the subjects (n=351)
Gender
Male 191 (54.4)
Female 160 (45.6)
Age (yr)
>60 152 (43.3)
<60 199 (56.7)
Types of diseases
Malignant tumor 178 (50.7)
Benign lung disease 69 (19.7)
Health control 104 (29.6)
Smoking history
Ever 126 (35.9)
Never 225 (64.1)
Malignant tumor (n=178)
Metastasis
None 86 (48.3)
Yes 92 (51.7)
TNM stage
I 71(39.9)
Il 17 (9.6)
11l 46 (25.8)
v 44(24.7)
Histology
AD 112 (62.9)
Scc 29 (16.3)
SCLC 14 (7.9)
Others 23(12.9)

AD: adenocarcinoma; SCC: squamous cell carcinoma; SCLC: small cell

a% T, CDOW TS [%5’-GGAGA’1T’1TGﬁGﬁC.|ﬁ IjnglﬂcerlﬂM: tumor-node-metastasis.
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T STREAS e % I Kruskal-Wallisk5 56 o % 21803 T AR
I (receiver operating characteristics, ROC) fh&k fnZ 545
1 (Youden index ) TEHT CDO13E R H I AL %) Il &g (i 2 W iy
1B, £ IR HRIR 2 D IBE R Jhy P D0 2 A B
P<0.0SERZEEFAGI 7 X

2 %R
2.1 CDOIWIEALTEARF ABEF R HeAT A M
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Tab 2 The relationship between CDOT methylation level and

clinicopathological characteristics

Factor

CDOT1 relative expression P

(25%, 75%)

All the subjects (n=351)

Gender 0.35
Male 0.028 (0.013, 0.440)
Female 0.032(0.017, 0.300)

Age (yr) 0.004
>60 0.120 (0.014, 1.630)
<60 0.029 (0.015, 0.083)

Types of diseases <0.001
Malignant tumor 0.092 (0.016, 1.830)
Benign lung disease 0.018 (0.011, 0.058)
Health control 0.028 (0.017, 0.050)

Smoking history 0.733
Ever 0.029 (0.013, 1.506)
Never 0.030(0.016, 0.230)

Malignant tumor (n=178)

Metastasis <0.001
None 0.028 (0.013, 0.230)
Yes 0.680 (0.027, 7.610)

TNM stage <0.001
| 0.0280 (0.013, 0.230)
I 0.037 (0.016, 2.910)
1] 0.054 (0.014, 2.760)
v 2.350(0.150, 12.840)

Histology? 0.08
AD 0.058 (0.014, 0.77)
Scc 0.160 (0.018, 6.210)
SCLC 2.100 (0.012, 24.940)

2: Because the number of the patients with other pathological types

was fewer, the related test was not done.

Tl E M2 5 (P=0.35, P=0.733) (F2) . SRIFKARFA
HER CDOIIE R FR B KV HEA T HL B, 4 R A B
IS RIS R R KA TR G725 57 (P<0.001)
il 985 e RRE T RHE ) FREAR K R RE AR R e 27 25 S+
(P<0.05) , H J2& A5 o ARkt B X HiE 20 i P PR A 7K
ZFIGET X (P>0.05) (K1) .
2.2 filifg A CDOIH AL SR B SC R ATt —
A3 BT T 9 FRE T CD O 1Y FR AR /KT 5 1 A B O
R, WFIE R IAESE A W 25 5B TN Mo 432 E
bR A g EE L (FP<0.001) , T HAT K 25 %%
R 85 TG0 8 L CD O 1R B A /KF- B I v T ok
SHRL AN LA R R A, AN TR BRI B A il e A
H.CDOIRER AL AR TEH] i 22 57 (P=0.08) (3R2) .
2.3 CDO 15 PRI 70 22 K PRI 78 Jifi i v 14912 e e
H N 7P cpo1 AR TE it v S Wi B, # ok
K 2548 B KL GBI CDO 1 SE R ) cut-offfH, Hirp
CDO1M 21546 40470.308, cut-offE }70.079. FFLAROC
itk T A AL (area under roc curve, AUC ) #t—257F
fili o FATE I REEE | Rtk WS DL L AUCHE T
A LB BT, RS XT BASS Wi s b 60 20 A LA
BCDO LW Y R M Ry 52.2%, RS R78.6%, UEH
JE65.2% . 755 H A STl R B 6412 Wi s b (045 958
P ( carcinoembryonic antigen, CEA ) | 4 il ffi &
19}—1‘5,’% ( cytokeratin 19 fragment, CYFR21-1) . @iﬁfﬁ?ﬁﬁﬁ

(squamous cell carcinoma antigen, SCC) . 5 IR BRI
& (pro-gastrin releasing peptide, ProGRP) ., fiZ: Juifr 4k
WAL (neuron specific endolase, NSE) #17%F 1L, 4559 i
/RCDOLM R A e (52.2%) , ProGRPAYIS W FE 4 fi
5 (100.0% ) , CDOLMIZIBIHER EE e (65.2%) - CYFR211
FIAUCH K (0.674) o SFhIl IR # FZ Wi bR p0 e S 2y
Ay S 95.0% . 96.9% . 93.5% . 100.0% . 81.0%, {HH: R
FCRE B AR 34 29.0% | 37.7% . 17.1% . 13.7% . 37.0% . FE
HEAT B2 TR S A I v A B e R 22 B 4 S T2 TR A
PR A RS DU Y R R69.19% , e 54 R69.4% , A3
69.2%, HIZ N N0.691. fie)m# CDOIFE I ABRAS
b 45 IR i IRt e G DN 1) 2R 0 T v 3107929, R S
70.5% , AR HEREE 74.9%, AUCH0.749 (K3) o

Y 25 T A TR AR S TR AR TE AN [R] I R 7y

WP R AR A, BRI R AL 5T | T TTOH ANV
1, I 93 50 HE AN [F) Fia s s A D ) RO 3 5 o0 H
AR BT THAFITV I A8 5 (912 W SR A0S B s O R

F-CDOL, H RS 540.8% . 47.1%F181.8%, X111
00 oHT
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Tab 3 The diagnostic efficacy of single and multiple genes combined

Diagnosis index Sensitivity (%) Specificity (%) Accuracy (%) AUC
CDO1 52.2 78.6 65.2 0.635
CEA 29.0 95.0 46.0 0.623
CYFR211 37.7 96.9 53.2 0.674
SCC 171 93.5 37.1 0.551
ProGRP 13.7 100.0 36.3 0.569
NSE 37.0 81.0 48.7 0.587
Five combined check? 69.1 69.4 69.2 0.691
Six combined check® 79.2 70.5 74.9 0.749

2: Combined diagnosis of CEA, CYFR211, SCC, ProGRP and NSE; b: Combined diagnosis of CDO1, CEA, CYFR211, SCC, ProGRP and NSE. CEA:
carcinoembryonic antigen; CYFR21-1: cytokeratin 19 fragment; SCC: squamous cell carcinoma antigen; ProGRP: pro-gastrin releasing peptide;

NSE: neuron specific endolase; AUC: area under the curve; COD1: cysteine dioxygenase 1.

* 4 TREIGKSEIPEEIS W R E AL 025
Tab 4 Comparison of the accuracy of gene diagnosis in different clinical
stages 0.20

Diagnosis index | I i v s

(n=71) (1=17)  (n=46)  (n=44) g 015

CDO1 40.8% 47.1% 43.5% 81.8% g

CEA 17.1% 18.8% 34.8% 45.5% g 010

CYFR211 14.5% 25.0% 52.2% 63.3% o

ScC 4.3% 31.3% 21.7% 27.3%

ProGRP 2.9% 25.0% 21.7%  18.2% 0.05

NSE 15.9% 40.0% 46.7% 59.1%

Five combined check? 44.9% 68.8% 87.0% 88.6% 0.00

Six combined check® 62.0% 82.4% 87.0% 97.7% é‘"é ’&&Q’ ,éo\
2: Combined diagnosis of CEA, CYFR211, SCC, ProGRP and NSE; b: Combined 000,(’ qu\ oé\(90
diagnosis of CDO1, CEA, CYFR211, SCC, ProGRP and NSE. v '@\\\) Qg,"}

&

HBF LI RS A R CYFR211 (52.2%) . il ad Wb &
PR 22 TS RE BH S I R W i R AR, IR R S
TS ARG Y S AU 43 1] F144.9% . 68.8% | 87%F1188.6%,
I CD O/ FEAL 2 Wi bR )5 1 6 TR A LE 12 Wi i
TR AT T R 4R R, HAZ WA R AU 50 0162.0%
82.4% . 87%H197.7% (£4) o

3 Wit

i e A BRER —JBRAE , ot S REA DG FE T ) 32
JEATL, i o e B e S 2RI R %, bz —aie:
XS VN R GOV R E MU & SIS ES ol I EYS])
1, DR AR 2 i i R 1 3 5 400 A DR ML TR i PR
SEARBE B, DRI R R AT 22 Bl B A 1396 1)
i 988 £ A A7 N TRDR o S 47, AR TG A A LA

B 1 CDOTEEERR S ERBHELKFHMELE. MEE vs FER LR
fi4H, P<0.001; Afifs2E vs HEERXTARLE, P<0.05; FiERR M HRA vs &Rk
*fF8ZH, P>0.05,

Fig 1 Comparison of methylation levels of CDOT gene in different
groups. Lung cancer group vs Benign lung disease group, P<0.001;
Lung cancer group vs Health control group, P<0.05; Benign lung

disease group vs Health control group, P>0.05.

0.87%%,

5 ] 2] it R s A S ) 245 SR Rk, A ARG 0
FALKTZ 44 (computed tomography, CT) i Al FAifi e 1)
FET- A FEAI 2096 , (I X R A A7 A 3 AR I/E 221 B
B BIRES  ARH , Ti HH B AR B % 96.4% 1),
TR SR 22 R MR AT R 5 Sk — 2D IO B 17 B AP
BHAE, T LA HT & B R AR 1 T AR DI BB AT R ok

(69-38%) U1, BEAh, BFTEFRIAILIATS09% 14 AT SNt I8 2
TS PR AT v (28 K 28 RITEAS BT AR )

00000 O
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Tz, I, 3P EERT A W A AR Rk
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IR EHERIE 12 W A BRI 71k Z—. DNAFSLALE—Fif
Iefrles, AEERRE T ELE R A TR AR R e S
(18 FH 5 A 3 L a8t % 2 AU RE RS AT X7 SR 35 1M 2K DNAHR &
B, 0 an s 3k RS 2h 7 B0 i B SE AR AP0, AT,
RVl 75 g 2l AR R AR Hh, ] DU i 2R R 2 5F
R AR I TR DN AR L AL, (R, DNAFFJEILAS
DUE Mg i S W R TR 3, AFR B AR R
CDOIFENE Fazh .

HEAEFRA TN CDO1RY AL ACT- 55 N ERFIE () 26 R iE
15530, B B oE e MG A P 531 L PR 48 S B P
BN [ 25 PR 1 AR AKOTAT — 7 BSE IR 067 Gao 5]
o 98 7.5 16 DR S 17 142, 8 S 44 i A 7 1EA T e Ak
GIHT, BRI 13 555 W R ik AR G HRER 5
TR EEAL A G, 1U47cg17928584 (STK32A) Flcg19696491

(CHRNAS) FI AW AR5 S0 i F LAk o JRATT0 RSP
S AENS | MR S A5 A T4 BT & B CD O 1R IRIAEAS [ 1 5
WA s 1 20 550 s 8h 7 FR AR KO- 28 RG24 3 X

(P=0.35, P=0.73) , SRMAEA R A h 22 R H A S
TH2EE X (P=0.004 ) , BEAEWFFTUIZRBIE 5 ZLAR 40 =
IR 5 A R G iy PR AT L PR Ak 7 2 B A A 1
B, I B SRR DAL S A IR I R A ]
FEAER S 1 R LA 2 S5 AT 2 B 5 A R G 1) R Ak T
B S H8 Tn ges & A 0 XU o 22 TURF 5 o2 0th 3R W AF 4 1Y
B2 T8 HY BRI SR o AT X R 5 42 5 [T 20 7™
A RIE IR, T LA 2 ORI R P 359 T e 30 A i
FHOC I B AR . PRI RA A R ik Al =T B A AT
CDOIJE[H , A, XFCDOILE ML, R i 20 fgit
X B HEA 743 4HF 5 W, DO JE AL KA & i T
HA W2 H 22 5 B AT G243 L (P<0.05) H REPSR L4
SRR IR RITC ST 25 5 (P>0.05) , X R TR
e s A, SRR R A KA it A 3 TR E B S i 22 5=
PR LAk DT AT I il £ (A2 8, DRI S A il
AR, A T HE S 4

WA BIF 5 (22230 32 BH s PR 32 P 1) ok 988 s 2 400 #EAS T
s R R Ay 35 B MR 22 57, L P NS E T /)N 24 i il 9
(small cell lung cancer, SCLC) HH U iz 51, CYFR211
FICEATENSCLCH U e 7y, SCCTENSCLCHV ]
BREFSCLC, i H R P CEAMICAL2S i 25 i T i

FERR 25 5, FRATH AT THC I LR, DR 845 R B
CDOITEAD, SCCHISCLCH I AL K TC G127 22 5+

(P=0.08) , X5 ZHIHBFFAH—F0s), X R/RCDOIRY
FOLALTE Mg T I 21222 52, AT Jh i) — 35k, B
X Bt I WA B R

— 1 B L B BIF 5T X6 8 05 45 T S5 Ml 9 A 1) 1ML T

SCC. CEA. CYFR211, NSEPUFPRbREYI 0 & A T4
e, 255 R I2 W RS = 2 CYFR211 (24.13%)
HAHEIRSCC . CEAMINSE ) R 73510 7.44% . 17.15%
FS%. 4TFEARAERE e TR I AL (96.6%-100% ) -
AT FT 245 ety i /R AE 2 L PR S TS B CYFR 211
2 W R AP B (37.7% ) I HLI2 W7 A0 v e Bt 2 f iy

(53.2%) , Wi Sk R Y S ProGR P 100% o i A
F14) S 35 fit 58 o T b i 20 7 A — R A i i R
BRI, WS BO2 I R, X5 A
SR A RS AR o A SN L A T H Ak
R I 45 58 B /R CDOLIZ I 3 BH B T I AR H FH I
ZWHEDR (52.2%) , 2R I B HRAR, Sh78.6%,
TR Rt B I R T S TR AR (65.2%) , PIHLFRAT]
N CD O AAS I REHL L7 b M I PRFE AR AE il 12
WP AR o (B A5 1T AR Y 2 SR A TR 2 12 WY
RPESA BRI, (B85 ] i Ry St 2 A R Y
RAARG, DRI A P EAG S A 35 R A 22 5 R REAC A& AR (32
SR AT, W] 3K PR 3 T B e A A T B
TR,

TEPE— R R B, SO R 2 Wb 4 5 s

T TV ) S DA (2.996-17.19% ) , LI DR st/ T 7 S0 A
e FE R ek AR . T EE R CDOIRY I Wi 0 = ik
40.8%, WL PR35 ik DN A AL AE M i b kA e HL
FTFHHRIZ T B0 2429, T HARATR 58 45 58 B s AT itk
EL 5 e RS I D 23 A A5 W 1 £ 5 L CD O 1 PR R L b /K
W T AR B A R A R R H 22 R B i
X (34P<0.001) , K DNAF FAY [FREAEAERE & B i
PE R SR K28 s R, Xt S R A ST A —
Film2sl, Jir L 2 1l 9 £ I RSB 00 T e, 45 IR B i)
ITER TR TR R, AR BLCDOIRE A
Ve R T 2 e 2 T A o B R R = T L SR
Fo T AR S5 R L DR 2 7 F A i AR HE B ik
Jeq O A AU A2 W P AT Ty BRI ZE DL, 1 HAA
JE A H ATE A 2 R DN AR ARG 0] vt 45 F Tl
PRIERE i W7, Horh BLRISEPT9 . NDRG4FIBMP3 B HEFFE

K, % | CDOVE BIERE E@Hﬂf%éﬁétli‘l‘j*ﬂlﬁjﬂ?ﬁ ﬁéﬁ%ﬁ@i&%ﬁm”% Jiti g v SHOX 2 6 PR FH LA 7E 1.
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