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Repairing bone defect, particularly critical-
size bone defect, is still a challenge in clinical
practice and is more demanding in the elderly
population. For bone defect repair, various
biomaterials have been developed and used.
However, the understanding of the mecha-
nism of biomaterial-induced osteogenesis
is still poor. Meanwhile, to enhance these
biomaterials” efficiency on osteogenesis, it is
vital to reveal the interaction between bone
cells and these biomaterials, as well as the
molecular cascades in cells after biomaterial
implantation. Therefore, abundant in vitro
and in vivo studies have been conducted.
Currently, in vitro, some osteosarcoma (OS)
cells/cell lines such as MG-63, Saos2, and
U20S are used to test the performance of
various bone substitutes and to unveil the
relevant molecular mechanism of bone
regeneration.’* These cells can express some
osteogenetic markers (RUNX2, SP7, ALP, etc.)
and formulate calcified nodules in extracel-
lular matrix (ECM), which confers the term
‘osteoblast-like cells’ on them.

The bone microenvironment plays a vital
role in the performance of bone cells. For
instance, osteoblasts collected from patients
with idiopathic osteonecrosis of the femoral
head possess lower alkaline phosphatase
(ALP) activity and mineralization capacity
than osteoblasts from the same skeletal
site in age-matched patients with osteoar-
thritis.® But is the use of OS cells/cell lines
in these studies appropriate? Theoretically,
osteoblasts mainly stem from mesenchymal
stem cells (MSCs), including bone marrow-
derived MSCs (BMSCs), adipose-derived
stem cells (ADSCs), umbilical cord mesen-
chyma, etc. Thus, to reveal more realistic
events after the material implantation in the
human body, the optimal cells used for in
vitro investigations should be MSCs rather

than OS cells/cell lines, as OS cells/cell lines
are bone cancer cells and can create a bone
tumour microenvironment. It is essential
to distinguish how different normal cells
are from cancer cells. Hallmarks of cancers
include activated invasion and metastasis,
accelerated angiogenesis, unstable genome,
tumour-promoting inflammation, evasion of
growth suppression, and sustained prolifera-
tive signalling.” Pathological metabolism and
unrestrained proliferation of OS cells inev-
itably affect the results of cytoviability tests
such as Alamar Blue, adenosine triphosphate
(ATP), and 5-ethynyl-2'-deoxyuridine (EdU)
assays, which are usually used to reflect
the biocompatibility of biomaterials. More-
over, genome alterations may affect normal
osteogenetic differentiation. Compared with
normal osteoblasts, OS cells have mutated
and altered chromosomes.® For example,
the alteration at chromosome 1 in OS cells,
where the human osteocalcin (OCN) gene
locates, may explain why OCN, a crucial
marker for osteogenesis in the late phase,
is hardly detected in ectocrines of MG-63
cells.®® This may lead to false-negative results
of biomaterials’ efficiency on bone regen-
eration. However, there is also a concern
about false-positive results. Enhanced inva-
sion and metastasis capacities enable OS
cells to adhere to the surface of bone substi-
tutes much more easily than stem cellspro-
angiogenesis and the inflammatory tumour
microenvironment also promote bone
formation. In addition, the different ECM
composition between OS cells and normal
osteoblasts has been revealed. Pautke et al'®
reported that MG-63, Saos-2, and U2-OS
cells demonstrated different proliferation
kinetics compared with normal osteoblasts,
and the composition of these four cells” ECM
was also highly different. In agreement with
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Pautke et al, Bozycki et al'" declared that although Saos-2
cells have the most mature osteoblastic labelling profile,
they have distinct matrix vesicles responsible for accu-
mulating phosphate and calcium and forming apatites.
Hence, it is reasonable to suspect that these differences
will misguide those in vitro assays for bone substitutes.

Currently, OS cells/cell lines are widely used because

they are immortal, and their osteogenic differentiation
capacity will hardly decrease, which is much easier for
research. By contrast, MSCs will be senescent and lose
their stemness following the culture in vitro. Therefore,
fresh primary MSCs will have to be collected from donors
or animals periodically, which is more costly and time-
consuming than using OS cells. Given the tremendous
differences between OS cells and MSCs at the cellular and
molecular levels, although results from in vitro studies
using OS cells may be consistent with those from in vivo
research, we cannot ensure that the performance of OS
cells reveals the truth of material-induced bone forma-
tion. Since in vitro research on bone regeneration aims to
simulate an authentic osteogenesis environment, MSCs,
the derivation of osteoblasts in physiological conditions,
are ideal candidates for the in vitro study rather than OS
cells/cell lines. To date, various MSCs (BMSCs, ADSCs,
dental pulp stem cells, etc.)'’*" have been applied to
evaluate the efficiency of those biomaterials on osteo-
genesis, and MSC treatments even achieved profound
success in clinical trials for bone regeneration.’®” Due
to the accumulated studies, MSCs can now be cultured
without sophisticated instruments and unique medium,
and commercial MSCs are also available.?° Thus, MSCs
can be cultured and tested in most laboratories world-
wide. Therefore, to reveal a more authentic role of bone
substitutes in physiological conditions, MSCs present a
promising alternative to OS cells, which should not be
engaged in these in vitro assessments.
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