
The mechanisms by which ECM bioscaffolds promote functional
tissue remodeling include the creation and release of bioactive
effector molecules, including oligopeptide sequences, during the
process of host mediated scaffold degradation. These ECM oligo-
peptides influence cell behavior within the local microenvironment,
including the behavior of macrophages. Specifically, ECM bioscaf-
folds derived from small intestine and urinary bladder tissue have been
shown to promote an anti-inflammatory, alternatively activated (M2)
macrophage phenotype (6, 7). Such matricryptic peptides have also
been shown to attract endogenous stem/progenitor cells via a direct
chemoattractant mechanism (8) and via macrophage mediated paracrine
mechanisms (9).

The present study investigated the ability of ECM cryptic pep-
tides, derived from a variety of tissue-types, to directly promote
an anti-inflammatory (M2) macrophage phenotype. ECM harvested
from small intestine, urinary bladder, skeletal muscle, brain, esopha-
gus, colon, and derims all induced an alternative, anti-imflammatory
profile in mouse primary bone marrow derived macrophages. The
study also shows the ability of these ECM derived degradation prod-
ucts to promote an anti-inflammatory secretome associated with both
progenitor and adult skeletal muscle cells.
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One of the biggest concerns in the Tissue Engineering field is the
correct vascularization of engineered constructs. Strategies involving
the use of endothelial cells are promising but adequate cell sourcing
and neo-vessels stability are enduring challenges. In this work, we
propose the hypoxic pre-conditioning of the stromal vascular fraction
(SVF) of human adipose tissue to obtain highly angiogenic cell
sheets (CS). For that, SVF was isolated after enzymatic dissociation
of adipose tissue and cultured until CS formation in normoxic
(pO2 = 21%) and hypoxic (pO2 = 5%) conditions for 5 and 8 days, in
basal medium. Immunocytochemistry against CD31 and CD146 re-
vealed the presence of highly branched capillary-like structures,
which were far more complex for hypoxia. ELISA quantification
showed increased VEGF and TIMP-1 secretion in hypoxia for 8 days
of culture. In a Matrigel assay, the formation of capillary-like
structures by endothelial cells was more prominent when cultured in
conditioned mediums recovered from the cultures in hypoxia. The
same conditioned mediums increased the migration of adipose
stromal cells in a scratch assay, when compared with the medium
from normoxia. Histological analysis after implantation of 8 days
normoxic- and hypoxic-conditioned SVF CS in a hindlimb ischemia
murine model showed improved formation of neo-blood vessels.
Furthermore, Laser Doppler results demonstrated that the blood
perfusion of the injured limb after 30 days was enhanced for the
hypoxic CS group.

Overall, these results suggest that SVF CS created under hypoxia
can be used as functional vascularization units for tissue engineering
and regenerative medicine.
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The wound healing process which follows myocardial infarction
(MI), is tightly controlled by different macrophages sub-populations:
inflammatory macrophages (M1 type) and reparatory macrophages
(M2 type). A delay which often occurs in the M1 to M2 macrophages
transition, harms the healing process and leads, amongst others, to
heart failure. Nowadays, there is no effective treatment for heart fail-
ure. Our hypothesis is that modulation of cardiac macrophages from
M1 to M2, at the proper time-point after MI, using miRNA delivery,
may attenuate infarct expansion and left-ventricular remodeling.

An appropriate delivery system must be able to protect the miRNA
from RNases, get it to the site of interest and to not arouse unwanted
immune response. Herein we offer a novel RNAi delivery system;
nano-particles (NPs) (*140 nm in diameter, *-11 mV zeta poten-
tial), based on the anionic, sulfated, Hyaluronan polymer. When
injected IP into mice, after sterile infection stimulation, almost 40%
of peritoneal macrophages showed NPs uptake, within one hour. NPs
IV injection 3 days post MI, resulted in NPs at the infarct area, in
CD11b-positive cells. While using a laser capture microdissection
(LCM) microscope, our preliminary results shows that we are able to
isolate macrophage-enriched area from the infract zone, thus able to
quantify the RNAi delivery to post-MI cardiac macrophages.

This multidisciplinary approach presented in this research combines
cardiac macrophage biology, state-of-the-art LCM technology and
engineering of miRNA delivery system. Ultimately we foresee that this
approach will lead to a novel therapeutic modality for immuno-
modulation and subsequent effective cardiac repair after acute MI.
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Molecular crowding is essential for complex formation, which
regulates gene transcription, protein production and tissue formation.
We hypothesized we could enhance cellular molecular crowding via
the contractile forces present in 3D microenvironments. To this end,
we formed condensating microtissues containing 100 human periosteal
stem cells in high throughput and cultured them under growth factor
free conditions. Over a seven day culture period, the microtissues
decreased significantly in volume due to cell shrinking. This change
proved irreversible as dissociation and subsequent subculture main-
tained the phenotype. Blocking Rho Kinase I, a key regulator of the
cytoskeleton, significantly decreased both cell and microtissue shrink-
ing. Fluorescent confocal microscopy confirmed the cell shrinkage by
observing a significant loss of cytoplasmic volume. Importantly, this
drastically elevated the cell’s molecular crowding by raising its protein
concentration 25 fold within seven days. Indeed, transmission electron
microscopy revealed that microtissue formation induced swelling of
rough endoplasmatic reticulum as well as darkening and elongation
of the mitochondria, all indicators of increased molecular crowding.
Moreover, a deformable cell-based computational model suggests that
the cell shrinkage was induced by the biomechanical forces generated
by the cells and was counterbalanced by the increasing cellular viscosity
caused by molecular crowding. In vitro this process decreased stemness
markers, increased nuclear translocation of the chondrogenic tran-
scription factor SOX9 and induced a cartilage gene expression fin-
gerprint. Impressively, microaggregation strongly improved in vivo
cartilage formation and even resulted in significant cartilage depo-
sition one week post implantation.
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