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The multipotency of human mesenchymal stromal cells (hMSCs) and the feasibility of deriving these cells
from periodontal ligament hold promise for stem cell-based tissue engineering. However, the regulation
of adult hMSCs activity is not well understood. The present study investigated the c-Kit surface receptor
and downstream gene expression in hMSCs. The c-Kit-positive population showed increased colony-
forming ability rather than differentiation potential. The knockdown of c-Kit and/or stem cell factor
(SCF) genes enhanced alkaline phosphatase activity and also upregulated osteoblast- and adipocyte-
specific genes, including osteocalcin, runt-related transcription factor 2, osteopontin, peroxisome
proliferator-activated receptor-y, and lipoprotein lipase. Stimulation with growth factors, including
fibroblast growth factor-2, transforming growth factor-p1, and enamel matrix derivative significantly
suppressed the mRNA expression of c-Kit. These results support an emerging understanding of the roles
of the c-Kit/SCF signal in maintaining the undifferentiated stage of hMSCs by inhibiting the expression of
lineage-specific genes in hMSCs and regulating the effect of growth factors on the proliferation and
differentiation of hMSCs. The modulation of c-Kit/SCF signaling might contribute to future regenerative

approaches in controlling both the stemness and differentiation properties of hMSCs.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Periodontal ligament-derived multipotent mesenchymal stro-
mal cells (PDL-MSCs) are considered to be a promising somatic
stem cell source. Earlier evidence reveals that PDL-MSCs have the
potential to differentiate into bone, cementum, and PDL fibers
in vivo, and have both adipogenic and chondrogenic potential
in vitro [1-6]. The heterogeneous cell population in PDL tissue
suggests that the progenitor cells reside within the niche where
stem cell homeostasis and activity is controlled [5,7]. However, the
primitive population of human PDL-MSCs and the mechanisms that
control cell stemness and differentiation have not been well iden-
tified. Although several surface receptors such as STRO-1, CD146,

* Corresponding authors. Tel.: +81 3 5367 9945x6201; fax: +81 3 5359 6046.
E-mail addresses: iwata.takanori@twmu.ac.jp (T. Iwata), okano.teruo@twmu.ac.
jp (T. Okano).

0142-9612/$ — see front matter © 2014 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.biomaterials.2014.01.031

and CD271 have been proposed as the candidate markers of human
MSCs (hMSCs) [5,8—12], it is still controversial to use these markers
as a standard stem cell marker for an isolation of hMSCs. This leads
to the problems in research and therapeutic application of hMSCs.
To understand the mechanism for controlling stemness of hMSCs
and improving treatment modalities, it is crucial to identify the
marker of stemness in hMSCs.

c-Kit (CD117) is a type-lIl receptor tyrosine kinase that trans-
duces cell signaling events by binding its ligand, stem cell factor
(SCF) [13]. Signaling events downstream of c-Kit regulate cell pro-
liferation, differentiation, chemotaxis, cell adhesion, and apoptosis
[14—17]. The c-Kit receptor has been regarded as a critical marker of
hematopoietic stem cells (HSCs) due to its specific expression in the
progenitor compartment of HSCs [18,19]. Nonetheless, approxi-
mately 1% of c-Kit-positive (c-Kit") population is also found in stem
cells derived from human mesodermal/mesenchymal tissues [20—
22]. Furthermore, SCF is expressed in hMSCs and helps to support
the growth and differentiation of HSCs [23]. However, the role of c-
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