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International	guest	lecturers’	seminar	

Thu 7 June (Infocenter Corona, 1st floor, lecture hall 2)

Theme of the day: Preclinical drug discovery and clinical diagnostics

9:00-9:15 Welcome address
Dr. Hélder Santos and Dr. Tiina Sikanen, University of Helsinki

9:15-10:30 Approaches to pathogen analysis with lab-on-a-chip devices
Prof. Nicole Pamme, University of Hull

coffee break

10:45-12:00 Small Volume Detection in Microfluidics
Prof. Andrew de Mello, ETH Zürich

lunch break

13:15-14:15 Microfluidics in drug metabolism research
Dr. Tiina Sikanen, University of Helsinki

14:15-14:45 Microfluidic-based chip to accelerate tumor antigen discovery and enhance
cancer immunotherapy
Prof. Vincenzo Cerullo, University of Helsinki

coffee break

15:00-15:30 Single cell transcriptomics sequencing
Dr. Päivi Saavalainen, University of Helsinki

15:30-16:00 Digital microfluidics for clinical analysis
Mr Christopher Dixon, University of Toronto

16:00-16:30 Snap on Chip: 3D cell culture chips for testing nanoparticle drug delivery
Dr. Anand Tatikonda, Aalto University School of Chemical Engineering

***

18:45 Get-together for the evening event & boarding (Kauppatori, Royal Line)

19-22 Dinner cruise (m/s Katarina)
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Fri 8 June (Infocenter Corona, 1st floor, lecture hall 2)

Theme of the day: Drug delivery

9:00-10:00 High-throughput experimentation drop by drop
Prof. Andrew de Mello, ETH Zürich

10:00-11:00 Dose-on-demand production of radio-pharmaceuticals and
assembly of drug delivery vesicles via droplet microfluidics
Prof. Nicole Pamme, University of Hull

coffee break

11:15-12:15 Microfluidic synthesis of engineered nanomaterials and their biomedical
applications
Prof. Manuel Arruebo, University of Zaragosa

lunch break

13:30-14:30 Fabrication of multifunctional nanoparticles by microfluidics for drug
delivery and biomedical applications
Prof. Hélder Santos, University of Helsinki

coffee break

14:45-15:45 Microphysiological systems for emulating human tissues and diseases
Prof. Shrike Zhang, Harvard Medical School

15:45-16:15 Single cell analysis
Prof. Hongbo Zhang, Åbo Akademi University

16:15-16:30 Wrap-up and closing remarks
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Prof.	Nicole	Pamme		
	
	

Nicole Pamme is a Professor in Analytical Chemistry at the University of
Hull in the UK. Her research evolves around the study of microfluidic lab-
on-a-chip devices for environmental analysis on-site, for clinical
diagnostics at the point-of-care and the synthesis of smart materials. She
has authored >100 peer reviewed publications in this area. She is a Fellow
of  the  Royal  Society  of  Chemistry  (FRSC)  and  a  Fellow  of  the  Higher
Education Academy (FHEA). Prof. Pamme serves on the editorial advisory
boards of Lab on a Chip (RSC Publishing) and Analytica Chimica Acta
(Elsevier). She chaired the microTAS 2016 conference in Dublin and sits on
the Board of Directors of the Chemical and Biological Microsystems Society
(CBMS), currently as its Vice President. Her teaching activities include
lectures on microanalytical and forensic chemistry as well as biosensors;

Nicole has also co-authored a textbook for UG students on Bioanalytical Chemistry, now in its second
edition. Nicole Pamme obtained a Diploma in Chemistry from the University of Marburg (Germany)
in 1999. For her PhD studies she went to Imperial College London (UK) where she joined the group of
Prof.  Andreas  Manz.  It  was  here  that  she  first  started  working  with  microfluidic  devices,  more
specifically, on single particle analysis inside microfluidic channels. In 2004, she moved to Tsukuba
(Japan) as an independent research fellow in the International Centre for Young Scientists (ICYS)
based at the Japanese National Institute for Materials Science. She was appointed as a Lecturer in
Hull in December 2005 and was promoted to senior lecturer in 2010, Reader in 2013 and Professor in
2014.

ABSTRACT 1:
Approaches to pathogen analysis with lab-on-a-chip devices

Microfluidic devices offer the possibility for point-of-care analysis of pathogens in remote settings,
provided the devices are portable, require only minimal external instrumentation and little power
and are robust.
In our research group, we have investigated a simple magnetic particle based extraction method,
IFAST (immiscible filtration based on surface tension), for pathogen isolation from clinical and
environmental matrices. E. coli bacteria were extracted from wastewater plant samples using specific
binding of the pathogen cells to antibody functionalised magnetic particles. The cells were dragged
through oil and washing buffer phases into a detection chamber where an ATP assay was conducted.
The device required only a manually operated permanent magnet and a small detection box with
PMT and a multimeter for readout, both of which can be battery operated. Detection down to <10
cfu per mL was achieved with the current setup. We have been using the same principle to isolate
pathogens from urine, blood and even stool samples.
Furthermore, we have experimented with paper microfluidic devices for colorimetric analysis of
pathogen presence in veterinary samples. Paper is a great material for analysis in remote settings as
it is lightweight, allows storage of reagents, is cheap and amenable to colour analysis via smartphone
photography and uploading to an app. We have tested the nitrocefin reaction to visualise antibiotic
resistant Staphylococcus aureus strains in milk samples.  Such devices are capable of detecting 106
cfu per mL straight from a sample. Off-chip pre-enrichment by incubation at 37 ° C for 12-16 hours
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increased the sensitivity to 10 cfu per mL. We are using similar devices for environmental analysis
such as phosphate in river samples and heavy metals.
	

ABSTRACT 2:
Dose-on-demand production of radio-pharmaceuticals and assembly of drug delivery
vesicles via droplet microfluidics

Positron Emission Tomography (PET) is a medical imaging technique that relies on the
selective distribution within tissue of radiopharmaceuticals such as [18F]FDG, a sugar
molecule labelled with a radioactive fluoride isotope. Traditionally, [18F]FDG is produced in
batch (ca. 20 doses) and transported to hospitals. Microfluidic devices have been identified
as attractive technology for the synthesis and processing of these pharmaceuticals due to
small amounts of radioactivity handled at any one time, leading to lower shielding
requirements and potentially enabling the synthesis of one dose at a time near the patient,
a ‘dose-on-demand’. Recently, mini-cyclotrons (ABT, GE) have become available. The
miniaturisation of the cyclotron and synthesis units leads to a requirement for miniaturised
quality control processes of the radiotracer.
At the University of Hull we have recently installed a mini-cycltron (ABT) and have a dedicated
research centre for PET radiotracer development with pre-clinical imaging facilities. Many of
our projects involve microfluidic approaches for the synthesis of fluoride and gallium
radiotracers. For example, we are employing an electrotrapping method fluoride pre-
concentration integrated with downstream FDG synthesis. Furthermore, we are working
towards automated and integrated lab-on-a-chip cartridges for quality control (QC) of
radiopharmaceuticals. For example, we are using spectroscopic techniques for pH and
chemical purity tests. The lecture will feature an overview of recent advances in the areas of
integrated microfluidic synthesis and quality control of radiotracers for PET imaging.
Droplet microfluidics is a convenient technology for the generation of drug delivery vesicles.
Micrometer sized droplets can be generated very reproducibly, loaded with reagents as
required and polymerised. We have investigated amphiphilic microgels as drug delivery
vesicles, which we synthesized by on-chip photopolymerisation of pre-cursor droplets. These
amphiphilic microgels are capable of delivering both hydrophilic and hydrophobic drugs. A
range of polymeric materials were generated, their swelling as a function of pH analysed and
their ability to release hydrophilic as well as hydrophobic model drugs measured. In a
different project, we have looked at drug delivery vesicles fabricated through layer-by-layer
assembly onto a sacrificial template. We have investigated magnetic templates such as
magnetic particles, magnetically labelled cells, and, more successfully, magnetic droplets,
which can be maneuvered through laminar co-flowing streams of polyelectrolyte solutions
and washing buffers to achieve elegant and fast layer-by-layer deposition.
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Prof.	Andrew	de	Mello												

Andrew is currently Professor of Biochemical Engineering in the
Department of Chemistry and Applied Biosciences at ETH Zurich and
Head of the Institute for Chemical and Bioengineering. Prior to his
arrival in Zurich he was Professor of Chemical Nanosciences and Head
of the Nanostructured Materials and Devices Section in the Chemistry
Department at Imperial College London. He obtained a 1st Class
Degree in Chemistry and PhD in Molecular Photophysics from
Imperial College London in 1995 and subsequently held a
Postdoctoral Fellowship in the Department of Chemistry at the
University of California, Berkeley working with Professor Richard
Mathies.

His research interests cover a broad range of activities in the general
area of microfluidics and nanoscale science. Primary specializations include the development of
microfluidic devices for high-throughput biological and chemical analysis, ultra-sensitive optical
detection techniques, nanofluidic reaction systems for chemical synthesis, novel methods for
nanoparticle synthesis, the exploitation of semiconducting materials in diagnostic applications, the
development of intelligent microfluidics and the processing of living organisms.

Andrew has given approximately 350 invited lectures at conferences and universities in North
America, Europe, Africa and Asia (including 75 plenary or keynote lectures), has published over 300
papers in refereed journals, and co-authored two books. He currently sits on the Editorial Boards of
Analytical Chemistry, Advanced Materials Technologies Chemistry World, The Journal of Flow
Chemistry and Chem (Cell Press). He is also co-founder of Molecular Vision Ltd, an Imperial College
spin-out company developing low-cost diagnostic devices for use in the doctor's surgery and in the
home. Science originating from the deMello group has been recognized through the award of the
2002 SAC Silver Medal (Royal Society of Chemistry), the 2009 Clifford Paterson Medal from The Royal
Society, the 2009 Corday Morgan Medal (Royal Society of Chemistry) and the 2007 Clark Memorial
Lectureship (California State University). Most recently Andrew was awarded the 2012 Pioneers of
Miniaturization Lectureship by Dow Corning and the RSC for his contributions to the field of
microfluidics.

ABSTRACT 1:
Small Volume Detection in Microfluidics

The considerable advantages (with respect to speed, throughput, analytical performance, selectivity,
automation and control) that are afforded through the use of microfluidic systems are in large part
made possible by system downscaling and the associated improvements in mass and thermal
transfer. Nonetheless, handling and processing fluids with instantaneous volumes on the femtoliter-
to-nanoliter scale represents a critical challenge for molecular detection, and still defines one of the
key limitations in the use of a microfluidic system in a given application. That is to say, although
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system downsizing leads to significant improvements in analytical performance, such gains are offset
by a progressive reduction in the number of molecules which must be detected to report the chemical
or biological state of the system.

Over the past twenty years much research has addressed the issue of small volume analysis through
the development of a range of detection methodologies. These include fluorescence and absorption
spectroscopies, refractive index variation, Raman spectroscopies, infra-red spectroscopy,
chemiluminescence, thermal lens microscopy and mass spectrometry.  The pervasive adoption of
optical methods is unsurprising, since chip-based microfluidic systems are typically fabricated from
glasses, polymers and plastics, which have excellent optical transmission characteristics in the
ultraviolet, visible and near infrared regions of the electromagnetic spectrum. Accordingly, molecular
samples can be non-invasively probed via the absorption, emission or scattering of radiation. My
lecture will describe our activities in the broad area of small volume detection, but with a focus on
the development of novel optical methods that are able to perform multi-parameter analysis in a
rapid an efficient manner.

ABSTRACT 2:
High-Throughput Experimentation Drop by Drop

Droplet-based microfluidic systems allow the generation and manipulation of discrete droplets
contained within an immiscible carrier fluid. Such systems leverage immiscibility to create discrete fL-
nL volumes that reside and move within a continuous flow. Monodisperse droplets can be generated
at  rates  in  excess  of  tens  of  KHz,  with  independent  control  over  each droplet  in  terms of  its  size,
position and chemical payload. Significantly, the use of droplets in complex chemical and biological
processing relies on the ability to perform a range of integrated, functional operations in high-
throughput. Such operations include droplet generation, droplet merging/fusion, droplet sorting,
droplet splitting, droplet dilution, droplet storage and droplet sampling.

My talk will present our activities in area of droplet-based microfluidics with a focus on the use of
passive droplet-based microfluidic systems (i.e. those in which droplet operations are effected
through the variation of channel/feature geometries) to perform a variety of experiments
inaccessible to both macroscale and continuous flow formats. Applications include intelligent
nanomaterial synthesis, cell-based assays, high-throughput screening and DNA amplification. In all
these areas, adoption of a droplet-based format transforms the efficiency of the reactive process or
assay (through compartmentalization and confinement) and analytical throughput (due to the fact
that tailored droplets may be produced at extremely high rates).
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Prof. Manuel Arruebo

I  am  an  Associate  Professor  in  Chemical  Engineering  at  the  University  of
Zaragoza, Spain. I am the co-author of 104 scientific papers (including 3 book
chapters) some of the articles are published in journals with a high-impact
factor such as Nature Nanotechnology, PNAS, Nano Today, Trends in
Biotechnology, Biomaterials, Chemistry of Materials, Small, etc. and my
resulting h-index is 27.

I  was  awarded  in  2014  with  an  ERC  Consolidator  Grant  (one  out  of  3673
applicants in Europe), which helped me to consolidate my own
nanobiotechnology research group. I am also a member of the editorial board

of the Journal “Nanotechnology”.

ABSTRACT:

Microfluidic synthesis of engineered nanomaterials and their biomedical applications

The large-scale production of nanoparticles using bottom up approaches remains a challenge due to
the limited batch-to-batch reproducibility and controllability, in terms of morphological and
physicochemical properties of the traditional batch reactors. On the other hand, the continuous
production of nanomaterials using microfluidic reactors allows excellent control in the physical-
chemical properties of the resulting nanomaterials.

Continuous flow microreactors, integrated with heaters and fluid control elements, offer a solution
to scale-up challenges. Microreactors present additional advantages, including enhancement of mass
and heat transfer, feedback control of temperature and feed streams, worthy synthesis
reproducibility, and low reagent consumption. Herein, we present the continuous synthesis of
different organic and inorganic engineered nanomaterials intended for biomedical use. Different
biomedical fields including tissue engineering, drug delivery and photothermal and photodynamic
therapies can benefit from the use of nanomaterials produced using those microfluidic platforms.
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Prof.	Shrike	Zhang		
	
	

Dr. Zhang received a B.Eng. in Biomedical Engineering from
Southeast University, China in 2008, after which he then obtained a
M.S. in Biomedical Engineering from Washington University in St.
Louis  (2011)  and  a  Ph.D.  in  Biomedical  Engineering  at  Georgia
Institute of Technology and Emory University School of Medicine
(2013). Dr. Zhang then pursued postdoctoral training at Brigham and
Women’s Hospital, Harvard Medical School, Harvard-MIT Division of
Health Sciences and Technologies, and Wyss Institute for Biologically
Inspired Engineering.

Dr. Zhang is currently a Research Faculty at Harvard Medical School and Associate Bioengineer at the
Brigham and Women’s Hospital. Dr. Zhang’s research is focused on innovating medical engineering
technologies, including 3D bioprinting, organs-on-chips, microfluidics, biomedical imaging, and
biosensing, to recreate functional tissues and their biomimetic models. In collaboration with a
multidisciplinary team encompassing biomedical, mechanical, electrical, and computer engineers as
well as biologists and clinicians, his laboratory seeks to ultimately translate these cutting-edge
technologies into the clinics. He is an author of >120 publications and his scientific contributions have
been recognized by >40 international, national, and regional awards. More information can be found
on his website (www.shrikezhang.com).

ABSTRACT:
Microphysiological Systems for Emulating Human Tissues and Diseases

Microphysiological systems are microfluidic three-dimensional miniature human tissue and organ
models that recapitulate the important biological and physiological parameters of their in vivo
counterparts. They have recently emerged as a viable platform for personalized medicine and drug
screening. These biomimetic organoids are anticipated to replace the conventional planar, static cell
cultures, and to bridge the gaps between the current pre-clinical animal models and the human body.
In addition, multiple organoids may be channeled together through the microfluidics in a similar
manner they arrange in vivo, providing the capacity to analyze interactions among these models. In
this talk, I will discuss our recent efforts on developing integrated multi-organ-on-a-chip platforms
formed by sophisticated microfluidics and bioengineered organoids, which can operate in a continual
and automated manner over extended periods. I will also discuss a series of bioprinting strategies
including sacrificial bioprinting, microfluidic bioprinting, and multi-material bioprinting, along with
various cytocompatible bioink formulations, for the fabrication of biomimetic organoids. These
platform technologies will likely provide new opportunities in constructing functional tissue and
disease models with a potential extension into clinical therapeutics and precision therapy.
	


