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Microfluidics '

The science, as well as the technology,
concerned with the movement of very
small volumes of liquid In very narrow
channels (diameters of some 10 to
hundred micrometers).
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Lab-on-a-chip: Personalized therapies
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Wie die Mikrofluidik die
Zellkultivierung revolutioniert

9. Marz 2020

» 1 he potential of scalability of microfluidic cell cultivation is enormous*

https://cetoni.de/wie-die-mikrofluidik-die-zellkultivierung-revolutioniert
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Organ-on-a-chip = microfluidic cell culture device

Microfluidic organs-on-chips

Sangeeta N Rhatia'? & Donald E Ingber®

An organ-on-a-chip is a microfluidic cell culture device
created with microchip manufacturing methods that contains
continuously perfused chambers inhabited by living cells
arranged to simulate tissue- and organ-level physiology. By
itulating the multiceliul e o, 1i T
interfaces, physicochemical microenvironments and vascular
perfusion of the body, these devices produce levels of tissue
and organ functionality not possible with conventional 20 or
3D culture systems. They also enable high-resolution, real-
time imaging and in vitro analysis of biochemical, genetic and
metabolic activities of living cells in a functional tissue and
organ context. This technology has great potential to advance
the study of tissue development, organ physiology and disease
etiology. In the context of drug discovery and development,
it should be especially valuable for the study of molecular
mechanisms of action, prioritization of lead candidates, toxicity
testing and biomarker identification.

Conventional two-dimensional (210} cell cultures were developed
almost a century age' . Despite their demonstrated value in hiomedical
research, they cannot support the tissue specific, differentiated func

tinms of many cell types or accurately predict in vive tissue functions
and drug activities”. These limitations have led to increased interest in
mare complex 21 models, such as those that incorporate multiple cell
types ar invalve cell patterning, and in three dimensional (313) mod

els, which hetter represent the spatial and chemical complexity of liv

ingtissucs. 31¥ cell cultures, developed over S0years ago®, usually rehy
o hydmgeks, composed of either natural extracellular matric (FCM)
maolecules or synthetic polymers, which induce cellls to polarize and w
imteract with neighboring celbs. They can take many forms, indhuding
cells randomly intcrspersed in ECM ar clustcred in sclf assembling
cellular microstructures known as organoids. 30 models have been
wery useful for studying the molecular basis of tEssue function and
better capture signaling pathways and drug responsiveness in some
discase states compared with 21 modds* 7. Nonetheless, they alse
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have limitations. For example, organcids are highly variable in size
and shape, and it is difficult to maintain cells in consistent positions
in these structures for extended analysis. Another drawhack of 30
models i that functional analysis of entrapped cells— for ezample,
1o quantify transcellular transport, absorption or secretion—is ofien
hampered by the difficulty of samipling luminal contents, and it is
difficult to harvest cellular components for hiochemical and genetic
analysis_ In addition, many systems lack multiscale architecture and
tissuc-tissue interfaces, such as the interface between vascular endo
thelium and surrounding connective tissue and parenchymal cells,
which are crucial to the function of nearly all argans. Furthermare,
cells are usally not expased to normal mechenical cues, inchuding
Tluid shear stress, tension and compression, which influcnce organ
development and fanction in health and discase®®. The ahsence of
fuid flow also preclsdes the study of how cultured cells interact with
circalating blond and immune cells

Microfhuidic organs on chips offer the possibility of evercoming
all of these limitations. In this Perspective, we discuss the value of
this niew approach 1o scientists in hasic and applied reszarch. Wealso
describe the technical challenges that must be overcome 1o develop
argans-on-chips fnto robust, predictive models of haman physicl
agy and disease, and into tools for drug discovery and developmend.

What are organs-on-chips?
Microfluidic culture devices. Organs-on-chips are microfhuidic
devices for culturing living cells in continuoasly perfused, micromeler
sined chambers in order ko modd physiological functions of tisues and
argans. The goal i not to build 2 whole living organ but rather 10 smn
thesize minimal functional units that recapitulae tissue- and organ-level
finctions. "The simplest system ix a single, perfized microfhuidic chamher
comtaining ane kind af cultured cell (e, hepalocytes or kidney toba
lar epithekial cells) that exhibits functions of one tissse type. In more
complex designs, twa or more micrechannels are connected by porous
membranes, fined on opposite sides by different cell types, 10 recreate
imerfacesbetween different tissues (e g., long abveolar-capillary interface
ar bload-beain barrier). These sysiems can incorparate physical forces,
including physiologically relevant kevels of fluid shear stress, cyclic strain
and mechanical compression, and permit analysis of organ-specific
responses, induding recruitment of dirculating immune cells, in reaction
o drugs, toxins or other environmental perturhations. Similar anabyses
can he conducted with chips lined by cells from different ongans that are
linked fluidically, either directly from one imterstitial tissue compartment
1o another, or potentially through a second channel lined with vasco
lar endothelium, to mimic physiolegical interactions between different
angans ar o study drug distribation in vifro.

The word ‘chip’ in argan-on-a-chip stems from the eriginal fhrica
tion method, a fified form of phatolith hic euching used 1o

It contains continuously perfused chambers
inhabited by living cells arranged to simulate
tissue- and organ-level physiology.

By recapitulating the multicellular architectures,
tissue-tissue interfaces, physicochemical
microenvironments and vascular perfusion of the
body, these devices produce levels of tissue and
organ functionality not possible with conventional
2D or 3D culture systems

They also enable high-resolution, real-time
imaging and in vitro analysis of biochemical,
genetic and metabolic activities of living cells in a
functional tissue and organ context.

https://www.nature.com/articles/nbt.2989



Current chip materials - complicated

MICROFLUIDIC REVIEWS

PDMS: a review

Introduction to polydimethylsiloxane

Polydimethylsiloxane, called PDMS or dimethicone, is a polymer widely used for
the fabrication and prototyping of microfluidic chips.

It is a mineral-organic polymer (a structure containing carbon and silicon) of the
siloxane family (word derived from silicon, oxygen and alkane). Apart from
microfluidics, it is used as a food additive (E900), in shampoos, and as an anti-
foaming agent in beverages or in lubricating oils.

For the fabrication of microfluidic devices, Polydimethylsiloxane (liquid) mixed

with a cross-linking agent is poured into a microstructured mold and heated to obtain a elastomeric replica of the mold
(cross-linked).
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3-D printing — relatively easy
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Fig. 6: 10-stage twofold serial diluters. | Nature Communications
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Personalized medicine

@ Check for updates |
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A comparative study of
tumour-on-chip models with
patient-derived xenografts for
predicting chemotherapy
efficacy in colorectal cancer
patients

Louis Jun Ye Ong*#*%, Shumei Chia®',

Stephen Qi Rong Wong*%7, Xiaogian Zhang®, Huiwen Chua®,
Jia Min Loo®, Wei Yong Chua®, Clarinda Chua®, Emile Tan®,
Hannes Hentze'?, lain Beehuat Tan**", Ramanuj DasGupta**
and Yi-Chin Toh &34

Inter-patient and intra-tumour heterogeneity (ITH) have prompted the need for
a more personalised approach to cancer therapy. Although patient-derived
xenograft (PDX) models can generate drug response specific to patients, they
are not sustainable in terms of cost and time and have limited scalability.
Tumour Organ-on-Chip (OoC) models are in vitro alternatives that can
recapitulate some aspects of the 3D tumour microenvironment and can be
scaled up for drug screening. While many tumour OoC systems have been
developed to date, there have been limited validation studies to ascertain
whether drug responses obtained from tumour OoCs are comparable to
those predicted from patient-derived xenograft (PDX) models. In this study,
we established a multiplexed tumour OQoC device, that consists of an 8 x 4 array
(32-plex) of culture chamber coupled to a concentration gradient generator.
The device enabled perfusion culture of primary PDX -derived tumour spheroids
to obtain dose-dependent response of 5 distinct standard-of-care {SOC)
chemotherapeutic drugs for 3 colorectal cancer (CRC) patients. The in vitro
efficacies of the chemotherapeutic drugs were rank-ordered for individual
patients and compared to the in vivo efficacy obtained from matched PDX
models. We show that quantitative correlation analysis between the drug
efficacies predicted wia the microfluidic perfusion culture is predictive of
response in animal PDX models. This is a first study showing a comparative

01 frontiersin.org

This (the results?*)
Indicated the potential
application of In vitro
microfluidic platforms In
drug screening
applications towards
personalised cancer
treatment

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9488115/ *remark by author of presentation/
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Removal of uncured resin dictates practical approach '

Top/bottom ~ 150 pum

Channel width/height
2 500 ym

With friendly support from QUT Centre for Biomedical Technologies, Queensland University of Technology, Queensland, Australia



The right viscosity




DMG resin / Asiga printer '

2D culture chlp 3D pillar array Droplet generator
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A case study of MOIIN resins: 3D printed microfluidic devices for cell-based Applications, Louis Ong, Yi-Chin Toh,



DMG resin / Asiga printer '

Cells can
survive
ot perfusion
S culture for
3 days



Improve patient outcomes
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Finding the right balance




When there Is some chemistry going on
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