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Abstract

Liquid biopsy uses noninvasive blood test to assess tumor heterogeneity and evolution in real time. It looks for tumor
components in the blood circulation, such as circulating tumor cells (CTCs) and circulating tumor DNA (ctDNA), to provide tumor-
specific information. By detecting multiplex tumor biomarkers, including nucleic acids, proteins, carbohydrates, and other tumor-
derived substances, liquid biopsy helps with early tumor diagnosis, tumor evolution monitoring, and prognosis prediction. With the
development of high-throughput OMICS tools like carbohydrate microarray and high-speed fiber-optic array scanning technology
(FAST scan), it is now practical to identify glycan markers of CTCs and cancer stem cells(CSCs), especially those that are cell-surface
exposed and readily accessible for immune recognition and targeting. Potential of this class of biomarkers in tumor sub typing and
targeted immunotherapy is yet to be explored

Keywords: Blood group precursor; Cancer stem cells; Carbohydrate microarray; Circulating tumor cells; Circulating tumor DNA;

Glycan markers; Glycomics; Liquid biopsy

Introduction

For long time, traditional tissue biopsy has been considered
as “golden standard” for tumor diagnosis and assessment.
However, clinicians have never been satisfied, because high risk of
complications come with highly invasive biopsy procedure, and only
limited samples are available, which prevents us from analyzing
tumor heterogeneity and real-time monitoring of tumor evolution
[1,2]. Questions have been raised: “Can we find a noninvasive test
to provide adequate information of tumor?” As the development
of new technologies, liquid biopsy comes as a blood test for tumor
analysis. It is considered to have tremendous potential to influence
the next generation of precision tumor medicine [3]. Compare to
tissue biopsy, liquid biopsy provides a new noninvasive modality
to assess tumor heterogeneity and evolution in real time. It uses
peripheral blood test to look for tumor components, including
CTCs, ct DNA, tumor-derived exosome, and tumor-educated
blood platelets (TEPs), etc. [4]. CTCs are tumor cells detected in
peripheral blood that escape from primary tumors. A subset of CTCs
called cancer stem cells (CSCs), are undifferentiated tumor cells
with embryonic characteristics and epithelial-to-mesenchymal
transition trait. CTCs/CSCs have ability to give rise to new tumors
and play key roles in tumor metastasis [5,6]. CtDNA is tumor-
derived fragmented DNA in the bloodstream that could reflect the

tumor genome. While CTCs and ctDNA are most widely studied in
the clinical and research area, relevant molecular information may
also be obtained from analyzing RNAs in the form of exosomes and
TEPs [7].

Compare to conventional serum-based biomarkers, liquid
biopsy offers tumor-specific information from multiple molecular
levels. In the clinical situation, the lack of tumor-specific biomarkers
has always been a road block to make good use of current serum-
based protein biomarkers, such as carcinoma antigen-125(CA-125),
carcinoembryonic antigen (CEA), and prostate-specific antigen
(PSA). They are found in serum of individuals without cancer, and
in substantial portion of patients with advanced cancers, they are
not elevated [1,3].

Although clinicians have combined these biomarkers with
image and pathological parameters, their utility is greatly limited
by low specificity. Liquid biopsy study, especially characterization
of CTCs/CSCs molecular features, offers the opportunity to obtain
tumor information at the levels of nucleic acids, proteins and
carbohydrates, etc.. Moreover, it will facilitate the identification of
biomarkers that are exclusively expressed on tumor cells, but not
on normal blood cells [7,8].
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Liquid biopsy utilizes multiple biomarkers to help with
early tumor detection that leads to early treatment. Cohen et
al introduced the Cancer SEEK test [9], which was a blood test
that utilized combined assays for genetic alterations and protein
biomarkers, to identify eight common cancer types in relatively
early stage and also to localize the organ of origin of these cancers.
Also, for patients with risk factors of developing cancer, CTCs-based
liquid biopsy study can be used for early cancer screening[8],
like early diagnose lung cancer in chronic obstructive pulmonary
disease(COPD) patients [10] and detection of hepatocellular cancer
in patients with viral hepatitis and cirrhosis [11].

Liquid biopsy also provides information for prognosis, monitors
tumor evolution in real time. Clinical guidelines have reached
agreement that numeration of baseline CTCs provides significant
prognostic information for metastatic cancers of breast, colon and
prostate [8]. Real-time monitoring CTCs enumeration and specific
ctDNA mutations related to relapse and resistance of anti-cancer
treatment can also guide patient management [7,8].

More and more innovative tools of technologies are bringing
novel insights into cancer evolution. For CTCs evaluation, the most
popular technology CellSearch [12,13] have involved magnetically
tagged antibodies against the epithelial cell surface marker EpCAM
for CTCs isolation. To achieve a highly pure CTCs population for
better isolation and characterization, “CTC-Chip” and further “CTC-
iChip” make use of integrated microfluidic technology [3]. Another
technology HD-CTC is able to identify CTCs in high definition
based on automated digital microscopy (ADM) [14]. For Analysis
of ct DNA, the challenge is not isolation but is to detect genetic
alterations in such a small fraction of total DNA in the circulation.
Digital polymerase chain reaction(PCR)-based technologies have
been used to evaluate point mutations of ct DNA [1]. While for
whole genome analyses, Personalized Analysis of Rearranged Ends
(PARE) and related approaches [15] use genome rearrangements
information for detection of tumor biomarkers in the circulation,
another genome-wide method called digital karyo typing [16]
detects copy-number alterations. Meanwhile, certain structural
alterations in gene regions can also be detected by targeted
sequencing [3].

Recognition of abnormal glycosylation in virtually every cancer
type has raised great interest in exploring the tumor glycome
for biomarker discovery [17-20]. A team of tumor glycomics
researchers integrated the use of carbohydrate microarrays and
FAST scan to explore cell-surface glycan markers of breast tumor
CTCs (bCTCs) and targeting antibodies [6,20-22]. First, using
carbohydrate microarrays, anti-tumor monoclonal antibodies
(mAbs) were scanned against a large panel of carbohydrate
antigens to identify those specific for tumor glycan markers.
Subsequently, using FAST-scan technology, the identified mAb
was applied to monitor CTC expression of corresponding glycan
markers in patients with advanced breast cancer (BCA). This
approach revealed the glyco-epitope gpC1 as a cell-surface marker

of bCTCs and breast tumor CSCs (bCSCs). Interestingly, the gpC1
marker is a conserved antigenic determinant of human blood group
precursors, i.e., the internal domains or core structures of human
blood group substances. These structures are generally masked by
other sugar moieties, such as the o -L-fucosyl end groups and other
sugar residues essential for blood group A, B, H, or Lewis (Le) active
side chains [6,23], but become over expressed or surface-exposed
by bCTCs and bCSCs that play vital role in tumor metastasis.

Of note, tumor-associated over expression of blood-group-
related autoantigens is not limited to BCA [17,18]. Recently, Gao et
al reported the natural ligand of a prostate cancer (PCA)-specific
mAb F77 is in fact blood-group H [24,25]. Over expression of
gpF77 in PCA may reflect increased blood-group H expression
together with up-regulated expression of branching enzymes.
The mAb C1, which recognizes gpC1, differs from F77 in glycan-
binding specificities and tumor-binding profiles and does not react
with blood group H nor the cell surface targets of PC3 [21,23].
These studies demonstrate epithelial tumor expression of blood
group substance-related autoantigens and suggest blood group
precursor-based “cryptic” molecules may be appropriate targets
for immunotherapy of epithelial tumors.

Liquid biopsy study, together with multiplex tumor biomarkers
explored by high-throughput Omics tools, is continuously
making progress in the “OMICS” era, where tumor heterogeneity
analysis, real-time tumor evolution monitoring, and personalized
tumor therapy become applicable in research and ultimately in
clinical situation. Meanwhile, there are still questions that could
potentially guide future research development. First, rare CTCs
and ct DNA in the circulation require more sensitive and reliable
detection platforms, especially for early tumor screening and
diagnosis. For tumors origin from central nervous system, where
physical blood-brain barrier prevents adequate CTCs or ct DNA
from entering the circulation [1], noninvasive liquid biopsy faces
more challenges in detecting and analyzing tumor information;
Secondly, the discordance of tumor biomarkers between primary
tumor and metastatic sites, and the heterogeneity of CTCs increase
the difficulty of selecting the correct anti-cancer treatment. Thus,
further investigation on tumor heterogeneity based on single-cell
assessment technologies may provide more information to improve
personalized medicine. Lastly, based on the findings of tumor
glycomics, natural blood group substance-related autoantigens that
expressed on epithelial tumors require further characterization
and evaluation. Ultimately, by molecular engineering and chemo-
enzymatic synthesis of the antigens, more progress in the field
of tumor vaccine development and targeted immunotherapy is
expected.

Acknowledgements

This work was supported in part by NIH grants U01CA128416,
R56A1118464, and R21A1124068 to DW. The content is solely the
responsibility of the authors and does not necessarily represent the
official views of the National Institutes of Health.

Citation:
MS.ID.000115. DOI: 10.32474/0AJBEB.2018.01.000115.

Yi Jiang, Denong W. Liquid Biopsy in the OMICS Era of Tumor Medicine. Op Acc ] Bio Eng & Bio Sci 1(3)- 2018. OAJBEB.


http://dx.doi.org/10.32474/OAJBEB.2018.01.000115

Op Acc ] Bio Eng & Bio Sci

Copyrights@ Yi Jiang, et al.

References

1. BettegowdaC, Sausen M, Leary R], Kinde I, Wang Y, etal. (2014) Detection
of circulating tumor DNA in early- and late-stage human malignancies.
Sci Transl Med 6(224): 224-224.

2. Dhar M, Wong], Che ], Matsumoto M, Grogan T, et al. (2018) Evaluation of
PD-L1 expression on vortex-isolated circulating tumor cells in metastatic
lung cancer. Sci Rep 8(1): 2592.

3. Haber DA and VE Velculescu (2014) Blood-based analyses of cancer:
circulating tumor cells and circulating tumor DNA. Cancer Discov 4(6):
650-661.

4. Hench IB,] Hench and M Tolnay (2018) Liquid Biopsy in Clinical
Management of Breast, Lung, and Colorectal Cancer. Front Med
(Lausanne) 5: 9.

5. Chiotaki R,H Polioudaki, PA Theodoropoulos (2015) Cancer stem cells in
solid and liquid tissues of breast cancer patients: characterization and
therapeutic perspectives. Curr Cancer Drug Targets 15(3): 256-269.

6. Wang D (2017) Unraveling Sugar Chain Signatures of the Seeds of Tumor
Metastasis. ] Proteomics Bioinform 10(1): e31.

7. Bardelli A and K Pantel Liquid Biopsies (2017)What We Do Not Know
(Yet). Cancer Cell 31(2): 172-179.

8. LiY, S Wu,F Bai (2018)Molecular characterization of circulating tumor
cells from bench to bedside. Seminars in Cell & Developmental Biology
75:88-97.

9. Cohen ] D, Lu Li, Yuxuan Wang, Christopher Thoburn, Bahman Afsari,
et al. (2018) Detection and localization of surgically resectable cancers
with a multi-analyte blood test. Science 359(6378): 926-930.

10.1lie M, Véronique Hofman,Elodie Long-MiraEric Selvajean-Michel
Vignaud, et al. (2014) Sentinel circulating tumor cells allow early
diagnosis of lung cancer in patients with chronic obstructive pulmonary
disease. PLoS One 9(10): e111597.

11. Kalinich M, Bhan, Kwan, Miyamoto, Javaid S, et al. (2017) An RNA-based
signature enables high specificity detection of circulating tumor cells in
hepatocellular carcinoma. Proc Natl Acad Sci USA 114(5): 1123-1128.

12.Riethdorf S, Fritsche H, Miiller V, Rau T, Schindlbeck C, et al. (2007)
Detection of circulating tumor cells in peripheral blood of patients with
metastatic breast cancer: a validation study of the CellSearch system.
Clin Cancer Res 13(3): 920-928.

13. Swennenhuis JF, van Dalum G, Zeune LL, Terstappen LW, et al. (2016)
Improving the CellSearch(R) system. Expert Rev Mol Diagn 16(12):
1291-1305.

This work is licensed under Creative
BY Commons Attribution 4.0 License

To Submit Your Article Click Here:

DOI: 10.32474/0A]BEB.2018.01.000115

14.Su DW, ] Nieva (2017)Biophysical technologies for understanding
circulating tumor cell biology and metastasis. Transl Lung Cancer Res
6(4): 473-485.

15. McBride DJ, Orpana AK, Sotiriou C, Joensuu H, Stephens PJ, et al. (2010)
Use of cancer-specific genomic rearrangements to quantify disease
burden in plasma from patients with solid tumors. Genes Chromosomes
Cancer 49(11): 1062-1069.

16. Wang TL, Christine Maierhofer, Michael R Speicher, Christoph Lengauer,
etal. (2002.)Digital karyotyping. Proc Natl Acad Sci USA 99(25): 16156~
61.

17.Hakomori S (1989) Aberrant glycosylation in tumors and tumor-
associated carbohydrate antigens. Adv Cancer Res 52: 257-331.

18. Hakomori S (2001) Tumor-associated carbohydrate antigens defining
tumor malignancy: basis for development of anti-cancer vaccines. Adv
Exp Med Biol 491: 369-402.

19.Fukuda M (1996)Possible roles of tumor-associated carbohydrate
antigens. Cancer Res 56(10): 2237-2244.

20.Dube DH, CR Bertozzi (2005)Glycans in cancer and inflammation--
potential for therapeutics and diagnostics. Nat Rev Drug Discov 4(6):
477-488.

21.Wang D, Liu X, Hsieh B, Bruce R, Somlo G, Huang ], Sambucetti L, et al.
(2015)Exploring Glycan Markers for Immunotyping and Precision-
targeting of Breast Circulating Tumor Cells. Arch Med Res 46(8): 642-
650.

22.Wang D, Jin Tang, Shaoyi Liu, Jiaoti Huang (2015)Carbohydrate
Microarrays Identify Blood Group Precursor Cryptic Epitopes as
Potential Immunological Targets of Breast Cancer. ] Immunol Res: pp.
510810.

23.VicariG, EA Kabat, (1970)Structures and activities of oligosaccharides
produced by alkaline degradation of a blood group substance lacking A,
B, H, Le b specificities. Biochemistry 9(17): 3414-3421.

24.Nonaka M, Fukuda MN, Gao C, LiZ, Zhang H, et al. (2014)Determination of
carbohydrate structure recognized by prostate-specific F77 monoclonal
antibody through expression analysis of glycosyltransferase genes. ] Biol
Chem 289(23): 16478-16486.

25.Gao C, Liu Y, Zhang H, Zhang Y, Fukuda MN, et al. (2014)Carbohydrate
sequence of the prostate cancer-associated antigen F77 assigned by a
mucin O-glycome designer array. ] Biol Chem 289(23): 16462-16477.

Open Access Journal of Biomedical
Engineering and Biosciences

Assets of Publishing with us

¢ Global archiving of articles

¢ Immediate, unrestricted online access
¢ Rigorous Peer Review Process

¢ Authors Retain Copyrights

e Unique DOI for all articles

Citation:
MS.ID.000115. DOI: 10.32474/0AJBEB.2018.01.000115.

Yi Jiang, Denong W. Liquid Biopsy in the OMICS Era of Tumor Medicine. Op Acc ] Bio Eng & Bio Sci 1(3)- 2018. OAJBEB.


http://dx.doi.org/10.32474/OAJBEB.2018.01.000115
https://www.ncbi.nlm.nih.gov/pubmed/24553385
https://www.ncbi.nlm.nih.gov/pubmed/24553385
https://www.ncbi.nlm.nih.gov/pubmed/24553385
https://www.ncbi.nlm.nih.gov/pubmed/29416054
https://www.ncbi.nlm.nih.gov/pubmed/29416054
https://www.ncbi.nlm.nih.gov/pubmed/29416054
https://www.ncbi.nlm.nih.gov/pubmed/24801577
https://www.ncbi.nlm.nih.gov/pubmed/24801577
https://www.ncbi.nlm.nih.gov/pubmed/24801577
https://www.ncbi.nlm.nih.gov/pubmed/29441349
https://www.ncbi.nlm.nih.gov/pubmed/29441349
https://www.ncbi.nlm.nih.gov/pubmed/29441349
https://www.ncbi.nlm.nih.gov/pubmed/25669721
https://www.ncbi.nlm.nih.gov/pubmed/25669721
https://www.ncbi.nlm.nih.gov/pubmed/25669721
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5421395/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5421395/
https://www.google.co.in/search?q=What+We+Do+Not+Know+%28Yet%29.+&ie=utf-8&oe=utf-8&client=firefox-b-ab&gfe_rd=cr&dcr=0&ei=hneeWsjCJcydX9TRqsgE
https://www.google.co.in/search?q=What+We+Do+Not+Know+%28Yet%29.+&ie=utf-8&oe=utf-8&client=firefox-b-ab&gfe_rd=cr&dcr=0&ei=hneeWsjCJcydX9TRqsgE
https://www.ncbi.nlm.nih.gov/pubmed/28899718
https://www.ncbi.nlm.nih.gov/pubmed/28899718
https://www.ncbi.nlm.nih.gov/pubmed/28899718
http://science.sciencemag.org/content/359/6378/926
http://science.sciencemag.org/content/359/6378/926
http://science.sciencemag.org/content/359/6378/926
https://www.ncbi.nlm.nih.gov/pubmed/25360587
https://www.ncbi.nlm.nih.gov/pubmed/25360587
https://www.ncbi.nlm.nih.gov/pubmed/25360587
https://www.ncbi.nlm.nih.gov/pubmed/25360587
https://www.ncbi.nlm.nih.gov/pubmed/28096363
https://www.ncbi.nlm.nih.gov/pubmed/28096363
https://www.ncbi.nlm.nih.gov/pubmed/28096363
https://www.ncbi.nlm.nih.gov/pubmed/17289886
https://www.ncbi.nlm.nih.gov/pubmed/17289886
https://www.ncbi.nlm.nih.gov/pubmed/17289886
https://www.ncbi.nlm.nih.gov/pubmed/17289886
https://www.ncbi.nlm.nih.gov/pubmed/27797592
https://www.ncbi.nlm.nih.gov/pubmed/27797592
https://www.ncbi.nlm.nih.gov/pubmed/27797592
https://www.ncbi.nlm.nih.gov/pubmed/28904890
https://www.ncbi.nlm.nih.gov/pubmed/28904890
https://www.ncbi.nlm.nih.gov/pubmed/28904890
https://www.ncbi.nlm.nih.gov/pubmed/20725990
https://www.ncbi.nlm.nih.gov/pubmed/20725990
https://www.ncbi.nlm.nih.gov/pubmed/20725990
https://www.ncbi.nlm.nih.gov/pubmed/20725990
http://www.pnas.org/content/99/25/16156
http://www.pnas.org/content/99/25/16156
http://www.pnas.org/content/99/25/16156
https://www.ncbi.nlm.nih.gov/pubmed/2662714
https://www.ncbi.nlm.nih.gov/pubmed/2662714
https://www.ncbi.nlm.nih.gov/pubmed/15931257
https://www.ncbi.nlm.nih.gov/pubmed/15931257
https://www.ncbi.nlm.nih.gov/pubmed/15931257
https://www.ncbi.nlm.nih.gov/pubmed/26657044
https://www.ncbi.nlm.nih.gov/pubmed/26657044
https://www.ncbi.nlm.nih.gov/pubmed/26657044
https://www.ncbi.nlm.nih.gov/pubmed/26657044
https://www.hindawi.com/journals/jir/2015/510810/
https://www.hindawi.com/journals/jir/2015/510810/
https://www.hindawi.com/journals/jir/2015/510810/
https://www.hindawi.com/journals/jir/2015/510810/
https://www.ncbi.nlm.nih.gov/pubmed/24753248
https://www.ncbi.nlm.nih.gov/pubmed/24753248
https://www.ncbi.nlm.nih.gov/pubmed/24753248
https://www.ncbi.nlm.nih.gov/pubmed/24753248
https://www.ncbi.nlm.nih.gov/pubmed/24753245
https://www.ncbi.nlm.nih.gov/pubmed/24753245
https://www.ncbi.nlm.nih.gov/pubmed/24753245
http://www.lupinepublishers.com/submit-manuscript.php

http://dx.doi.org/10.32474/OAJBEB.2018.01.000115

	Title
	Abstract
	Keywords
	Introduction
	Acknowledgements
	References

