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[ Abstract] Background and Objective Circulating tumor cells (CTC) play an important role in the screening
and prognosis of lung cancer, but the low efliciency and specificity of CTC isolation obviously restrict its clinical applica-
tion. The purpose of this study is to explore a new and eflicient isolation method of CTC in patients with non-small cell
lung cancer (NSCLC) in order to achieve the purpose of early diagnosis of NSCLC. Methods Three kinds of immunolip-
id magnetic spheres of epidermal growth factor receptor (EGFR), vimentin and folic acid (FA) were prepared by thin film
method. After characterization, the sorting scheme of cell line was explored, the optimal sorting scheme of NSCLC CTC
was constructed, and its clinical application value was studied. Results The average capture efficiency of EGFR, Vimentin
and FA magnetic spheres used alone and in combination to lung cancer cell lines was 78%, 79%, 82% and 91%, respec-
tively. In 60 patients with lung cancer, using 2 CTC per 7.5 mL blood as cutoff value, the positive rates of EGFR, Vimentin
and FA magnets used alone and in combination were 65.0%, 33.3%, 93.3% and 100%, respectively. It was also found that
the number of CTC detected by combined use of the three magnetic spheres was correlated with clinical stages (P<0.05).
Conclusion The combination of three kinds of magnetic spheres can separate EGFR+, Vimentin+, FA+ expressed CTC,
which is beneficial to the downstream analysis of CTC correlation. This study provides a new method to improve the effi-
ciency of NSCLC CTC capture, and verifies that the captured CTC counting method can be used in the auxiliary diagno-
sis of lung cancer.
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T ERBCTCHI B E 4, AMCTCAALUEA B
W2k bR - 5% AL (epithelial-mesenchymal transition,
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MICTC, A BEFAREIR XS il 987 2 40 AR (9 4 2R 3803 5 3]
82%. iHITEGFR, Vimentin, FA =R g AR mEBRER
SEVERZKEGER . Vimentin, FA=F M CTC, E1]
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Tab 1 Correlation between total CTC and clinicopathological
characteristics of lung cancer patients detected by magnetic ball mixture

Characteristic Number of cases  CTCtotal P
(%) <5 =5

Gender >0.05
Male 39 4 35
Female 21 2 19

Age (yr) >0.05
<50 24 2 22
=50 36 4 32

Tumor size (cm) >0.05
<3 15 2 13
3-7 34 3 31
>7 1" 1 10

Clinical staging (TNM) <0.05
| 9 5 4
I 12 1 1"
1] 25 0 25
vV 14 0 14

Tll\ﬁ tonﬁ-noﬁmetastasis; CTC: circulating tumor cell.
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Immunomagnetic spheres preparation

Cholesterol

GHDC
Antibody-GHDC
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Hydrophobic Magnetic
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Immunomagnetic enrichment
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Magnet

Specific CTC caputure

Bl 1 ®R#HRNE&RCTCOBEERREE

Antibody conjugate beads

CTC detection
CK+
CTCis stained
by anti-CK
CD45+

WBC is stained
by anti-CD45

Fig 1 Immunomagnetic spheres preparation and CTC separation and identification flowchart. WBC: white blood cell.
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Bl 2 Vimentin, FA. EGFREZREFRHIRIFRIE, A ZMEIKHEFHORMBNEER | B | =FEzka ZIMRIELIEE

Bk,

10pm

27 um

B
1.0 EGFR
FA
08 Vimentin
Lipid magnetic spheres
0.6 P 9 P
04

Absorbance
o
N

154
=

300 350 400

Wave length(nm)

450 500

VO EMERMEETERE

Fig 2 Characterization of Vimentin, FA, EGFR immunolipid magnetic spheres. A: Atomic force microscope observation picture of three magnetic
spheres; B: Ultraviolet absorption spectra of three magnetic spheres; C: Prussian blue stained picture of three magnetic spheres; FA: folic acid; EGFR:

epidermal growth factor receptor.
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Fig 3 Capture efficiency of three kinds of magnetic spheres (Vimentin, FA, EGFR) and their mixtures on different lung cancer cells. A: A549 cells; B:

HCC827 cells; C: NCI-H1650 cells; D: NCI-H3122 cells.
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4 Vimentin. EGFR. FAZ=#% %R BBk im ik I AR MAE R CTCRI S L BB MR 4 R
Fig 4 Vimentin, EGFR, and FA immunolipid magnetic spheres captured CTC in clinical blood samples for fluorescence microscopy observations.
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Fig 5 The number and positive rate of CTC captured by the three magnetic spheres and their mixtures. A: Statistics of CTC in blood samples of lung

cancer patients captured by three magnetic spheres and their mixtures; B: Three magnetic spheres and their mixtures were used to capture CTC from

patients with lung cancer. CTC>2 was positive, and CTC positive rates were counted.

10

new target in anticancer drug discovery. Nat Rev Drug Discov, 2016, 15(5):
311-325. doi: 10.1038/NRD.2015.13

Kaiser J. Medicine. Cancer’s circulation problem. Science, 2010,
327(5969): 1072-1074. doi: 10.1126/science.327.5969.1072

Valastyan S, Weinberg RA. Tumor metastasis: molecular insights
and evolving paradigms. Cell, 2011, 147(2): 275-292. doi: 10.1016/
jcell.2011.09.024

Kaigorodova EV, Savelieva OE, Tashireva LA, et al. Heterogeneity of
circulating tumor cells in neoadjuvant chemotherapy of breast cancer.
Molecules, 2018, 23(4). pii: E727. doi: 10.3390/molecules23040727
Marsavela G, Aya-Bonilla CA, Warkiani ME, et al. Melanoma circulating
tumor cells: Benefits and challenges required for clinical application.
Cancer Lett, 2018, 424: 1-8. doi: 10.1016/j.canlet.2018.03.013

Lin E, Cao T, Nagrath S, et al. Circulating tumor cells: diagnostic and
therapeutic applications. Annu Rev Biomed Eng, 2018, 20: 329-352. doi:
10.1146/annurev-bioeng-062117-120947

Wang S, Wang H, Jiao J, et al. Three-dimensional nanostructured substrates
toward efficient capture of circulating tumor cells. Angew Chem Int Ed
Engl, 2009, 48(47): 8970-8973. doi: 10.1002/anie.200901668

Riethdorf S, O’Flaherty L, Hille C, et al. Clinical applications of the
CellSearch platform in cancer patients. Adv Drug Deliv Rev, 2018, 125:
102-121. doi: 10.1016/j.addr.2018.01.011

Kou R, Zhao J, Gogoi P, et al. Enrichment and mutation detection of
circulating tumor cells from blood samples. Oncol Rep, 2018, 39(6):
2537-2544. doi: 10.3892/0r.2018.6342

Gwak H, Kim J, Kashefi-Kheyrabadi L, et al. Progress in circulating tumor
cell research using microfluidic devices. Micromachines (Basel), 2018,

9(7). doi: 10.3390/mi9070353

11

12

13

14

15

16

17

18

Dong Z, Yu D, Liu Q, et al. Enhanced capture and release of circulating
tumor cells using hollow glass microspheres with a nanostructured surface.
Nanoscale, 2018, 10(35): 16795-16804. doi: 10.1039/C8NR04434A

Li R, Chen FF, Liu HQ, et al. Efficient capture and high activity release
of circulating tumor cells by using TiO, nanorod arrays coated with
soluble mnO, nanoparticles. ACS Appl Mater Interfaces, 2018, 10(19):
16327-16334. doi: 10.1021/acsami.8b04683

Chang ZM, Wang Z, Shao D, et al. Shape engineering boosts magnetic
mesoporous silica nanoparticle-based isolation and detection of circulating
tumor cells. ACS Appl Mater Interfaces, 2018, 10(13): 10656-10663. doi:
10.1021/acsami.7b19325

Chen C, Zimmermann M, Tinhofer I, et al. Epithelial-to-mesenchymal
transition and cancer stem (-like) cells in head and neck squamous
cell carcinoma. Cancer Lett, 2013, 338(1): 47-56. doi: 10.1016/
j.canlet.2012.06.013

Chen X, Zhou F, Li X, et al. Folate Receptor-positive circulating tumor
cell detected by LT-PCR-based method as a diagnostic biomarker for
non-small-cell lung cancer. J Thorac Oncol, 2015, 10(8): 1163-1171. doi:
10.1097/JT0O.0000000000000606

Shi H, Guo J, Li C, et al. A current review of folate receptor alpha as a
potential tumor target in non-small-cell lung cancer. Drug Des Devel Ther,
20185, 9: 4989-4996. doi: 10.2147/DDDT.S90670

Nunez MI, Behrens C, Woods DM, et al. High expression of folate receptor
alpha in lung cancer correlates with adenocarcinoma histology and EGFR
[corrected] mutation. ] Thorac Oncol, 2012, 7(5): 833-840. doi: 10.1097/
JTO.0b013e31824de09¢

Tan DS, Yom SS, Tsao MS, et al. the international association for the study

of lung cancer consensus statement on optimizing management of egfr

000000
www.lungca.org



v il g 2 452020455 J1 55234455 Chin J Lung Cancer, May 2020, Vol.23, No.§

* 359

19

20

21

22

23

mutation-positive non-small cell lung cancer: Status in 2016. J Thorac
Oncol, 2016, 11(7): 946-963. doi: 10.1016/j,jtho.2016.05.008

Tadokoro A, Kanaji N, Liu D, et al. Vimentin regulates invasiveness and is
a poor prognostic marker in non-small cell lung cancer. Anticancer Res,
2016, 36(4): 1545-1551.

Ding J, Wang K, Tang WJ, et al. Construction of epidermal growth factor
receptor peptide magnetic nanovesicles with lipid bilayers for enhanced
capture of liver cancer circulating tumor cells. Anal Chem, 2016, 88(18):
8997-9003. doi: 10.1021/acs.analchem.6b01443

Liang X, Shi B, Wang K, et al. Development of self-assembling peptide
nanovesicle with bilayers for enhanced EGFR-targeted drug and gene
delivery. Biomaterials, 2016, 82: 194-207. doi: 10.1016/j.biomaterials.201
5.12.015

Ortiz V, Yu M. Analyzing circulating tumor cells one at a time. Trends Cell
Biol, 2018, 28(10): 764-775. doi: 10.1016/j.tcb.2018.05.004

Armstrong AJ, Marengo MS, Oltean §, et al. Circulating tumor cells from
patients with advanced prostate and breast cancer display both epithelial
and mesenchymal markers. Mol Cancer Res, 2011, 9(8): 997-1007. doi:

24

25

26

27

10.1158/1541-7786.MCR-10-0490

Maheswaran S, Sequist LV, Nagrath S, et al. Detection of mutations in
EGFR in circulating lung-cancer cells. N Engl ] Med, 2008, 359(4):
366-377. doi: 10.1056/NEJMo0a0800668

He J, Tan W, Ma J. Circulating tumor cells and DNA for real-time EGFR
detection and monitoring of non-small-cell lung cancer. Future Oncol,
2017, 13(9): 787-797. doi: 10.2217/fon-2016-0427

Chen L, Peng M, Li N, et al. Combined use of EpCAM and FRalpha enables
the high-efficiency capture of circulating tumor cells in non-small cell lung
cancer. Sci Rep, 2018, 8(1): 1188. doi: 10.1038/s41598-018-19391-1
Wang L, Wu C, Qiao L, et al. Clinical significance of folate receptor-positive
circulating tumor cells detected by ligand-targeted polymerase chain
reaction in lung cancer. J Cancer, 2017, 8(1): 104-110. doi: 10.7150/
jca.16856

2019-11-27 f&[A]: 2020-02-18 3% : 2020-03-02)
(A T )

i -

Cite this article as: Li GL, Wang Y, Tan GL, et al. Preliminary Study on Detection of Circulating Tumor Cells in Lung Cancer by EGFR/

Vimentin/Folic Acid Magnetic Sphere. Zhongguo Fei Ai Za Zhi, 2020, 23(5): 351-359. [Z=[E 5, T3, i§[E %2, 25 EGFR/Vimentin/
Folic Acid sk #r i G P IRa 20 A 2. v i 2k, 2020, 23(5): 351-359.] doi: 10.3779/j.issn.1009-3419.2020.103.05

000000
www.lungca.org





