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Introduction

Precision medicine (also referred to as personalised med-
icine) aims at tailoring medical therapy to the specific dis-
ease and needs of the individual patient. Stem cells are
particularly well suited for precision medicine both for di-
agnosis and cell based therapy.

The institute studies various stem cell types and their differ-
entiated progeny. A particular focus is on pluripotent stem
cells, hematopoietic stem cells and mesenchymal stem cells.
Additionally, engineered pluripotent stem cells are generat-
ed from normal body cells by reprogramming, referred to
as induced pluripotent stem cells (iPS cells). Further to this
we use precision genome editing by CRISPR/Cas technol-
ogy for generating iPS cells with wanted properties for e.g.
disease modelling.

Hematopoietic stem cells give raise to all cells of blood and
we study blood cell composition based on DNA methyla-
tion signatures. Dendritic cells (DC) represent a highly spe-
cialized blood cell type required for immunity and immune
tolerance. We investigate molecular mechanism of DC de-
velopment from hematopoietic stem cells and DC migra-
tion. These studies also extend to general mechanism of
cell-biomaterial interaction and their impact on cell motili-
ty and adhesion.
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Fig 1: Hematopoietic stem cells develop into specific DC
subsets cDC1, cDC2 and pDC by successive steps of line-
age commitment and differentiation.

Finally, computational approaches are being wide-
ly used to study gene expression, chromatin architec-
ture and gene networks in both normal physiological and
pathological states. We would like to congratulate our
computational expert lvan Costa for accepting the posi-
tion as Professor and founding head of the Institute for
Computational Genomics, Joint Research Center for
Computational Biomedicine, RWTH Aachen University,
Aachen, Germany.

iPS Cells for Disease Modelling in
vitro

Patient specific cells for studying human diseases are lim-
ited or not available. Here iPS cell technology provides a
solution: iPS cells represent an inexhaustible cell source
and can differentiate into cells of all three germ layers and
thus a large array of cell types are readily obtained for dis-
ease modelling in vitro (Zenke, 2017; Zenke et al., 2017).

Our focus is on immunodeficiency and hematopoietic ma-
lignancies, such as leukemia. We have generated iPS cells
deficient in the transcription factor IRF8 by CRIPSR/Cas
(Sontag et al., 2017a; 2017b; Sontag and Zenke, 2017; Fig.
2) and patient specific iPS cells harbouring leukemia caus-
ing and/or associated mutations, such as those in Jak2, Kit,

A

Fig. 2: iPS cells deficient for IRF8 and controls (IRF8-/- and
IRF8+/+, respectively) are differentiated into hematopoiet-
ic progenitors in embryoid body assays (A) and analysed for
specific changes in gene expression by qRT-PCR (depicted in
heat map format in B, red, high gene expression, blue, low
gene expression; Sontag et al., 2017a).

Tet2, NFE2 and Asxl| (in collaboration with Department
of Hematology, Oncology, Hemostaseology and Stem
Cell Transplantation, RWTH Aachen University Hospital,
Aachen, Germany and Department of Medicine | and
Ludwig Boltzman Cluster Oncology, Medical University,
Vienna, Austria). Patient specific iPS cells are differentiat-
ed into leukemic cells and used for molecular studies and
compound screening (in collaboration with Department
of Organic Chemistry, RWTH Aachen University, Aachen,
Germany).

To study large scale production of patient specific iPS cells
a new cell production facility is being set up (iCellFacto-
ry, Fig. 3; in collaboration with Laboratory for Machine
Tools and Production Engineering, WZL, RWTH Aachen
University (mechanical design, automation and control soft-
ware) and Fraunhofer Institute for Production Technology,
IPT (microscopy), Aachen, Germany).

Fig. 3: New robotic system for automatic iPS cell produc-
tion under construction.
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EMT Regulators as Switches in
DC Development

DC originate from hematopoietic stem cells in bone marrow
(Fig. 1) and exit the bone marrow niche as precursors to im-
migrate into peripheral tissues, such as skin (Fig. 4). Here DC
become sessile and functionally embed to act as sentinels of
the immune surveillance system. Following antigen uptake
DC are activated, emigrate the peripheral tissue and travel
via lymphatic vessels to lymphoid organs where they encoun-
ter T cells to present processed antigens (Fig. 4). We inves-
tigate signaling via TGF-$ | receptor and hepatocyte growth
factor (HGF) receptor (also known as MET) in DC develop-
ment, function and migration. We propose that mechanisms
of mesenchymal-to-epithelial transition (MET) and epithelial-
to-mesenchymal transition (EMT) are important for gener-
ating sessile and migratory DC, respectively (Hieronymus et
al., Semin. Cell Dev. Biol., 2015; Sagi and Hieronymus, 2017,
in press). In addition, a study in collaboration with Hovav et
al., Hebrew University, Jerusalem, Israel revealed a differen-
tial and sequential role of BMP7 and TGF-B1 in differentia-
tion of Langerhans cells (LC), the contingent of DC in the
stratified squamous epithelia (Capucha et al., 2017). Hence,
we propose the concept that EMT and MET programs are
regulated in DC/LC development by Met, and TGF-B1 and/
or BMP?7 signaling, respectively (Fig. 4).
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Fig. 4: HGF/Met signaling induces LC and dermal DC emi-
gration from skin in an EMT-like process, including matrix
metalloproteinase (MMP) activation to facilitate arrival in
lymph nodes and antigen presentation to naive T cells. In
addition, HGF induces tolerogenic phenotypes by IL-10 and
IL-27 secretion which results in enhanced numbers of regu-
latory T cells (Tregs).

Epi-Blood-Count: DNAm Based
Leukocyte Subset Quantification

Analysis of the cellular composition of blood is a routine-
ly requested laboratory test in hematological diagnostics.
So far such measurements done with fresh blood samples
and immunophenotypic analysis are labour intensive. Here
we established an alternative approach based on DNA
methylation (DNAm) measurements at individual CG di-
nucleotides (CpGs) that reflect the relative composition of
leukocytes. The DNAmM measurements, referred as “Epi-
Blood-Count” show nearly the same precision as conven-
tional hematocytological methods and are applicable also
to frozen blood samples (in collaboration with Department
of Hematology, Oncology, Hemostaseology and Stem
Cell Transplantation and Institute for Immunology, RWTH
Aachen University Hospital, Aachen, Germany).

Predicted blood counts for granulocytes, lymphocytes and
monocytes — based on our “Epi-Blood-Count” — correlate
well with measurements on a hematology analyzer (Fig.
3A). In analogy, the method is also applicable to other leu-
kocyte subsets, such as CD4 T cells, CD8 T cells, B cells and
NK cells. Additionally, the calculated absolute cell numbers
based on DNAm correlate nicely with absolute cell counts
(Fig. 3B). Our Epi-Blood-Count approach allows determin-
ing white blood cell composition in frozen blood samples,
improves the cost effectiveness and advances the standard-
ization of white blood cell counts (Frobel et al., in press).
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Fig. 5: Leukocyte subset Epi-Blood-Count and absolute
quantification of cells based on DNA methylation (Frobel
et al., in press).
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Solution Blow Spinning Fibres for
the Analysis of Cell Motility and
Adhesion

New technologies have made possible the development of
polymeric biomaterials with controlled geometry and physi-
co-chemical properties. Solution blow spinning technique
has the advantage of ease of use allowing the production
of nano or microfibres and the direct fibre deposition on
any surface in situ. Yet, very little is known about the influ-
ence of such fibres on biological functions such as immune
response and cell migration. We engineered polymeric fi-
bres composed of either pure poly(lactic acid) (PLA) or
blends of PLA and polyethylene glycol (PEG) by solution
blow spinning (SBS) and determined their impact on DC
and on cell adhesion and motility (Paschoalin et al., 2017).

Cells readily interacted with fibres resulting in an intimate
contact characterised by polymerisation of actin and the ac-
cumulation of focal adhesion components at sites of cell-fi-
bre interactions (Fig. 6). Remarkably, fibres did not elicit
any sizeable increase of activation markers and inflamma-
tory cytokines in DC, which remained in their immature
(inactive) state (Paschoalin et al., 2017). These findings will
allow the development of new biomaterials for tissue engi-
neering and regenerative medicine.

phase contrast

Fig. 6: Motility of mouse DC along SBS fibres. DC were
seeded on fibres for 24 hours before being imaged at
37°C, 5% CO2. The arrow points to a DC moving in a high
directional way along one SBS fibre. Numbers indicate
elapsed time in minute and seconds. Inmunofluorescence
microscopy of mouse DC seeded on SBS fibres (B, C). Note
the accumulation of actin filaments at cellular regions in
contact with SBS fibres (white arrow in C). Cell nucleus
stained with DAPI (blue), actin filaments stained with
Alexa 488-phalloidin (green). Scale bars: 20 um (for A), 10
um (for B, C) (Paschoalin et al., 2017).

Computational Approaches for
Personalized Medicine in Type Il
Diabetes

Type 2 diabetes (T2D) is a disease with an increasing prev-
alence in industrialized countries. T2D is currently treated
with a combination of lifestyle changes and pharmacologi-
cal therapies. However, there are no specific guidelines for

how to use available anti-diabetic drugs to target the un-
derlying genetic traits. In a collaborative work with Anders
Rosengren (University of Gothenburg, Sweden), we have
analysed genome-wide data from T2D patients to find nov-
el biomarkers and evaluate therapeutic approaches target-
ing these genes.
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Fig. 7: Workflow of the computational strategy to find
modules of receptor genes dysregulated in T2D patients.

In a first study, we propose a methodology to identify re-
ceptor modules dysregulated in T2D patients using co-
expression networks (Fig. 7). We demonstrate that the
receptor PAR3 is associated with increase
in insulin secretion. Moreover, antibodies
blocking PAR3 counteracted the insulin se-
cretion of pancreatic beta cells (Hanzelmann
et al.,, 2016). Next, we performed an inte-
grative analysis of gene expression and open
chromatin data on T2D patients. We ob-
served binding of the Sox5 transcription fac-
tor in genes, which are down regulated in
T2D patients and are associated to open
chromatin in precursors of islet cells. This in-
dicates an association of Sox5 with islet cell
maturation. Importantly, treatment of T2D
diabetic mice with inhibitors of a chroma-
tin remodelling factor rescued Sox5 expres-
sion and restore normal insulin secretion (Axelsson et al.,
2017).

Acknowledgements

This work was supported by:

German Research Foundation (DFG)

German Federal Ministry of Education and Research (BMBF)
European Union (EU)

Interdisciplinary Centre for Clinical Research Aachen (IZKF Aachen)
Aachen Institute for Advanced Study in Computational Engineering
Science (AICES)

¢ Stem Cell Network NRW, Ministry of Innovation, Science, Research
and Technology of the German Federal State North Rhine-West-
phalia (NRW)

START-Program of the Faculty of Medicine, RWTH Aachen University
Else-Kroner-Fresenius Foundation

Donation by U. Lehmann

Donation by Vision4 Life Sciences

StemCellFactory is co-funded by the European Union (European
Regional Development Fund - Investing in your future) and the Ger-
man Federal State North Rhine-Westphalia (NRW)

D Ranking and filtering

=X

Corr. with trait

:

T}




Selected References in 2017

(1

2]

B3]

[4]

]

(6]

[7]

(8]

[9]

[10]

[

[12]

[13]

[14]

Abagnale, G., Sechi, A., Steger, M., Zhou, O,, Kuo, J. Aydin, G,
Schalla, C., Miiller-Newen, G., Zenke, M., Costa, |. G., van Rijn, P,
Gillner, A., and Wagner, W. (2017). (cover story). Surface topogra-
phy guides morphology and spatial patterning of induced pluripo-
tent stem cell colonies. Stem Cell Reports 9, 654-666.

Axelsson, A.S., Mahdi, T., Nenonen, H.A., Singh, T., Hanzelmann,
S., Wendt, A,, Bagge, A., Reinbothe, T.M., Millstein, J., Yang, X.,
Zhang, B., Gusmao, E.G., Shu, L., Szabat, M., Tang, Y., Wang, .,
Salo, S., Eliasson, L., Artner, |., Fex, M., Johnson, ].D., Wollheim,
C.B., Derry, J.M.J., Mecham, B., Spegel, P, Mulder, H., Costa, |.G.,
Zhang, E., and Rosengren, A.H. (2017). Sox5 regulates beta-cell
phenotype and is reduced in type 2 diabetes. Nat. Commun. 8,
15652.

Brylka, L., Koppert, S., Babler, A., Kratz, B., Denecke, B., Yorgan,
TA., Etich, J., Costa, |.G., Brachvogel, B., Boor, P, Schinke, T, and
Jahnen-Dechent, W. (2017). Post-weaning epiphysiolysis causes
distal femur dysplasia and foreshortened hindlimbs in fetuin-A-
deficient mice. PLoS One 12, e0187030.

Capucha, T, Koren, N., Nassar, M., Heyman, O., Nir, T, Levy, M.,
Zilberman-Schapira, G., Zelentova, K., Zenke, M., Hieronymus, T.,
Wilensky, A., Bercovier, H., Elinay, E., Clausen, B. E., and Hovay,
A.-H. (2017). Sequential BMP7 and TGF-B1 signaling regulated by
local microbiota instructs the differentiation of mucosal Langer-
hans cells. J. Exp. Med. 215, 481-500, 2018.

Dreser, A., Vollrath, ).T., Sechi, A, Johann, S., Roos, A., Yamoah,
A., Katona, |., Bohlega, S., Wiemuth, D., Tian, Y., Schmidt, A., Ver-
voorts, |., Dohmen, M., Beyer, C., Anink, J., Aronica, E., Troost,
D., Weis, |., and Goswami, A. (2017). The ALS-linked E102Q mu-
tation in Sigma receptor-1 leads to ER stress-mediated defects in
protein homeostasis and dysregulation of RNA-binding proteins.
Cell Death Differ 24, 1655-1671.

Fernandez-Rebollo, E., Eipel, M., Seefried, L., Hoffmann, P, Strath-
mann, K., Jakob, F, and Wagner, W. (2017a). Primary osteoporosis
is not reflected by disease-specific DNA methylation or acceler-
ated epigenetic age in blood. |. Bone Miner. Res., Epub ahead of
print.

Fernandez-Rebollo, E., Mentrup, B., Ebert, R., Franzen, ]., Abag-
nale, G., Sieben, T., Ostrowska, A., Hoffmann, P, Roux, PF, Rath,
B., Goodhardt, M., Lemaitre, .M., Bischof, O., Jakob, F, and Wag-
ner, W. (2017b). Human platelet lysate versus fetal calf serum:
these supplements do not select for different mesenchymal stro-
mal cells. Sci Rep 7, 5132.

Franzen, )., Zirkel, A., Blake, J., Rath, B., Benes, V., Papantonis, A.,
and Wagner, W. (2017). Senescence-associated DNA methylation
is stochastically acquired in subpopulations of mesenchymal stem
cells. Aging Cell 16, 183-191.

Frobel, J., Bozic, T., Lenz, M., Uciechowski, P., Han, Y., Her-
wartz, R., Strathmann, K., Isfort, S., Panse, |., Esser, A., Birk-
hofer, C., Gerstenmaier, U., Kraus, T., Rink, L., Koschmieder, S.,
and Wagner, W. (2017). Leukocyte counts based on DNA meth-
ylation at individual cytosines. Clin. Chem., 2017, Epub ahead of
print.

Goetzke, R., Franzen, ., Ostrowska, A., Vogt, M., Blaeser, A.,
Klein, G., Rath, B., Fischer, H., Zenke, M., and Wagner, W. (2017).
Does soft really matter? Differentiation of induced pluripotent
stem cells into mesenchymal stromal cells is not influenced by soft
hydrogels. Biomaterials 156, 147-158.

Hohwieler, M., llling, A., Hermann, P C., Mayer, T, Stockmann,
M., Perkhofer, L., Eiseler, T., Antony, |. S., Miiller, M., Renz, S,
Kuo, C. C,, Lin, Q., Sendler, M., Breunig, M., Kleiderman, S. M.,
Lechel, A., Zenker, M., Leichsenring, M., Rosendahl, J., Zenke, M.,
Sainz, B. Jr., Mayerle, ]., Costa, I. G., Seufferlein, T., Kormann, M.,
Wagner, M., Liebau, S., and Kleger, A. (2017). Human pluripotent
stem cell-derived acinar/ductal organoids generate human pancre-
as upon orthotopic transplantation and allow disease modelling.
Gut 66, 473-486.

Jaskowiak, PA., Costa, |.G., and Campello, R. (2018). Clustering
of RNA-Seq samples: Comparison study on cancer data. Methods
132, 42-49.

Kraft, A., Rosales Jubal, E., von Laer, R,, Déring, C., Rocha, A,
Grebbin, M., Zenke, M., Kettenmann, H., Stroh, A., and Momma,
S. (2017). Astrocytic calcium waves signal brain injury to neural
stem and progenitor cells. Stem Cell Reports 8, 701-714.
Krenkel, O., Puengel, T., Govaere, O., Abdallah, A.T., Mossanen,
J.C., Kohlhepp, M., Liepelt, A., Lefebvre, E., Luedde, T., Heller-
brand, C., Weiskirchen, R., Longerich, T., Costa, |.G., Anstee,
Q.M., Trautwein, C., and Tacke, F. (2017). Therapeutic inhibi-
tion of inflammatory monocyte recruitment reduces steatohep-
atitis and liver fbrosis. Hepatology, 2017, Epub ahead of print.

[15]

[1e]

(171

(18]

(191

[20]

[21]

[22]

[23]
[24]

[25]

[26]

Helmbholtz-Institute for Biomedical Engineering
RWTH Aachen University

Moskalev A., Anisimov V, Aliper A., Artemov A., Asadullah K,
Belsky D., Baranova A., de Grey A., Dixit V.D., Debonneuil E.,
Dobrovolskaya E., Fedichev P, Fedintsev A., Fraifeld V., Franceschi
C., Freer R,, Fulép T., Feige J., Gems D., Gladyshev V., Gorbunova
V., Irincheeva |., Jager S., Jazwinski S.M., Kaeberlein M., Kennedy
B., Khaltourina D., Kovalchuk I., Kovalchuk O., Kozin S., Kulminski
A., Lashmanova E., Lezhnina K., Liu G.H., Longo V., Mamoshina P,
Maslov A., Pedro de Magalhaes J., Mitchell J., Mitnitski A., Nikolsky
Y., Ozerov |., Pasyukova E., Peregudova D., Popov V., Proshkina E.,
Putin E., Rogaev E., Rogina B., Schastnaya J., Seluanov A., Shaposh-
nikov M., Simm A., Skulachev V,, Skulachev M., Solovev ., Spindler
S., Stefanova N., Suh Y., Swick A., Tower J., Gudkov A.V,, Vijg .,
Voronkov A., West M., Wagner W., Yashin A., Zemskaya N., Zhu-
madilov Z. and Zhavoronkov A. A review of the biomedical inno-
vations for healthy longevity. Aging (Albany NY). 2017,9: 7-25.
Paschoalin, R. T., Traldi, B., Aydin, G., Oliveira, ]. E., Riitten, S,
Mattoso, L. H. C., Zenke, M., and Sechi, A. (2017). Solution blow
spinning fibres: New immunologically inert substrates for the anal-
ysis of cell adhesion and motility. Acta Biomaterialia 51, 161-174.
Pelusi, N., Kosanke, M., Riedt, T., Rosseler, C., Ser¢, K., Li, J.,
Giitgemann, |., Zenke, M., Janzen, V,, and Schorle, H. (2017). The
spleen microenvironment influences disease transformation in a
mouse model of KIT D816V dependent myeloproliferative neo-
plasm. Sci. Rep. 7, 41427.

Rose, M., Kloten, V., Noetzel, E., Gola, L., Ehling, ]., Heide,
T., Meurer, S.K., Gaiko-Shcherbak, A., Sechi, A.S., Huth, S.,
Weiskirchen, R., Klaas, O., Antonopoulos, W,, Lin, Q., Wagner, W.,
Veeck, J., Gremse, F, Steitz, ]., Knuchel, R., and Dahl, E. (2017).
ITIH5 mediates epigenetic reprogramming of breast cancer cells.
Mol. Cancer 16, 44.

Sontag, S., Foérster, M., Qin, )., Wanek, P, Mitzka, S., Schiler,
H. M., Koschmieder, S., Rose-John, S., Seré, K., and Zenke, M.
(2017a). Modelling IRF8 deficient human hematopoiesis and den-
dritic cell development with engineered induced pluripotent stem
cells. Stem Cells 35, 898-908.

Sontag, S., Forster, M., Seré, K., and Zenke, M. (2017b). Differ-
entiation of human induced pluripotent stem cells (iPS cells) and
embryonic stem cells (ES cells) into human dendritic cell (DC)
subsets. Bio-Protocols 7, e2419, 2017.

Sontag, S. and Zenke, M. (2017) Current developments in induced
pluripotent stem cell research and clinical translation. In: The ma-
trix of stem cell research revisited, edited by Pichl, A., Hauskeller,
C. and Manzeschke, A. In New Genetics and Society, Routledge
publisher, in press.

Ventura Ferreira, M.S., Crysandt, M., Ziegler, P, Hummel, S,
Wilop, S., Kirschner, M., Schemionek, M., Jost, E., Wagner, W.,
Brummendorf, T.H., and Beier, F. (2017). Evidence for a pre-ex-
isting telomere deficit in non-clonal hematopoietic stem cells in
patients with acute myeloid leukemia. Ann. Hematol. 96, 1457-
1461.

Wagner, W. (2017). Epigenetic aging clocks in mice and men. Ge-
nome Biol 18, 107.

Zenke, M. (2017). Stem cells: from biomedical research towards
clinical application (Editorial). J. Mol. Med. 95, 683-685.

Zenke, M., Marx-Stolting and Schickl, H., Editors, Stem Cell Re-
search — Current scientific and societal developments. Nomos
Publisher, Baden-Baden, Germany.

Zhang, Y., Hapala, J., Brenner, H., and Wagner, W. (2017). Indi-
vidual CpG sites that are associated with age and life expectancy
become hypomethylated upon aging. Clin. Epigenetics 9, 9.

Patent applications

[
(2]

Method for determining blood counts based on DNA methylation;
2017; EP17163798.6 (Wagner W, Frobel J)

Verfahren zur Bestimmung der Zellzahl von eukaryotischen Zellen;
2017; Az: 102017 004 108.3 (Wagner W, Bozic T)

&
9
0
[an]
G
o




A3ojoig 3D

Helmholtz-Institute for Biomedical Engineering
RWTH Aachen University

On the Left: Poster Award to Kristin Seré, PhD at Medical
Sciences Day 2017, Medical Faculty, RWTH Aachen Univer-

sity

Figure below: Lab Retreat in Antwerp, Belgium

!

Visiting the opencast coal mining area Weisweiler in the vinicity of Aachen, Germany




