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Endoplasmic reticulum mediates mitochondrial transfer
within the osteocyte dendritic network

Junjie Gao"??, An Qin**, Delin Liu"?*, Rui Ruan?*, Qiyang Wang’, Jun Yuan'?, Tak Sum Chengz,
Aleksandra Filipovska®, J. M. Papadimitriou”®, Kerong Dai*, Qing Jiang’, Xiang Gao®,
Jian Q. Feng®, Hiroshi Takayanagi®'"!, Changqing Zhang®!, Ming H. Zheng®'"*

Mitochondrial transfer plays a crucial role in the regulation of tissue homeostasis and resistance to cancer chemo-
therapy. Osteocytes have interconnecting dendritic networks and are a model to investigate its mechanism. We
have demonstrated, in primary murine osteocytes with photoactivatable mitochondria (PhAM)"®**? and in
MLO-Y4 cells, mitochondrial transfer in the dendritic networks visualized by high-resolution confocal imaging.
Normal osteocytes transferred mitochondria to adjacent metabolically stressed osteocytes and restored their
metabolic function. The coordinated movement and transfer of mitochondria within the dendritic network rely
on contact between the endoplasmic reticulum (ER) and mitochondria. Mitofusin 2 (Mfn2), a GTPase that tethers
ER to mitochondria, predominantly mediates the transfer. A decline in Mfn2 expression with age occurs con-
comitantly with both impaired mitochondrial distribution and transfer in the osteocyte dendritic network. These
data show a previously unknown function of ER-mitochondrial contact in mediating mitochondrial transfer and
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provide a mechanism to explain the homeostasis of osteocytes.

INTRODUCTION

Mitochondria play an essential role in cellular metabolism (1-4). A
great deal of attention has been paid recently to the process of inter-
cellular mitochondrial transfer, which enables recipient cells to regulate
tissue damage, inflammation, and even resistance to cancer chemo-
therapy with the acquisition of functional mitochondria from donor
cells (5-9). For example, endogenous neuroprotection during transient
focal cerebral ischemia has been demonstrated when mouse astro-
cytes transfer their functional mitochondria to neighboring neurons
(10). Conversely, damaged mitochondria in neurons have been shown
to transfer into astrocytes for disposal and recycling (11).

While the biological impact of intercellular mitochondrial trans-
fer among different cell types has been demonstrated over the past
few years, the specific mechanism by which mitochondria are trans-
ferred from one cell to another remains unclear. Since contact be-
tween the endoplasmic reticulum (ER) and mitochondria appears
to play a crucial role in coordinating communication between these
two organelles (12, 13), we propose that the ER may also play a role
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in mediating intercellular mitochondrial transfer. We have used
terminally differentiated osteocytes that lie within the lacunae of
mineralized bone to investigate the role of mitochondrial transfer.
Osteocytes are interconnected by a highly developed dendritic network
that is known to influence the balance between bone resorption and
bone formation via communication with osteablasts and osteoclasts
(14-17). Osteocytes therefore provide an ideal model for studying
mitochondrial transfer between cells and its role in regulating cellular
homeostasis.

RESULTS

Mitochondrial distribution in the osteocyte

dendritic network

First, we examined whether a uniform and metabolically synchro-
nized distribution of mitochondria existed within the dendritic
networks of primary osteocytes. Using an established immuno-
staining and visualization protocol for primary osteocytes, we
demonstrated in situ abundant mitochondria, labeled with the
mitochondrial outer membrane protein TOM20 (translocase of
outer mitochondrial membrane 20), along phalloidin-labeled calvarial
osteocyte dendrites (Fig. 1, A and B). As mitochondrial metabo-
lism is related to aging (18), we then examined mitochondrial mass
in the primary osteocyte networks of cortical bones at 4, 12, and
18 months of age. Quantitative confocal images revealed that the dis-
tribution of TOM20-labeled mitochondria within the osteocyte
dendritic processes decreased significantly with increasing age
(Fig. 1, C and D).

Previous studies have reported mitochondrial movement in the
dendritic process of a single MLO-Y4 cell (19, 20). We therefore chose
MLO-Y4 cells to further investigate the dynamic movement and
distribution of mitochondria in the osteocyte dendritic network.
Confocal microscope and structured illumination microscope (SIM)
revealed similar characteristics between the mitochondrial distribution
in the dendritic networks of primary calvarial osteocytes and cul-
tured MLO-Y4 cells. Mitochondria, labeled with MitoTracker Orange
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