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The aim of this work is the development of a microfluidic immunosensor for the immobilization of cancer
cells and their separation from healthy cells by using “in situ” microfluidic biofunctionalization protocols.
These protocols allow to link antibodies on microfluidic device surfaces and can be used to study the
interaction between cell membrane and biomolecules. Moreover they allow to perform analysis with
high processing speed, small quantity of reagents and samples, short reaction times and low production
costs. In this work the developed protocols were used in microfluidic devices for the isolation of cancer
cells in heterogeneous blood samples by exploiting the binding of specific antibody to an adhesion pro-
tein (EpCAM), overexpressed on the tumor cell membranes. The presented biofunctionalization protocols
can be performed right before running the experiment: this allows to have a flexible platform where bio-
molecules of interest can be linked on the device surface according to the user’s needs.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Cancer is a leading cause of mortality in the developed world [1]
and incidence rates for many cancers are increasing [2]. A method
for an early diagnosis of this disease is the detection and isolation
of CTCs (Circulating Tumor Cells) in the patient’s blood. Studies
revealed an important and growing role of microfluidics in this
field [3-5].

In the last years the use of microfluidic systems in medicine and
biology [6-8] and in particular in cancer research [9-11] is increas-
ing enormously and novel and interesting approaches have been
developed [12-14]. The advantages of using these devices in bio-
logical and medicine research are due to the capacity to obtain
the same results of standard methods of analysis but with high
processing speed, small quantity of reagents and samples, short
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reactions times, low production cost [15] enhanced sensitivity,
real-time analysis and automation [16-19].

Since the first application of microfluidics systems [20] many
studies have been made to isolate specific molecules from complex
samples [21-23]. However, in the last years many works have been
focused on the isolation of CTC, malignant cancer cells identified in
the peripheral blood used as a biomarker for cancer diagnosis, to
monitor the patient’s response to different treatments [24-26]
and to study the metastasis diffusion process [27].

In this work we present a method for “in situ” bio-functionali-
zing microfluidic systems allowing to link antibodies in microflu-
idic channel surfaces. In particular we demonstrate to
biofunctionalize our devices with specific antibodies which bind
specific proteins present on the membrane surface of cancer cells:
our target protein was Ep-CAM, a glycosylated membrane protein
located in low levels on surface of many healthy epithelial tissues
but overexpressed also in most primary and metastatic malignant
tumors [28-30]. Biofunctionalized microfluidic devices were used
to sort colon cancer cells HCT-116 from healthy cells.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.mee.2014.04.013&domain=pdf
http://dx.doi.org/10.1016/j.mee.2014.04.013
mailto:gerardo.perozziello@unicz.it
http://dx.doi.org/10.1016/j.mee.2014.04.013
http://www.sciencedirect.com/science/journal/01679317
http://www.elsevier.com/locate/mee

S. De Vitis et al./Microelectronic Engineering 124 (2014) 76-80 77

2. Materials and methods
2.1. Materials

Methanol was purchased from Sigma-Aldrich (St. Louis, MO).
For the chamber fabrication, SU-8 photoresist and developer were
supplied by MicroChem (Newton, MA); silicone elastomer and cur-
ing agent were purchased from Dow Corning (Midland, MI). Phos-
phate buffered saline (PBS) was from Sigma-Aldrich (St. Louis,
MO). Glass slides (25 x 75 mm and 1 mm thick) were purchased
from Knittel Glaser (Bielefeld, Germany). For the microfluidic
chamber biofunctionalization, 3-aminopropyltrimethoxysilane
(APTMS), biotin, N-hydroxysuccinimide (NHS, 98%), and 1-ethyl-
3-(3-dimethylaminopropyl)-carbodiimide (EDC) were purchased
from Sigma-Aldrich (St. Louis, MO). Streptavidin were from Poly-
sciences, Inc. (Eppelheim, Germany). Human serum was obtained
from healthy donors’ buffy-coat cells by Ficoll-Paque gradient cen-
trifugation. Biotinylated anti-Human Ep-CAM/TROP1 antibody and
Fluorescein conjugated Ep-CAM/TROP1 were purchased from R&D
Systems. HCT-116 and cardiomyocytes were purchased from ATCC.
The healthy cells lymphocytes derived from human blood. All
experiments were performed according to ethics guidelines and
approvals.

2.2. Cell culture

In this work HCT-116 cell line, lymphocytes and H9C2 cardio-
myocyte cell line were used. We selected these cell lines among
the others grown in our laboratories for their analogous sizes:
HCT-116 are colon cancer cells with a diameter of about 10 um
and were cultured in RPMI-1640 medium with 10% fetal bovine
serum (FBS), 2mmolL~! r-glutamine, 10 mol L~ thioglycerol,
12.5U insulin, 0.5 mg hydrocortisone, 30 mg penicillin G and
0.05 g streptomycin. H9C2 cardiomyocytes derived from rat ventri-
cles (about 14 pum in diameter) and were cultured in Dulbecco’s
modified Eagle’s medium containing 10% fetal bovine serum
(FBS), 2 mmol L~ L-glutamine, 30 mg penicillin G and 0.05 g strep-
tomycin. Lymphocytes (7 pum in diameter) were obtained from
human blood through buffy-coat protocol. The cell were cultured
in Petri Dish (100 mm) and, at the time of their optimal confluence,
were incubated with Trypsin-EDTA to remove cells from the cul-
ture substrate. Later, cells were centrifugated and harvested in
phosphate buffered saline (PBS).

2.3. Device fabrication and surface biofunctionalization

The microfluidic devices consisted of a microchamber having
dimensions of 10 mm in width, 35 um in height and 30 mm in
length. The devices were fabricated in polydimethylsiloxane
(PDMS) by soft-lithography and bonded to the glass slides, perma-
nently, by plasma bonding. Just after plasma surface activation, the
microchambers were treated with a solution of APTMS 30% in
methanol for 1h to obtain amino groups on the glass slide. For
the device biofunctionalization, the following reagents and mole-
cules were injected and incubated: (1) Biotin (2 mg/mL), EDC
(10 mg/mL) and NHS (15 mg/mL) for 2 h. (2) Streptavidin (2 mg/
mL) for 1h. (3) Biotinylated anti-Ep-CAM (100 pg/mL) for
45 min. In between the different steps, the devices were washed
with PBS (phosphate buffer saline) for 1 min (Fig. 1b)

2.4. Microfluidic setup

Inlet and outlet of the system were connected to the tip of two
pipettes. Silicone tubes were used to connect the syringe pump to
the sample reservoir, the sample reservoir to the microfluidic
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Fig. 1. (a) Schematic representation of the “in situ” biofunctionalization protocol.
(b) Schematic representation of the experimental set-up. A: Syringe pump pushing
air; B: syringe pump pushing the biological sample; C: optical microscope; D:
camera; E: multi port valve; F: PBS vial; G: DI water vial; H: biotin vial; I:
streptavidin vial; J: biotinylated antibody vial; K: waste; L: microfluidic device.

chamber and the latter to the recovery reservoir. The cells in the
microfluidic devices were monitored on an optical microscope
(Olympus BX51) that was equipped with a CCD camera (Nikon
DS-2Mw) connected to a PC (Fig. 1a).

2.5. Characterization of the devices

The presence of amino groups on the glass surface was esti-
mated through contact angle and fluorescence measurements.
For the contact angle measurements, the characterization of the
devices was performed on the glass slides detached from the top
PDMS layers. In order to do this, a DI water drop was placed on
top of the glass surface after the treatment with APTMS 30% in
methanol and the contact angle was measured and compared to
the contact angle of a drop placed on top of a native glass. More-
over, aminated devices were incubated with rhodamine isothiocy-
anate (4 mg/mL) in DMSO for 30 min and after washed with
distilled water. This fluorochrome present isothiocyanate groups
that form stable amide bonds with NH,-groups of aminated sur-
face and the reaction can be estimated by fluorescence measure-
ments at the optical microscope (Nikon Eclipse TE2000-U).

The presence of biotin on the device surface was investigated by
fluorescence microscopy. Therefore, the chips were incubated for
2 h with fluorescent streptavidin (2 mg/mL) in phosphate buffer
saline and then washed with PBS. The streptavidin bonds the biotin
molecules present on the chips surface and the complex biotin-
streptavidin was detected at the microscope.
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