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ABSTRACT: Osteocytes’ mechano‐regulation of bone formation and resorption is key to maintaining appropriate bone health. Although
extensive in vitro studies have explored osteocyte mechanobiology using the well‐established MLO‐Y4 cell model, the low amount of
sclerostin secreted by this cell line renders it inadequate for studying cross‐talk between osteocytes and osteoblasts under mechanical
loading. Here, we investigated the potential of the sclerostin‐expressing OCY454 osteocyte cell model in fulfilling this role. Fully
differentiated OCY454 cells were tested for mechano‐sensitivity by measuring changes in protein secretion, total adenosine triphosphate
(ATP) content, and intracellular calcium in response to oscillatory fluid flow. Increases in sclerostin expression and total ATP content
were observed. However, very low levels of receptor activator of the nuclear factor κ‐B ligand were detected, and there was a great
inconsistency in calcium response. Conditioned medium (CM) from OCY454 cells was then used to culture osteoblast and osteoclast
precursors. Osteoblast activity was quantified with alkaline phosphatase (ALP) and Alizarin Red S stain, while osteoclast differentiation
was quantified with tartrate‐resistant acid phosphatase (TRAP) staining. We demonstrated that mechanically stimulated OCY454 cells
released soluble factors that increased osteoblasts’ ALP activity (p< 0.05) and calcium deposition (p< 0.05). There was also a significant
decrease of large‐sized TRAP‐positive osteoclasts when osteoclast precursors were treated with CM from flow‐stimulated OCY454 cells
(p< 0.05). Results from this study suggest that OCY454 cells respond to mechanical loading with the release of key factors such as
sclerostin to regulate downstream bone cells, thus demonstrating its potential as a novel cell model for in vitro osteocyte mechanobiology
studies. © 2019 Orthopaedic Research Society. Published by Wiley Periodicals, Inc. J Orthop Res
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Bone remodeling is essential for bone health and
fracture healing. A balance between bone formation
by osteoblasts and bone resorption by osteoclasts
enables continuous bone remodeling, which re‐shapes
the bone corresponding to a key regulatory force—
mechanical loading.1 Earlier studies on bone remo-
deling focused on osteoclasts and osteoblasts.2 Recently,
osteocytes have been found to play a major role in
regulating the bone remodeling process by sensing the
mechanical load on the bone and signaling to osteo-
blasts and osteoclasts through mechanotransduction.3,4

Studies have shown that osteocytes can respond to
mechanical loading with secreted soluble factors, which
in turn regulate the function of other cell popula-
tions.5,6 Some key soluble factors for osteocyte mechan-
otransduction include the receptor activator of the
nuclear factor κ‐B ligand (RANKL),7,8 osteoprotegerin
(OPG),8,9 prostaglandin E2 (PGE2),10 and sclerostin.11

These factors have been extensively studied and
abnormal expression levels of these signaling factors
have been linked with bone diseases.12–15 Therefore,
understanding the mechanism underlying osteocyte
mechanotransduction and regulation of other cell
populations is crucial in finding effective therapeutic
strategies for various bone diseases.

Current in vitro experimentations on osteocyte
regulation of bone remodeling rely on the MLO‐Y4
osteocyte‐like cell‐line, established by Dr. Bonewald in
1997.16 Isolated from mouse long bones, these osteo-
cytes were selected based on their dendritic phenotype.
MLO‐Y4 cells have been shown to be sensitive to
mechanical loading by changes in the secretion level of
many key soluble factors.17,18 Among all the mechan-
ical stimuli that osteocytes are exposed to in vivo,
loading‐induced fluid flow is well‐accepted to be
important and therefore was used in many in vitro
studies.19–21 Using MLO‐Y4 cells, researchers have
characterized the mechano‐regulation of osteoclasts via
osteocytes22,23 and established a solid foundation for
understanding this process. Furthermore, MLO‐Y4
cells have been used in many studies of osteocyte
intracellular calcium response, setting it as a major
marker for measuring osteocyte mechano‐sensi-
tivity.24–26 Mechanical regulation of Wnt signaling26

in osteocytes, as well as the roles of PGE2,10,27 have also
been widely explored. Recently, a novel study demon-
strated the release of extracellular vesicles by osteo-
cytes using MLO‐Y4 cells.28 These in vitro experiments
often used the osteocyte conditioned medium (CM),
which comprises osteocytes’ secretory response, to
study the indirect effect of fluid stimulation on effector
cells via osteocytes.

However, there is a major limitation of using MLO‐
Y4 cells as an osteocyte cell model. In vivo studies have
shown that osteoblasts are regulated by an important
molecule released by osteocytes—sclerostin.10 It has
been revealed that sclerostin inhibits osteoblast
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activity and bone formation through the Wnt/β‐catenin
pathway,29,30 and that mechanical loading on the bone
leads to a reduction in sclerostin levels in vivo.31 These
demonstrated sclerostin’s critical role in mechanotrans-
duction studies between osteocytes and osteoblasts.
Unfortunately, this essential signaling molecule was
undetectable from soluble factors released by the MLO‐
Y4 cells, giving the MLO‐Y4 cell model a great
disadvantage in studying osteocyte regulation of osteo-
blast function under mechanical loading.

Recently, a new cell line for osteocytes had been
developed by Dr. Pajevic (Boston University), the
OCY454 osteocytes.32 Also derived from mouse long
bones, these cells have been shown to secrete signifi-
cant levels of soluble sclerostin and dentin matrix
acidic phosphoprotein 1 (DMP1) after differentiation.
They were also shown to be mechano‐sensitive, sig-
nificantly increasing their expression of sclerostin in
response to microgravity in vitro. Using both two‐ and
three‐dimensional cultures of OCY454 cells, the
authors demonstrated that messenger RNA expression
of several important signaling molecules, such as
sclerostin, DMP1, and OPG, were significantly affected
by uni‐directional laminar fluid flow with a shear stress
of 0.2 Pa. These promising results suggest that OCY454
cells have the potential of serving as a new cell model
for studying osteocyte mechano‐regulation of osteo-
blasts. Nevertheless, there has yet to be any study on
how mechanically stimulated OCY454 osteocytes affect
downstream bone cells. It is crucial to understand
whether this new cell line is capable of regulating
osteoblast differentiation and activities, since it has the
potential to initiate a considerable number of new
intercellular communication studies looking at the
bone remodeling process.

In this study, we aimed to investigate OCY454
osteocyte’s mechano‐sensitivity by measuring known
markers of osteocyte mechanotransduction, both im-
mediately and 24 h after oscillatory fluid flow (OFF).
We also examined the response of osteoblasts and
osteoclasts to CM from flow‐stimulated OCY454 osteo-
cytes. These results provided a good indication whether
this new cell line could be used as an in vitro model for
studying osteocyte mechano‐regulation of other bone
cells.

METHODS
Cell Culture
OCY454 osteocytes were grown on collagen‐coated
(0.15mg/ml type I collagen; Corning, MA) dishes with
α‐minimum essential medium (MEM) (Wisent, QC,
Canada) containing 10% fetal bovine serum (FBS)
(Gibco, ON, Canada) and 1% antibiotic–antimycotic
(Gibco, NY). OCY454 cells were seeded at 105 cells per
100mm diameter dish (Corning, NY), and allowed to
reach 80% confluency at the permissive temperature
(33°C) for 3 days before passaging. The cells were
differentiated at the semi‐permissive temperature
(37°C) for 10 days before stimulation with flow.

MLO‐Y4 osteocytes were grown on collagen‐coated
dishes with α‐MEM containing 2.5% calf serum (Gibco,
ON, Canada), 2.5% FBS, and 1% penicillin–streptomycin
(Gibco, NY). MC3T3‐E1 osteoblast precursors were grown
in α‐MEM containing 10% FBS and 1% penicillin–
streptomycin. MC3T3‐E1s were seeded at 5 × 103 cells
per well in a 24‐well plate for the osteoblast conditioning
experiment. RAW264.7 osteoclast precursors were grown
in D‐MEM media (Wisent) containing 10% FBS, 2%
L‐glutamine (Sigma‐Aldrich, MO), and 1% penicillin–
streptomycin. RAW264.7 were seeded at 2.5 × 103 cells
per well in a 24‐well plate for the osteoclast conditioning
experiment.

Parallel Plate Flow Chamber Experiments
OCY454 osteocytes were seeded on collagen‐coated
glass slides at 2 × 105 cells per slide and incubated
at 37°C overnight. Slides were then inserted into
custom‐made flow chambers33 for OFF stimulation
with a peak shear stress of 1.2 Pa for 2 h in the
incubator. Static control cells were also inserted into
flow chambers without OFF stimulation. After flow
stimulation, slides were incubated in 10ml media for
24 h at 37°C. CM was then extracted and used for
osteoblast and osteoclast conditioning experiment.

Sclerostin and RANKL/OPG Enzyme‐Linked
Immunosorbent Assay (ELISA)
Both sclerostin and the RANKL/OPG ratio were quanti-
fied using ELISA on CM collected 24 h after the
osteocytes were exposed to fluid stimulation. Briefly,
96‐well plates were coated with capture antibodies
(R&D Systems, MN) overnight and blocked with 10%
bovine serum albumin (Bioshop, ON, Canada) in
Dulbecco’s phosphate‐buffered saline (DPBS). CM was
added and incubated for 2 h, after which detection
antibodies (R&D Systems) and secondary horseradish
peroxidase‐labeled antibodies (R&D Systems) were
added for colorimetric detection using a Spectromax i3
Multimode Detection Platform (Molecular Devices, CA).

Intracellular Calcium Response Quantification
Cells were seeded into flow channels (ibidi, Bavaria,
Germany) at a density of 2 × 105 per channel and
incubated overnight. The cells were stained with Fura‐2
AM (Thermo Fisher Scientific, MA) for 45min before
imaging. Using a custom syringe pump,34 the cells were
stimulated with OFF at 4 Pa peak shear stress and 1Hz
frequency for up to 4min. Static control cells were seeded
into ibidi channels without applying OFF. Fluorescent
signals were read, and a final ratio of 340/380 nm was
used to generate the calcium response curves. A calcium
response was identified as having two‐times fold‐change
or greater compared to baseline fluctuations.

Fluid Flow and Quantification of Adenosine Triphosphate
(ATP) Synthesis
Differentiated OCY454 cells were seeded into flow
channels (ibidi). After overnight incubation, cell numbers
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were quantified with bright field imaging. The cells in the
devices were then stimulated with OFF (2 Pa, 1Hz) for
20min. Cell lysate and collected media were combined for
the quantification of total ATP synthesis, as mentioned
previously.35 ATP levels were measured using a luciferin‐
luciferase reaction (Abcam, Cambridge, UK).

Osteoblast Conditioning Experiment
CM from a OCY454 parallel plate flow chamber
experiment was used on MC3T3‐E1 osteoblasts seeded
in 24‐well plates. CM was aliquoted and stored at −20°
C, and individually thawed during each media change.
The media in sample wells consisted of 50% CM and
50% MC3T3‐E1 media, and were replaced on day 4, 7,
10, and 14 with the same formulation. Media extracted
from these time points were used for measurements of
extracellular ALP activity, after which the cells were
used for Alizarin Red S (ARS) quantification on
day 14.

Quantification of Extracellular ALP activity
Extracellular ALP activity levels of cultured MC3T3‐E1
were quantified using a colorimetric assay. Briefly,
medium collected (40 µl) from an osteoblast condi-
tioning experiment was added to 40 µl of deionized
water and 50 µl of 5mM pNPP (Sigma‐Aldrich),
followed by 60min incubation at room temperature.
Finally, 20 µl of NaOH (Sigma‐Aldrich) was added into
the mixture to stop the reaction. The resultant
absorbance reading at 450 nm was detected using the
Spectromax i3 Multimode Detection Platform (Mole-
cular Devices).

Calcium Deposit Quantification
MC3T3‐E1 osteoblasts cultured for 14 days in CM were
fixed with 4% formaldehyde (Sigma‐Aldrich) before
staining with 40mM ARS (ScienCell, CA) for 30min.
After extensive washing with DPBS, the cells were
incubated in 10% acetic acid (ScienCell) for 30min
before being heated at 85°C for 10min. The samples
were then centrifuged at 16,000g for 20min, after
which 10% ammonium hydroxide was added to neu-
tralize the acid. The supernatant was read at 405 nm
using the Spectromax i3 Multimode Detection Platform
(Molecular Devices).

Osteoclast Conditioning Experiment and
Tartrate‐Resistant Acid Phosphatase (TRAP) Staining
RAW264.7 osteoclasts seeded in 24‐well plates were
supplied with media consisting of 50% CM and 50%
RAW264.7 media supplemented with 10 ng/ml recom-
binant RANKL (R&D Systems). CM from osteocyte flow
experiments was aliquoted and stored at −20°C and
individually thawed during each media change. The
same media composition described above was used for
media replacement on days 4, 5, and 6. Osteoclasts
were visualized using TRAP staining on day 7, as
previously described.33 Briefly, cells were fixed and
stained with the leukocyte acid phosphatase kit

(Sigma‐Aldrich). TRAP‐positive cells were counted
and grouped into small (2–4 nucleus) and large (5 or
more nucleus) osteoclasts.

Statistical Analysis
A minimum of three individual experimental trials
were run with a minimum of two samples per
experimental group, where a sample is one indepen-
dent slide of cells inside the flow chamber, or one
independent channel within an ibidi device. Student’s t‐
test (two‐tail, non‐paired) was used on the combined
data of all trials to test the significance between the
flow and no flow groups (α = 0.05). The n value
represents the total number of samples from all
experimental trials.

RESULTS
Sclerostin Expression Under OFF
To establish the OCY454 cell line as an appropriate
model for studying osteocyte intercellular signaling to
osteoblasts in vitro, there was a need to demonstrate its
mechano‐sensitivity under physiological flow condi-
tions (0.8–3 Pa, 1–9Hz33,36,37). OFF (1.2 Pa, 1 Hz) was
applied to stimulate differentiated OCY454 cells, and
soluble protein levels were measured 24 h after flow. We
observed that sclerostin expression by OCY454 cells
decreased after exposure to flow (Fig. 1A), but no
decrease in RANKL/OPG ratio was measured (Fig. 1B).
However, the RANKL secretion was significantly lower
than those previously reported from MLO‐Y4 cells
under the same condition.18

Intracellular Calcium Response After Fluid Flow
It is well established that MLO‐Y4 cells respond to fluid
flow with an instantaneous intracellular calcium
response,21 which is one of the major early events in
the mechanotransduction cascade. Outcome variables
such as responding cell percentage, response magni-
tude, and number of responding peaks have been used
as indicators of the response to flow to evaluate
osteocyte mechano‐sensitivity. We here applied OFF at
4 Pa peak shear stress to differentiated OCY454 cells
and showed that OCY454 cells had a calcium response
to this level of flow (Fig. 2). However, compared to the
calcium response of MLO‐Y4 cells stimulated under the
same flow conditions, OCY454 cells had a significantly
lower percentage of responding cells (Fig. 2A). Further-
more, the OCY454 osteocytes sometimes had a much
higher magnitude of response, unseen in MLO‐Y4 cells
(Fig. 2B and D). The response magnitudes also varied
considerably between different experiments, while
those from MLO‐Y4 cells were known to be more stable
and precise. Multiple peak responses were rarely seen
in the OCY454 cells (Fig. 2C), but occasionally observed
in the MLO‐Y4 cells (Fig. 2D). Furthermore, OCY454
cells typically had longer response durations than the
MLO‐Y4 cells, as can be seen in the long response curve
in Figure 2D, in contrast to the sharp curve observed
for MLO‐Y4 cells.
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Total ATP Content After Fluid Flow
One of the important markers of osteocyte mechano‐
sensitivity is the immediate production of ATP upon
flow stimulation. After 20min of OFF stimulation
(2 Pa, 1 Hz), both media and cell lysates were extracted

from the ibidi chambers to measure for total ATP
contents. The results showed a significant increase in
the total ATP content of OCY454 cells stimulated with
OFF (Fig. 3). This agreed with the previously observed
response from MLO‐Y4 osteocytes in vitro.21
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Figure 1. Sclerostin and RANKL/
OPG. Extracellular sclerostin and
RANKL/OPG concentration in media
from OCY454 cells were quantified
24 h after flow stimulation. (A)
Sclerostin levels measured from the
flow‐stimulated OCY454 cells were
significantly lower compared to the
no flow control group (p < 0.05, n = 6).
(B) Both RANKL and OPG secretion
levels were also measured. No
significant difference in RANKL/OPG
ratio was observed between flow and
no flow groups (p = 0.39, n = 12). OPG,
osteoprotegerin; RANKL, receptor
activator of the nuclear factor κ‐B
ligand.

Figure 2. Calcium response. Immediate intracellular calcium response was measured at the onset of oscillatory fluid flow (OFF) (4 Pa,
1Hz) stimulation. (A) Significant difference in percentage of responding cells was observed (p< 0.05, n = 6), however, no statistically
significant difference observed for (B) average magnitude of response and (C) percentage of cells exhibiting multiple responses.
(D) A graph showing the typical calcium response curve (flow stimulation started at 1min) observed from the two different osteocyte cell
lines, with the multi‐peak response shown in the MLO‐Y4 curve.

4 XU ET AL.



Flow Stimulated OCY454 Affects Osteoblast Activity
Cross‐talk between mechano‐sensing osteocytes and
osteoblasts is essential to the loading‐regulated meta-
bolic bone remodeling process. To investigate this
regulation, CM from OCY454 cells 24 h after OFF
stimulation was used to culture MC3T3‐E1 osteoblasts
over a period of 14 days. ALP activity was measured on
day 4, 7, 10, and 14 using media collected from
conditioned osteoblasts (Fig. 4A). There was a notice-
able increase in ALP activity of osteoblasts cultured in
CM from flow‐stimulated osteocytes in comparison to
CM from static osteocytes in the first three time points
(Fig. 4A). These differences diminished by day 14,
where the ALP activity stabilized to similar levels
between osteoblasts conditioned with flow and static
osteocyte CM.

In addition to intracellular ALP, calcium deposition
is often used as an important indicator of osteoblast
activity in vitro.38 Calcium deposition levels were also
measured at the end of day 14 using the ARS stain.
Although ALP levels started to stabilize, there was a
significant increase in the final calcium deposition from
osteoblasts conditioned in flow osteocyte CM (Fig. 4B).
This showed a similar trend as those observed for ALP
activity measurements from day 4 to 10 (Fig. 4B).
These results demonstrated that flow‐stimulated
OCY454 cells increased bone formation activities.

OCY454 Affects Osteoclast Differentiation
Similarly, cross‐talk between osteocytes and osteoclasts
is critical in the regulation of bone resorption. CM from
mechanically stimulated OCY454 osteocytes was used
to culture RAW264.7 osteoclast precursors supple-
mented with RANKL for 7 days. Although no signifi-
cant differences were observed between the overall
numbers of differentiated osteoclasts in the flow and no
flow groups (Fig. 5A), there was a significantly higher

number of large osteoclasts with more than five nuclei
in the no flow group (Fig. 5B). This demonstrated that
flow experienced by OCY454 cells stimulated a change
in secreted factors that altered osteoclast activity, even
though the initial ELISA results showed no differences
in the RANKL/OPG ratio.

DISCUSSION
To address one of the major challenges in the osteocyte
mechanobiology field—the lack of secreted sclerostin
from MLO‐Y4 cells, we here investigated the potential
of OCY454 cells as a new osteocyte model. We showed
that OCY454 cells responded to physiologically rele-
vant OFF with both immediate ATP synthesis as well
as long‐term sclerostin secretion. Furthermore, the
results from our conditioning experiments confirmed
that the factors secreted by OCY454 cells were capable
of regulating osteoblast activities. This is a significant
finding, since, to the best of our knowledge, there have
been very limited in vitro studies on osteocyte–
osteoblast intercellular communication, and one of the
significant factors contributing to this was the absence
of sclerostin secretion from MLO‐Y4 cells.39,40 Our
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Figure 3. Total ATP level. Total ATP contents were measured
from OCY454 cells immediately after a 20‐min stimulation with
OFF. Cell lysate and media were combined to test for total ATP.
There was a significant difference observed between cells exposed
to fluid flow versus no flow (p< 0.05, n = 6). ATP, adenosine
triphosphate; OFF, oscillatory fluid flow.

Figure 4. Osteoblast activity. Intracellular ALP activity and ARS
stain for calcium deposition in osteoblasts conditioned in CM were
measured from static or flow‐stimulated OCY454 cells.
(A) A significant difference in ALP activity was observed between
flow and no flow groups on days 4 (p<0.05, n=11), 7 (p< 0.05,
n=10) and 10 (p< 0.05, n= 10). However, this difference decreased
by day 14 (p> 0.05, n= 7). (B) A significant difference between flow
and no flow groups was observed in calcium deposition at day 14
(each line represents a separate trial, p< 0.05, n= 9). This verified
that the observed differences in ALP activity affected osteoblast
functions. ALP, alkaline phosphatase; ARS, Alizarin Red S; CM,
conditioned medium.
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results suggested that OCY454 cells have the potential
to fill this gap in knowledge.

In osteoblast conditioning experiments, the ALP
activity of MC3T3‐E1 osteoblasts conditioned with
flow‐stimulated osteocyte CM was consistently higher
than that of the no flow group at 4, 7, and 10 days after
the start of conditioning. However, the ALP activity
slightly decreased by day 14, and there was no more
significant difference between the flow and no flow
groups. We believed this might be due to our experi-
mental setup. As we were interested in the time‐lapse
change of osteoblast ALP activity in response to the
same group of osteocytes, all CM for a single well of
osteoblasts came from one specific glass slide of
osteocytes. During the conditioning experiment, vials
of CM were thawed from −20°C during media changes.
Due to the length of storage, media used on Day 10
might have significantly less protein content compared
to when it was first collected. This would affect the ALP
activity measured on Day 14, and could explain why
there was an overall reduction in ALP activity

measured in both the flow and no flow groups.
Although fresh CM could be generated from new flow
experiments for each media change, this would result
in large variations between the CM due to differences,
such as cell passages, making it difficult to isolate the
effect of the osteocyte mechano‐regulation of osteo-
blasts. However, the final ARS staining stood as a more
assuring proof to the overall effect of the 14‐day
conditioning of osteoblasts using OCY454 CM. ARS
stain from the flow group was consistently higher than
that from the no flow groups, demonstrating the lasting
effect of the mechano‐regulation of osteoblasts via
osteocytes. The difference observed between osteoblasts
conditioned in CM from static and flow‐stimulated
OCY454 cells was likely due to the flow‐induced
downregulation of sclerostin expression, though more
molecular experiments would be needed to confirm this
proposition.

Results from osteoclast conditioning experiments
also demonstrated a difference between the flow and
no flow groups. This was unexpected as the initial
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Figure 5. Osteoclast activity. Osteoclast activity was measured using TRAP stain on osteoclasts cultured in CM from OCY454 cells for
7 days. (A) There was no difference in the total number of TRAP‐positive osteoclasts. However, there was a significant decrease in the number of
large osteoclasts with five or greater nuclei when conditioned in media from the flow‐stimulated OCY454 cells (p<0.05, n= 8). (B) Sample
images with arrow showing osteoclast nucleus, where no flow group has a significantly higher number of nuclei per osteoclast. CM, conditioned
medium; TRAP, tartrate‐resistant acid phosphatase. [Color figure can be viewed at wileyonlinelibrary.com]
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ELISA quantification of the RANKL/OPG ratio
showed no major change when the OCY454 osteo-
cytes were exposed to flow. Though it had been
suggested that sclerostin might have a catabolic
mechanism to increase osteoclast activity through a
RANKL‐dependant pathway,41 RANKL levels mea-
sured from OCY454 cells using standard ELISA were
often very low, similar to the results obtained by the
original developers of the cell line,32 indicating other
pathways were at play. There was also a possibility
that the decrease in osteoclast differentiation in the
flow group could be due to β‐catenin signals. It had
been proposed in the literature that β‐catenin signals
play a role in osteoclast differentiation,42 and, as an
inhibitor of the Wnt pathway, a decrease in sclerostin
might also decrease osteoclast differentiation. How-
ever, this phenomenon is still widely debated in the
literature,43,44 and OCY454 osteocytes may be an
ideal candidate to explore this pathway in vitro.

We have also tested the immediate response of OCY454
osteocytes to flow, in an attempt to verify and quantify its
mechano‐sensitivity. Flow‐induced ATP release is a well‐
known indicator of mechanotransduction for osteocytes,
often coupled with autophagy35 and transient calcium
response.21,45 Similar to the results observed for MLO‐Y4
cells,46 the new OCY454 osteocytes also exhibited a
significant increase in total ATP expression when stimu-
lated with flow. Interestingly, the calcium response
measured from the OCY454 cells was very different
compared to the MLO‐Y4 cells. Under elevated flow
condition of 4 Pa shear stress, MLO‐Y4 cells exhibited
consistency in the percentage of responding cells, mean
magnitude of response, and percentage of multiple
responses. But when the same flow conditions were
applied to the OCY454 cells, large variations in response
were observed between different experiments. Overall,
significantly less OCY454 cells responded to flow. Further-
more, when applied with a standard in vitro fluid flow
condition of 2Pa shear stress, almost no calcium response
was observed from the OCY454 cells (data not shown). We
speculated that the large variations in response could have
been due to the heterogeneity of the cell line. Since it was a
relatively new cell line, the OCY454 cells we had been
working with were yet to be isolated to a homogeneous
population. As further development of the cell line occurs,
there should be a significant reduction in the variation of
the response. However, this did not explain the observa-
tion that there was little to no response to the normal
physiological flow condition of 2Pa shear stress. A
previous study had elicited measurable calcium responses
at 0.4 and 1.6Pa shear stress,47 using omnidirectional
laminar flow,48 which is very different from the physiolo-
gical OFF used in this study. Previous studies have shown
different cell responses under different flow profiles,49

prompting the speculation that OCY454 cells might also
have different calcium response profiles when exposed to
different flow patterns.

There is a distinct difference between the culturing
methods for the OCY454 osteocytes compared to MLO‐

Y4 cells. The overall differentiation period of the new
cell line was 14 days, which resulted in an extremely
confluent layer of cells at the end of differentiation.
This was very different from MLO‐Y4 cells, which
required passaging before reaching full confluence. It
is possible that traditional cell culturing techniques
are not ideal for OCY454 cells, and novel methods that
encompass a steady supply of nutrients during the
differentiation stage should be explored. Furthermore,
the original authors had noted avoiding passaging the
cells during the differentiation period, making it
difficult to culture to the full length of the differentia-
tion period without a substantial amount of cell death.
As osteocytes in the bone are situated in sparse
networks without direct contact between cell bodies,
it is reasonable to question whether this condition is
truly representative of the in vivo osteocytes. Future
experimentation with the OCY454 cells should inves-
tigate whether there is a more optimal protocol for
culturing these cells that can instigate a similar
morphology to in vivo osteocytes.

Based on our data herein, we believe that the
OCY454 cell line is an ideal candidate for studying
mechanically stimulated osteocytes and their effects on
osteoblast function. Their low RANKL expression also
makes them interesting candidates for studying
RANKL‐independent osteocyte mechanoregulation of
osteoclasts. However, the large variations in calcium
response and the low level of RANKL expression
highlights the limitation of this cell line in terms of
studying the intracellular calcium dependent mechan-
otransduction pathway and RANKL/OPG‐dependent
osteoclast regulation, which are the strengths of the
MLO‐Y4 cell line. Further studies will be required to
better understand the characteristics of OCY454 cells
before they can replace the currently established MLO‐
Y4 cells, particularly for intracellular calcium studies.
The scientific question yet to be answered will dictate
which cell model is most appropriate.

Due to the lack of sclerostin expression by the MLO‐Y4
cells, in vitro studies on osteocytes and many bone
diseases had been limited as there was a lack of a
physiologically accurate cell line to characterize the
diseases. Animal studies and clinical data were often
used, but without an appropriate understanding of their
pathways in vitro, it was extremely difficult to uncover
clinical solutions to these diseases. We suggest that, by
demonstrating their capability to regulate osteoblast and
osteoclast activities, OCY454 cells can be used in vitro to
study diseases such as bone dysplasia and van Buchem
disease.50 The incorporation of OCY454 cells will provide
insight into the imbalances between bone resorption and
bone formation, leading to potential clinical solutions to
disorders such as osteoporosis.

CONCLUSION
In summary, we showed that OCY454 osteocytes
responded to flow with changes in intracellular calcium
concentration, ATP contents, and sclerostin release. We
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also showed that soluble factors released from fluid
flow‐stimulated OCY454 cells could further regulate
osteoblasts and osteoclasts. Therefore, our findings
suggested that OCY454 is a promising new cell model
for in vitro osteocyte mechanotransduction studies. We
hope that, by demonstrating these traits, OCY454 cells
will be recognized as a new cell line capable of tackling
intercellular signaling studies between bone cells and
unveil molecular targets that are key to future clinical
solutions.
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