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in preparation]. Others had demonstrated tl
ported lipid bilayers to mimic cell-cell inter:
the lipid bilayer with different ligands and n
cell [4-12] and we wanted to extend on tha

In particular, the work of Michael Dustin at
should be highlighted here. They focused or
lipid bilayer and cell interactions to study tt
munological synapses [1], [10], [12], [25]. /
































































































































































































label-free cytokine sensing. The idea was to characterize and clas-
sify cells growing in a microfluidic chip not only by their response
amplitude to a certain stimulus, but gain additional information
by measuring the temporal response properties. This idea had
come up during the second meeting for the NanolI project in dis-
cussion with Nir Friedman from Weizman Institute, Fredrik, Julie
and I. Instead of using ELISA (enzyme-linked immunosorbent as-
say) for detecting Interleukin-2 (IL-2) secretion from activated T-
cells, we wanted to try to use localized surface plasmon resonance
(LSPR, see “BOX 3.8” on page 90) and thought of a combined
microfluidic system with upstream cell culture and downstream
cvtokine detection (Fieure 3.16). The aim of the Nanoll proiect

Figure 3.16

Schematic of a LSPR measurement
setup integrated with an on-chip cell
culture platform to measure cytokine
production in response to a given
stimulus in real-time.



In order to investigate the possibility to mea
LSPR, we decided to use recombinant Inter
(JES6-1A12, eBioscience, USA) in a first sel
which is 17kDa in size. This allowed us to i1
high concentration of cytokines, and we did
cell secretion. As an antibody, we used bioti:
Interleukin-2 (JES6-5H4, eBioscience, USA
tested for binding to the Interleukin-2 we w
proach, we used thiol-biotin chemistry to cc
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gradients (Figure 4.4 top), but also more co:
example parabolic shapes (Figure 4.4 bottor
to have three inlets instead of two, which wi
ficient to produce controlled linear gradient
if that was a wise decision, I gained flexibilit
I have never used anything other than lineas
Additionally, three inlets are more error-pro
are always needed to operate the system. Or.
against both routes, and Stephan Dertinger


















be possible to have much higher fiber pads t
ones we use at that time, and thereby creatit
scaffolds for cells to interact with. We never
there are certainly limitations. It is for exam
well controlled fluid flow can be achieved w
nel diameter is covered with fibers. I did sor
tions that show that the gradient above the
steep, when increasing the fiber pad height (
are, however, other ways to control the liqui
three dimensional fiber scaffold. A microflui
relying on diffusion to form a gradient, like
later (page 127), would be more suitable for
three dimensional aspect and the possibilitie
nitely interesting, but at the beginning we w
in getting the system to work at all and stud
alignment in respect to the gradient directio

The important part about the method that 1
bine electrospun fibers with microfluidic ne
Both parts, the definition of electrospun fib:
of the microfluidic channels, are relying on-
techniques. Thus, it is possible to produce n
pattern with very high spatial resolution anc
scribed methods. The freedom in microfluic
ited and all structural microfluidic elements

Gradients over electrospun fibers

As mentioned above the gradient steepness «
ing fiber pad thickness, but one thing I was
much the fiber pad we used (3-5 micromete
ence gradient formation in the microfluidic
optimistic that the influence would be limit
possible to form soluble gradients similar to
without the fibers; this feeling was supporte
simulations that I did, which showed succes
tion even with the fibers. Although, I was o
experiment is always a bit special, I was agai
parts were finally falling in place, I had a mi
that could produce gradients, I had promisi:
and I had a chip with electrospun fibers care
main microfluidic channel. I switched on th
less than a minute of stabilization I saw a flt
could change the flow rates in the three inle
the fluid stream was changing. Everything w
posed to - I was very happy and relieved. I u















stem cells isolated from Wistar rats (hippoc:
tricular zone) and we thought that these cell

esting to use with the electrospun microfluis

In order to be able to inject the cells, it was

ate the neurospheres they are forming in cul
cell solution. With this cell solution, the san
as for the 3T3 cells could be used, but it wa
the surface with laminin using a poly-L-orn
cell stimuli, we used stromal cell-derived fac
and substrates with aligned electrospun fibe:
stimulate the cells to form outgrowths along
were three different conditions that we teste
potential of our platform: fibers aligned par:
tractant gradient, fibers perpendicular to the
fibers at all. Nina E. had previously shown t
align along electrospun fibers and use them

thus we did not include that condition in o1

Figure 4.16 shows the results from the diffes
cells are stained with rhodamine-phalloidin
skeleton (red) and DAPI to show the cell nu
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They used a double gradient generator (Figu
mobilize a laminin gradient by physisorbtio:
soluble gradient could be applied perpendic
lized one using the second gradient generatc
et al. had previously shown that it was possi
bound laminin gradients; in their experimer
microfluidic network from the glass afterwa

substrates with standard cell culture techniq

I also did some tests on my own using a sim
approach with my microfluidic chips, but k
attached and using substrates with patternec
shows a fluorescence micrograph of antibod
line profiles in front of the fiber pad and ove
quite well in the areas without the fibers; it
I got a laminin gradient immobilized on the
with fibers, however, there was basically no y
was adsorbing to the fibers, but instead of a
or less homogenous coating with laminin. ‘T
due to the approach that was used to immol
The process relies solely on physical adsorpt
form a gradient a second molecule that adso
the first one is needed. In my case, I used la
of interest and bovine serum albumin (BSA,
ecule. On one side, I had 100% laminin anc
other side 0% laminin and 100% BSA. The
is no flow within the fiber pad, as my simul:
and transport within was exclusively govern:
though, a gradient was present directly abov
cells would be sitting there was no gradient
and since the laminin and BSA were freely ¢
mesh adsorption was random,

Combining surface immobilized gradients v
was an interesting approach and I wanted «
it. The problem was that relying on physisor

wrnrls and T fale that anather annraach urce n

Figure 4.17

Design of a double gradient channel
that allows the formation of gradi-
ents in two different orientations
(perpendicular to each other) in a
sequential manner.























































































Master thesis project 1

In vitro muscle cell culture, both of skeletal myocytes as well as cardio myocytes, has many poten-
tial application areas, ranging from tissue engineered constructs for medical purposes, over in vitro
drug testing models, all the way to cultured meat for nutrition. Therefore, it is important to un-
derstand the underlying effects of cell differentiation, function and contractibility and to be able
to control the necessary factors during cell culture to achieve optimal results.

One known important factor is cell contact guidance and it has been shown by us and others

that micro-structured surfaces are capable of achieving a high degree of cell alignment. It is, also,
known that many different bio-active substances, in solution or bound to the surface, play in an
important role during the differentiation process. During the last two years, we have been starting
to work with different microfluidic setups to tightly control the liquid composition on the cellular
length scale and even to combine such liquid handling capabilities with different surface proper-
ties to recreate closer mimics of cell microenvironments. These systems could also be used to inves-
tigate different factors in a defined cell culture media composition and optimize their concentra-
tion individually to achieve optimal results. Defined media compositions have many benefits over
the cell culture compositions that we normally use today. Instead of using animal derived serum
to supply cells with growth factors and hormones, these substances are produced by recombined
expression in bacteria and added to the media at known concentrations. Thus, media composition
is always the same, does not use any animal products and can be fine-tuned to cellular needs more
SR | .




Master thesis project 2

Wound healing is a process by which the body is able to heal itself and partially restore tissue func-
tion. It is a complex process involving many different cell types and events happening both within
minutes, but some taking up to years. One major aim for wound healing products is to reduce scar
tissue formation and support biological processes leading to an increase of functional tissue formed
after injury. One promising product in this respect is starch microspheres.






