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Abstract

of nano materials for early detection of cancer.

Cancer is one of the leading causes of morbidity and mortality worldwide, more than 600 000 people die annually in the US along. In
reality, no matter what kind of cancer, the survival rate is much higher and the expense is much lower for people diagnosed with early stage
cancer than with later stage cancer. However, current clinical techniques are difficult to detect cancer in the early stage, due to their small
size and the fact that they are hidden very deep. Nano materials provide incredible properties, such as high relative surface area, quantum
confinement, etc., which have been largely used for early detection. This mini review gives a simple overview of current progress in the field
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Introduction

According to the American Cancer Society, 600,920 cancer
deaths are projected to occur in the United States in 2017 [1].
This number could be much lower if the cancer patients early.
This same report showed that for the 4 major cancers (lung,
breast, prostate, and colorectum), the 5-year survival rates
are 55%, 99%, 99% and 90% for the patients diagnosed with
localized disease, compare to 4%, 26%, 29% and 14% for people
who diagnosed with distant stage disease, as showed in Figure 1.
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Figure 1: 5-year survival rates of 4 major cancers at early (blue)
and late(orange) stage in the US. Figure 1: 5-year survival rates
of 4 major cancers at early (blue) and late(orange) stage in the
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Early detection of cancer greatly increases the chances for
successful treatment. However, currently, screening tests seem
to be the only available clinical techniques to find cancer. General
speaking, there is three types of screening tests: Imaging tests
(CT, MR, etc.), Endoscopy procedures and biopsy & cytology

tests. Those tests are not only painful and expensive, but also
difficult to find out tumor smaller than lcm in diameter due
to insufficient sensitivity [2], which means they are difficult to
detect the early stage cancer.

In this context, a patient-friendly approach called liquid
biopsy could become the standard diagnostic tool for cancer
diagnosis. Liquid biopsy is an analysis of biomarkers including
circulating tumor cells (CTC) [3], circulating tumor DNA (CtDNA)
[4,5] and exosomes [6] released into the peripheral blood from
metastatic deposits. Researchers use variable techniques to
detect and enrich those biomarkers. Due to the unique optical,
chemical, mechanical and magnetic properties, nano materials
have been broadly used for biomarker detection in liquid
biopsy. Nano materials that have been reported vary from gold
nano particles, quantum dots, magnetic nano particles, carbon
nano tubes and nano wires. This mini review will cover recent
developments in early detection of cancer using nano materials
with an emphasis on the studies focusing on detection of
biomarkers in liquid biopsy using nano materials.

Discussion

According to the difference of the size and the number
of biomarkers in the liquid biopsy, as in Table 1, various nano
materials and detective techniques have been applied, and they
have a similar primary goal to separate or to isolate biomarkers
from their interferences.
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Table 1: The size and concentration of biomarkers (dark) and regular
component in blood sample.

Blood samples Size range N per mL
CTCs 10-20um 1-10
Red blood cell 6-8um 10°
White blood cell 12-15pm 10°
Normal Exosome 30-100nm 10t
Tumor Exosome 30-100nm 10°
Cell-free normal DNA 150-200bp 10°

CtDNA 150-200+bp 10°%-107

Circulating miRNA 19-23bp 10°

Modern cancer research firstly started to investigate CTC as
liquid biopsy began in the mid-1990s, due to its obvious bigger
size compare to the other biomarkers. However, the capture of
CTCs is quite challenging owing to its rare number in the blood.
To increase the sensitivity and specificity, the recent CTCs
detection approaches tend to use dual-targeting strategy. Yao
et al. [7] integrated tumor neovessels-targetable ligands K237
peptide with Ep23 aptamer against epithelial cell adhesion
molecule (EpCAM) into a paclitaxel (PTX)-loaded biodegradable
polymer nano particles as the model drug, aiming at damaging
the primary tumor and neutralizing CTCs simultaneously to
achieve a synergistic anti-tumor therapeutic effect. Lou et al. [8]
introduced a dual-functional lipid coating on quartz nanopillar
arrays, anti-EpCAM, and anti-EGFR. The lipid coating serves both
as an effective passivation layer that helps prevent nonspecific
cell adhesion and as a functionalized layer for antibody-based
specific cell capture. The magnetic nano particle has largely
used in cancer research [9,10], Hong et al. [11] developed the
multifunctional magnetic nano wires, which are equipped with
a high density of magnetic nano particles and five different
types of antibodies, offer a significant improvement in cell
isolation efficiency, even from very small amounts of blood. The
major issues about the biological approach to isolate CTCs are
heterogeneity and surface antigen expression changes during
the process of epithelial-mesenchymal transition (EMT) [12].
Therefore, label-free isolation based on physical properties of
CTCs has been developed. Recently, some studies showed that
based on geometries and dimensions of nano structured surface,
without antibody conjugation, the CTCs capture efficiency have
been improved [13,14].

Exosomes are small sized extracellular vesicles that contain
various molecular constituents of their cell of origin, including
proteins, RNA and DNA. They play a crucial role in cell to cell
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communication and provide an exclusive approach for drug
delivery [15] and early detection of cancer. The differential
ultracentrifugation (DC) has been widely used as conventional
isolation techniques that separate exosomes [16], however, it
has several disadvantages, such as labor and time consuming,
low recovery yield, low specificity, etc. Recently, Lm et al. [17]
developed a label-free, high-throughput nano-plasmonic
Exosome (nPLEX) platform to capture Exosome. They showed that
this approach offers improved sensitivity. Zhou et al. [18] carried
a chip-based approach for electrochemical characterization and
detection of exosomes, which based on direct electro-oxidation
of metal nano particles (MNPs) that specifically recognize surface
markers of the Exosome. They also showed that Exosome can be
identified by their surface proteins, and suggesting the potential
of exosomes for diagnostics (Table 1).

With the recent advances in sequencing technology, CtDNA
becomes a new generation of cancer biomarkers, it's the
fragmented DNA released by dying tumor cells in the blood.
The amounts of CtDNA are extremely low and variable, barely
1-0.01% of the total circulating DNA in blood [19]. This fact
makes detection of CtDNA very difficult, currently, there doesn’t
exist a standardized method for CtDNA detection, and the CtDNA
analysis is not currently used in routine clinical procedures.
To improve CtDNA detection sensitivity and specificity, many
efforts have been made, and nano materials have become a
popular platform due to its unique properties. Das et al. [20]
functionalized nano structured microelectrodes with PNA
probes specific to a specific mutant DNA sequence, and a series
of PNA clamps were used to achieve high specificity so that the
sensors could differentiate mutated DNA sequence from wild-
type DNA sequence and other similar mutant sequence. Prior
to that, Huang et al. [21] developed a simple and ultrasensitive
electrochemical DNA bio sensing nano-platform through
integrating MoS2/multi-walled carbon nano tube composites
and gold nano particle (AuNP)- modified electrode signal
amplification with enzymatic signal readout, they achieved sub-
femtomolar DNA detection.

Circulating miRNAs have emerged as a new class of promising
cancer biomarkers with remarkable stability [22], itis considered
as an ideal biomarker for cancer detection in early stages. Nano
materials have been intensively studied, including metal nano
materials [23], quantum dots (QDs) [24], graphene oxide (GO)
[25] and silicon nano particles [26]. Wen et al. [27] developed an
ultrasensitive DNA nanostructure-based electrochemical miRNA
biosensor, which can directly detect as few as attomolar (<1000
copies) miRNAs with high single-base discrimination ability.
Mao et al. [28] developed a simpler method for miRNA detection
based on base stacking hybridization happening on the surface
of NaYF4: Yb, Er up conversion nano particles.

Conclusion

There is an urgent demand for finding a way to precisely
detect cancer in its early stage. Nano materials have their own

How to cite this article: Biran Wang. Nano Materials for Early Detection of Cancer. JOJ Material Sci. 2017; 1(1): 555555. DOI: 10.19080/


http://dx.doi.org/10.19080/JOJMS.2017.01.555555

http://dx.doi.org/10.19080/JOJMS.2017.01.555555


Juniper Online Journal Material Science

extraordinary properties; provide the promising potential for
this mission. This mini review summarized recent developments
in early detection of cancer using various nano materials
as biosensors, with great specificity and sensitivity that is
revolutionizing the early detection field. Among the four main
biomarkers: CTCs, Exosome, CtDNA and circulating miRNA, CTCs
and CtDNA are relatively better investigated, they need to be
standardized. Exosome and cell-free microRNA as a promising
analyst of liquid biopsy should be further explored and validated.
In conclusion, the liquid biopsy could become a clinical standard
and benefits millions of cancer patients in the near future.
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