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State of the art:

Optical microsensors offer many advantages over conventional analytical techniques, such as real-
time, multiple measurements of various chemical parameters, direct detection of many biological
and chemical substances. The development of these sensing systems is a complex multidisciplinary
process, that requires the cooperation of different knowledge in chemistry, micro/nano-technologies,
material science, molecular and cellular biology [1].

The research on optical biosensors has experienced an exponential growth over the last decade.
These latter ones are a type of sensors that utilize a biological component in the sensing mechanism,
which provides a molecular specificity towards the analytes. The development of optical biosensor
has been directed mainly towards healthcare, environmental monitoring and white biotechnology.
There are plentiful applications of biosensors in the fields of healthcare and applied research, and
one of them is the precision medicine [1].

Precision medicine is a branch of medicine that aims to develop specific treatments based on the
characteristics of each patient. The benefit of a treatment compared to another, in a group of
patients, can be chosen by genome analysis, molecular diagnostics and cellular analysis. This new
paradigm of medicine will overcome the classic one-drug-fits-all model of pharmacological
treatment [2].

The needs for specific treatments also rise the necessity of new reliable in-vitro models, that classic
animal models and 2D cell cultures can not provide. Three-dimensional (3D) cell culture systems,
such as spheroids, organoids, lab-on-chips and organs-on-chips, have been widely employed for
base and pharmacological research. These in-vitro models proved to be useful not only for
personalized medicine but also for preclinical drug discovery and toxicology, providing potential
alternatives to animal models [3].

Objective and scope of the research
The main purpose of the research is the development of in-vitro sensing platforms for the study of

human diseases, including cancer and immunological disorders. The development of optical
microsensors will be a significant part of the project. The aim is to synthesize bio-compatible
optical microsensors, sensitive to pH, oxygen, potassium cations and lactic acid. These
microsensors will allow the monitoring of such chemical parameters in real-time and in 3D space,
providing a bioanalytical tool to investigate physiological and physio-pathological process.

These microsensors will be used to investigate the cancer microenvironment in 3D cell culture, in
order to assess the role of pH, oxygen, potassium cation and lactic acid in cancer behaviour and
invasiveness. The low pH value, related to the increased production of lactic acid, is a peculiar
characteristic of some type of solid tumour, discovered by Otto Warburg and named after him, as
Warburg effect [4]. The sensing platform should highlight how chemotherapeutic drugs affect the
solid tumour microenvironment. By using tumoroids obtained from patients’ biopsy, our sensing
platform might also suggest which drugs should be the best option, in a personalized treatment.



Microsensors will also be employed for the development of a Lab-on-chips platform, in order to
obtain an in-vitro model for rheumatoid arthritis (RA). RA is an autoimmune inflammatory
disorder, characterized by chronic inflammation of synovial joint. There is actually no cure for this
disease, and current pharmacological treatments are focused on pain relief and symptoms remission
[5]. An organ-on-chip platform will be developed, to provide a new in-vitro model that will mimic
joint tissues. The solution will be based on designing and producing a multi-compartment
microfluidic platform for 3D cell culturing and perfusion of synovial fluids. The organ-on-chip will
be composed by three different bricks, that will be assembled in a Lego-like manner. These three
units will mimic the synovial tissue and fluids, the osteochondral tissue and blood vessels, that have
a major role in joint inflammation [5]. Cell cultures obtained from patient biopsies will be employed
on the platform, in order to assess the most beneficial pharmacological treatment.

Scientific methodologies for the achievement of the results

Microsensors will be synthesized by using silica microparticles as starting material. A modified
Stober process will be used to produce microparticles in the range of 800-1500nm. Silica will be
further functionalized with different silanes, in order to obtain ormosil microparticles with the
desired physical and chemical properties. The chemical reactivity of ormosil microparticles will be
exploited for the covalent bond of fluorescent organic molecules, that will provide analytical
sensitivity and the desired optical properties. Optical ratiometric microsensors will be synthesized
by using pH sensitive organic probes (es. fluorescein is a fluorescent organic molecule that can be
used as pH indicator) [6], while oxygen sensitive microsensors will be based on the properties of
metal-organic complexes. For potassium ions sensing, commercially available fluorescent probes
will be employed, while lactic acid biosensors will be synthesized by using enzyme specificity for
the substrate.

3D cancer culture will be used as model for the microenvironment analysis performed with our
microsensors. Immortalized cell lines will be employed for both PDAC tumoroids (MIA-PaCa-2,
PANC-1, AsPC-1, HPSC) and MM (SK-MEL-3, RPMI-7951, MeWo). 3D cultures will employ
different hydrogel in order to mimic the extracellular matrix, such as the widely used Martigel © and
new promising compounds such as alginic acid and chitosan. The 3D real-time analysis of chemical
parameters will be performed by means of Confocal laser scanning microscopy (CLSM). The
micrograph analysis will be performed by using computational tools, in order to obtain the
automated calculation. In order to develop a personalized medicine strategy, primary cancer cells
from patient biopsy will be used in our platform, and the microenvironment response to
pharmacological stress will be analyzed to highlight the most beneficial treatment.

Chips for the organ-on-chip platform will be fabricated by means of optical/soft lithography and or
additive manufacturing, and will include microfluidic channels and cells chamber [7]. Hydrogels
will be employed for cell culturing target cells in a 3D fashion in the chambers. Hydrogels will be
obtained by tailoring the chemical and physical properties of commercially available polymers, to
overcome the limitations of current commercial hydrogels, in terms of porosity, degradability,
rigidity, biological response and injectability. The overall goal is to monitor on chip pH and oxygen
fluctuations in the microenvironment of the different joint tissues derived from healthy and AR
patients, and understand the different drug responses between responders and non-responders.



Expected time frame:

(Months 1-6) - Microsensors synthesis and characterization

(Months 7-12) - Process optimization and hydrogel characterization
(Months 13-18) - Cancer 3D cell cultures

(Months 19-24) — Organ-on-chip design and microfabrication

(Months 25-30) - Organ-on-chip validation for cell culture

(Months 31-36) - Pharmacological screening on organ-on-chip platform
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