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Abstract

Researchers have been using lab-on-a-chip systems to isolate factors for study, simulate laboratory analysis
and model cellular, tissue and organ level processes. The technology is increasing rapidly, but the bone field
has been slow to keep pace. Novel models are needed that have the power and flexibility to investigate the
elegant and synchronous multicellular interactions that occur in normal bone turnover and in disease states in
which remodeling is implicated. By removing temporal and spatial limitations and enabling quantification of
functional outcomes, the platforms should provide unique environments that are more biomimetic than single
cell type systems while minimizing complex systemic effects of in vivo models. This manuscript details the
development and characterization of lab-on-a-chip platforms for stimulating osteocytes and quantifying bone
remodeling. Our platforms provide the foundation for a model that can be used to investigate remodeling
interactions as a whole or as a standard mechanotransduction tool by which isolated activity can be quantified
as a function of load.
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1 Introduction

In the past five years, important in vitro studies have been performed that contribute to our understanding of
osteocyte mechanotransduction—the process by which osteocytes sense mechanical load and signal to other
cells to orchestrate bone remodeling. Much of this work focuses on the effects of fluid flow on osteocyte
secretory factors that influence osteogenesis and bone remodeling by osteoclasts (bone resorbing cells) and
osteoblasts (bone forming cells). For example, Govey et al. performed transcriptomic and proteomic analyses
following stimulation of osteocyte-like cells with oscillating fluid flow. Importantly, chemokines Cxcll and
Cxcl12—which may act as paracrine signals for the recruitment of osteoclasts and osteoblasts—were shown to
be responsive to fluid flow for the first time (Govey et al., 2014). Additionally, Chen and coworkers showed fluid
shear stress of osteocytes promotes osteogenic lineage commitment. After 24 h of mechanical stimulation,
conditioned medium (CM) was added to mesenchymal progenitor cells. Following 24 h of exposure to the CM,
DNA methylation decreased for osteogenic markers, and gene expression of later osteogenic markers
increased (Chen et al., 2015). Both of these studies provide valuable information that enhances our
appreciation for osteocyte signaling during mechanotransduction.

Moreover, novel techniques that model the physiological environment during mechanotransduction and
subsequent bone remodeling are being devised. X. Edward Guo’s group from Columbia University has focused
on the development of multiscale experimental systems for the study of mechanical stimulation and associated
tissue adaptation. These platforms include an ex vivo murine tibia model for the study of osteocyte
mechanosensation and early mechanotransduction. The model incorporates a mechanical loading apparatus
that delivers cyclic compressive loads to the whole bone. In this way, tissue-level stimulation can be induced
and the osteocytes’ early response investigated within the native environment. Another of Guo’s experimental
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