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Circulating tumor cells (CTCs) as real-time liquid biopsy [1] can be used to obtain new insights
into the biology of the metastatic cascade, and as a companion diagnostic to improve the stratification of
therapies and to obtain new insights into therapy-induced selection of cancer cells. Combining different
circulating biomarkers, such as CTCs, circulating tumor DNA (ctDNA) and extracellular vesicles (EVs)
analysis, will provide different and complementary information. Technical and clinical assay validation
in big cohorts of cancer patients is crucial and can be achieved in international consortia such as the
European Liquid Biopsy Society (ELBS) [2].

This Special Issue, “Circulating Tumor Cells: Finding Rare Events for A Huge Knowledge of
Cancer Dissemination”, includes 23 articles written by experts in this field and covers multiple facets of
CTCs in order to assemble a huge corpus of knowledge on cancer biology with emphasis on (i) technical
challenges to enrich, detect, isolate and characterize CTCs at the single cell level, (ii) cancer biology
with emphasis on metastasis including cancer stemness, epithelial-mesenchymal transition as well as
immunomodulation of tumor cells, (iii) clinical studies on liquid biopsy, a new diagnostic concept
introduced and coined for the first time in 2010 [1] for the analysis of CTCs and now extended to
material (in particular DNA and EVs) released by tumor cells in the peripheral blood of cancer patients
(Figure 1).
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Figure 1. The different aspects of Liquid Biopsy: Technologies—Biology—Trials.
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TECHNICAL CHALLENGES. Efficient enrichment of CTCs can be achieved by approaches that
exploit differences between tumour cells and blood cells. Subsequently, enriched CTC populations
might still contain among them hundreds to thousands of undesirable leukocytes, which requires
the use of reliable methods to identify CTCs. Rossi et al. also highlighted the two major issues in
the CTC field: rarity and heterogeneity [3]. Most current CTC assays use the same identification
step as the FDA-approved CellSearch® system. However, using physical properties to enrich CTCs,
Obermayr et al. showed that CTCs enriched by the Parsortix system in small-cell lung cancer patients
can be assessed using epithelial and neuroendocrine cell lineage markers at the molecular level [4].
Moreover, Bailey et al. reported emerging technologies for the capture of CTC/microemboli showing
important biological and functional information that can lead to important alterations in how therapies
are administered [5]. Moreover, Weerakoon-Ratnayake et al. detailed a novel microfluidic technology
(i.e., microtrap device) that can perform immunophenotyping and FISH on CTCs [6].

One of the greatest challenges in neuro-oncology is the theranostic of leptomeningeal metastasis,
brain metastasis and brain tumors, which are associated with poor prognosis in patients. Although
extracranial metastases in glioma patients are rarely observed, recent studies have shown the presence
of CTCs in the bloodstream. Bang-Christensen et al. demonstrated how the recombinant malaria
VAR2CSA protein (rVAR2) can be used for the capture and detection of glioma cell lines and identified
a panel of proteoglycans, known to be essential for glioma progression [7]. Cerebrospinal fluid (CSF)
is one of the promising diagnostic targets because CSF passes through the central nervous system,
harvests tumor-related markers from brain tissue and then, delivers them into peripheral parts of the
human body where CSF can be sampled using minimally invasive and routine clinical procedure.
Sindeeva et al. outlined the advantages, limitations and clinical utility of emerging liquid biopsy
in vitro and photoacoustic flow cytometry (PAFC) in vivo for assessment of CSF markers including
CTCs, ctDNA, miRNA, proteins, exosomes and emboli [8].

Chernysheva et al. studied disseminated tumor cells (DTCs) as a prognostic factor in many
non-hematopoietic tumors [9]. They evaluated the possibility of detecting subsets of melanoma DTCs
in the bone marrow based on the expression of a cytoplasmic premelanocytic glycoprotein HMB-45
using flow cytometry.

In addition to CTCs, circulating EVs can be of important interest. For instance, large tumor-derived
extracellular vesicles (tdEVs) detected in blood of metastatic prostate, breast, colorectal, and non-small
cell lung cancer patients are negatively associated with the overall survival of patients. Nanou et al.
investigated whether, similarly to tdEVs, leukocyte-derived EVs (1dEVs) could also be detected in
EpCAM-enriched blood [10].

CANCER BIOLOGY. The huge advantage of CTCs against other blood biomarkers is that the
knowledge derived from a single-cell analysis of CTCs can be obtained at the DNA, RNA, and protein
level [11].

As a first example, the expression of the androgen receptor splice variant 7 (ARV?7) in circulating
tumor cells (CTCs) has been associated with resistance towards novel androgen receptor (AR)-targeting
therapies. A highly sensitive and specific qPCR-based assay was developed by Hille et al., allowing
detection of ARV7 and keratin 19 transcripts from as low as a single ARV7*/K19* cell [12]. Moreover,
detection of AR and AR-V7 was also performed by Nimir et al. using a highly sensitive droplet digital
PCR-based assay [13]. In that case, AR and AR-V7 RNA were detectable in CTCs, ctRNA and exosome
samples. They could show that AR-V7 detected from CTCs could be done with a higher sensitivity
and specificity compared to that detected from ctRNA and exosomes.

A second example is PD-L1 as one immune checkpoint regulator; it has become an exciting new
therapeutic target leading to long lasting remissions in patients with advanced malignancies [14,15].
Kloten et al. highlighted the use of CTCs as a complementary diagnostic tool for PD-L1 expression
analysis in advanced NSCLC patients [16].

Concerning (i) the stemness status of cancer cells, Strati et al. showed that the detection of TWIST1
overexpression and stem-cell (CD24, CD44, ALDH1) transcripts in EpCAM* CTCs provides prognostic



Cells 2020, 9, 661 30of5

information in early-stage breast cancer patients [17]; and (ii) the capacity to disseminate, Huaman
et al. studied hepatocellular carcinoma and castration-resistant prostate cancer and showed that
CTCs exhibit distinct characteristics from primary tumor-derived cells: they highlighted an enhanced
migration in part through fibronectin regulation of integrin B1 and SLUG [18].

While CTCs have long been considered to be isolated cells circulating in the bloodstream, recent
research demonstrated the close interaction of CTCs with the blood microenvironment. CTCs need to
establish close interaction not only with platelets and neutrophils, but also with macrophages and
endothelial cells to resist the physical stress in the bloodstream. Heeke et al. discussed the recent
research on the crosstalk between CTCs and the blood microenvironment and outlined currently
investigated treatment strategies [19] and Garrido-Navas et al. reported the findings regarding
active interactions between CTCs and platelets, myeloid cells, macrophages, neutrophils, and other
hematopoietic cells that aid CTCs to evade the immune system and enable metastasis [20]. In addition,
Cleris et al. detected and analyzed the morphology of CTCs and could show that orthotopic xenografts
of breast cancer cell lines offer valid models of hematogenous dissemination and a possible experimental
setting to study CTC-blood microenvironment interactions [21].

As microsatellite instability (MSI) in colorectal cancer is a marker of immunogenicity and associated
with an increased abundance of tumour infiltrating lymphocytes (TILS), Toh et al. compared for the first
time the MSI status with the prevalence of CTCs in the peri-operative colorectal surgery setting [22].

In cancer biology, a crucial point is to identify the CTCs able to initiate metastases. Different
methods have been developed to expand CTCs in vitro and in vivo with the aim of characterizing
functional metastasis-initiator CTCs with stemness traits, and to obtain new diagnostics and therapeutic
tools [23]. Tayoun et al. evaluated CTC-derived models generated in different types of cancer and
shed a light on challenges and key findings associated with these novel assays [24].

CLINICAL STUDIES. Rossi et al. discussed how CTCs could drastically improve tumor companion
diagnostics, personalized treatment strategies, overall patient’s management, and reduce healthcare
costs. Broncy et al. highlighted the clinical impact of CTCs in patients with localized prostate cancer [25]
and Schochter et al. summarized the completed and ongoing clinical trials using CTC number or
phenotype for treatment decisions in breast cancer [26].

Concerning colorectal cancer, the management of patients and potentially resectable liver metastases
requires quick assessment of mutational status and of response to pre-operative systemic therapy.
In a prospective phase Il trial (NCT01442935), Bidard et al. investigated the clinical validity of CTCs
and ctDNA [27]. They concluded that ctDNA detection could help to select patients eligible for liver
metastases resection. In addition, Troncarelli Flores et al. reported that molecular and kinetic analyses
of CTCs are predictive markers of treatment response in locally advanced rectal cancer patients [28].

Finally, metastatic melanoma is one of the most aggressive and drug-resistant cancers with very
poor overall survival. Circulating melanoma cells (CMCs) were first described in 1991 and here,
Cayrefourcq et al. developed a new EPISPOT assay to detect viable CMCs based on their secretion of
the 5100 protein using the functional S100-EPISPOT assay [29]. They showed that the S100-EPISPOT
sensitivity was significantly higher than that of the CellSearch® system. It will be interesting in
the future to determine whether this functional test could be used in patients with non-metastatic
melanoma for the early detection of tumor relapse and for monitoring the treatment response.

References

1.  Pantel, K.; Alix-Panabieres, C. Circulating tumour cells in cancer patients: Challenges and perspectives.
Trends Mol. Med. 2010, 16, 398-406. [CrossRef] [PubMed]

2. Pantel, K,; Alix-Panabieres, C. Liquid biopsy and minimal residual disease—Latest advances and implications
for cure. Nat. Rev. Clin. Oncol. 2019, 16, 409-424. [CrossRef] [PubMed]

3. Rossi, E.; Fabbri, FE. CTCs 2020: Great Expectations or Unreasonable Dreams. Cells 2019, 8, 989. [CrossRef]
[PubMed]


http://dx.doi.org/10.1016/j.molmed.2010.07.001
http://www.ncbi.nlm.nih.gov/pubmed/20667783
http://dx.doi.org/10.1038/s41571-019-0187-3
http://www.ncbi.nlm.nih.gov/pubmed/30796368
http://dx.doi.org/10.3390/cells8090989
http://www.ncbi.nlm.nih.gov/pubmed/31461978

Cells 2020, 9, 661 40of5

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Obermayr, E.; Agreiter, C.; Schuster, E.; Fabikan, H.; Weinlinger, C.; Baluchova, K.; Hamilton, G.; Hochmair, M.;
Zeillinger, R. Molecular Characterization of Circulating Tumor Cells Enriched by A Microfluidic Platform in
Patients with Small-Cell Lung Cancer. Cells 2019, 8, 880. [CrossRef]

Bailey, P.C.; Martin, S.S. Insights on CTC Biology and Clinical Impact Emerging from Advances in Capture
Technology. Cells 2019, 8, 553. [CrossRef]

M Weerakoon-Ratnayake, K.; Vaidyanathan, S.; Larky, N.; Dathathreya, K.; Hu, M.; Jose, J.; Mog, S.;
August, K.; K Godwin, A.; L Hupert, M.; et al. Microfluidic Device for On-Chip Immunophenotyping and
Cytogenetic Analysis of Rare Biological Cells. Cells 2020, 9, 519. [CrossRef]

Bang-Christensen, S.R.; Pedersen, R.S.; Pereira, M.A.; Clausen, T.M.; Leppke, C.; Sand, N.T.; Ahrens, T.D.;
Jorgensen, A.M.; Lim, Y.C.; Gokseyr, L.; et al. Capture and Detection of Circulating Glioma Cells Using the
Recombinant VAR2CSA Malaria Protein. Cells 2019, 8, 998. [CrossRef]

Sindeeva, O.A.; Verkhovskii, R.A.; Sarimollaoglu, M.; Afanaseva, G.A.; Fedonnikov, A.S.; Osintsev, E.Y,;
Kurochkina, E.N.; Gorin, D.A.; Deyev, S.M.; Zharov, V.P; et al. New Frontiers in Diagnosis and Therapy of
Circulating Tumor Markers in Cerebrospinal Fluid In Vitro and In Vivo. Cells 2019, 8, 1195. [CrossRef]
Chernysheva, O.; Markina, I.; Demidov, L.; Kupryshina, N.; Chulkova, S.; Palladina, A.; Antipova, A.;
Tupitsyn, N. Bone Marrow Involvement in Melanoma. Potentials for Detection of Disseminated Tumor Cells
and Characterization of Their Subsets by Flow Cytometry. Cells 2019, 8, 627. [CrossRef]

Nanou, A.; Zeune, L.L.; Terstappen, L. Leukocyte-Derived Extracellular Vesicles in Blood with and without
EpCAM Enrichment. Cells 2019, 8, 937. [CrossRef]

Alix-Panabieres, C.; Pantel, K. Characterization of single circulating tumor cells. FEBS Lett. 2017,
591, 2241-2250. [CrossRef] [PubMed]

Hille, C.; Gorges, T.M.; Riethdorf, S.; Mazel, M.; Steuber, T.; Amsberg, G.V,; Konig, F; Peine, S,;
Alix-Panabieres, C.; Pantel, K. Detection of Androgen Receptor Variant 7 (ARV7) mRNA Levels in
EpCAM-Enriched CTC Fractions for Monitoring Response to Androgen Targeting Therapies in Prostate
Cancer. Cells 2019, 8, 1067. [CrossRef] [PubMed]

Nimir, M.; Ma, Y.; Jeffreys, S.A.; Opperman, T.; Young, F; Khan, T.; Ding, P.; Chua, W.; Balakrishnar, B.;
Cooper, A,; et al. Detection of AR-V7 in Liquid Biopsies of Castrate Resistant Prostate Cancer Patients:
A Comparison of AR-V7 Analysis in Circulating Tumor Cells, Circulating Tumor RNA and Exosomes. Cells
2019, 8, 688. [CrossRef] [PubMed]

Hofman, P.; Heeke, S.; Alix-Panabieres, C.; Pantel, K. Liquid biopsy in the era of immuno-oncology: Is it
ready for prime-time use for cancer patients? Ann. Oncol. 2019, 30, 1448-1459. [CrossRef]

Strati, A.; Koutsodontis, G.; Papaxoinis, G.; Angelidis, I.; Zavridou, M.; Economopoulou, P.; Kotsantis, I.;
Avgeris, M.; Mazel, M.; Perisanidis, C.; et al. Prognostic significance of PD-L1 expression on circulating
tumor cells in patients with head and neck squamous cell carcinoma. Ann. Oncol. 2017, 28, 1923-1933.
[CrossRef]

Kloten, V.; Lampignano, R.; Krahn, T.; Schlange, T. Circulating Tumor Cell PD-L1 Expression as Biomarker
for Therapeutic Efficacy of Immune Checkpoint Inhibition in NSCLC. Cells 2019, 8, 809. [CrossRef]

Strati, A.; Nikolaou, M.; Georgoulias, V.; Lianidou, E.S. Prognostic Significance of TWIST1, CD24, CD44,
and ALDH1 Transcript Quantification in EpCAM-Positive Circulating Tumor Cells from Early Stage Breast
Cancer Patients. Cells 2019, 8, 652. [CrossRef]

Huaman, J.; Naidoo, M.; Zang, X.; Ogunwobi, O.O. Fibronectin Regulation of Integrin B1 and SLUG in
Circulating Tumor Cells. Cells 2019, 8, 618. [CrossRef]

Heeke, S.; Mograbi, B.; Alix-Panabieres, C.; Hofman, P. Never Travel Alone: The Crosstalk of Circulating
Tumor Cells and the Blood Microenvironment. Cells 2019, 8, 714. [CrossRef]

Garrido-Navas, C.; de Miguel-Pérez, D.; Exposito-Hernandez, J.; Bayarri, C.; Amezcua, V.; Ortigosa, A.;
Valdivia, J.; Guerrero, R.; Puche, ].L.G.; Lorente, J.A ; et al. Cooperative and Escaping Mechanisms between
Circulating Tumor Cells and Blood Constituents. Cells 2019, 8, 1382. [CrossRef]

Cleris, L.; Daidone, M.G.; Fina, E.; Cappelletti, V. The Detection and Morphological Analysis of Circulating
Tumor and Host Cells in Breast Cancer Xenograft Models. Cells 2019, 8, 683. [CrossRef]

Toh, JW.T.; Lim, S.H.; MacKenzie, S.; de Souza, P,; Bokey, L.; Chapuis, P; Spring, K.J. Association Between
Microsatellite Instability Status and Peri-Operative Release of Circulating Tumour Cells in Colorectal Cancer.
Cells 2020, 9, 425. [CrossRef] [PubMed]


http://dx.doi.org/10.3390/cells8080880
http://dx.doi.org/10.3390/cells8060553
http://dx.doi.org/10.3390/cells9020519
http://dx.doi.org/10.3390/cells8090998
http://dx.doi.org/10.3390/cells8101195
http://dx.doi.org/10.3390/cells8060627
http://dx.doi.org/10.3390/cells8080937
http://dx.doi.org/10.1002/1873-3468.12662
http://www.ncbi.nlm.nih.gov/pubmed/28459503
http://dx.doi.org/10.3390/cells8091067
http://www.ncbi.nlm.nih.gov/pubmed/31514447
http://dx.doi.org/10.3390/cells8070688
http://www.ncbi.nlm.nih.gov/pubmed/31288377
http://dx.doi.org/10.1093/annonc/mdz196
http://dx.doi.org/10.1093/annonc/mdx206
http://dx.doi.org/10.3390/cells8080809
http://dx.doi.org/10.3390/cells8070652
http://dx.doi.org/10.3390/cells8060618
http://dx.doi.org/10.3390/cells8070714
http://dx.doi.org/10.3390/cells8111382
http://dx.doi.org/10.3390/cells8070683
http://dx.doi.org/10.3390/cells9020425
http://www.ncbi.nlm.nih.gov/pubmed/32059485

Cells 2020, 9, 661 50f5

23.

24.

25.

26.

27.

28.

29.

Cortes-Hernandez, L.E.; Eslami, S.Z.; Alix-Panabieres, C. Circulating tumor cell as the functional aspect of
liquid biopsy to understand the metastatic cascade in solid cancer. Mol. Asp. Med. 2019, 100816. [CrossRef]
[PubMed]

Tayoun, T.; Faugeroux, V.; Oulhen, M.; Aberlenc, A.; Pawlikowska, P. Farace FCTC-Derived Models:
A Window into the Seeding Capacity of Circulating Tumor Cells (CTCs). Cells 2019, 8, 1145. [CrossRef]
[PubMed]

Broncy, L.; Paterlini-Brechot, P. Clinical Impact of Circulating Tumor Cells in Patients with Localized Prostate
Cancer. Cells 2019, 8, 676. [CrossRef] [PubMed]

Schochter, E; Friedl, TW.P,; deGregorio, A.; Krause, S.; Huober, J.; Rack, B.; Janni, W. Are Circulating Tumor
Cells (CTCs) Ready for Clinical Use in Breast Cancer? An Overview of Completed and Ongoing Trials Using
CTCs for Clinical Treatment Decisions. Cells 2019, 8, 1412. [CrossRef] [PubMed]

Bidard, F.C.; Kiavue, N.; Ychou, M.; Cabel, L.; Stern, M.H.; Madic, J.; Saliou, A.; Rampanou, A.; Decraene, C.;
Bouché, O,; et al. Circulating Tumor Cells and Circulating Tumor DNA Detection in Potentially Resectable
Metastatic Colorectal Cancer: A Prospective Ancillary Study to the Unicancer Prodige-14 Trial. Cells 2019,
8, 516. [CrossRef]

Troncarelli Flores, B.C.; Souza E Silva, V.; Ali Abdallah, E.; Mello, C.A.L.; Gobo Silva, M.L.; Gomes Mendes, G.;
Camila Braun, A.; Aguiar, S., Jr.; Thomé Domingos Chinen, L. Molecular and Kinetic Analyses of Circulating
Tumor Cells as Predictive Markers of Treatment Response in Locally Advanced Rectal Cancer Patients. Cells
2019, 8, 641. [CrossRef]

Cayrefourcq, L.; de Roeck, A.; Garcia, C.; Stoebner, P-E.; Fichel, F.; Garima, F,; Perriard, F.; Daures, J.-P.;
Meunier, L.; Alix-Panabieéres, C. S100-EPISPOT: A New Tool to Detect Viable Circulating Melanoma Cells.
Cells 2019, 8, 755. [CrossRef]

® © 2020 by the author. Licensee MDP], Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/j.mam.2019.07.008
http://www.ncbi.nlm.nih.gov/pubmed/31377345
http://dx.doi.org/10.3390/cells8101145
http://www.ncbi.nlm.nih.gov/pubmed/31557946
http://dx.doi.org/10.3390/cells8070676
http://www.ncbi.nlm.nih.gov/pubmed/31277346
http://dx.doi.org/10.3390/cells8111412
http://www.ncbi.nlm.nih.gov/pubmed/31717458
http://dx.doi.org/10.3390/cells8060516
http://dx.doi.org/10.3390/cells8070641
http://dx.doi.org/10.3390/cells8070755
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	References

