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[ Abstract ] Background and objective The aim of this study is to determine the efficacy and feasibility of a novel
folate receptor (FR)-based circulating tumor cell (CTC) detection method in the diagnosis of lung cancer. CTCs were col-
lected from 3 mL of blood based on negative enrichment by immunomagnetic beads and then labeled by a conjugate of a
tumor-specific ligand folate and an oligonucleotide. Methods After washing off redundant conjugates, the bound conjugates
were removed and analyzed by quantitative polymerase chain reaction. Results The CTC levels of 97 patients with lung cancer
were significantly higher than that of the controls (18 patients with benign lung diseases; P<0.001). With a threshold of 8.7
Folate units, the method showed a sensitivity of 82.5% and a specificity of 72.2% in the diagnosis of lung cancer, especially a
sensitivity of 86.8% in stage I disease. Compared with the existing clinical biomarkers such as neuron-specific enolase (NSE),
carcinoembryonic antigen (CEA), and CYFRA21-1, the method showed the highest diagnostic efficiency in lung cancer (area
under the curve, 0.859; 95%CI: 0.779-0.939) and stage I lung cancer (area under the curve, 0.912; 95%CI: 0.829-0.994). For
future work, the CTC levels of S lung cancer patients higher than 8.7 Folate units/3 mL in their postoperation. Conclusion
FR-positive CTCs were feasible diagnostic biomarkers in patients with lung cancer, as well as in early-stage tumors.

[ Keywords ] Folate receptor; circulating tumor cell; Targeted PCR; Auxiliary diagnosis; Postoperative monitor
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Tab 1 Characteristics of lung cancer and benign diseases

Characteristics Number Ratio
Lung cancer (n=97)
Age, years (Median, range) 61 (38-72)
Gender (Male/Female) 64/33
Smoking 59 60.8%
Tstage
T1 24 24.7%
T2 53 54.6%
T3 12 12.4%
T4 6 6.2%
Tx 2 2%
N stage
NO 51 52.6%
N1 12 12.4%
N2 16 16.5%
N3 13 13.4%
Nx 5 5.2%
M stage
MO 84 86.6%
M1 13 13.4%
Grade
Well differentiated (G1) 3 3.1%
Moderately differentiated (G2) 72 74.2%
Poorly differentiated (G3) 22 22.7%
Tumor stage
I 38 39.2%
I 17 17.5%
1 26 26.8%
v 13 13.4%
Unsureness 3 3%
Histopathologic subtype
ADC 50 51.5%
Scc 36 371%
SCLC 9 9.3%
Other 2 2.1%
Benign diseases (n=18)
Age, years (Median, range) 51 (37-66)
Gender (Male/Female) 8/10
Smoking 5 27.8%

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

cell lung cancer.

Br, ZHZBCTCHKN HBER M Kruskal-Walliski % . [X
Sl AE 5 AR AE AR E A B R BUIEE (cutoff ) JEil il &2
ﬁﬁb% Iﬁ:fﬁ:‘ﬁ[ﬂéf ( receiver operating characteristic curve,
ROC) 7p#rf5#), FFHERR A eprrROCHIZ T
B (area under curve, AUC ) . FTAT 453 FPE AR SIS
W, HE iR FISPSS 19.0 ( SPSS Inc, Chicago, IL )
B Prism 5.0 ( GraphPad Software Inc, San Diego, CA ) Zb¥f
P<0.0S HZEFA G FE X

2 #R

2.1 BFIGIRFEACTCIK- BB At £ 5 CTC
FR B4 5 4 8.08 (4.19-11.99) . 16.57 (2.81-44.65) ,
Jifi g S8 A CTCOK Y- iy T RAE S % ( P<0.001, A
2A) .

FA 138 1 o3BT L il ges B8 E CTCRY 2 T (LR iE—
A PPAG 8 L FRAGIN CTC 5 AR - W2 W vh o A S TR
FInTREME . RPN BB A e AR CTCH (L 43
) 48.08 (4.19-11.99) | 15.39 (2.81-39.09 ) ( P<0.001;
&2B) .

SRR E N B CTCACE IR L, A2 I R A
SRR (UNARIZET R AR (<604 vs >60%7 ) |
PR CHBHE vs ZoPE) | WS . RS9 (G1vs G2 vs
G3) . TNM4HHA (THA-ITH vs IILI-IVHA ) | S5 R 7R

(ADC vs SCC) HHRCTCIIK Y-, ZERinZ2fn, 4F
W PERI L WK R S S B AL S CTCIE G,
{HTNM 5319 FP IV IR 8 35 CTCOK Y i T U I AR
FHCTC/K (P<0.05) , HH I HE CTCK LTI
WA TR ST A AR DA G,

2.2 ROC/#H1 ROCHTZE R Fk A 8 CTCXINSCLC ( ADC
FISCC) HBEMIIZWIA M, CytoploRare®nf iz 37 {AH
A A I8 2 ARG 551 3 X6 48 12 B 114 cutofF{EL 478.70
Folate Unit/3 mL, 7 #82.5%, 45/ K72.2%,
AUC}0.849 (95%CI: 0.777-0.922 ) % J7 B 13 fifi Jess
BH RIS RAEUE 5 586.8% (33/38) . 1L, IIIHH
TV I £ PR AGE 23853 31 A70.6% (12/17 ) | 84.6%
(22/26) . 76.9% (10/13) ,

2.3 HHAMIEAREY) BT AT TE L i CTC Y H
F I A 38 3k 7 FH 4 i 9 i i 90 ( NSE, CEA, CY-
FRA21-1) , 50 UFFREE ] PCR CTCHG I Jy 74 % ifi
WA R o X SE IR AR AR PG U R Elecsys S 43
Eﬂ)‘( ( Roche Diagnostics, Bavaria, Germany) 7’%’ EEO
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Tab 2 The CTC level of lung cancer
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Characteristics CTC Unit, Median (inter-quartile range) P

Age (year) 0.348
<61 15.81(2.81-39.09)
>61 14.23 (2.88-46.37)

Gender 0.766
Male 14.38 (2.88-46.37)
Female 14.11 (2.81-39.09)

Smoking status 0.462
Current smoking 14.26 (2.88-46.37)
Non smoking 15.81 (2.81-39.09)

Grade 0.103
Poorly differentiated (G3) 11.40 (2.89-34.78)
Well/moderately differentiated (G1/G2) 15.52 (2.81-46.37)

TNM stage 0.018
| 15.39 (2.81-39.09)
1l 14.38 (2.88-24.51)
-1v 21.04 (4.52-44.65)

Histopathologic subtype 0.690

ADC
SCC

14.82 (2.81-46.37)
14.32 (2.89-44.65)

TNM: tumor-node-metastasis.

1 CytoploRaret 52 {4 BR {4 /& I BB 40 B e M ) &2 1
Fig 1 The Flowchart of cytoplorare folate receptor-positive cell detection kit. CTC: circulating tumor cell.
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E3A, HdFREE m PCREGIN E) A CTCE HAAPE  AUC (0.912; 95%CI: 0.829-0.994 )
PRaSIA B RAJAUC (0.859; 95%Cl: 0.779-0.939) , HE 2.4 ARJFUEI 718 70 nIKMARRT . ARF2J8 A CTCK
Ty FSHER B F R MR R R, e RoOrkaT DO o, i sldim FIEEE, HEAOBTEAR G2 N
TR R R 2w, WEI3B, PR PCREGI  CTC/AKFEIHE BTF, HAWTRE (K4) , FARG BB
FI| 1 CTCXT LI fii s S8 AR A b bR S A R MICTCR] R RS i3, Al REAEAE AR A A B

A B
50 50
40 _ 40
E &
< 30 = 30
2 £
2 20 @ 20
5 5
£ 10 = 10
0
Lung cancer Control Istage Control

2 FifE. HARGE R AGERR I AR R B ECTCKE, A A RERFREE. MEEECTOKTE B AR EHRREE. IHMEEECTORE,
Fig 2 The CTC level in lung cancer, | stage of lung cancer and benign disease. A: The CTC level in lung cancer and benign disease; B: The CTC level
in | stage of lung cancer and benign disease.
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Fig 3 The diagnostic efficiency of CTC and investigating clinical biomarkers in lung cancer. A: AUC of CTC and investigating clinical biomarkers in
lung cancer; B: AUC of CTC and investigating clinical biomarkers in | stage of lung cancer. AUC: area under curve.
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NSCLCH % 1) CTCH W () B AR AT IR FEALE
WX, R, XA LRSI, HiArid
VA A FH BRIy i 4 B A 2B R 1, CellSearch
Z 4t ( Veridex, Raritan, NJ ) JCTCHIAG I AR UEEARL R
GLWSEIRE , ZARGC LR T 2 E G2 A E Rt
YEAE N RS LR | 8 R R4k B JE CTC R
ARG B A AR iC R BICTC, SR, ZEN
JEEEMT 1 25 42 S SEARC M T B Ay g skt
T3k, R PR AR X I i Ep CAMBUR AR CTCOts F A%l 2]
NSCLCHEHE MG AN, 55 Z T LA 2 b Bz o8 4 At
KNP EKEMICTC, IZHARSE T AN AL SR AE, T
ANFI AN T AR i) . Z A BIFSE K BT it F
G,k E R R AN /NSy ARSI CTC R P
B3 F CellSearch M R 450 AR, HHARAY 41 M Bl
SRR AN A BRI B 56 e T LR S 3 R AR
i 2 Jeple b ey

FRJE — P4l R 1H 2 AR T, B R EE RO
AR R s Rk . HETENSCLCEH a7 Y
— ANV R B Y — IR s P R K 75.7%
NSCLCH F HFRJE L 3Rk 1Y, 1M HLAE M g b i 22 ik
KOV R T AR o RS S I R 2 U i A 4
ZUARFIRFR, (HAE MR PR T 36 P B W20 S A1 I
AT R I H 20 M RE A5 2 Ik T RBIEFR . SR TATIX LETE B
W 24 L e e i o o S L ks A TP AR R A
W], FEAMFE, FRATEFRALEPCR CTCHI J5 12 1L
FHF i, 2 BB S ke S0 28 rP O 3 ek s 4 e 17 7K
AR T ML (P<0.001) . FRAE[MPCRELZEFKAICTCH:
W5 5 — AR, %y L 7 i £ CTC,
J& M R B SRR AT IR PR IC & 4R CTC, i) il i RTHE
[ PCRE /T o Parker 53 1o fi FF 2 fab g S i AR 485 45
Gy HTIEAT HNSCLCHE A 22 5 5 it AR 11 228 I FRE- 2
JKAER6.11 pmol, 33X B M 1E—NSCLCHI g % 1 K24
A ZR10FR, FENSCLCH AN il B— Mg 2
6 A1 A R HE 0 1073 A B30 2 ) 2 P TR 11 S A R A
MRS, X PEOR, T LARIN 33 mL il iR A
Hfl B CTC,

PEIR RN H CTCHA —E WA B O A EiT
WbFERS o IR A% 2 A B 2 it B . CTCIRZB AR R

JELVAM S AR E (W B 8855 ) , ATFRZ HDTC (dissemi-
nated tumor cells) f2s] — g, A T4 EfDTC
RAERHA, IFHIE RS, M2 A AT DLk sk 4
£ R GRS, IR A b R A T RE & A0 A R
PR RN AL R ok A v, e 400 2 2R B o 22 g (] 3R
RURHIE, R ZIEH IGO0 T ARl AR SR, ENFFfEEMT
TR, T8 LB 25 5 2 A LAY P R T A LAY A
EMTREFEH, MR it 8 15 i 48U AR 109 nCK
A E Rz 40 ARG B2 1 (EpCAM) ek, B T ajH-2H 2]
PRI EA R R BT, HE, EMTIEAR A4
‘o, RZ CTCH] DLH B 2k ] 4 21 bRl
YRl bR 42 X IRA T ) — S CTC ARSI Jy v A 45
BERYRER . AT b B g ZNFR I B A vk R ek
K 2 % AEEMTHICTC.,

Ty ), R SN R RS R S AT
IR E|CTC, WAl R UL CTCIERA ML AL FE JE: & A AE
TR AR 7 Je i, IR/ INEE T2 mmZE A i
AR IASE A G AR, S Ak it DT A e e 40 B 5
A MARBIER . Husemann5 5@ 1 (FFEIESE T, AR5
PR/ INERUFI A 5 2917 J-18)8], AR B ATAS: H CK 5 HER 2]
I PR R M A, T 5 R R (R BRI F L mm®,
AT IEE R RENE T R g, HpHe D
W 238 rh AF S PRIV M 109 [N 9 200 3 28 Jz T V5 0
AW AEFIBALB/ /NI BN TR . oA 8IS, 7E/)
BUEH A a6 H A5 4 T ARG B R 249 1.4 CTCA i
M3 TR A S 3 AER 4, 45434 ] 4 5 ke 7
AFNBNCTC, i MR, CTCHIEE 254K
K BT FEMEB A RT4 N, WA TR 2]
R BAETE R R MR AE A3 52 . DL, e B,
TEMRIRE A R ) R, IR RIAT RS IR CTC, i i
WEFRRNT, TR S AULE I i Je i IR B, B2 AE
EALZ ARSI R CTC, X EMRE CTCH LIVE NI
i 1 B2 W i — MR TE A D s . AT B9 s
RIFIFEFRM], 38 2 FREE [0 PCRAGIN CTCHY Jy i ZE LI i 9
HE PRI R BT 1£5186.8% , TEFRATTHIIT A )21 T
FEFT L4232 s M S P kel , WINSE . CEA, CY-
FRA21-1, AT S CTCIIZWTRE J) . 5 X e pipipr s
YIFHEL, FREE[EPCR CTCHGIN /574 HA7 e I AUC,

AT e I it A8 R S5 7 ] ARG N CTCK - B i
T, BEAE SOt A, TR A S RIEHICTC,
S2RIMCTCHK M Fm, ATREIEE . FARE S8R
YA CAERERE T ) sE MRS, SECOREN b
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