Contact

Helmholtz-Institute for Biomedical Engineering
RWTH Aachen University

Pauwelsstrasse 20

52074 Aachen

Germany

Imprlnt Published by
Helmholtz-Institute for

Biomedical Engineering
© 2017

Pictures
Helmholtz-Institute for
Biomedical Engineering

Helmholtz-Institute for

Phone: +49-241-80-80163

Biomedical Engineering
Annual Report 2016

Web:  http://www.hia.rwth-aachen.de

Coordination
Birgit van Marwick

g:t]éid&bgerlagshaus MAINZ GmbH, Aachen RWGMEEIS-‘% H%Ll NI K




Helmholtz-Institute for Biomedical Engineering Annual Report

RWTH Aachen University

Content

Preface ... 3
Chair of Cell BIology .......ccovvvvivviiiiiiiieeeeeeeeeee e 5
Chair of Medical Information Technology ................... 11
Biomaterials Laboratory .............cccceeiiiiiiiieiiiiiieiiiiiinn 17
Chair of Medical ENgineering .........ccccceeeeeeeeeeeeeeveeeennnnnns 23
Biointerface Laboratory ...........ccccvvvevivviiiiiiiieeeeeeeeeee, 29
Chair of Experimental Molecular Imag ing .................. 35
Chair of Applied Medical Engineering ...................uve.. 41

Annual Report

How to reach us

Address

Helmholtz-Institute for Biomedical Engineering
Pauwelsstrasse 20

52074 Aachen

Germany

By car

- Follow the motorway from Cologne or Netherlands to
Aachen (A4) and take the exit towards Laurensberg.

- Turn right into Kohlscheider Strasse and follow the signs
Uniklinik.

- After approximately 750 m turn right on Toledoring/Pariser
Ring, take the fifth exit (Uniklinik).

- In the roundabout take the exit towards RWTH Melaten
and follow the Forckenbeckstrasse for 250 m.

- Opposite the restaurant Forckenbeck turn left into
Pauwelsstrasse. After approximately 100 m the Helmholtz-
Institute is on the right hand side.

By train/bus

Our Institute is well connected by public transport from
the main train station, the train station ‘Aachen West’ or the
main bus terminal in the city centre. Several bus lines lead
to University Hospital (from the main train station line 3B;
from the train station Aachen West' line 3A, 33, 73 from
the bus terminal line 73, 33, 4, 5). Line 33, 73 and 3A stop
directly at the Helmholtz-Institute, the other lines stop in
front of the main entrance of the University Hospital. A
short walk back over the bridge will take you straight to the
Helmholtz-Institute.

By plane

Regular train service connects Aachen to major airports in

Germany, Belgium and the Netherlands.

- From Duisseldorf airport the travel time by car is approxi-
mately 1.25 hours and 1.5 hours by train.

- From Cologne/Bonn airport travelling to Aachen takes
about 1 hour by car and 1.25 hours by train.

- Travel time by fast train (ICE) from Frankfurt airport is
approximately 2 hours.
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Preface

The mission of the Helmholtz-
Institute for Biomedical Engineering
of the RWTH Aachen University
is interdisciplinary basic research
and development for personalised
biomedical engineering solutions.
The common objective of all initi-
ated projects, activities and tasks
is to create innovation for better
health care. The application of new
methods and technologies should
contribute to the best possible di-
agnostic means and better therapy
options for each individual patient.
Networking and cooperation with-
in the RWTH Aachen University as
well as with experts from clinics,
research and industry on a national
and international level are key fac-
tors of our work.

We contribute to bachelor and mas-
ter programs of different faculties
of the RWTH Aachen University,
including the coordination of 3 dif-
ferent master programs related to
the field of biomedical engineering.
The tight connection between ac-
tual research topics and the theo-
retical as well as practical education
of our students from different disci-
plines and specialities is an essential
basis for the success of our alum-
ni in their international industrial as
well as academic careers.

This annual report is dedicated to
our sponsors, partners and friends
for their support and cooperation
and to all individuals that are in-
terested in our institute. We wish
you a pleasant reading and would
be happy to provide further infor-
mation on any of the topics report-
ed herein - as well as to discuss
future options of cooperation in
the fascinating field of biomedical
engineering.

Aachen, January 2017

The Board of Directors

Fig 1: The HIA Board of Directors (from left to right):
Prof. Jahnen-Dechent, Prof. Schmitz-Rode, Prof. Leonhardt, Prof. Elling, Prof. Zenke,
Prof. Radermacher, Prof. Kiessling
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The Annual Conference of the German Society for Biomaterials was held from 29 Sep-
tember — 1 October 2016 at RWTH Aachen University and was hosted by Prof. Jahnen-Dechent.
Several talks and posters were presented by members of the Helmholtz-Institute for Biomedical
EngineeringFirst row, above from left: Conference opening with invited speakers and Pro-rector

of RWTH Aachen University (left to right David Grainger, Andres Garcia, Doris Klee, Willi Jahnen-

Dechent, Seeram Ramakrishna); centre left: session talk; centre right: participant discussion

during coffee break; centre right: conference dinner at Couven Hall

Second row, left: During the meet-

ing Prof. Jahnen-Dechent was elected
President of the German Society for
Biomaterials, and later on awarded
the presentation prizes.

Team building Events
2016
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Introduction

In cells a specific grammar of DNA and chromatin modi-
fications determines gene expression and thus cell identi-
ty and function. We aim at elucidating how gene networks
direct cell fate and specific cellular activities, using a rich
toolbox of bioinformatics and computation for analysis
and predictions of sequencing data (Fig. 1). The labora-
tory studies stem cells both in the normal physiological
and in the diseased state. This includes blood stem cells
(hematopoietic stem cells, HSC), mesenchymal stem cells
(MSC), embryonic stem cells (ES cells) and also engi-
neered stem cells, such as induced pluripotent stem cells
(iPS cells), and their differentiated progeny. We use ge-
nome precision engineering with CRISPR/Cas to generate
cells with desired properties. A particular focus is on an-
tigen presenting dendritic cells (DC). We also study stem
cell aging, magnetic nanoparticles for cell tracking and
the influence of biomaterials and surface topology on cell
growth and cell behavior.

Histone Footprint

DNase Footprints

B H3K4me3
DNA-binding
transcription factor

Nucleosome

Fig. 1: The histone modification H3K4me3 is indicative of
active genes. The binding of transcription factors to the
promoters of these genes leaves histone and DNase foot-
prints.

Engineered IRF8-/- iPS Cells by
CRISPR/Cas Genome Editing

Human iPS cells can differentiate into cells of all three
germ layers, including hematopoietic stem cells and their
progeny. Interferon regulatory factor 8 (IRF8) is a tran-

scription factor, which acts in hematopoiesis as lineage
determining factor and autosomal recessive or dominant
IRF8 mutations in patients cause severe monocytic and DC
immunodeficiency.

To study IRF8 in human hematopoiesis we generated hu-

man IRF8-/—iPS cells and IRF8—/— ES cells using RNA guid-  ©[7T% T T T T T 1

ed CRISPR/Cas9n genome editing (Sontag et al., 2016, in
press). We differentiated iPS cells and ES cells into hema-
topoietic stem/progenitor cells and further into DC. IRF8
deficiency caused a bias towards granulocytes at the ex-
pense of monocytes and compromised development of
specific DC subsets (Fig. 2). Additionally, IRF8—/— DC
showed reduced MHC class Il expression and were im-
paired in cytokine responses, migration and antigen pre-
sentation. Thus, this human IRF8 knockout model allows
studying molecular mechanisms of immunodeficiencies in
the human system.

Q CRISPR/Cas9n Dendritic Cells

M** cDC1 cDC2
%0

206 —

Hematopoietic
Progenitors

%ﬁ@—»

L

IRF8-/- iPS cells g
IRF8-/- ES cells Monocytes Granulocytes
Fig. 2: IRF8—/- iPS cells and IRF8—/- ES cells were gener-

ated by CRISPR/Cas9n and differentiated into hematopoi-

etic progenitors and further into mature blood cells.

Deletion of IRF8 compromised development of specific

dendritic cell subsets (classical DC1 and plasmacytoid DC,

cDC1 and pDC, respectively) and monocytes, while en-

hancing the frequency of granulocytes (Sontag et al.,

2016, in press).

Senescence-associated Epigenetic
Modifications of Cells in Culture

MSC represent the cell type that is currently used in
most clinical trials — but this necessitatesvitro cul-

ture expansion to achieve clinical relevant cell numbers.
During thein vitroexpansion, MSC acquire large and flat
morphology, lose differentiation potential, and ultimate-
ly enter proliferation arrest — a state defined as repli-
cative senescence. Interestingly, replicative senescence
is reflected by continuous and highly reproducible DNA
methylation (DNAm) changes at specific CpG dinucle-
otides in the genome. We developed a deep sequenc-
ing method based on six CpGs to precisely reflect the
state of replicative senescence in MSC and human umbil-
ical vein endothelial cells (HUVEC) (Fig. 3; Franzen et al.,
2016; patent pending).
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Fig. 3: Epigenetic-Senescence-Signature based on six CpG
dinucleotides to predict the number of passages of cell
preparations of MSC and HUVEC (Franzen et al., 2016).

It is still unclear whether the senescence-associat-
ed DNAm changes are directly regulated by a targeted
molecular process. During the last years long non-cod-
ing RNA (IncRNA; >200 nucleotides) have emerged as
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potential epigenetic modifiers. We demonstrated that using MRI (Schwarz et al., Nanomedicine, 2012; Celikkin
the HOX transcript antisense RNAIQTAIR binds pref- et al., J. Magn. Magn. Mater, 2015; in collaboration with W.

erentially to genomidocithat become hypermethylated Richtering and J. E. Wong, Institute of Physical Chemistry, =
during replicative senescence. Gain- and loss-of-function RWTH Aachen University, Aachen, Germany and M. 9
approaches indicated thetO TAIRexpression contributes Hoehn, In vivo NMR Research Group, MPI for Metabolism %
to regulation of cellular senescence by changes in gene ex- Research, Cologne, Germany). Recent studies revealed a &=
pression and DNAm. Notablyn silicoand subsequerin differential impact of specific PE coatings on labelling and §RS)
vitroanalysis indicated that targetingHilD TAIRo0 specif- cellular responses of different DC subsets under steady

ic genomidociis mediated by triple helix formation (Fig.  state and inflammatory conditions (Celikkin et al., manu-

4; Kalwa et al., 2016). script in preparation; Fig. 5).

HOTAIR LSD1

Regulation of Cell Matility and
Adhesion by Surface-grafted
Nanogel Arrays

Cellular functions, including cell adhesion and migration,
are controlled by the precise spatio-temporal regulation

of cytoskeleton dynamics. Several interdisciplinary stud-
ies have demonstrated that material chemistry and to-
pology can be exploited to modulate cell adhesion and
migration.

Fig. 4: Schematic representation of the triple helix forma-
tion. The IncRNA HOTAIR targets specific genomic locations
and interacts with epigenetic modifiers, such as PCR2 and
LSD1 (Kalwa et al., 2016).

In this project, we developed highly functional and stim-
uli-responsive poly-isopropyl acrylamide) nanogel ar-
rays grafted onto glass surfaces by a printing process using
wrinkled polydimethylsiloxane (PDMS) templates (Sechi

Polyelectrolyte Coating of

Magnetic Nanoparticles for Cell et al., 2016). Using low-temperature plasma treatment,
. . nanogels were chemically grafted onto glass supports
Labe”mg and TraCkmg by MRI thus leading to highly stable nanogel layers in cell culture
media.

Translation of cell-based therapies into clinical applications

is hampered due to the lack of tools to monitor cell fate and  \ye demonstrate that surface-grafted nanogels can serve

function after transplantation. Labelling of cells with engi- 55 novel substrates for the analysis of cell adhesion and

neered magnetic nanoparticles (MNP) before implantation migration (Sechi et al., 2016). Nanogels have a strong im-

shows great promise in tracking cefis/ivausing magnetic pact on size, speed and dynamics of focal adhesions and

resonance imaging (MRI). cell motility causing cells to move along straight trajecto-
o ) ries (Fig. 6). In addition, modulation of nanogel swelling

We study the tailoring of MNP using layer-by-layer assem-  gate or spacing serves as an effective tool for regulation

bly of polyelectrolytes (PE) for enhanced labelling of hema- ¢ ¢ motility.

topoietic stem/progenitor cells and DC and their tracking

Our study demonstrates that nanogel
A — arrays deposited on solid surfaces can
i '"9 be used to provide a precise and tun-

6 days GM-CSF " ‘WM able system to understand and con-
RN % " h/ trol cell migration. We anticipate that

magnetic not-retained our surface-grafted nanogel system
o- SHOcs seneratim will contribute to the development
bone marrow B Iabehng of implantable systems aimed at sup-
PGS porting and enhancing cell migration
* /¢° retamed and adhesion.
6 days FIt3-L
differentiation magn atic -QOMI retained

L. separation . . .
Fig. 5: Labeling of inflammatory (GM-

DC) and steady state (FL-DC) DC with

ferumoxytol ; +PDADMAC +PEI PE-coated and uncoated ferumoxytol

i : particles. (A) Schematic representation
of magnetic separation after labelling
with MNP. (B) FL-DC after uptake of
respective MNP were analyzed by flow
cytometry. Representative dot plots
e - ey p show MNP-labeled cDC (black boxes)
SiglecH and pDC (red boxes) subsets.

FL-DCS
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Fig. 6: Impact of surface-
grafted nanogels on cell mor-
phology and cytoskeleton
organisation (A-C). The micro-
filaments (A, green, arrow)
and focal adhesions (B, green,
arrow) of mouse melanoma
B16F1 cells aligned along the
major axis of nanogel arrays
(long arrows). Cell nuclei were
stained with DAPI (blue). Scale
bar: 10 -m. Scanning electron
microscopy of B16F1 cells seed-
ed on nanogel arrays (C). Note
the interaction of cell projec-
tions (green arrows) with the
underlying nanogel arrays
(white arrow). Scale bar: 0.25
-m (Sechi et al., 2016).

site detection from computa-
tional footprinting in Gusmao
et al, 2016. We showed that
several state-of-the-art meth-
ods (including our own meth-
od) can detect cell specific
binding sites with very high ac-
curacy. Moreover, we dem-
onstrated how to correct for
experimental artefacts, such
as DNase | enzyme cleavage
bias, thereby settling a long-
standing scientific discussion about computational foot-

. o . In practical examples, we have applied computational
Specmc Blndlng Sites footprint to dissected NF-kB regulation during inflam-

mation in HUVEC (Kolovos et al., 2016) and to uncov-
One of the main molecular mechanisms controlling the er regulatory roles of Tbx3 in pancreas development
temporal and spatial expression of genes is transcription- (Perkhofer et al., 2016).
al regulation. In this
process, transcription
factors bind to the vi-
cinity of a gene to re-
cruit (or block) the
transcriptional ~ ma- DNase |
chinery. The identifi-
cation of transcription
factor binding sites is
a first step to under-

Chromatin

stand regulatory net- 4"

works driving cellular Isolation &

processes, such as Sequencing

cell differentiation and \{ Y @ |

the onset of diseases A = v Nucleosome
Cell specific binding Y ‘A X

sites can be predict- Alignment and P H3K4me3
ed by the analysis of Counting @ DNase |
sequencing protocols | . .- . |'

measuring open chro- ¢

matin with compu- DNase-seq signal . . b 4 ‘
tational  footprinting < BB B—8—— | Transc. Factors
methods (Fig. 7). Transcription factor footprints

We have revisited theFig. 7: Workflow of the computational analysis of the open chromatin protocol DNAse-seq (Gusmao
problem of binding etal., 2016).
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Introduction

medil (3

Chair for Medical Information Technology
{Smart Solutions for Advanced Healthcare)

The Philips Chair for Medical Information Tech-
nology is especially concerned with research prob-
lems in thefield of “Unobtrusive Meas urement

Technologies”, “Personal Health Care”, and “Auto- AutoMED ;Zﬁﬂzﬁlj‘:‘[{ H:‘;’;“E:'re
mation and Control in Medicine”. Technology

The topic Personal Health Casmcompasses wearable _
medical devices, particularly diagnostic devices, designed .o S it o
for use at home. Current techiagical developments e B

are in the fields of “Intelligent Textiles” and “Body Area
Networks” (BAN), related basic research areas (e.g. sig-
nal processing and motion artifact rejection), and sensor
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fusion. Due to demographic trends, especially in dev‘fﬁmwmme = = ,Cm:umaas;_msummﬁmm;i

oped nations, the laboratory also focuses on the neeziis oo Sl Sy o - Analogue and Digital Circufts |

of the elderly (e.g. enabling greater autonomy ati - Simulation, Modelling and Signal Analysis « Embedded Systems: |
home). | « Pattern Recognition Application of Mi DSPs, |
Automation and Control in Medicine is involved| * Diagnosis Assistance FPGAs and Wireless Systems |

with the mode_ling of meQicaI and physiological SYrig. 1: Research profile of MedIT.

tems and the implaentation of feedback controlled

therapy techniques. Research topics include tools and meth- electronics are developed, for example, in the areas of
ods for the modeling of disturbed physiological systems, non-contact sensing techniques (e.g. magnetic bioimped-
sensor supported artificial respiration, active brain pressure ance), bioimpedance speascopy and inductive pleth-

regulation, and dialysis regulation and optimization. ysmography. Active research is currently conducted in
Where necessary and sensible, sensors andurerasnt biomechatronics.
Selected Ongoing Research where warm air from the lungs is exhaled. Thermal im-
. aging can be used to accurately detect these temperature
PrOJeCtS fluctuations. Thus, the nose (region of interest - ROI) must
be automatically located in the first frame. Forthwith, a
Monitoring of Respiratory Rate in rough tracking of the ROI must be performed to compen-
. sate motion artefacts. Lastly, the breathing waveform can
Newborn Infants using Thermal be extracted and used for estimation of RR.
Imaging

Respiration is one of the most important physiological pro-
cesses. Principally, respiratory rate (RR) can be used as an
early and solid predictor of cardiopulmonary arrest, in-
tensive care admission or death. However, it is one of the
most frequently undocumented and underestimated vital
signs. According to the literature, RR is usually neglect due
to shortcomings of current clinical monitoring techniques.
These modalities require attachment of sensors to the in-
fant’s body leading to stress and discomfort. Moreover, re-
moval of adhesive electrodes in preterm babies induce pain
and epidermal stripping. In recent years, there has been
an increasing interest for unobtrusive, contactless and reli-
able monitoring modalities to estimate RR. They aim to im-
prove patients’ quality of life as well as the use of medical
resources. Thermal imaging is a remote and passive tech-
nique, which detects the radiation naturally emitted from
an object, in this case the human skin, and does not use
any harmful radiation. Moreover, thermal imaging does not
need a light source. This particular characteristic is one of |
the biggest advantages of infrared tomography (IRT) over
other imaging technologies.

There are different approaches to estimate RR in thermal Fig. 2: Monitoring system of respiratory rate based on ther-
videos. The most common is based on the fact that tem-  mal imaging in a newborn infant.

perature around the nostril oscillates during the respirato-

ry cycle. It consists of one inspiration, where cold air from  Funded by: Fundacéo para a Ciéncia e a Tecnologia (FCT
the environment is inhaled, followed by one expiration,  portugal)
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Smart Dialysis — Optimization
of Hemodialysis by means of
Multimodal Monitoring

Driver State Monitoring

Self-driving cars become reality in the automotive indus-
try. The first test vehicles already find their own way on
highways and in dense rural areas. It is expected that, in

Over the last few decades, continuous advances in dialy- 2025, this will be a normal course of life. One crucial part
sis technologies have increased the safety and efficacy of of autonomous driving is the so-called handover, so that

hemodialysis (HD). Nevertheless, the improved patient
care has not translated into a clear improvement of sur-
vival rates. At present, the most common acute compli-
cations during hemodialysis are hypotension (20 - 30 %),
muscle cramps (5 - 20 %), nausea and vomiting (5 - 15 %),
and headache (5 %). Intradialytic hypotension (IDH) is de-
fined as a symptomatic drop in systolic blood pressure of
more than 25 mmHg or as an absolute systolic blood pres-
sure below 90 mmHg. The causes of IDH are multifacto-
rial. Main underlying factors are volume depletion induced
by rapid removal of plasma volume with an ultrafiltration

rate (UFR) higher than the plasma-refilling rate as well as

impaired compensatory mechanisms. Negative effects
of intradialytic hypotension include patient discomfort, a

decrease in hemodialysis efficacy, and an increase in the

need for medical interventions. More importantly, IDH-
prone patients exhibit a higher mortality than those with-
out intradialytic hypotension.

Thus, the project aims at integrating continuous BIS mea-
surements into the clinical dialysis procedure, in order
to establish a diagnostic method for the early detection
of blood pressure instability and the prediction of dial-
ysis outcome. This method is planned to be combined
with non-contact vital sign monitoring to produce a re-
al-time multimodal monitoring system. Our hypothesis
is, that this multimodal system can predict IDH episodes
and, if needed, support the adjustment of ultrafiltration
profile and dialysate fluid composition. A further aim of
the project is to develop a model, which is able to ex-
plain the hypotensive reaction. Such a model will serve
as a basis for the establishment of early warning predic-
tors of hypotensive episodes. These predictors will be
based on vital signs like electrocardiogram (ECG), pho-
toplethysmography (PPG), breathing and facial temper-
ature imaging.

Fig. 3: Smart dialysis system with multimodal monitoring.

the automatic driving mode hands over all control to the
human driver, for example in a difficult traffic situation
that exceeds the capabilities of the automated system.
But how can it be guaranteed that the driver is capable
of taking over the steering wheel? In some situations such
as sleeping or unconsciousness, a monitoring of the driv-
er status is necessary, including driver’s behaviour and
driver’s condition. Especially, the medical condition of the
driver is of great interest.

Fig. 4: Automated monitoring of driver state.

Driver state monitoring has its own history at MedIT.
In 2007, we first introduced non-contact ECG in a car,
demonstrating its feasibility for heart rate monitoring
and detection of driver stress. Since 2013, the project
has been extended to assess driver states with respect
to distraction and workload, being two risk factors for
car accidents. Currently, the project incorporates a larg-
er portfolio of different sensors, in particular cameras,
recording physiological and behaviouristic driver data.
All sensors have been integrated into a test vehicle of-
fering an interesting and unique research platform. Using
data recorded during test drives on a dedicated test fa-
cility with a well-defined distraction and workload pro-
file, we intend to derive metrics to assess and predict
driver states. This metrics can be used not only for se-
curing handover procedures, but also for risk mitigation.
For example, the exhaustion of human driver should be
detected and autonomous driving systems can take over
the control.

Funded by: Ford Motor Company, European Commission
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FOT Device

Helmholtz-Institute for Biomedical Engineering
RWTH Aachen University

Oscillatory Electrical Impedance
Tomography (oEIT)

Assessment of mechanical lung properties is of prime im-
portance for respiratory monitoring and diagnosis of lung
diseases. Oscillatory Electrical Impedance Tomography
is a new technology combining two non-invasive meth-
ods, the lung function test forced oscillation technique
(FOT), and the electrical impedance tomography (EIT)
for respiratory online monitoring. FOT is based on mea-
surements of the complex respiratory impedance over a
frequency range between 4 and 30 Hz, where sinusoidal
forced pressure signals created by the FOT device are
superimposed on the patient’s spontaneous breathing.
By capturing the responding flow at the airway opening,
the frequency response of the system and lung parame-
ters can be estimated.

The basic principle of EIT is based on the injection of
a harmless alternating current into the human thorax
through a 16-electrode belt. By rotating the injecting
current based on the adjacent electrode pair and mea-
suring the resulting voltages, an impedance distribution
can be scanned with a high dynamic frequency (50 Hz).
EIT provides dynamical information about global and re-
gional ventilation by reconstructing 2D cross-sectional
images, which are strongly correlated with the regional
ventilation lung volume. Performing EIT simultaneously
during a FOT measurement provides additional 2D EIT
images at different frequencies. Each pixel of the image
includes three frequency components: the spontaneous
breathing, the heartbeat and the oscillation. New fea-
tures such as oscillatory tidal image and phase delay dis-
tribution should provide useful information on detection
and localization of lung diseases. A measurement system
was constructed and illustrated in Fig. 5. Oscillatory tid-
al image shows how oscillation signals are distributed in
lung and heart regions.

Bacteria filter

% L}"’“’
P(t)
PC

() ,

17.
EIT
Device

Fig. 5: System configuration of oEIT.

Robust Physiological Control of
Rotary Blood Pumps

Ventricular assist devices (VADSs) are increasingly used to
treat advanced stage heart failure. If the native heart is un-
able to maintain a sufficient blood flow to the organs, a
VAD can be used to restore this function and relieve the
heart. However, setting the appropriate VAD speed for a
particular heart failure patient requires lots of experience.
We thus use robust control methods to automatically ad-
just the pump flow such that the patient’s blood flow de-
mand is satisfied. Our system, called Assistance, offers the
treating physician a single, intuitive setting option for con-
tinuous-flow left VADs (LVADS).

_’;
Assistance > Therapeutic
» Objectives

Assisted Cardiovascular System

K

Fig. 6: Robust control of rotary blood pump.

The Assistance is defined by the time-averaged ratio of
LVAD flow and total cardiac output. A proportional-inte-
gral controller sets the pump speed to keep the Assistance
at the predefined level. The LVAD amplifies the remaining
physiological control loops and supports the native heart
function. The controller optimally complements the na-
tive blood flow and pressure regulation by including a fre-
quency domain descripition in the controller synthesis.
The system is implemented using a dSPACE real time sys-
tem with Abiomed Impella CP in an ovine animal model
for acute myocardial infarction. A continuous measure-
ment or estimation of pump flow and total cardiac output
is then required. However, for the case that the control
loops affecting the cardiac output are unimpaired, the
Assistance control strategy can sufficiently maintain the
systemic circulation. Therapies with targets such as recov-
ery or weaning can be acheivable.

Funded by: German Federal Ministry of Research (BMBF)
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. . - . The testing environment is depicted in Fig. 7, where a one
Mechatronics in Rehabilitation degree-of-freedom (DOF) knee orthosis is designed to real-
ize similar test condition compared to a swing phase during
Robot-aided rehabilitation can be classified as an intelli- a healthy gait-cycle. In addition, we can use the observable
gent mechatronic system. In this work, three main aspects, joint torque to tune the controller gains and change the ac-
namely mechanical design, electronics and patient-coop- tuator stiffness in real time. Thereby, a control of human
erative control strategies are of concern. The challenge of movement effort during training can be achieved, whilst si-
rehabilitation robot is to design a light-weight actuator for ~ multaneously saving the power of actuator in order to track
wearing comfort. The development of a variable stiffness the stiffness variation. Further research works will include
actuator (VSA) is carried out and integrated into robot-aid-  bio-feedback based trajectory estimation and exoskeleton
ed rehabilitation. The benefit of this subsystem is to adjust with treadmill training.
the stiffness automatically in order to interact with an un-
known dynamical environment. Funded by: Chinese Scholarship Council (CSC)

SACE Sectoral Bioimpedance
DS 102 S = Spectroscopy

Control System Variable Stiffness Actuator
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ControlDesk vt The early detection of lung pathologies such as pneumo-
nia or pulmonary edema is of great importance for the
outcome of the patient, especially in ventilated patients.
Currently, a combination of x-ray and blood gas analysis is
used to detect such pathologies. However, these technol-
ogies have two major disadvantages as they do not provide
continuous results and potentially harm the patient. Thus,
the goal of this project is to use bioimpedance spectrosco-
py (BIS) in order to detect pathologies in local sectors of
TastBanch the lung. BIS measurements are principally performed by
injecting a small current (with a compliance to the safety
standard) into the body and measuring the resulting imped-
ance in a frequency range from 1 kHz to 1 MHz. Typically,
transthoracic or hand-to-hand electrode configurations are
used that do not provide any local information. In order to
find electrode positions that allow a regional lung monitor-
ing, a complex simulation study was intensively performed.
For this, a finite-element model as shown in Fig. 8 was used
and the effect of electrode positions on the acquired im-
pedance data was analyzed. The sensitivity of BIS measure-
ments can be focused to desired lung regions using both
external and internal electrodes, which can be for exam-
ple integrated in breathing tubes (Fig. 8). Our preliminary
results indicate that the electrical properties of healthy and
pathological lung differ. Thus, we expect to be able to de-
tect lung pathologies from BIS data.

Feedback
Signal

(Orthesis

Fig. 7: Mechatronics in rehabilitation.

Moreover, a control strategy should be designed to avoid
possible oscillations, which might occur, due to the time-
varying stiffness coefficient. Hence, different control meth-
ods such as robust and gain-scheduling controller were
investigated to ensure good stability margins and track-
ing performance. To enable a patient-cooperative control,

bio-feedback information is required during the training

process. In this scope, movement support is tested by hu-
man-in-the-loop configuration as an active part in the loop. Funded by: German Research Foundation (DFG)

Fig. 8: Finite element
simulation of sec-
toral bioimpedance
spectroscopy with an
internal electrode.
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To avoid inhibitory effects and achieve high product yields,
broad data sets of the involved biocatalysts must be avail-
able. Within the “Golgi Glycan Factory” project, the mul-

Glycans, saccharides, sugars or carbohydrates are all des-tiplexed capillary electrophoresis (MP-CE) was developed

ignations for one and the most versatile biomolecule class.
They appear as mono-, oligo or polysaccharides and ful-
fill a myriad of functions in all domains of life. Among their
roles as energy source and structural elements they most
importantly serve as information carriers in cell-cell com-
munication. Cells and extracellular proteins are covered
with distinct glycan structures which depend on e.g. the
cell type and differentiation state. The presented sugars are
recognized by special proteins (lectins) which can appear in
free form or on the surface of other cells. These carbohy-
drate-lectin interactions trigger cell-signaling cascades and
mediate numerous events like cell-adhesion, -migration or
pathogen binding.

Novel functionalized biomaterials or therapeutics increas-
ingly need to be modified with glycans to mimic an extracel-
lular environment or to imitate their natural state. For this
reason our working group has specialized in the synthesis
of glycans by “combinatorial biocatalysis” and their appli-
cation to build up a “Glyco-Biointerface”. Thereby, a con-
stantly growing toolbox of recombinant enzymes is applied
for the in vitrosynthesis of nucleotide sugars (the activat-
ed form of monosaccharides), glycans and (neo-)glyco-
conjugates. A high-throughput analytical technique allows
a fast and thorough optimization of enzymatic reactions.
Recombinant lectins, especially galectins, are produced in
native or modified form and tested for interactions with the
synthesized sugars in order to e.g. identify galectin inhibi-
tors. Finally, interdisciplinary work with polymer chemists
and engineers allows the immobilization of sugars in micro-
gels and the synthesis of glycopolymers on biosensor sur-
faces. These glycofunctionalized materials serve to study
and exploit carbohydrate-lectin interactions.

Combinatorial Biocatalysis

a. The Golgi Glycan Factory (GGF)

For biomedical applications and research, glycan structures
are very promising targets. For instance, they can affect the
biocompatibility of implants or the effectiveness of vaccines
and anti-tumor drugsThereby, a rising need for efficient
large scale production is implicated to provide these target
structures. Due to a high stereo- and regioselectivity, Leloir-
glycosyltransferasemre used as common biocatalysts for
the synthesis of complex glycan structures. However, their
requirement of expensive and partly poorly available nucle-
otide sugars as precursors is frequently mentioned as an ob-
stacle, especially

and established as an analytical platform technology for the
high-throughput screening of reaction parameters (Fig.
2). Optimized parameters for enzyme modules allows
the synthesis of various nucleotide sugars, e.g. BdP-
glucuronic acid (UDP-GIcA) and UDPd-galactose (UDP-
Gal), leads to high space-time-yields and makes the large
scale productions feasible.
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Fig. 2: Multiplexed capillary electrophoresis (MP-CE) as an
analytical platform technology for the high-throughput pa-
rameter screening of enzymatic reactions.
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b. Enzymatic Synthesis of
Hyaluronic Acid Polymer

Hyaluronic acid (HA) is a long-chain sugar polymer pro-
duced by vertebrates and some pathogenic bacteria. It
consists of the alternating monosaccharides GIcA and
GIcNAc. The enzyme responsible for the polymeriza-
tion from its nucleotide sugar precursors UDP-GIcA and
UDP-GIcNAc is the plasma membrane associated HA
synthase.

The non-immunogenic HA is a favorable biomaterial and
is widely used in medicine, cosmetics and food industry.
HA is mainly obtained by either streptococcal fermen-
tation or by extraction from rooster combs. Two char-
acteristics determine the quality of commercial HA: its
molecular weight and polydispersity. However, the regu-
lation of both parameters is still a challenge.

We developed a novel multi-enzyme system for the syn-
thesis of HA within situproduction and regeneration of
expensive UDP-sugars from cheap and sustainable sub-
strates. Our novel reaction analysis approach is based on
a combination of methods including multiplexed capillary
electrophoresis. It allows for the first time to take into
account not only the HA product but also the UDP-sugar

Helmholtz-Institute for Biomedical Engineering
RWTH Aachen University

substrates and the UDP coproduct. Thus, our system
provides new insights into the regulation mechanisms of
HA synthases and serves as model for the metabolic en-
gineering of a potential HA producing microorganism.

b

Fig. 3: Combined reaction monitoring of the enzymatic

in vitro hyaluronic acid synthesis including MP-CE
measurement of nucleotide sugars and agarose gel
electrophoresis analysis of the HA polymer (diamond: GIcA,
square: GIcNAc).
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c. Microwave-Assisted Synthesis
of Glycoconjugates

Microwave irradiation (MWI) has been demonstrated to be
beneficial for synthetic chemical reactions resulting in re-
duction of waste and reaction time. In biocatalysis, MWI
has been employed in transglycosylation reactions of glyco-
sidases, with beneficial activity and selectivity.

C

Fig. 4: MWI assisted enzymatic synthesis of glycoconjugates
with a hyperthermophilic glycosidase.

We report for the first time on microwave-assisted
transglycosylation reactions with a hygermophilic
glycosidase fror®yrococcu$Vith MWI reactions at tem-
peratures far below the temperature optimum (85 °C)
of the glycosidase gave higher product yields and minor
amounts of side products. MWI is useful as a novel experi-
mental set-up for the synthesis of defined glycoconjugates.
Glycosylation reactions under MWI at low temperatures
are in general favorable for higher regioselectivity using
heat-labile substrates.
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The Glyco-Biolnterface

a. Screening for Natural
Galectin Ligands

Lectins are ubiquitously distributed carbohydrate binding
proteins. Members of the galectin subfamily are special-
ized in recognition ofEgalactose providing sugars. As es-
sential part of glycosylated macromolecules found in the
extracellular spaceN-acetyllactosamine (LacNAc) was
identified as major interaction partner of galectins. Thus,
there is no doubt that galectins fulfill important functions
with regard to cellular communication and cell-matrix in-
teraction. During the last decades, scientists have also
gained deeper insights into the involvement of galectins in-
to the pathophysiological role of galectins, e.g. tumor de-
velopment, progression and spreading. Galectin-3 (Gal-3)
is one of the most extensively studied galectins as it is a
promising drug target and considered as cancer biomark-
er (Fig. 5).

Our aim is the synthesis of extenddgjalactoside sug-
ars with high amounts of LacNAc or derivatives and their
evaluation as Gal-3 ligands. Various eukaryotic, bacterial
as well as parasitic glycosylation motifs represent prom-
ising candidates for generation of selective Gal-3 ligands
of high affinity. For this purpose, we use selected re-
combinant glycosyltransferases, known as sugar trans-
ferring enzymes. Enzyme production is carried out by
large scale cultivation of genetically manipulated micro-
bial host strains (e.@gscherichia chliAfter purification
(e.g. affinity chromatography), valuable catalysts can be
applied for (chemo-)enzymatic syntheses. The ultimate
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generation of glycans related to those found on erythro-
cytes (I-antigens), which comprise a linear poly-LacNAc

modulation of T-cell activity

cell-cell cell-matrix s
interaction interaction
4 : c
L angiogenesis
«
lattice formation
galectin-3

cell membrane

1=5

Fig. 5. Multimeric Gal-3 as important molecule in the ex-
tracellular space.



chain with certain branches of (poly-)LacNAc. I-antigens
or related compounds offer multiple galectin interaction
sites in close proximity that may lead to an augmented
binding strength of Gal-3. Terminal glycosylation mo-
tifs may further be enzymatically modified for individu-
al needs.

Whenever a biomedical application is aimed for, a prefera-
bly nature-approximated environment must be generated.
On the cell surface and throughout the extracellular space,
glycan moieties are present in a multivalent mode. For this
reason, so called glycomimetics on the base of neo-glyco-
proteins (Fig. 6) were synthesized to raise the galectin af-
finity many hundred fold. Non-glycosylated serum proteins
serve as natural scaffold for the attachment of glycan moi-

eties by amidation of selected amino acids (lysine residue).

Multivalent neo-glycoproteins can be utilized as selective
Gal-3 inhibitors and as theranostic tools for cancer-related
biomedical research.

modified lysine

any other amino acid

B GlcNAc

O Ga

Fig. 6. Artificial glycosylation of protein scaffolds result in a
multivalent neo-glycoprotein.

A different approach focuses on modified galectin proteins
applicable as instruments for drug delivery or imaging pur-
poses in tumor therapy and diagnostics. By recombinant
DNA-technology, Gal-3 protein sequence was either fused
to protein-tag (SNAP), or a fluorescence protein (e.g. YFP)
or both artificial add-ons. In total, fifteen different Gal-3 con-
structs were successfully produced in appropriate bacterial
host strains and efficiently purified using affinity chromatog-
raphy. In some cases, binding properties of truncated Gal-3
variants could be improved and identified
to be comparable to full-length Gal-3. Te
conclude,th_e syntheS|z_ed fusion _protelr . ‘ 5
represent biotechnologically engineere—» 43 ¢ {~- fermentane
and sophisticated tools for biomedicz / 1 ‘ﬂﬁ/
research. .

Transmitting light
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b. Glycopolymer Brushes and
Biosensors

The affinity of lectins towards glycan ligands is enhanced in
orders of magnitude by multivalent presentation of glycans
which is called the “cluster glycosidic effect”. Thus, the un-
derstanding of protein-carbohydrate interactions requires
a platform providing multivalent ligand presentation.

In collaboration with the DWI Leibniz-Institute for Interactive
Materials, glycopolymer brushes were prepared by surface-
initiated atom transfer radical polymerization (SI-ATRP)
grafted from a silicon surface as multivalent platform in com-
bination with enzymatic glycan synthesis which allow the in-
vestigation of specific lectin-glycan cross-talk. Based on this,
biosensor chips were developed allowing the investigation of
lectin-carbohydrate binding. In cooperation with the Institute
of Materials in Electrical Engineering 1 and the DWI-Leibniz-
Institute for Interactive Materials, glycopolymer brushes of
different lengths grafted from a gold biosensor were de-
veloped. Lectin binding was analyzed with electrochemical
impedance spectroscopy (EIS) enabling the analysis of to-
pology-dependent lectin binding to glycans. Glycopolymer
brushes were also built up on a local surface plasmon res-
onance (LSPR) biosensor enabling a label-free kinetic anal-
ysis of lectin binding in a flow-through configuration (Fig. 7).
The LSPR biosensor enabled the determination of kinetic
parameters of TcdA-RJ(ostridium difficil®xin A) binding

to the Galili glycosylation motif in a multivalent environ-
ment for the first time.

1.08 1.08
1.08; 1.08:
3 3
; 1.04; ‘; 1.04:
g 1.02 5 1.02:
1.00- 1.00:
i 20 60 8 i 20 60 L

40 40
t [min] t[min]

Fig. 7: LSPR biosensor setup and sensorgrams for bind-
ing of TcdA-R to Galili presenting brushes and GIcNAc
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Our work with the DWI-Leibniz-Institute for Interactive
Materials, the Institute of Physical Chemistry (RWTH
Aachen) and the Fraunhofer Institute for Applied Polymer
Research (University of Potsdam) resulted in the synthesis of
self-assembling glycopolymer micelles which were utilized as
sugar binding scaffolds. These micelles are synthesized from
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double-hydrophilic diblock copolymers enabling the analysis
of lectin binding in a multivalent manner by two-focus flu-
orescence correlation spectroscopy (2fFCS) with high 1C
values (Fig. 8).

In cooperation with the Institute of Materials in Electrical
Engineering 1 a novel flow-through biosensor was devel-
oped for analyzing biomolecular interactions by simultane-
ous use of EIS and LSPR. This biosensor enables ELISA-type
assays and SPR measurements in one single experiment.
Due to the different origin of the EIS- and LSPR-signals, in-

formation about the binding of lectins like GS-II under flow
and static conditions were provided (Fig. 9).
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Fig. 8: Inhibition of the binding of the lectin GS-II to GIcNAc
glycopolymer-micelles via displacement and competition
(PhD thesis R.R. Rosencrantz).

In 2016, a further collaboration with the DWI Leibniz
Institute and the Clinic of Gastroenterology (University
Hospital RWTH Aachen) was started within the SFB 985.
In this interdisciplinary project, glyco-functionalized micro-
gels are developed to capture the enterotoxins TcdA and
TcdB from the intestinal bacteriu@lostridium difficil& he
effectivity of these toxin scavengers will be tested in a mouse
model.

Team

Fig. 9: Double-side gold-coated perforated microfluidic bio-

sensor for analyzing biomolecular interactions with EIS and
LSPR under flow and static conditions. Reprinted with per-
mission from Anal. Chem. 2016, 88, 9590-9596. Copyright
2016. American Chemical Society.
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Introduction

The main objective of our research activities is the devel-
opment of new approaches for efficient and smart health
care. In cooperative projects with national and interna-
tional partners from clinics, research and industry, the
topics range from basic research to application oriented
developments with the aim to find, validate and transfer
new solutions for clinical applications. However, in ma-
ny cases technical solutions remain worthless in a clini-
cal context without an in-depth understanding of related
boundary conditions, requirements, clinical processes and
workflows. Therefore, one major focus is the optimiza-
tion of clinical usability of complex human-technology sys-
tems by efficient integrated risk management and usability
engineering methods.

Actual trends towards personalized medicine (includ-
ing e.g. biomechanical modelling and patient specif-
ic implants) are based on modern technologies such as
3D-imaging or sensor technologies, image processing and
statistical morphological and functional modelling as well
as additive manufacturing technologies (“3D-printing”).
The numbers and complexity of technical components,
e.g. in the operating room, are rapidly increasing, which
requires the integration of smart communication con-
cepts and technologies as well as open medical networks
(“internet of things”).

In this context, our activities cover a wide range of topics
from feasibility studies to usability testing and clinical tri-
als e.g. in orthopedics, traumatology, neurosurgery, gener-
al surgery, interventional radiology and cardiology in close
cooperation with academic, clinical and industrial partners.
Current projects range from the acquisition, segmentation
and reconstruction of relevant information, its registra-
tion and integration for patient specific modelling and sim-
ulation, to adequate technical (software or mechatronic)
means for model guided therapy.

In 2016, the OR.NET project on secure dynamic inte-
gration of modular OR-systems, a flagship project of the
German Ministry for Education and Research (BMBF) has
been officially concluded successfully with a symposium
and demonstrator presentation at the conhlT 2016 trade
fair and conference in Berlin. At the same time, continuity
and sustainability of the OR.NET project has been assured
by the successful acquisition of follow-up project grants as
well as by the foundation of charitable OR.NET associa-
tion by partners of the OR.NET project from industry, clin-
ics and research.

Based on the results of our initial BMBF project IDA
(Medical Technology Innovation Award 2008 of the
BMBF), members of the mediTEC team founded the
Whitesonics GmbH (www.whitesonic.com) and re-
ceived substantial funding of the Federal Ministry of
Economic Affairs and Energy (BMWi) and the High-Tech
Grunderfonds (HTGF) for the transfer of our basic re-
search and development of a dental ultrasound mi-
croscanner to its clinical application.

Additionally, various projects related to basic research is-
sues (e.g. funded by the German Research Foundation
(DFG)) as well as industrial co-operations in different

focus areas have been continued or started by our team.
International cooperations, publications of our research,
the market applications of products originally developed in
our lab as well as international patent applications contin-
uously confirm our general concept of combining basic as
well as problem oriented medical engineering research and
application development. Last but not least, this also pro-
vides a sound basis for the education of our students.

Fig. 1: mediTEC-team members engaged in workshops,
field trips and public hands-on demonstrations.

We contribute to bachelor and master programs of differ-
ent faculties of the RWTH Aachen University, including the
coordination of the master program for general mechan-
ical engineering of the Faculty of Mechanical Engineering.
Apart from these educational programs and internships we
offer field trips and hands-on workshops to get young pu-
pils, students and future researchers hooked on the fasci-
nating field of medical engineering (Figure 1).

The tight connection between actual research topics and
the theoretical as well as practical education of our stu-
dents from different disciplines and specialities is an essen-
tial basis for the success of our alumni in their international
industrial as well as academic careers.
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Chair of Experimental Molecular Imaging
Faculty of Medicine

maging
Pathophysiology
Down to the
Molecular Level

Director

Univ.-Prof. Dr. med. Fabian Kiessling

RWTH Aachen University Hospital
Pauwelsstrasse 30, D-52074 Aachen

Helmholtz-Institute for Biomedical Engineering
Pauwelsstrasse 20, D-52074 Aachen

Phone:+49 (0)241 80 80116 (Secretary)
+49 (0)241 80 80117 (Office)

Fax: +49 (0)241 80 33 80116

Email: fkiessling@ukaachen.de

Web: exmi.rwth-aachen.de

Stalff

Ahmed, Zaheer, MSc, PhD student

Al Rawashdeh, Wa’el, Dr. rer medic., Postdoc
Appold, Lia, MSc, PhD student

Baetke, Sarah, MSc, PhD student

Bai, Xiangyang, MSc, PhD student

Banala, Srinivas, PhD, Group leader
Baues, Maike, MSc, PhD student

Berker, Yannick, Dr. rer medic., Postdoc
Camozzi, Denise, BSc, MSc student
Dadfar, Seyed Mohammadali, MSc, PhD student
Darguzyte, Milita, BSC,MSc student
Dasgupta, Anshuman, BSc, MSc student
Dey, Thomas, Dr.-Ing., Postdoc

Doleschel, Dennis, Dr. rer medic., Postdoc
Ehling, Josef, Dr. med., Postdoc

Gebhardt, Pierre, PhD, Postdoc

Golombek, Susanne, MSc, PhD student
Grahe, Jan, BSc, MSc student

Gremse, Felix, Dipl.-Inf., PhD, Group leader
Grol3-Weege, Nicolas, MSc, PhD student
Guvener, Nihan, MSc, PhD student

Hallen, Patrick, MSc, PhD student

Jonas, Christoph, BSc, MSc student

Koletnik, Susanne, BSc, Technical assistant
Lammers, Twan, Prof. Dr. Dr., Head of Department
Lederle, Wiltrud, Dr. rer. nat., Group leader
Liu, Mengjiao, MSc, PhD student

Lorenzi De, Federica, MSc, PhD student
Mardak, Birgit, Dipl.-Biol., Technical assistant
May, Jan-Niklas, BSc, MSc student

Merkes, Jean Michel, MSc, PhD student
Metselaar, Josbert Maarten, Dr., Group leader
Mockel, Diana, BSc, Technical assistant
Mrugalla, Anna, MSc, PhD student

Miller, Florian, BSc, MSc student

Nolte, Teresa, MSc, PhD student

Nie3er, Jochen, BSc student

Ojha, Tarun, MSc, PhD student

Opacic, Tatjana, MD, PhD student

Pafgen, Vera, MSc, PhD student

Pantke, Dennis, BSc, MSc student

Pathak, Vertika MSc, PhD student

Rix, Anne, BSc,Technical assistant

Robens, Anne, BSc, MSc student

Rosenhain, Stefanie, MSc, PhD student
Scholten, Hannah, BSc student

Schug, David, Dr. rer. nat., Postdoc

Schulz, Volkmar, Prof. Dr.-Ing., Head of Department
Shi, Yang, Dr., Group leader

Spivak, Igor, MD student

Straub, Marcel, MSc, PhD student

Tezcan, Okan, MSc, PhD student

Theek, Benjamin, MSc, PhD student

Thamm, Mirko, M.A., PhD student

Truhn, Daniel, Dipl.-Phys., Dr. med.
Tsvetkova, Yoanna, Dipl.-Chem., PhD student
Tungadi, Robert, MSc, PhD student

Van Marwick, Birgit, Dipl.-Ing. Administrative assistant

Von Stillfried, Saskia, Dr. med., Postdoc

Weiler, Marek, Technical assistant

Weissler, Bjoern, Dr.-Ing., Postdoc

Yamoah, Grace Gyamfuah, MTech, PhD student
Yokota Rizzo, Larissa, MSc, PhD student
Zafarnia, Sara, MSc, PhD student

Zhu, Leiming MSc, PhD student

Zuo, Simin, MSc, PhD student
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Institute of Applied Medical Engineering

Building
Bridges,
Creating
Innovation

Director

Univ.-Prof. Dr. med. Dipl.-Ing. Thomas Schmitz-Rode

Executive Team

Univ.-Prof. Dr.-Ing. Ulrich Steinseifer

Univ.-Prof.'in Dr. rer. nat. Catherine Disselhorst-Klug
Prof. Dr. rer. nat. Dipl.-Ing. Martin Baumann, MME
Univ.-Prof. Dr. med. Stefan Jockenhdovel

Dr. Robert Farkas

Helmholtz Institute for Biomedical Engineering
Pauwelsstr. 20
52074 Aachen

Phone: +49 (0) 241 80-87112 (Secretary)
+49 (0) 241 80-87111 (Office)
Fax: +49 (0) 241 80-82026

http://www.ame.hia.rwth-aachen.de

Stalff

Beckers Jens, Maintenance Technician
Rombach Cornelia, Administrative Assistant
Straub Karin, Administrative Assistant

Cardiovascular Engineering Jansen, So-Hyun, M. Sc.

Kaesler, Andreas, Dipl.-Ing.

Kaufmann, Tim A. S., Prof. Dr. rer.
medic. Dipl. Phys.

Kiesendahl, Nicole, Dr. rer. nat.

Klein, Mario, M. Sc.

Lierath, Catharina, M. Sc.

Lommel, Moritz, M. Sc.

Maas, Judith, BTA

Mager, llona, MTA

Menne, Matthias, M. Sc.

Univ.-Prof. Dr.-Ing. Steinseifer,
Ulrich (Head)

Arens, Jutta. Dr.-Ing.
Bohning, Fiete, Dr. rer. medic.
Dipl.-Ing.
Bisen, Martin, Dipl.-Ing.
Clauser, Johanna, M. Sc.
Cuenca, Elena, Ing. Ind.
Doose, Christian, Dipl.-Ing. Muiller, Indra, Dipl.-Ing.
Diedrich, Mario, M. Sc. Neidlin, Michael, M. Sc.
Egron, Sandrine, M. Eng. M. Sc.Pott, Desiree, Dipl.-Ing. MBA
FalRbander, Dennis Roggenkamp, Jan, Dipl.-Ing.
Giesen, Gregor Schlanstein, Peter C., Dipl.-Ing.
GroR3-Hardt, Sascha, Dipl.-Ing.
Herren, Sabrina, M.A.
Hesselmann, Felix, Dipl.-Ing.
Hildebrand, Stephan, M. Sc.
Jansen, Sebastian, Dipl.-Ing.

Schops, Malte, M. Sc.
Schraven, Lotte, M. Sc.
Sonntag, Simon, Dr. rer. medic.
Steuer, Niklas, M. Sc.

Schmitz, Christoph, Dipl.-Ing. (FH)

Wagner, Georg, Dipl.-Ing. Menzel, Sarah, M. Sc.
Wappenschmidt, Johannes, M. Sdulderrig, Shane, B. Sc.
Woélke, Eva. M. Sc. Thiebes, Lena, Dr. rer. medic.
Westerich, Marcel

Wolf, Frederic, M. Sc.

Zhang, Siyuan, B.D.S.
Tsukada, Jitsuro, MD.

Rehabilitation and Prevention
Engineering

Univ.-Prof. Dr. rer. nat.
Disselhorst-Klug, Catherine

Experimental Medicine and
(GEEL) P

Immunotherapy

Bastia, Junior Joao Pedro, M. Sc !

Becker, Sebastian, M. Sc. Chouman, Karinna, M. Sc.
Bergamo, Ferdinand, B.HSc. (PT,
Duarte, Braulio, M. Sc.
Fonseca, Ligia, M. Sc.

Griep, Erik, Apprentice MATSE
Junker, Elmar, Technician
Koch, Kathrin, Dipl.-Ing.
Norberg, Dominic, M. Sc.
Trejo, Alejandro, M. Sc.

von Werder, Sylvie, M. Sc.
Wilkmann, Christoph, Dipl.-Ing.

remer, Christian, Dipl.-Biol.
resch, Gerrit, Dipl.-Biol.
Grieger, Elena, Dipl.-Biol.
Kolberg, Katharina, Dipl.-Biol.
Nachreiner, Thomas, Dr. rer. nat.
Puttmann, Christiane, Dr. rer. nat.

Science Management

Dr. Farkas, Robert (Head)

Bukowski, Marc, B. Sc.
Hamadeh, Nader, M. Sc.
Keusgen, Nina, Dipl.-Biol.

Puiu, Andrei Alexandru, M. Sc.
Spornhauer, Kerstin, Dr. rer. nat.

Biophysical &
Education Engineering

Prof. Dr. rer. nat. Dipl.-Ing.
Baumann, Martin, MME (Head)
Engelmann, Ulrich, M.Sc. Machine Shop

Slabu, loana, Dr. rer. nat. FaBbander, Dietmar (Head)

NRW Schwerpunktprofessur
Biohybrid & Medical Textiles

Baldin, Thomas

Engelbrecht, Lisa, Apprentice
Lipka, Jurgen

Mangartz, Dominique
Schédder, Simon, Apprentice

Univ.-Prof. Dr. med.
Jockenhdvel, Stefan (Head)

Apel, Christian, apl. Prof. Dr. med.
dent.

Appel, Irene, MTA

Donay, Christine, M. Sc.

Fernandez Colino, Alicia, PhD

Frese, Julia, Dipl.-Ing. (FH), MBA

Junger, Alexandra

Keijdener, Hans, M. Sc.

Krapp, Julia, BTA

Kreimendahl, Franziska, M. Sc.

Kruse, Magnus, M. Sc.

Mela, Petra, PD Dr.
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