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Clinical application of dual template sequencing method for lung cancer
circulating tumor cells combined with tissue
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[Abstract] Objective To evaluate the potential application value of circulating tumor cells
(CTCs) combined with tissue dual template sequencing method in the treatment monitoring and
medication guidance of non-small cell lung cancer (NSCLC) patients. Methods This study
applied a sequential sorting and enrichment system (Ep LMB/Vi LMB) modified with epithelial
cell adhesion molecule (EpCAM. Ep) and vimentin (Vi) to achieve efficient capture of CTCs.
Based on this technology platform, CTC Deoxyribonucleic acid (DNA) was integrated with tissue
DNA for analysis, and a dual template sequencing system was constructed. CTC testing was
performed on peripheral blood samples of 26 enrolled patients, with tissue samples additionally
obtained from 5 patients and fixed in formalin and embedded in paraffin for next-generation

sequencing (NGS). Results The CTC count of lung cancer patients was significantly higher than
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that of the healthy control group [(34.6 +5.2) vs. (3.8+1.4), P<C0.001]. The dual template
sequencing technology was used to detect an average of 2.44 tumor specific gene variations per
case, which could identify 28.7% more low-frequency mutations than single sample sequencing.,
and the difference was statistically significant (P < 0. 05). Simultaneously, dual template
sequencing not only detected all expected variations in tissue sequencing, but also other variations
that were not detected in tissue sequencing. Conclusion The capture technology based on multi-
target LMDB can overcome the limitations of traditional EpCAM dependent methods and achieve
effective enrichment of CTCs during epithelial mesenchymal transition. The dual source (tissue+

CTC) sequencing workflow not only covers all gene variations detected by tissue biopsy, but also

identifies clinically significant mutation sites.
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A8 p. Thr790Met (T790M) 5 K& A= 1E 45 21 4L T
(9737 45, 858 07, B 5% & W (L) BORE & e (RO B AR
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Y AE B 5T 06 iy 28 25 43 T M1 R) =4S
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sequencing, NGS) ., Jir A i & 5 3k 47 #3014 U) BR
AL HAFE LU AR e : O] $2 4k & B i 22U A ©
A0 iR B I 48 5 A AN A . BRI
BT, 10 mL $T &8 2 KN 2 m
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Figure 1 Overall workflow for next-generation sequencing of tissue samples and CTCs from the same patient
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F 3h4n i i+ £ AUE # CTC,
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MM A B LUE S e RARRAE, W€ L CTC,
CTC HEbrfEan F . 5 55U %8 Ot & (fluorescein
isothiocyanate isomer, FITC) #7 ic B9 40 Il f8 2 H
(cytokeratin, CK) (CK-FITC) ik 7] 28 (FITC & 1,
B BH I B 55 PHAE ) 54, 6- Pk FE-2- IR BL | g (4, 6-
diamidino-2-phenylindole , DAPD) #% 4% £ BH %4 ; .= 48
g 3L 6 1 R (leukocyte common antigen, CD45) [A
PESCBHPE . F A HERR - #4745 DAPT /CK' /CD45"
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aifb =¥ %= 96 fL PCR #, A 20 p Ll $8 $0 % 3k 7l
IR (Illumina TruSeq), 22 °C ZE 4§ 30 min Ciffi {4
P5/P7 # 3k A ®E #) . W dE 4T ok g fk, B
2 000X g B> 2 min — BESIBEWG B AL RS Vg L I &
VRBLAARRL 20 pL(EBT Mg . )i A7 4G S5
Fe o SCHERUREAE T Agilent 2100 230 M AR J B 73
i CH 5 150~300 bp) J SR 24 78 7t PCR J7 ik it
77 7 (Kapa Biosystems #rifE i £k ) . fi fI A X
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1.5 itk N A SPSS 19.0 Gl # 4 #r
Bl . BT A0 M S A kAT 2= 0 3 YoM S A (A
Y EE ), I PR ECR H Mann-Whitney U
FR AR 35, 5 A8 45 v FE R0 %8 — 80P 38 11 Pearson
AR IIE, P<<0.05 HESHG %5 X,
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Figure 2 Overall workflow for comparison of tissue sample sequencing and dual template sequencing
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Figure 3  Statistical analysis of CTCs in patients with lung cancer
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Table 1 Evaluation of detection sensitivity using lung cancer cell lines
(%) FEA G HCC827 4 H1975 4l il
CTC S Ex19del T790M L858R Ex19del T790M L858R
NTC N/A N/A — — — — — —
LPC N/A N/A + + + + + +
1 ng
10% 20 180 + — — — + +
5% 10 190 + - — — + +
2% 4 196 + - — — + +
2 ng
5% 20 380 + — — - + +
2% 8 392 + - - - + +
1% 4 396 + - - - + +/=
25 ng
0.50% 25 4975 + — — — + +
0.20% 10 4990 + - - — + +
0.10% 5 4995 + — — — + +
2.3 Jiie R AR RURE MR v aE B R A A AR BF A I g 9 - S5 T A 2,44 A e e S R R R AR 5

MG HLE CTCs BUREAEA JEAT & i & 07, &
3 fife BT M e 5 DR A8 SRR AIE 58 AR R i e 114 R AR
W EGFR. % 45 H 53 (tumor protein 53, TP53)
J Kirsten K PR 99 75 9 25 4 [A] U4 (kirsten rat
sarcoma viral oncogene homolog, KRAS) ., WA #i

APC, 3%
CDKN24, 2%

KRAS, 7%

EGER, 22%
BRCAZ, 2%
ALK, 5% \ s 2 E
=
G % W2, 2%
FGFR2, 3% »—- ————— PTEN, 2% =
ARIDIA, 5% \‘/ - ERBB2, 5%
CONEL, 2% SISCH, 2%
RBI, 3%
MET, 2%
PIK3CA, 2%
P53, 27% ®

4 BERNFRAREETIERBRSFIES R

S N s O
T T T T

B BAREACIN ] Z2 3R B 28,7 % AR 28 A, K A
lhESAG IR X (P=0.018), H K Z & 3K
43R (minor allele frequency, MAF)<C0.5% ., W&
4A.B,
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Figure 4 Characterization of the overall workflow with dual template sequencing

2.4 SUBARIN 7 5 41 200 7 i X HE R E S 5 IE
CTC RSB I 3 (4 11 R T AT P AR 58X 5 4 &
{14 i 7R bR 52 A 0 1 4 R AR I AT v s
JF o IR L5 5 5 BB AR W P (A 21+ CTO) #E 47 &
BEPk X, 25 RN OR A% G0 41 SV A R 0 T A 58
AR (32 ) ¥ RE B AR AR Wy g A aE, HOR AR
MAF 75 B — 3 (r =0.930, P<C0. 001), 3 i B

WO, 4 BIAE B 7 R 8 PRI E] T EGFR JE
P Ha AR R PR 3 A 2 (murine double minute 2,
MDM2) & K438, SR, 7645 58 1 3 T 20 2L I
g R R X B IR R (copy number
variations, CNV) ., %5 R4 Il B iX & CNV 1y
CTC AJ LI i BURE AR I e R ok . I 2.
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Table 2 Comparison of next-generation sequencing and dual template sequencing results of tissue samples

N RS il T () AR ILF AL+ CTO) AR (8D

2 4 64 ALK,EML4-ALK (E6: A20): ARIDI ( Ap. A345_  EGFR(p.L858R) : TP53(p.R249S)
A349del) ,EGFR(p.L858R; TP53p.R249S)

5 % 75 CCNEI CNV (##4), CTNNBI (p.S33Y; EGFR p.  CTNNBI(p.S33Y) . EGFR(p.L858R)
L858R)

6 5 60 RB1(p.R7Pfs * 24) , TP53(p.L194R) TP53(pL194R)

7 % 60 EGFR CNV (¥ #), EGFR (p. E746 _ A750del),  EGFR(p.E746 A750del) \EGFR(p. T790M) ,
EGFR(p. T790M) ; ERBB2 CNV (¥ #). FGFR2 ERBB2 CNV(¥ #4)
CNV (3, TP53(p.Y2200)

8 7 68 EGFR(p.L747P), MDM2 CNV (§#"#),PTEN (p. EGFR(p.L747P),PTEN(p.K183Rf * 16)
K183Rfs * 16)

3 3 i L7 T R B AL AYRE /7. X 5 Liang S 5T

il A 2 4 RN 2K {104 Pk K L % 9 R R0 B
R EERE N, BAEAH 200 LRGSR
100 T ~179 JTBFEWIET . i A B TS
IR 5 AF A AF AL 4% ~17% ", Wit &
2035 AF il AR AE T B BOK 2 E = 300 T, FAR
T2 WA B R G T B A An e, | ~ I RS 5
EAAFFT IR 60% ~80% . SR LY 75 Y6 1) fili 45
BETEM I A 002, LR T S PR A R, 3
20 Aok, BB IR YT B A O T MR N g AR A Y AR
FET L2 69 Y6 1Y B ) AR R A U AE T T Ay A
ST RVAR 2 2 L DR LR T )8 2 4y F 43 LAY 4 B
Y AH AR PR B A A R 1 I 2 i XU B e 97 25 ]
S5O S S A i 25, R 24 T R L

CTC M g 2 28 3% , J1- 38 o 32 i 7 % 00 1M Vi
PEI A B & TE 1 T ARG g ), ok B 22 1)
T B T PR 0 A Sy iR e 1 R B
N2 B H B X, 50 20 0 1 TR 1 0 % VA
K. HT, ME— 7] B AR A5 26 A [ A 2
B RHLMEF TR CTC W& &2 Cell Search, fig
U R x EpCAM & 11 Rk 1 CTCHY . 8&
T (E AR 2, A 2 — 8B 48 CTC 8% Bt = 53
FH R X EpCAM B 7K F- 3K, 3% W5 15 1 % b 98 149
A TR o DTG X I PR AR 7 28 T gt AR Y
o BT RS R T Ep-LMB il Vi-LMB
P ) I ey e N R 4 A SN A
i R U 1) Jie R A B 38 BE R AR AL T b R 1B 5 A Ak i
T v P 240 L LA % T Jo ke s ) P e B . S )
FEA T N Ep-LMB 5% Vi-LMB B, 4 38 5 CTC
S B S3 0 3.42/(7.5 mL) M 2.84/(7.5 mL),
TR 45 3R I, F 24 594> 85 AR rg A ) 1) — g Bt
) CTC; JHWIa FEA I Ep-LMB #l Vi-LMB
BF, 4 28 B CTC B 7 3 % & 3% i 2 7. 35/
(7.5 mL)., Ep-LMB #l Vi-LMB W44 7 CTC &

BER 0, AN T VPR N O 1 U L O
HIXT AT EGFR R 5 1 78 S5 K 14 1l 96 40 B & i AT
TAHE IR S0k A R S A B Al DA (R
B G LR & A i CTC Y nfs ol . 45
RER.CTC & A 5 7 5 e 9 U A
Fes e, CTC Ry N 4 o0 i 4 O — Fh s ok my T B
N7 32 1T 2B BE 8 4 THI 4 22 i I 240 J 1 9 R R R PR Y
XA 22 Dy Re vk 45 (A AP R T A, PRt B R
2 MBI GO RE 1 T 0 e 1) X A0 B4 I 968 2 e 1 38t A% 43
Bt

WF5E 0 7N 3 S L T TG A e R 40 e AT
AR SR H 5 2 B M s v AR W 25 R IR R Ay
B A5G 00 B8 72 S 0 I TG JUL P 3-8 I A Ak I ik
pllOalpha %& 5 3 ( phosphatidylinositol  3-
kinasecatalytic subunit pll0alpha, PIK3CA), JfiE
ST MM CTC #4750 T oMl 4540k . e sh i i
P CTC-DNA SR 5 #1020 2136 K6 DNA 28748 3%
M — e, R PIE Z AR EEE A5
2 A B T A 5E AR (32 ) 2 6B Bl RURE AR I
SRR, HRE MAF m ¥ —3, 7EXFFELT,
ABIF S i 78 RSB I 5 5 20 2000 )y 22 [A] DNA
GEARTE AR S L O R SURE AR DU AN LA I 3
AL e b B A P AT R S, T LG A B T 2H 4R
TP A D0 3] (0 A A8 . ASBIFSE A AR R R T R
8 A #] T EGFR JE R4 1 MDM2 JEA 1,
SR S 76 A% G2 1Y 2 T 20 23 0 I 5 v O R 87 3 gk
CNV., W54 R BB A I 17 B 6% 52 41k Lo 1% 58
ZH VI Fy B A T R 4 TR SR A . T X e
JeA 2H 2\ 25 (6] 53 5 S B AR F 5 a0 H E i Y
Ep-LMB, Vi-LMB % & %40 i b iy CTC, JF4 H
S LU DNA 255 0l SO At Ae 1 A
TAEF R, AF5RFEM L, CTC 454 421 DU AR
J7 BE M SRy 50 1 G 01 R S B 3 I (B A T Al iy DL
fift s I AT 78 EGFRVKRAS %5 ¢ H 3 X (14 46 Hh 7
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5 FRAER S BB E R . # CTC 55825
P AR 45 A nT LA w8 Ml g8 4 32 U o 1 M A AR IR
JYRORPY . I, CTC 454 U4 8 ctDNA k&
Wl BEFR AN A CTC 5 1M 35 A5 i ) B B 15 24 K
DUAH Fe B9 AN 2 FFARER T AR WA 15 A 1 & e 7 vl
SR 30 5 2 T8 22 W) b A B i — 20 I IF 52 o 40 i 31X
ol 7 1% B4 i R (R A S

JUE AR 5 22 BRF AT B /N R B RS L
1538 3 40 A W 5T 45 R KIE T CTC 5 41 1R A BURL
M PP AR AR B T Sk . DLk B SE 80 T R SE T
A4 CTC-DNA 54141 DNA B A 17, H X
BRI 3 AT Sy B b g A DG AR S 4 L B A 1 EORM Y
Gy FAF B . BT AT BA I 25 £ 76 TE AR £ 25 BA B
TERRY AW IE DLk — 25 PP A% H I IR B A0 18
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