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Linckosides are members of the steroid glycoside family isolated from the starfish Linckia laevigata. These natural
compounds have notable neuritogenic activity and synergistic effects on NGF-induced neuronal differentiation of
PC12 cells. Neurogenic factors or molecules that are able to mimic their activities are known to be involved in the
survival, proliferation and migration of neurons and glial cells; however how glial cells respond to specific neu-
rogenic molecules such as linckosides has not been investigated. This study aimed to examine the effect of three
different linckosides (linckoside A, B and granulatoside A) on the morphological properties, proliferation and mi-
gration of human olfactory ensheathing cells (hOECs). The proliferation rate after all the treatments was higher
than control as detected by MTS assay. Additionally, hOECs displayed dramatic morphological changes character-
ized by a higher number of processes after linckoside treatment. Interestingly changes in microtubule organiza-
tion and expression levels of some early neuronal markers (GAP43 and BllI-tubulin) were also observed. An
increase in the phosphorylation of ERK 1/2 after addition of the compounds suggests that this pathway may be
involved in the linckoside-mediated effects particularly those related to morphological changes. These results
are the first description of the stimulating effects of linckosides on hOECs and raise the potential for this natural
compound or its derivatives to be used to regulate and enhance the therapeutic properties of OECs, particularly

for cell transplantation therapies.

© 2016 Elsevier Inc. All rights reserved.

1. Introduction

The glia of the primary olfactory system, olfactory ensheathing cells
(OECs), promote axonal regeneration in vivo and in vitro (Barnett,
2004; Moreno-Flores et al., 2003; Raisman, 2001) and their neuro-re-
generative potential in the treatment of spinal cord injuries has been
broadly studied in the last two decades (Thuret et al., 2006; Li et al.,
2014). Factors that can be addressed to improve the use of OECs for spi-
nal cord repair include the proliferation of OECs in vitro to generate suf-
ficient numbers of cells prior to transplantation, as well as the need to
improve their proliferation, migration and integration within the host
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tissue post-transplantation. The challenge of overcoming these limiting
factors needs to be addressed in order for OECs to be more widely and
effectively used in the development of neural repair therapies (Barnett
and Riddell, 2007; Raisman, 2001; Thuret et al., 2006).

Neurotrophic factors have been used to regulate and enhance OEC
therapeutic properties (Woodhall et al., 2001; Kim et al., 1996; Bianco
et al., 2004), but the large molecule size and potential side-effects
have limited their use as an effective option. The discovery and develop-
ment of low molecular weight natural products that are able to mimic
growth factors to stimulate the activity of OECs, or to alter the properties
of OECs to improve neural regeneration, is an avenue with high poten-
tial. We have recently shown that the polyphenol compound curcumin
potently stimulates phagocytic activity of OECs and increases their mi-
gration by stimulating the dynamic movement of peripheral
lamellipodial waves (Tello Velasquez et al., 2014). Natural compounds
that are neurogenic or neuritogenic are also of potential use for neural
repair as promoting the growth of neurons is crucial for regeneration.
However, due to the essential close relationship between neurons and
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