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Abstract Mesenchymal stem cells (MSCs) are multipotent stem cells and capable of differen-
tiating into multiple cell types including osteoblastic, chondrogenic and adipogenic lineages.
We previously identified BMP9 as one of the most potent BMPs that induce osteoblastic differ-
entiation of MSCs although exact molecular mechanism through which BMP9 regulates osteo-
genic differentiation remains to be fully understood. Here, we seek to develop a
recombinant adenovirus system to optimally silence mouse BMP9 and then characterize the
important role of BMP9 in osteogenic differentiation of MSCs. Using two different siRNA bio-
informatic prediction programs, we design five siRNAs targeting mouse BMP9 (or simB9), which
are expressed under the control of the converging H1 and U6 promoters in recombinant adeno-
virus vectors. We demonstrate that two of the five siRNAs, simB9-4 and simB9-7, exhibit the
highest efficiency on silencing exogenous mouse BMP9 in MSCs. Furthermore, simB9-4 and
simB9-7 act synergistically in inhibiting BMP9-induced expression of osteogenic markers, ma-
trix mineralization and ectopic bone formation from MSCs. Thus, our findings demonstrate
the important role of BMP9 in osteogenic differentiation of MSCs. The characterized simB9 siR-
NAs may be used as an important tool to investigate the molecular mechanism behind BMP9
osteogenic signaling. Our results also indicate that recombinant adenovirus-mediated expres-
sion of siRNAs is efficient and sustained, and thus may be used as an effective delivery vehicle
of siRNA therapeutics.
Copyright ª 2018, Chongqing Medical University. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).

Introduction

Mesenchymal stem cells (MSCs) are multipotent stem cells
with self-renewal and capability of differentiating into
multiple cell types, such as osteoblastic, chondrogenic, and
adipogenic lineages.1e8 MSCs have attracted profound at-
tentions in the arena of stem cell biology and regenerative
medicine.4,7e12 Osteogenic differentiation from MSCs is a
tightly regulated process of sequential events that reca-
pitulate most of the molecular processes occurring during
bone and skeletal development.7,8,13 While osteogenic
differentiation is regulated by numerous pathways, such as
Wnt, Insulin-like growth factors (IGFs), Fibroblast growth
factor (FGFs) and Notch,3,7,8,14e23 bone morphogenetic
proteins (BMPs) are considered as the only group of
osteoinductive factors that can induce de novo bone for-
mation from MSCs.24,25

BMPs are members of the TGF-b superfamily and play
critical roles in skeletal development, bone formation and
stem cell differentiation.3,24e26 At least 14 types of BMPs
have been identified in humans and rodents.24,25,27 We
conducted a comprehensive analysis of the osteogenic ac-
tivities of the 14 types of BMPs, and found that BMP9 (also
known as growth differentiation factor 2, or GDF2) is one of
the most potent BMPs that induce osteoblastic differenti-
ation of MSCs.24,28e31 However, BMP9 is one of the least
studied BMPs, and the exact molecular mechanism through
which BMP9 regulates osteogenic differentiation remains to
be fully understood.

Originally discovered in C. elegans and subsequently
demonstrated in diverse eukaryotes, such as insects,
plants, fungi and vertebrates, RNA interference (RNAi) is a
cellular process of sequence-specific, post-transcriptional

gene silencing initiated by short double-stranded RNAs
(dsRNA), or short interfering RNAs (siRNAs), which are
homologous to the gene being suppressed through the
RNA-induced silencing complex (RISC).32e39 Since its dis-
covery, RNAi has become a valuable and powerful tool to
analyze loss-of-function phenotypes,33e38 as well as offers
unprecedented opportunities for developing novel and
effective therapeutics for human diseases.40e45 Nonethe-
less, the silencing efficiency of siRNAs is highly empirical
and varies drastically, depending on many parameters,
such as mRNA secondary structures, target availability,
status of matching and intrinsic characteristics of mRNA
and siRNA.33,46e49

In this study, we developed a recombinant adenovirus
system to express the optimal siRNAs targeting mouse
BMP9 and characterized the important role of BMP9 in
osteogenic differentiation of MSCs. Using different siRNA
bioinformatic prediction programs, we designed five siR-
NAs targeting mouse BMP9 (or simB9 siRNAs), which
were expressed under the control of converging H1 and
U6 promoters in recombinant adenovirus vectors. We
demonstrated that two of the five siRNAs, simB9-4 and
simB9-7, exhibited the highest efficiency on silencing
exogenous mouse BMP9 in MSCs. Furthermore, we
demonstrated that simB9-4 and simB9-7 acted synergis-
tically in impairing BMP9-induced expression of osteo-
genic markers, matrix mineralization and ectopic bone
formation from MSCs. Thus, our findings demonstrate the
important role of BMP9 in osteogenic differentiation of
MSCs. The characterized simB9 siRNAs may be used as
an important tool to investigate the molecular mecha-
nism behind BMP9 osteogenic signaling. Lastly, our re-
sults indicate that recombinant adenovirus-mediated
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