
 

Using bone marrow precursor cells instead of
transplantation to regenerate bone
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Imaging mass spectrometry analysis of murine critical-size femur fractures
treated with in vitro engineered human stromal cell–derived cartilage discs. (A to
D) Segmentation maps were generated from the mass-to-charge (m/z) value
spectra of whole tissue sections of BMSC-derived (A and B) and ATSC-derived
(C and D) transplant groups using an unsupervised bisecting k-means algorithm.
Segments with different colors represent distinct proteomic clusters across the
whole tissue sections. The first two proteome clusters distinguish between bone
(yellow) and muscle tissue (blue). In the bone region, segmentation clustering
identified two additional segments in the BMSC group (B) and three segments in
the ATSC group (C). The third proteomic cluster (yellow) of the ATSC group
corresponds to the fracture region and was not detected in the BMSC group.
Additional segmentation of the fracture region revealed two distinct clusters in
the BMSC group (B insert magnified as indicated) but only one cluster in the
ATSC group (C insert magnified as indicated). (E) Using a bottom-up liquid
chromatography–tandem mass spectrometry approach, several m/z values were
assigned to COL1A1-specific peptides. The peptide mass spectra show the
absolute intensity of indicated m/z values in the fracture (black line) and total
bone region (gray line). The blue shading indicates COL1A1 peptide
(m/z = 2055) that is highly conserved between human and mice, whereas the
yellow shading indicates a human-unique COL1A1 peptide (m/z = 2057). (F)
Movat’s 5C staining of the complete mouse femur containing the BMSC-derived
cartilage disc transplant in fracture area, magnified in (L). (G) The highly
conserved COL1A1 peptide (m/z = 2055) (total = human + mouse; colored
green) was distributed throughout the bone of the BMSC group. (H) The human-
specific COL1A1 peptide (m/z = 2057; colored red) shows a high intensity
distribution exclusively in the fracture region. (I) Merge of the total and the
human-specific COL1A1 peptide. (J) Merging the intensity distribution of the
human-specific COL1A1 peptide (m/z = 2057) with Movat’s 5C staining shows
that it is colocalized only with the area of remaining hard callus. (K)
Magnification of Movat’s 5C staining of the same fracture region shown in (F),
and (L) the corresponding merge with intensity distribution of the human-
specific COL1A1 peptide (m/z = 2057). n = 4 biological replicates per group.
Credit: Science Translational Medicine (2023). DOI:
10.1126/scitranslmed.abm7477
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Bone is the second most commonly transplanted tissue after blood, with
about two million bone transplants performed worldwide each year—but
often with only moderate therapeutic success. Cell-based therapies could
provide an alternative approach to transplantation.

Together with colleagues from Paracelsus Medical Private University
(PMU) Salzburg, researchers at the Berlin Institute of Health at Charité
(BIH) have now demonstrated that human progenitor cells can
regenerate large bone defects and form new mineralized tissue. The
researchers have published the findings from their work in the journal 
Science Translational Medicine.

Although most bone fractures heal completely without scarring,
particularly large bone defects caused by severe trauma, infection or
tumor surgery often do not heal naturally and require bone
transplantation. Bone is the second most commonly transplanted tissue
after blood, with about two million bone transplants performed
worldwide each year.

However, the availability of grafts is limited and their regenerative
capacity is often low. Cell-based therapies offer a promising alternative.
Tissue engineered in vitro from progenitor cells such as multipotent 
stromal cells (MSCs) could replace standard bone graft treatments.

Together with colleagues from Paracelsus Medical Private University
(PMU) Salzburg, researchers at the Berlin Institute of Health at Charité
(BIH) have now shown that this method works. A crucial factor is that
these stromal cells can be obtained from various tissues, such as adipose
tissue, skin tissue and bone marrow.

Stromal cell origin plays a key role in regenerative
capacity
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Multipotent stromal cells (MSCs) are the progenitor cells in various
connective tissues that can differentiate into different cell types like fat,
cartilage and bone cells. However, contrary to previous assumptions, the
source of stromal cells has a decisive impact on their bone regeneration
potential. Unlike cells from white adipose tissue, the umbilical cord or
skin tissue, only MSCs from bone marrow have the ability to form
functional cartilage.

This is due to a so-called epigenetic signature that determines which
genes can be accessed during cell differentiation and in which order they
are activated.

"This hypertrophic cartilage produced in vitro is an important
intermediate for the formation of mineralized bone tissue. We were able
to show that transplantation of vital human cartilage disks into mice with
large (non-healing) bone defects leads to complete healing," says Dr.
Geissler, a group leader at the BIH Center for Regenerative Therapies
who is one of the study's senior authors.

"In the animal, the transplanted human cells in the cartilage disks also
form the original bone tissue, which is replaced by mouse-derived cells
only at the end of complete healing."

New epigenetic mechanism regulates bone healing

In their study, the researchers describe a novel epigenetic mechanism
that not only underlies the stromal cells' regenerative potential but also
regulates bone healing. This involves a complex network of so-called
enhancers—amplifiers of gene expression—in the cells' DNA. This
enhancer network is particularly accessible and active in these cells, thus
determining the course and success of tissue regeneration. The
researchers call this network the "enhancer landscape."
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"Our study makes an important contribution to the selection of suitable
cells for effective treatment of difficult-to-heal bone fractures. The
knowledge gained here about such tissue-specific enhancer signatures
may also contribute to the improvement of other cell-based therapies,"
says Prof. Dirk Strunk, director of the Institute of Experimental and
Clinical Cell Therapy at PMU Salzburg and co-senior author of the
study.

The path to clinical trials

Further development steps are necessary to translate this new approach
into a reliable therapeutic option for large bone defects in orthopedics
and trauma surgery. For instance, the researchers led by Sven Geissler
and Dirk Strunk now want to conduct tests to see how cartilage disks can
be produced automatically from stromal cells and whether exogenous
donor cells are also suitable for the therapy.

Patients would otherwise have to wait up to five weeks after having their
own cells harvested before the cartilage disks could be produced and
implanted. However, there is ample cause for optimism, given the test
results achieved so far.

  More information: Sarah Hochmann et al, The enhancer landscape
predetermines the skeletal regeneration capacity of stromal cells, Science
Translational Medicine (2023). DOI: 10.1126/scitranslmed.abm7477
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