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Engineering of Osteoblasts for Bone Replacement: How to Test for
Acquisition and Maintenance of a Proper Phenotype
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Osteoblasts may be engineered from stem cells derived from
various sources, like blood marrow (mesenchymal stem cells =
MSCs) or adipose tissue (adipose derived stem cells = ADSCs), but
also from embryonic stem cells (ESCs) and induced pluripotent
stem cells (iPSCs). Such osteoblasts are normally characterized using
various criteria selected from parameters, like osteoblast specific
marker genes (e.g. transcription factors = TFs, components related to
BMP- and Wnt-mediated signaling), matrix structural proteins (e.g.
collagens, osteopontin, osteomodulin), secreted enzymes (e.g. alkaline
phosphatase, metalloproteinases), and other specific markers like
osteocalcin [1].

Bone tissue harbors many functional cell types like osteoblasts,
osteocytes and osteoclasts, and bone modeling and remodeling depends
on the osteoblast, to acquire a set of defined characteristics throughout
their life span in a remodeling cycle (including the synthesis and
secretion of the osteoclast activator RANK-L and the decoy receptor
for OPG = osteoprotegerin). For the remodeling cycle to take place,
it is also vital that deposited growth factors (e.g. transforming growth
factor = TGF) are released by resorbing osteoclasts, to attract osteoblast
to form and mineralize matrix proteins in the resorption pits.
Furthermore, a well-orchestrated interplay with the immune system
and the nervous system is necessary for proper bone development and
maintenance. Functional bone is also dependent upon a continuous
supply of oxygen and nutrients; hence vascularization of engineered
bone is vital. Lastly, but also important, is the concept of mechano-
stimulation of bone modeling and remodeling, to ensure proper long
term bone health [2].

All these aspects are indigenously considered by the living bone,
however, when engineered osteoblasts or osteoblasts developed in
scaffolds are used for bone replacements, there is no guarantee that
proper 3D bone development and bone turnover will be achieved.
Furthermore, mechano-stimulation may be lost or introduced too
late, and the 3D structure of the engineered bone does not allow
proper invasion of adjacent cell from the host. The injury, which have
destroyed bone tissue in the host, may be hard to “eradicate” (e.g.
cancer, chronic inflammation), thus placing a stronger demand for
phenotype “resilience” on the engineered osteoblasts [1,3,4].

The big question is therefore: what would be a minimal array of
growth conditions and manipulations to perform, in order to bring
the engineered osteoblasts into a state where they, when introduced
into a defined site of injury, will develop into a proper, stable and self-
renewing bone tissue? Despite the complexity of the subject proposed
screening system, it may be wise to follow a procedure, which may be
described briefly as follows:

1. Check different sources of stem cells for surface antigens (they
should be positive for CD44, CD49, CD29, CD90, CD105 and
CD106, and negative for STRO-1, CD34, CD45, and CD117),
and highly positive for bone mineralization (Alizarin red S)
coloration in 2D cultures.

2. Use promising stem cell sources and perform permutations

of incubation condition (over a period of some 4-6 weeks),
focusing on elements including: growth factors (TGFs/BMPs),
manipulation (through vectors with inducible promoters)
of genes like transcription factors, osteoblast signature
microRNAs, transcription factors and histone deacetylases
(HDACs and Sirtuins), and various types of scaffolds,
mechano-stimulation (in vitro sheer forces and compression,
or vibration platforms in small animal model system) [1,3,5-9].

3. Analyze gene expression profiles as you go along, focusing
on a custom made, minimal size transcriptome (consisting of
approximately 400-500 genes, which has yet to be determined),
encompassing genes, including as many as possible of the two
GO-terms (gene ontology terms): skeletogenesis (181 genes) and
angiogenesis (172 genes), presented in the Panther algorithm
(http://www.pantherdb.org/tools/compareToRefList.jsp)  (or
using a similar set of transcripts).

4. Apply the Mir@nt@n algorithm (http://maia.uni.lu/mironton.
php) [10] to emulate an integrated, hierarchical, regulatory loop
system, encompassing microRNAs, HDACs and transcripts
from the custom made osteoblast transcriptome.

5. Finally, if p-values for the GO-terms (skeletogenesis and
angiogenesis) vyield significantly higher probabilities for
compliance with both phenotypes, upon a specific permutation
in stem cell differentiation (see #2 above), then one might
conclude that, the in vitro differentiation scheme yields useful
engineered osteoblasts to be tested in in vitro model systems.

6. Useanimal model systems with induced bone lesions to test the
engineered osteoblasts, and analyze for bone quality (micro CT
and acquired bone strength). If deemed necessary, also check
for ingrowth of vessels and the presence of attracted osteoclasts
(Q-PCR of osteoclast-specific transcripts) from adjacent bone
tissue [2,4].

In summary, this procedure of engineering osteoblasts offers a way
of assessing, whether in vivo bone replacement (or de novo formed 3D
bone tissue) in fact will be functional and resilient to destruction over
time, and thus, possibly represents a guide to a more successful healing
of bone lesions, through osteoblast engineering from stem cells.
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