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Fig Title. Top: Hypothetical role of fetuin-A in cell and matrix
mineralization. Cartilage mineralization (mainly collagen X)
is driven by matrix vesicles. A role of fetuin-A in the for-
mation and stabilization of matrix vesicles has never been
demonstrated. However, fetuin-A deficient mice have pre-
mature growth plate mineralization, suggesting a role of
fetuin-A in hypertrophic chondrocyte mineralization. Mito-
chondria have been shown to provide at least some min-
eral for osteoblast mineralization of collagen I. Fetuin-A
was shown to regulate mineralization in cultured osteob-
lasts. Pathological calcification in VSMCs was equally in-
hibited by fetuin-A. In the absence of fetuin-A, calcifica-
tion started in intracellular vesicles. These vesicles burst
and released their content into the cytoplasm causing cell
death and dystrophic calcification. Fetuin-A also prevent-
ed the formation of calcifying apoptotic blebs that formed
following an intracellular calcium burst and apoptosis.
Chondrocytes mineralize mainly collagen X, osteoblasts
mineralize predominantly collagen I; however the calcified
matrix in pathological calcification is extremely variable
ranging from elastin to cell debris, collectively described as
“calcified lipidic debris”. Bottom: Fetuin-A distribution in
the growth plate. Bones were cultured in the presence of
fluorescence-labeled fetuin-A. Note the accumulation of

(Laura Brylka)

phosphate concentrations
might lead to pathologi-
cal calcification, like calci-
fication of atherosclerotic
plaques or soft tissue cal-
cification. We hypothe-
size that CPP might also be
produced in bone remod-
eling processes, as fetuin-A is one of the most abundant
non-collagenous proteins in bone and would form CPP
with amorphous calcium phosphate,

bone remcaelmg liver / spleen kidney
clearance dlearance

atherogenesis / calcification

fetuin-A (red color) in the mineralized part of the growing
bone. Bones were cultured without (A) and with (B) retin-
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oic acid in the presence of fluorescence-labeled fetuin-A.
Bones cultured with retinoic acid show increased fetuin-A
accumulation inside proliferative zone chondrocytes (C,D).
Cell nuclei are stained blue.

Introduction

The year 2012 was both busy and successful for the
Biointerface group - 28 peer-reviewed papers,!' two PhD
theses, one MD thesis and four Master/Diploma theses.?-*!
PhD students Marietta Herrmann®#? and Monica Ventura
Ferreiral'®2*?7 finished their thesis work and remained in the
,writing mode®, until they left the group for their next as-
signments. Marietta has joined the prestigious bone research
program at AO foundation in Davos, Switzerland. We wish
Marietta all the best and keep in touch. Monica went back
to her home country Portugal for a stint, but luckily decided
to come back to RWTH to take a post-doctoral position in
the group. Welcome back! After one year in the lab Andreas
Pasch returned to Berne, Switzerland, to pursue a career as
a University clinical doctor/researcher. Our long-term col-
league, Yu Pan-Bartneck moved on to an exciting job in an in-
ternational business development firm, which involves a lot
of travel. Yu is very fondly remembered for being energet-
ic, cheerful and generally a good sport. We finally published
some ,very long-term“ projects. One particular project that
has been going for years is the description of the bone phe-
notype of fetuin-A/o., -Heremans-Schmid glycoprotein (Ahsg)
deficient mice.

Role of Fetuin-A
in Longitudinal Bone Growth

Figure | shows an overview of the hypothetical roles of
fetuin-A in cell and matrix mineralization. In the healthy
state, calciprotein particles (CPP) are readily cleared by
liver Kupffer cells and by spleen marginal zone macrophag-
es, whereas fetuin-A deficiency or very high calcium and
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Fig. 1: Calciprotein particle (CPP) metabolism. In bone
remodelling CPP are formed by fetuin-A and mineral
ions released by resorbing osteoclasts. These CPP will be
re-deposited in newly formed bone. CPP spill over into
circulation is rapidly cleared by macrophages in liver and
spleen.® Cleared CPP are degraded and excess mineral can
be excreted by the kidney. In chronic kidney disease, this
clearing mechanism is missing, causing elevated blood
calcium and phosphate levels, and leading to more CPP
formation. This might also occur in other disease states,
which lead to an increased Ca and Pi blood product. In
atherogenesis for instance, CPP may be internalized by
plaque forming calcified atherosclerotic plaque. Taken
from refi?.

Fetuin-A Knockouts
Have Short Legs

Fetuin-A is a mineral binding protein, which is made in the
liver and accumulates in mineralized bone matrix. When
we made the fetuin-A knockout mice a decade and a half
ago, we immediately looked at the bone. A previous paper,
which we co-authored, reported on subtle changes in bone
structure, which were interpreted as growth and differenti-
ation perturbance of osteoblasts in the absence of fetuin-A,
a decoy receptor of TGF-B. The predominant physiolog-
ical role of fetuin-A is the prevention of pathological cal-
cification - seasoned readers of the HIA report series will
remember this from previous issues. Fetuin-A is a carrier
protein that solubilizes and helps the clearance of mineral-
ized matrix and especially of lipidic mineralized debris.28*!
Against this background we revisited the bone phenotype
and detected a striking detail that was so blatantly obvi-
ous - we keep asking ourselves, how we could miss it for
years. Have a look at figure 2 and take a guess: compare
the leg length in wildtype and Ahsg knockout mice. Notice
something?
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Fig. 2: Radiographs of the hindlegs from 4 months old
Ahsg+/+ and Ahsg-/- mice. The femoral length is given
below.

The femora in Ahsg-/- mice are much shorter than in wild-
type mice. A similar phenotype is observed in animals suf-
fering from retinoic acid intoxication. Hypervitaminosis
A leads to premature growth plate closure, which causes
shortened growth oft the femoral bones. Because of these
similarities, we hypothesized that fetuin-A might play
a role in retinoid signaling in the bone. We established a
bone organ culture system to investigate the role of retin-
oic acid together with fetuin-A in endochondral ossifica-
tion. Preliminary results show that retinoic acid decreased
bone growth similar to what happens in hypervitaminosis
A. Further studies on this true , tissue culture® will reveal if
there is any interdependency of retinoic acid and fetuin-A.
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Fig. 3: Bone organ culture in the presence of retinoic acid.
Bones isolated from newborn mice were cultured for four
days in minimal medium with (B) or without (A) retinoic
acid. (C) Retinoic acid causes a concentration dependent
decrease in bone growth.
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In summary, the observed shorter bone length in fetuin-A
deficient mice was most likely due to increased or prema-
ture growth-plate cartilage mineralization. This also corre-
sponds to an overall shorter bone length, increased cortical
thickness and slightly increased bone diameter at the mid-
shaft position. Collectively, these changes resulted in mac-
roscopically stronger femora and tibia in fetuin-A deficient
mice compared to wildtype adult mice, despite similar
bone material properties.

Our findings reconcile the role of fetuin-A as an inhibitor of
mineralization with this odd bone phenotype. We posit that
fetuin-A stabilizes and helps the clearance of surplus mineral
from soft tissues and from circulation. Mineral is transported
in the form of calciprotein particles (CPP), rapidly forming in
the presence of fetuin-A in supersaturated mineral solutions.
In the absence of fetuin-A, supersaturated mineral solutions
precipitate more quickly. CPP formation and clearance help
maintaining mineral homeostasis and prevent ectopic min-
eralization. We developed a serum test based on the detec-
tion of CPP nanoparticles by light scattering to measure the
imminent risk of calcification in dialysis patients.!'” This test
made it to the front page of ,,Kidney News“, a newspaper for
11,000 participants of the 2012 ASN Kidney Week, the annu-
al meeting of the American Society of Nephrology, showing
that fetuin-A function and the concept of CPP metabolism
have gained recognition by clinicians worldwide.

Stem Cells and Tissue Engineering

(Sabine Neuss-Stein)

This work aims at stem
cell-based tissue engineer-
ing. Mesenchymal stem cells
(MSC), hematopoietic stem
cells (HSC), germline-de-
rived pluripotent stem cells
(gPS cells) and other stem
cell types are applied and combined with biomaterials.
Stem cell/biomaterial interactions are analyzed in detail us-
ing cell-based assays, molecular biology, protein chemistry
and electron microscopy.

gPS cells have a broad differentiation potential and thus are
an appealing source for tissue engineering. Biomaterials can
inhibit, support or induce proliferation and differentiation of
stem cells. We identified (i) polymers, which maintain self-re-
newal and differentiation potential of gPS cells for feeder-free
expansion, and (ii) polymers supporting the cardiomyogenic
differentiation of gPS cells. To identify cytocompatible gPS
cell/biomaterial combinations, cell morphology, viability, cy-
totoxicity, apoptosis, proliferation and differentiation poten-
tial were all analyzed. Pluripotency of gPS cells was visualized
by the endogenous Oct4-promoter-driven GFP. Viability and
proliferation assays demonstrated that gPS cells adhere to
various synthetic polymers and on gelatine-coated tissue cul-
ture polystyrene. Figure 4 shows that Resomer® LR704 is
an alternative substrate for feeder-free gPS cell maintenance
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and in addition was found to be suitable for cardiomyogenic
differentiation of gPS cells. Spontaneous beating in embryoid
bodies cultured on Resomer® LR704 occurred already on
day 8 of differentiation, much earlier compared to other
biomaterials (Fig. 4). This indicates that Resomer® LR704
supports spontaneous cardiomyogenic differentiation of gPS
cells, which was also confirmed on the molecular, protein
and functional level.l'!
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Fig. 4: Beating cells developed in gPS cell-derived em-
bryoid bodies. (A) Red circles highlight beating areas on
day 11 of differentiation on gelatine, Resomer® LR704,
PTFE and PVDF. (B) Quantification of beating areas on
gelatine and on Resomer® LR704 between day 8 and 25
of differentiation.

Compared to gPS cells, MSC have a more restricted plastici-
ty. Under physiological conditions, they are involved in tissue
regeneration and repair, particularly in wound healing. Due
to their high self-renewal capacity and excellent differenti-
ation potential in vitro, MSC are ideally suited for their use
in regenerative medicine. The complex interactions of MSC
with their surrounding and their influence on the molecular
and functional levels are widely described but not complete-
ly understood. MSC secrete e.g. hepatocyte growth factor
(HGF), whose concentration is enhanced in wounded areas
and which is shown to act as a chemoattractant for MSC. In
a current study we produce HGF-loaded biomaterials based
on collagen and fibrin gels to develop a recruitment system
for endogenous MSC to improve wound healing. Here, we
report that HGF incorporated into collagen or fibrin gels
leads to enhanced and directed MSC migration in vitro.
HGF-loaded biomaterials might be potentially used as in vi-
vo wound dressings to recruit endogenous MSC out of their
tissue-specific niche towards the wounded area. (Fig. 5).

New MSC recruitment Typical Tissue Engineering Approach
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Fig. 5: Schematic representation of MSC recruitment via
HGF-loaded biomaterials. HGF-loaded biomaterials will
be transplanted to guide endogenous MSC out of their
tissue-specific niche towards a wounded area.
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As demonstrated for gPS cells, biomaterials can support
the differentiation fate of stem cells (Fig. 4). Besides, bio-
materials are required to allow for a spatial distribution of
applied stem cells within a defined area in the body. In a re-
cent study, we analyzed the interaction of a large panel of
stem cell types with an array of biomaterials and demon-
strated that a prediction of stem cell behaviour on a specific
biomaterial is not yet possible. Interestingly, even ontoge-
netically related stem cell types, such as MSC, preadipo-
cytes and dental pulp stem cells (DPSC), exhibit distinct
adhesion properties on the very same biomaterial surface.
Therefore, we investigated integrin and extracellular ma-
trix (ECM) protein expression of stem cells to relate gene
expression to adhesion behaviour. MSC, preadipocytes
and DPSC were cultured on synthetic polymers (Fig. 6).
Analysis of adhesion molecules yielded that only one mol-
ecule, integrin a,, might play a significant role in differen-
tial adhesion on polymers for preadipocytes compared to
DPSC and MSC.I'W Thus, our studies on the molecular in-
teractions of stem cells and polymers are expected to lead
to a more profound understanding of stem cell/biomateri-
al interactions to eventually allow for a rational biomateri-
al design.

control ‘Texin PDMS PDLLA Retomer® LTT06

MSC DPSC

preadipocytes

Fig. 6: Live/dead staining of DPSC, MSC and preadipocytes.
Cells were cultured on Texin, PDMS, PDLLA and Resomer®
LT706 for 7 days, scale bar=200um.

Expansion of Human Cord
Blood-Derived Hematopoietic
Stem Cells

(Monica Sofia
Ventura Ferreira)

Cord blood-derived  he-
matopoietic stem cells (CB-
HSC) are appealing for
transplantation in hematopoi-
etic disorders. However, the
low yield of CB-HSC per
graft is often insufficient for treatment of adults. Traditional
approaches for HSC ex vivo expansion include the use of
cytokines and/or stromal cell support, but are still unsat-
isfactory. Biomaterial-based strategies might provide new
perspectives. Our work combines cytokines, stromal
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Fig. 7: Mesenchymal stem cells (MSC) expand hematopoie-
tic stem cells in 3D scaffold-based cultures. Representative
scanning electron microscopy of CD34+ cells expanded for
10 days on different 3D biomaterial-scaffolds in presence of
strong cytokine supplementation and MSC support. TCPS
served as control. Scale bar = 50 pm.

support and biomaterial scaffolds to better recapitulate
the native bone marrow (BM) microenvironment and
promote HSC expansion. While the rationale for choos-
ing some biomaterials rather than others for HSC expan-
sion is not clear, we proposed biomaterial identification to
start with the assessment of a series of basic compatibili-
ty parameters. In my PhD work, | conducted a systemat-
ic evaluation of HSC viability, cytotoxicity, and apoptosis
after exposure to sixteen two-dimensional (2D) bio- and
synthetic polymers from our biomaterial bank. Long-term
polymer-based cultures in presence of standard cytok-
ines showed no cytotoxic or apoptotic effects for HSC for
six of the 2D polymers tested.’! In a subsequent study,?!
we further analyzed the efficiency of those 2D polymers
to expand HSC compared to tissue culture polystyrene
(TCPS) in the presence of SCF, TPO, FGF-1, Angptl-5 and
IGFBP2, a novel combination of cytokines for HSC culture
simultaneously analyzed in our hands.*JHSC were analy-
sed systematically in terms of morphology and functional-
ity both ex vivo and in vivo.?¥! Our studies identified fibrin
as the most efficient 2D polymer for CB-HSC expansion
in cultures including strong cytokine supplementation,
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followed by Resomer® RG503 and PCL. The Presence
of filopodia in fibrin-expanded cells was main indicator
for superior cell adhesion capacities (Fig. 7). In a subse-
quent study®®¥ three polymers were used as 3D scaffolds,
in combination with strong cytokine supplementation and
MSC support for HSC expansion. Results showed that cell
expansion was greatly stimulated by adding MSC support
to cultures. HSC cultured on 3D fibrin scaffolds with MSC
support reached the highest overall growth and showed
the best engraftment in mice.
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