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Extended Abstract

Liquid biopsy has become a promising technique for early cancer detection, molecular stratification, detecting treatment
relapse, monitoring treatment response and tumor evolution, as well as establishing a personalized treatment program.
Currently, this technique is based on the analysis of circulating tumor cells (CTCs), circulating tumor DNA (ctDNA), or
tumor-derived extracellular vesicles present in blood [1].

The possibility to process small blood samples represent an excellent approach to monitor the disease course without
obtaining tissue directly from the tumor. The alternative results in lower costs with a non-invasive process and the possibility
to detect the condition in earlier stages, which would have a great incidence in morbidity rates. Nevertheless, one of the most
relevant challenge in this field involves the processing and analyzing of CTCs, due to their low amount in peripheral blood
(1 to 100 CTCs per 10° blood cells) [2]. Thus, a highly specialized enrichment method is necessary to harvest high-purity
and viable CTCs suitable for subsequent molecular analysis.

Nowadays, the approaches for isolating CTCs from blood samples are limited due to high cell contamination rates or
substantial loss of cancer cells, and high cost methods. In order to overcome these limitations, microfluidic devices have
been designed for isolating CTCs based on their intrinsic properties like density, size, deformability and difference in
membrane protein expression [3].

Based on the properties mentioned above, we developed lab-on-a-chip (LOC) platforms using different fabrication
techniques such as soft lithography and 3D-printing. The devices combine hydrodynamic sorting, inertial forces and/or cell
deformability based on differences in young modulus values between normal blood cells and CTCs. In our method, the use
of hydrodynamic sorting can efficiently divide target cells and other cells into different groups by size and guide their
movement in their respective trajectories [4]. For developing our CTCs isolation system, we first manufactured a simple
microfluidic device composed by two different inlets, one of them use for the blood sample and another one for the focusing
liquid (phosphate buffered saline). Our preliminary results revealed that the device can efficiently focus CTCs and separate
them from most of the blood cells. Indeed, experiments performed with whole blood samples from healthy donors and
polystyrene particles of 30 um as a CTCs model showed that the particles were correctly recovered (100%), with a very high
red blood cell depletion (99.3%). Depletion of white blood cells, however, was not as high (87%) due to the inherent overlap
in size with CTCs.

In order to overcome the limitations of the previous device, we manufactured a second system designed to capture the
remaining leukocytes using an affinity-binding principle. The device includes a herringbone structure with microfabricated
ridges placed on the roof of the channel [5]. These structures produce a transverse component in the flow, subsequently
helical streamlines are generated, and an increase in the surface interaction with cells takes place. One of the most relevant
features of this device is the surface modification with a Self-assembled monolayer (Biotin-PEG-thiol) and a Biotin-PEG-
OH as an additional blocking agent in the chip surface. Thus, CD45-antibody is immobilized in the inner channel surface to
capture Leucocytes and obtaining a high purity CTC sample. This kind of surface modification has several advantages, such
as, a better antibody orientation, homogeneous antibody distribution in the surface and long-term stability [6].

In conclusion, we have developed a set of microfluidic devices that, based on hydrodynamic inertial effects are capable
of isolating circulant tumor cells from high concentrated blood samples. The devices are fabricated from polymeric
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biocompatible materials and using low-cost techniques. The proposed devices will pave the way to the development of low-
cost compact diagnostic systems for early cancer detection.
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