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AR 4HRREX S CEA. CA19-9 SIS EIEBSPRIIGFINE
BPR R—iE ERE PRRE RRE  kEmanes
REERAYHERMNE—ERIGINH , 18 R 362000

{4 : BfY A3 CTC BXSEREE ( carcinoembryonic antigen , CEA ) 5 CA19-9 WEAEEB NS {ER CTC
SBEMEHENXR, Bz WESEHEBGIE 115 GIRGERRIERE 20 fl, CTC HESSEERMAEH-RRRFKIFNL
Z¥3%i% ( subtraction enrichment and immunostaining-fluorescence in situ hybridization,SE-iFISH ), Iili&rh CEA
5 CAL19-9 RREWUFRNEEN, FitFHERBARHEE. THHZEEFEAREHTZIHNETIFHE (ROC) 2. 4
F SEWREESE CTC P4 87.8% (101/115), RESTREEMIIRAER 10% ( 2/20 )(x2=52.837, P<0.001),
CTC.CEA 5 CA19-9 =ERIENREE 737570 87.8%. 28.7%7H 26.0%, CTC #MATAIZ iR E TIFIFH receiver operating
characteristic , ROC ) & TmEfR ( area under curve , AUC) 73 0.889 , 5F 534450 CEA BJAY 0.643 (Z=5.868 , P
<0.0001 ) ARz CA19-9 A9 0.605( Z=5.512 ,P <0.0001 ), CTC BX& CA19-9 &Rt , REIEXZIRSAY 92.2% ,AUC
EFNAE] 0.917 , LbepIRtEN CTC REERANZENNAE (Z=2.550, P<0.05), CTC SEEMESHTINEERLEEX (P
<0.05), 545, FfR. EZIBLELIRSUEELX. £t CTCEKE CA19-9 GEIFH—SIREISINE: , EEEWRES
ErPERENIGFRMAMNE. CTC MFEESHELSIEER TNM SHIEX,

Xigin : SEPE  ERMEEE  EIRRE ; R 19-9

The clinical value of circulating tumor cells combined with CEA and CA19-9 in patients with colorectal cancer
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Abstract : Objective To investigate the clinical value of CTC combined with CA19-9 and carcinoembryonic
antigen (CEA) in the diagnosis of colorectal cancer and the relationship between CTC and clinical
characteristics of patients. Methods 115 cases of colorectal cancer and 20 cases of healthy control group
were collected. CTC was enriched and identified by subtraction enrichment and immunostaining-fluorescence
in situ hybridization (SE-iFISH), and serum CEA and CA19-9 were detected by chemiluminescence. Chi-square
test and binomial logistic regression were used to establish a model for ROC analysis. Statistical methods The
chi-square test and binomial logistic regression were used to establish a model for receiver operating
characteristic curve (ROC). Results The positive rate of CTC in colorectal cancer group was 87.8% ( 101/115),
which was significantly higher than that in healthy control group (10% (2/20) (x2 = 52.837, P < 0.001). The
sensitivity of CTC, CEA and CA19-9 were 87.8%, 28.7% and 26.0% respectively. The area under curve (AUC) of
CTC was 0.889, higher than 0.643 (Z = 5.868, P < 0.0001) of CEA alone and 0.605 (Z = 5.512, P < 0.0001) of
CA19-9. When CTC combined with CA19-9 detection, the highest sensitivity was 92.2%, and the AUC area was
0.917, which could further improve the diagnostic efficiency of CTC detection alone (Z = 2.550, P < 0.05). CTC
was correlated with tumor stage and lymph node metastasis (P < 0.05), but not with sex, age, location of
canceration and degree of differentiation. Conclusion CTC combined with CA19-9 is helpful to further
improve the diagnostic efficiency and has high clinical value in the diagnosis of colorectal cancer. The
presence of CTC may be related to lymph node metastasis and TNM staging.
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25 H 98 (colorectal cancer, CRC) V& & tH 5 | ki
R S I R, TR E S B R RS R
TRWMAERET E. HEl, IwKR &M H CEA 5 CA199 4
Bhio WSS B, A T P iR v 4 S B R e 8
BAK. EWteiz. SnBi A En CT =4k 8 S I 77 v B
BRES R, EREHSLHEIR S ST ERK, S8
I T AR R IERZ I, DRI PR S TR T A SohR
SV R BIZIR W . TEAMIREAN (circulating tumor
cells, CTC) J&¥8 M1 JF &kt BLE FE RS b SE M B, 3k N\ 4b
FA MG A KGRI . A2 0 &8, CTC T
i B AN, HA R TG A R PR 3. CTC

A B Bt B 4 U 6 75 R 45 B R A R R E I

ARG TR T CTC MM & R4 Y SE-1FISH, #HEL
T IE 18] & 451, B BB AT R00E o ot I Hh 55 L CTC IRk,
em CTC M 2. A7 B TERBL CTC 54t H i B I
PREFAERIAI M . DL CTC HhAs & 5864 CEA A1 CA19-9 7
SEE W B E PRSI E, NS B B RS W R At
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1 SR5H%k

1.1 FFRXNR

¢ 18 ¢

TF ST GIE PR AR L R RO 2B SR 55— 2B 2018 4F
& 2019 FELFILHL IS B e B3 115 ). e B Ssg
69 ], whEEHE 46 f, FH (58.2+12.0) ¥ . FAEE
IR 30 2 o {ek R AR AR 20 1), o 53 15 49, 4 5 41, A% (51. 8
+6.7) &, GHEEEE IS WERHE S TN 73 JA K 5552 [E i
A2 58 )\ U E D W R G AW 115 645 Bl v,
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1.2 FERAFN S5

B Rr 4 ff 2= 48 = FE R & (10X ¥k4E hCTC Buffer,
Cytelligen 4HR 7 259K, CDA5 MERR &5 & 22 A Cytelligen
AN E e, Manp A YLt AOL, LA AL 4B FH et
W BOL) M el fir 238l & (CD31 HiiksE AR FR1 4
Ji ] 52 9, FR2 REASHFE, PR3 L2003, CEPS HR&M A,
DAPT #efaifi, 2[E Cytelligen AH])), IFEZEMEE (H
AJERE), ThermoBrite JRAZZ4AZAX (EEMER). MiFE CEA
Je CA19-9 &1 F 12000SR T8 4= B sh b 22 K 6 H s 0 HT X
T AR S R A R
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FBh I B AS Y, FEEAT 2ml MWR)E, WA EE S
JAI 7. 5ml FAERANBTEE, JRET, 4h WALEE, K2k B
JE RN Sk R SENR ST, FIRFEABIN 50ml BO0E A,
FFR Iml 1 XhCTC Buffer PRIERIMLE 2 WX, VRIFIENA &
3 ml A4Sl T 0% B, B8 A hmERESine
B R Ey B 1ml 1XhCTCBuffer Iml el A %, WSEEZE
BIEN B &, BF, 450 g (1467 rpm) B 8min; M
BER EEHBEERLE G BOE C R, 2RI AEREK
Bk 200 wL, JRED, ¥ & 0EMWA (2930 ) BFRARL,
130rpm, #£%) 20min; HY 3 ml ZHM02r BT 208 D, K&
C BRI BRSNS B L5 B, 450g (1467 rpm)
B0 8ming B0, BV LT E AR E 50ml Bl
& B, W ERE LT 100 uL 4 TEOE E hHEMA
1 XhCTC Buffer £A&FH 45 ml {F¥eE /Wi /57 LG4 100
u L FARSMACERFTIR 2] s NN I 40 it 23 B FH e €4 A01 F1 BO1
A 1ul JFEERE 15 408, Z A% 100 L BEANA Cytelligen
e, &, FRAEETIA

F 20ul 2H 4 52 W FR1+180ul BEASFS TR FR2 VR4 /5 14
IFREANEE, B 10 08, WIFFEAHE Bk )E,
FR3 ZZ1P DA S 2B /35 Wk 3 ;Y80 10ul CEPS ##4f4itk
M, mLmds, AR EREANLLEE, |
BN ZALAN, WEFEFF AN 76°C, 10 434 432 37°C,
4Ny R GG EC R 2a 3, N 10ulDAPT S i,
LRSS, BTV EME N,

1.3.2 CEA. CA199 il

{F R BN 2SR, SR 5 Gl ik i 3ml, 2100
Xg B0 10 /38l B i, BT 12000SR MERE 4 H 3tk 22K
F6 G S AT A AT ARG

1.3.3 SiR¥E

(1) CTC %5Ehwifl: ¥ DAPI+/CD45-/CD31-/CEP8#2 %
N CTC, H.CTC=14>/7. 5ml B A4k JE 1. CTC fH: . %5 CTC
WHEB A g B & CEC M T3, EB 408 % ¢ s
DAPI+/CD45+/CD31-/CEP8 = 2 ; CEC % F #r #E
DAPT+/CD45-/CD31+/CEP8#2

(2) CEA 5 CA199 FH:AR#E: CEA>10. 9ng/ml HI¥r A
P CA19-9>>37U/ml W Ay FHE .

1.4 G5

SIZI6 P45 300 43 A SPSS20. 0 5 Medcalcl8. 2 BAFi#4T 48
oM. HHEEERESRAR (%) For, FAEHTKRKE Fisher
M I T LR . THE R RSN, F A (15
AEEANEE) R . M8 SR TAEASAE (ROC) B2k PR %95
Frxt 5 B9 B2 W 2RE R A T8 i B T S 12 WA R,
SRIGHEAT % ROC M2k FTHARIELE . A P<<0.05 NEREH
G EE .

2 &3

2.1 CTC. CEA DA% CA19-9 [l 4E 5

FIFH SE-iFISH #3022 f) cTC E& k1 frs.
S H IE S REXT B4 CTC. CEA 5 CA19-9 fryke i 45 5 I,
# 1. Hrh CTC ANBUTE S B i 4LRN i B o HR AL i) R A E5R
3.0 (10.0) N5 04, CTC FHMEZ 514 87. 8% 10. 0%,
Z2EHGTEE X (x2=52. 837, P<0.001), CA19-9 7E4E
B AN X IR PE RN 26. 0% 5 5. 0%, ZESF LT
EX (x2=3.173, P>0.05). HAZMECSKIMMHGELS
Bl At A R R Z JE gt %8 3L (P>0.05).

a ---
g
~ g

B 1 9eEMEBT CTCs MEE (x400)
Image of CTCs under fluorescence microscope
(x400)

Identification of CTCs in colorectal cancer by
SE-iFISH platform. DAPI:blue, CD45: red, CEP8: orange,
CD31:green. a:DAPI+/ CD45-/CEP8=3 (white arrow); b:
DAPI+/ (CD45-/CEP8 > b5(white arrow): c¢: DAPI+/
CD45+/CEP8 =2 (red arrow); d: DAPI+/ CD45-/CD31+/CEP8
>5(green arrow)

Fig. 1

F 1 CTIC. CEA 5 CA19-9 M4
Tab.1 Test results of CTC, CEA and CA19-9
Groups N Disease group Health X2 b value
(n=115) group (n=20)

CTC 52. 837 0. 000
Positive 103 101 2
Negative 32 14 18
CEA
Positive 33 33 0 6. 122 0.013
Negative 102 82 20
CA19-9
Positive 31 30 1 3.173 0.075
Negative 104 85 19
CEA+CTC
Positive 104 102 2 55. 279 0. 000
Negative 31 13 18
CA199+CTC
Positive 109 106 3 60. 385 0. 000
Negative 26 9 17
CEA+CA19-9
Positive 46 45 1 8. 835 0. 003
Negative 89 70 19
CA19-9+CEA+CTC
Positive 109 106 3 60. 385 0. 000
Negative 26 9 17

2.2 CTC B4 CEA. CA199 sk e ba:

BN R BB RGN VR B R U R R R AR ST
bR 2, CTC K& REE A 88. T%riT CEA 1 27. 8%F
CA19-9 A9 26. 0% (P<<0.05). ¥ CTC. CEA 5 CA19-9 Bt&H&
R 02 48 1T 5 AT A, SRS HT B G2 Wik,
H ROC MiZ s W, (B 2). ROC #hZk s #r iow, CIC &
Wikt =T CEAL CA19-9. 34 CTC Bt4& CAL19-9 M, R
HUEIR 3] 92. 2%, AUC 427H3] 0,917, & THd F CTC 1y
Wik BE (Z=2. 550, P<<0.05). CTC BtA& CEA 5 B Ff CTC
KW e EL B B Z 573 (P>0.05). #t—HH4& 3 A
K J79%, H AUC 2 0.908, ELeshfiiFl CTC it , HE
CTCBk& CA19-9 (I AUC Z R TEGe 1T X (7=1. 406,P>0. 05),
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Kk, CTC BtA CA19-9 NEMAH AT, " EEREHBZ
Wr ik e -

KIRAER, BIIAR G EE 5 EAGFRLUES] 90%95%[2] .
LB EAEVICH B A R A R s F b R, 35 F4E

# 2 CIC. CEA 5 CA19-9 2[RI HIAG B8 R RE
Tab. 2 Diagnostic efficacy of n CTC, CEA and CA19-9

Groups SN sp PPy NPV accuracy RoC i?iliue o5HCT

CIC 87.83%  90.00% 98. 06% 56.25%  88. 15% 0.889  0.037 0.82470. 937
CEA * 98.70%  100.00%  100.00%  19.61%  39.26% 0.643  0.021 0.557°0. 724
CA19-9 * 26.01%  95.00% 96. 77% 18.27%  36.30% 0.605  0.032 0.518™0. 688
CTC+CEA 88.70%  90.00% 98. 08% 58.06%  88.89% 0.908  0.029 0. 846™0. 951
CTC+CA19-93% 92.17%  85.00% 97. 25% 65.38%  91.11% 0.917  0.032 0. 856™0. 957
CEA+CA19-9 39.13%  95.00% 97. 83% 21.35%  47.41% 0.678  0.030 0.59270. 756
CTC+CEA+CA19-9 92.17%  85.00% 98. 08% 58.06%  88.89% 0.908  0.027 0. 866™0. 963

*: P<<0.05, compared with CTC and have lower AUC;
X: P<<0.05, compared with CTC and have higher AUC

Sensiity

1-Spacincl ey

2 CTC. CEA Y5 CA19-9 Bl K Bt&rdar (¥ ROC il 2k
Fig.2 The ROC curves of CTC,CEA and CA19-9
independent and combined
2.3 CTC 545 1 15 38 e PR BRARFAE KR AT SR
CTC SipkELEs 54 I TNM 43 BAFEAEAR G (P<<0. 05),
M5 FE8. A AT 2 B 2 R W41t
RS (P>0.05). B 3.
3 CTC 545 H i B8 I RO B 22 R AE (1 2 R
Tab.3 Relationship between CTC and
clinicopathological features of CRC

Factor Total N= CTC CTC
115) Positive Negativ P value
(n=101) e (n=14)
Gender 0.415
Male 69 62 7
Female 46 39 7
Age 0.754
<60 62 55 7
>60 53 46 7
Location 0. 368
colon 61 52 9
rectum 54 49 5
TNM 0.017
I°n 25 18 7
v 90 83 9
Differentiation 0.298
Poor 13 10 3
Moderate/well 98 89 9
unknown 4 2 2
Lymph node metastasis 0.021
Yes 78 73 5
No 28 21 7
Unknown 9 7 2
3 whig

LHE R R IRFAERE LT, BBANE R A H L
TR EER R IS BT HUG T i USRS B e

*«20

HFERETRERICH 12%, BHAFEREZEY. CICs FETBIUTEAN
I IR EE, W R TG RIS E RN
F 1 mm N, AERER S 0 R AT AR R eTes™ . BT
BT R ILZ S0%I IR sk B T B R s ™ . A
BT FEEBEN W B R R GFEEREAE, XH
Tl VR A AE B R W R PR o T 4K 5 TL 335 PR o 5 2 P G 0
AR E B E R R, 2 B R R SR S8 CEAL CA19-9
FED B ARG 0 SR A AN S M IR, AE RS R R CBAL
CA19-9 Wi 4 H e UK AR 27. 8%, 26. 0%. FHKHTHY
FREY, UL EK 2 AN hr S Ik A 2 AR TR SRk B B 42
BB SE BRI LA S )17

CTC 1R RNMAMIEAS B — AR5,  EEIE SEFE B I 31
BB, R gnin & o b R S e Bk N VAR R, X5 T4
CTC (PRSI S FH T 45 B W9 i 4t B2 W B 4t 138 I B ik 4
. HAT CTC A8l FEHE AT L2 o4 I a5 5 A4 P AS 0l
YN 4 07 VR B M VR B M B k. ARk EAE
S firb 8 41 0 7E BN VR 3R R G 01R], &4 bR 1Al Ak
(EMT), 312 bz br &40 L % ARG B 2+ (EPCAMD, [A]
FAEEWIEIEES (vimentin) i, PR A8 iR 20
FTH FIE L bR B P B 4R i RS, SRR
Mo ARSI SR FH 25 A0 - 9 G IR AL 44 A8 v (SE-iFISH) X
CTC BHAT &AM, AT s 40 B 2 T 8 A A 1
Lk, W 4RSS CD45 A AR E A, T E
T ¢ S BRASE e Az vk ag FH G o A S A AR S 46 S e g A4 L 1 e
FEMERRE, I H.UAPT CD31 HUARLE R X 43 B 5 AR 2R ML N B2
M (circulating endothelial cells , CECs) B4k, Kk
$E CTC RAIRESE™ o Yetiid A 1A 2 JohRa 40 PO b 5 1k
FRAE™ o Ge™ 5] SE-iFTSH AN il A i £ A A
AR CTC JEATRTM, A H 2R 30l A& 92% F1 87%. 1E Jik e
EEE AR CTC 1453 R AR M L AR S 1k 4 3902 88% 11 90%™
Sheng"" &% 45 {51 LRI HF AT CTC K, BHPEA N 91%.
SE-1FTSH 5 AAH b B HAZS 5 FDA 3RHLIY cell search R4k
M CTC HAEEMG R, AHF7iE SE-iFISH HAK M
96 fl4s B e g CTC, M FIER] 90. 7%, BT FHA4S
B (1. D RRFEREIIRHER 72.0% (18/25),
M (. VD A 92.2% (83/90) (Kt hZE, X H
W H e B Bhis I B EEE . AR EN
CTC E45 H e B i & AN IR Al ks 2,  HLBESE 2
By, HPHME CTC A R skl . X 5 AHE T 45 B
AL, BRIAEEH R R TR EE IR, HERABES
TR S FANERIL CTC ATRE S B3 2 Bk B 5 A0 5,
WA R I R TP A Il CTC K&, phah, —WistT
CTC #2545 B e B TS B R meta 23 HT oR, A I
W CTC MIfFTE 545 B e B S AE A ek JE A A7 0 A
HHHEA L, HEw CTC MR RBETE CTC SHuE
?@ﬁﬁ&ﬁ?ﬁmﬁﬁ\ﬁﬁﬁwuﬁﬁﬁﬁi%%ﬁﬁ
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AT R E S B AR BS W RS, A AT R R
1T CTC A& A, #E— BB A CEAL CA19-9 Mgt SEHEAT /04T,
SE LR CTC Ko 2 U =T CEA R CA19-9 Bapduke o, 25
YRR X2 CTC BE A CA19-9 B, 4% H SR FETH 2 92. 2%,
AUC $27H3] 0.917, HEZFSTHMMNAH CTC BRI 0.889

(7=2.550, P<<0.05). #BRIF"" % AWFRLELY, CICH
CEA BRARMTE 1+ 4 Bl s Wb st . fe it
BT CTC K CEA Hfill. A ARLRER, CIC B
CEA Xt45 Bl s i aihe, S9ER CTC Mz Wi RiaeAH
R EZE S . mTae5H XA CTC Al 7 EFIATE 5K
F SE-iFTISH HiEAFA . AW R MAE AL, |
T SE-iFISH A IE I Yo ik B 5 ki e CIC, WG T2
LR, iRl AR SRR R, IR EE R
PN FH e T B e AR BT R MR R A, R IN 25 R R R
T Ba b, IhPREEITE 75 25 5 8 PG ASRE PR
iR iz W . AN R R AR RN, R T T
BEEAE, SRRy AR, #—PRIE CTC 5EHIE
PRAFAE I BEE, PLK CTC 5 CEA. CA19-9 HIBEA G AEA
] 43 B 485 B e e B2 v (4

22 FRTIR, CTC HH3% TNM 4> BiLL 2 B Bk R 45 i e 17
TEF M. AHELIG PR & RO CEA 2 CA19-9 Wifh s bn E4,
JiHid SE-iFTSH Al CTC 1845 B e B HoAA B s H 2R,
2 CTC BEA CAL19-9 i, S bhseofih e oAt 20 45 26 8 i (1) 4
Bhis Wi B e I seg, FEPETIIIMEL 97, 3%, BHM:TE
65. 4%, XF &b B K Bs Wi 8 m it R AN B .
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