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Abstract
The purpose of this work was to establish a methodology to enable the isolation and study of
osteocytes from skeletally mature young (4-month-old) and old (22-month-old) mice. The location
of osteocytes deep within bone is ideal for their function as mechanosensors. However, this
location makes the observation and study of osteocytes in vivo technically difficult. Osteocytes
were isolated from murine long bones through a process of extended collagenase digestions
combined with EDTA-based decalcification. A tissue homogenizer was used to reduce the
remaining bone fragments to a suspension of bone particles, which were placed in culture to yield
an outgrowth of osteocyte-like cells. All of the cells obtained from this outgrowth that displayed
an osteocyte-like morphology stained positive for the osteocyte marker E11/GP38.[Q1] The
osteocyte phenotype was further confirmed by a lack of staining for alkaline phosphatase and the
absence of collagen1a1 expression. The outgrowth of osteocytes also expressed additional
osteocyte-specific genes such as Sost and Mepe. This technique facilitates the isolation of
osteocytes from skeletally mature bone. This novel enabling methodology should prove useful in
advancing our understanding of the roles mature osteocytes play in bone health and disease.
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The coordinated actions of three different types of bone cells are required for bone
remodeling in response to mechanical loading. On the surface of bone are osteoblasts, which
form new bone, and osteoclasts, which remove bone. Located deeper within the bone matrix
and housed in cave-like lacunae, are osteocytes, which function as the mechanosensory
system within bone. Osteocytes have a dendritic morphology with many cell processes
extending through canaliculi to form a highly connected communication network between
themselves and the bone surface cells. When mechanical loads are applied to bone, they are
sensed by osteocytes, which translate signals provided by mechanostimulation into
biochemical signals. These signals are believed to regulate the actions of osteoblasts and
osteoclasts, thereby providing a mechanism to regulate bone deposition and absorption
according to the local mechanical requirements of the bone (1–3).
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Osteocytes are the most abundant of the three bone cell types; however, the least is known
about them. While their location deep within the bone matrix makes them ideally situated to
sense bone strain, it also makes their observation and study in vivo difficult. Additionally,
primary osteocytes, particularly those within the long bones of skeletally mature animals,
have proven difficult to obtain and study ex vivo. Furthermore, once primary osteocytes are
obtained, their study is often limited by their inability to proliferate as they are considered
terminally differentiated cells.

To facilitate the study of osteocytes in vitro, Kato et al. created the immortalized osteocyte-
like MLO-Y4 line from osteocytes isolated from the long bones of 6-week-old transgenic
mice, in which the SV40 large T-antigen oncogene is expressed under the control of an
osteocalcin promoter (4,5). The MLO-Y4 cell line is well-characterized and represents the
phenotype of early osteocytes (4,6). This osteocyte-like cell line has been used to study
communication between osteocytes, as well as communication between osteocytes and bone
surface cells (7–13). MLO-Y4 cells have also been used in the investigation of the response
of osteocytes to various types of physical stimulation, including fluid flow and mechanical
perturbations (7–20). Although the MLO-Y4 cell line is a very powerful tool for the study of
osteocytes in vitro, there are known differences between primary osteocytes and the
immortalized MLO-Y4 cell line. For example, MLO-Y4 cells express low to undetectable
levels of Dentin matrix protein 1 (Dmp1) and Sclerostin (Sost), while osteocytes are known
to express these genes in vivo (6,21–29). The MLO-A5 cell line has characteristics of a
postosteoblast/preosteocyte. These cells are very large, over 100 nm, express all of the
markers of the late osteoblast such as extremely high alkaline phosphatase (ALP), bone
sialoprotein, PTH type 1 receptor, and osteocalcin, and rapidly mineralize in sheets, not
nodules (30). In culture, these cells begin to express markers of osteocytes as they generate
cell processes such as E11 (31), but express low levels of Sost.

Recently, a cell line has been generated that differentiates from the late osteoblast to the late
osteocyte called IDG-SW3, made by crossing the Immortomouse with the 8-kb Dmp1-GFP
transgenic mouse line. IDG-SW3 cells synthesize and mineralize a “honeycomb-like” matrix
rich in type-I collagen similar to MLO-A5 cells. Similar to osteocytes in vivo, these cells
express osteocyte marker genes from the early osteocyte marker E11 to the mature osteocyte
marker sclerostin, down-regulate Sost expression with PTH treatment and increase Fgf23
mRNA expression in response 1,25-dihydroxyvitamin D3 (32). This cell line faithfully
recapitulates the differentiation process from osteoblast to late osteocyte as observed in vivo.

While these cell lines are convenient and useful, an ideal strategy for the study of osteocyte
function ex vivo, and validation of results obtained with cell lines is to develop better
methodology for the isolation and study of primary osteocytes.

Primary osteocytes have most commonly been isolated from 16- or 18-day-old chick
calvaria (15,33–44) or from newborn through 4-day-old rat calvaria, 12-day-old mouse
calvaria (45), and 3- to 4-week-old mouse calvaria and long bones (46). More recently,
osteocytes have also been isolated from the long bones of 3-day-old Sprague-Dawley rats
(33). Calvaria from young chicks and neonatal rats and mice, as well as the long bones from
neonatal rats and young mice (3–4 weeks) are all very thin and easily processed using
sequential digestions with EDTA and collagenase. Studies utilizing these primary osteocytes
can provide insight to the behavior of osteocytes during development but do not aid in the
study of osteocytes from skeletally mature animals or enable the comparison between
osteocytes isolated from skeletally mature but relatively young mice (4- to 6-month) and
aged mice (>22-month-old).
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The purpose of the work presented here was to create an osteocyte isolation technique to
enable the isolation and study of osteocytes from the long bones of young mature and old
adult mice.

Materials and methods
Primary osteocyte isolation

Osteocytes were isolated from mouse long bones utilizing a modified protocol derived from
the combined methods of Gu et al. and Van Der Plas et al. (33,44,47). Long bones (femora,
tibia, and humeri) were aseptically dissected from skeletally mature 4-month-old (young)
and 22-month-old (old) C57BL/6 mice (Charles River Laboratories, Wilmington, MA,
USA). The bones from young and old mice were processed separately by serial digestion as
described in Table 1. The bones from each individual mouse were pooled together and
treated as one sample. Collagenase solution was prepared as 300 active U/mL collagenase
type-IA (Sigma-Aldrich, St. Louis, MO, USA) dissolved in α-minimal essential medium
(αMEM; Mediatech, Manassas, VA, USA). EDTA tetrasodium salt dehydrate (EDTA)
solution (5 mM, pH = 7.4; Sigma-Aldrich) was prepared in magnesium and calcium-free
Dulbecco's phosphate-buffered solution (DPBS; Mediatech) with 1% BSA (Sigma-Aldrich).
All steps of the digestion took place in 8 mL solution in a six-well Petri dish, on a rotating
shaker set to 200 RPM, in a 37°C and 5% CO2 humidified incubator. Following each
sequential digestion, the digest solution with suspended cells was removed from the bone
pieces and kept. The bone pieces were then rinsed with Hank's balanced salt solution
(HBSS) three times, and the rinsate was added to the digestion solution. The combined cell
suspension solution was spun down at 200× g for 5 min, the supernatant was removed from
the cell pellet, and cells were resuspended in culture medium and counted. The tissue
homogenizer used in this study (Medimachine; BD Biosciences, San Jose, CA, USA) was
utilized with a stainless steel mincing screen with a pore size of 50 μm.

Primary bone cell culture
Cell suspensions resulting from the primary isolation procedure (detailed in section above)
were cultured on type-I rat tail collagen-coated six-well plates (Becton Dickinson, Franklin
Lakes, NJ, USA) at a seeding density of approximately 250,000 cells per 9.5 cm2 in α-
minimal essential medium (αMEM; Mediatech) supplemented with 5% fetal bovine serum
(FBS; Summit Biotechnology, Fort Collins, CO, USA), 5% calf serum (CS; HyClone
Laboratories, Logan, UT, USA), and 1% penicillin and streptomycin (PS; Cellgro,
Manassas, VA, USA). Cells were maintained at 37°C and 5% CO2 in a humidified incubator
for 7 days.

Culture of MLO-Y4 cells
MLO-Y4 cells, a murine osteocyte-like immortalized cell line, were utilized as control cells
in these experiments (4,5). They were cultured on type-I rat tail collagen-coated tissue
culture plates in α-MEM supplemented with 2.5% FBS, 2.5% CS, and 1% PS. The cells
were maintained in a 37°C and 5% CO2 humidified incubator and subcultured
approximately every 72 h to maintain the cell populations at less than 70% confluent.

Culture and differentiation of MC3T3-E1 cells
The MC3T3-E1 cell line (subclone 4; ATCC, Manassas, VA, USA) was also utilized as
control cells in these experiments. They exhibit markers of osteoblast differentiation,
particularly expression of ALP after growth in ascorbic acid and phosphate, but prior to
differentiation do not express ALP. MC3T3-E1 cells were cultured on type-I rat tail
collagen-coated tissue culture plates in α-MEM, supplemented with 10% FBS, 1% PS. To
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induce osteogenic differentiation, 50 μg/mL ascorbic acid and 10 mM β-glycerophosphate
were added to the culture media. The cells were allowed to differentiate for 14 days,
changing the media as needed.

Culture of SW3 cells
The IDG-SW3 cell line were utilized as control cells for investigating osteocyte marker
expression as these cells have previously been shown to express mature osteocyte markers,
such as Mepe, Sost, and Fgf23, when differentiated (32). Cells were cultured in α-MEM,
supplemented with 10% FBS, 1% PS, and 50 U/mL interferon-γ (IFN-γ; Invitrogen,
Carlsbad, CA, USA), to induce proliferation. Upon reaching confluence, the media was
replaced with differentiation media, containing α-MEM, 10% FBS, 1% PS, 50 μg/mL
ascorbic acid, and 4 mM B-glycerophosphate, to induce osteogenic differentiation. The
media was replaced every 3 days, and the cells were differentiated for 21 days.

Viable cell counts
Following each digestion, cells were counted using a hemocytometer before being plated. A
trypan blue (MP Biomedicals, Solon, OH, USA) exclusion test for cell viability was utilized
to determine the number of dead cells in each of the cell isolations. The percentage of viable
cells was calculated for each digestion for cell isolations from both the young and old bones.

Immunostaining for E11/gp38
Primary osteocytes isolated from 4- and 22-month-old mice were immunologically
identified using an anti-E11/GP38 antibody 7 days following the isolation procedure. In
osteocytes, E11 has been shown to be responsible for dendrite elongation and is a marker of
early osteocytes. The bone cells isolated from the young and old bone particles at 7 days
post-isolation, and control MLO-Y4 cells were fixed with 4% paraformaldehyde in PBS for
10 min, then incubated with PBS for 2 min. The cells were then incubated for 45 min at
25°C with gentle shaking with blocking solution: PBS + 10% goat serum (HyClone
Laboratories). Primary antibody, podoplanin (8.1.1; Santa Cruz Biotechnology, Santa Cruz,
CA, USA) at a 1:50 dilution, was applied in PBS + 3% goat serum overnight at 4°C with
shaking. After washing with PBS, the secondary antibody-Alexa Fluor 488–labeled goat
anti-hamster IgG (Molecular Probes, Eugene, OR, USA) at 10 μg/mL was applied for 45
min at 25°C with gentle shaking. Cells were then washed with PBS, counter-stained with 4′,
6-diamidino-2-phenylindole (DAPI; Vector, Burlingame, CA, USA), and mounted prior to
imaging by fluorescence microscopy. The percentage of osteocytes within the cell isolates
was quantified by determining the percentage of E11/GP38+ cells present using DAPI to
quantify the total number of cells. A total of 10 random fields of each isolate were counted
at 200× magnification.

ALP staining
ALP staining was conducted on the cell populations isolated from the out growth of cells
from the bone particles for young (4-month-old) and old (22-month-old) murine long bones
7 days post-isolation. The media was removed, and the cells washed with DPBS, fixed with
4% paraformaldehyde for 2 min, rinsed with DPBS, and then incubated at ambient
temperature on a shaker with ALP staining solution for 30 min. A 25-mL formulation of the
staining solution consisted of 24 mL MilliQ water, 1 mL Napthol AS-MX phosphate
alkaline solution–0.25% (Sigma-Aldrich), and 25 mg Fast Violet B salts (Sigma-Aldrich).
The ALP staining solution was removed, and cells were coverslipped. For each cell
population, 10 random fields were imaged at 200× magnification. Fibroblast-like (ALP-
negative elongated spindle-shaped cells), osteoblast-like (ALP-positive and cuboidal in
shape), and osteocyte-like (ALP-negative or only weakly positive stellate cells) cell
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fractions were quantified for the osteocyte-enriched cell populations isolated from the final
bone particle digestion for the bones isolated from young (4-month-old) and old (22-month-
old) mice. MLO-Y4 cells, undifferentiated MC3T3-E1 cells, and differentiated MC3T3-E1
cells were also stained at the same time and used as controls.

Col1a1 DsRed mouse cell isolation
The osteocyte isolation procedure was utilized to procure cells from collagen DsRed mice
(generously provided by Dr. David Rowe, University of Connecticut Health Center) (n = 2,
age = 4 months). These mice express the DsRed reporter gene under control of the murine
3.6-kb Col1a1 promoter. Cells expressing COL1A1, a marker of osteoblasts, can be
positively identified by their DsRed reporter activity and distinguished from mature
osteocytes, which are negative for COL1A1 expression. Seven days post-isolation, the cell
populations from the final digestion and those from the bone particle outgrowth were
analyzed. Bright field and fluorescent images were captured at 100× magnification. A total
of five fields were randomly imaged per digestion, and the percentage of DsRed-positive
cells was calculated. Cells isolated from the early digests were used as a positive control, as
these are the osteoblast-enriched digestions (33).

Gene expression
Seven days post-isolation, RNA was isolated from the outgrowth of cells from the fine bone
particle digestion as well as the plated cells from digest 9 in both the young and old
isolations using the RNeasy Plus mini kit (Qiagen,Valencia, CA, USA) and reverse-
transcribed using the SuperScript III First-Strand Synthesis SuperMix for qRT-PCR
(Invitrogen). Reactions lacking RT, bone lysate from both young and old bones, and SW3
cells were utilized as controls. The bone lysate was derived from the bone particles obtained
from the tissue homogenizer in the final stage of the cell isolation process. RT-PCR was
performed for the following osteocytic genes: E11, Sost, Fgf23, Cox2, Mepe, Phex, and
Dmp1 using commercially available primers (Table 2). β2m was used as the endogenous
control. RT-PCR products were visualized on a 1% agarose gel stained with ethydium
bromide with a 100–1000 base pair ladder used for reference (Bio-Rad Laboratories,
Hercules, CA, USA).

Results and discussion
The isolation procedure (described in primary osteocyte isolation section of Materials and
methods) results in a highly osteocyte-enriched population of primary cells within the final
digestion as well as from the outgrowth of additional cells from the bone particles obtained
during processing in the tissue homogenizer. The isolated cells exhibited the classic
osteocyte morphology with long dendritic cell processes projecting away from the cell body
and have an osteocyte-like phenotype.

Viable cell counts
To determine how many cells could be obtained per mouse and if the cells survived the
isolation procedure, the number and viability of the cells was examined following each stage
of the process. There was a large variation in the number of cells isolated during the initial
digestions, but the later digestions consistently produced around 250,000 cells per digestion
per mouse (Figure 1). Approximately 90% of the cells in each digestion were viable based
on trypan blue staining.
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E11/GP38 staining
E11/GP38 is the earliest osteocyte-specific protein to be expressed as the osteoblast
differentiates into an osteocyte (9).[Q2] To determine what percentage of cells obtained
during the final stage of the isolation procedure expressed E11/GP38, immunofluorescent
staining was used. After 7 days in culture, the outgrowth of cells from the final bone
particles (after all nine stages of digestion and processing in tissue homogenizer) of young
(4-month-old) and old (22-month-old) murine long bones were fixed, immunofluorescently
stained, and imaged. In the outgrowth of cells from both the young and old bone particles,
100% of the isolated cells that displayed an osteocyte-like morphology also stained positive
for E11/GP38, thereby confirming the osteocyte phenotype (Figure 2). E11/GP38 is also
highly expressed in MLO-Y4 osteocyte-like cells, which were used as a positive control for
E11/GP38 staining (6). A negative control further confirmed the specificity of the antibody
(data not shown). Cells from the early stages of the digestions (digests 4 and 5) were also
plated and stained. Approximately 50% of these cells stained positive for E11/GP38 (data
not shown).

ALP staining
ALP expression and activity is an indicator of the osteoblastic state and its expression is shut
down in osteocytes. To determine what percentage of cells obtained during each stage of the
isolation procedure express ALP, a colorimetric assay for ALP expression was performed.
The percentage of osteocyte-like cells obtained during each of the digests, based on the lack
of ALP staining and a stellate/dendritic morphology, increased with each sequential
digestion (Table 3). The highest percentage of osteocyte-like cells was found in the
outgrowth of cells from the bone particles that remained after the final digestion and
processing in the tissue homogenizer (Figure 3).

COL1A1 DsRed mouse cell isolation
Collagen type-I is a major component of bone and produced by osteoblasts. To determine if
cells obtained during the isolation procedure were collagen I–producing osteoblasts, the
osteocyte isolation was carried out on the bones of mice carrying a DsRed reporter gene
under control of the murine 3.6-kb Col1a1 promoter, and the percentage of DsRed positive
cells obtained at each stage of the procedure was determined via fluorescent microscopy.
After 7 days in culture, a total of five fields were randomly imaged per stage of digestion
resulting in an average of 250 cells per digestion (Figure 4). The percent of cells expressing
DsRed was highest in the cells obtained in digests 3–5 and decreased in the later digestions
(Figure 5), suggesting that early and middle fractions were the most enriched for osteoblasts,
while late fractions contained relatively few osteoblasts.

Gene expression
Osteocytes are known to express several genes that are both important for their function and
can distinguish them from other bone cells. Osteoid osteocytes are known to express E11,
Phex, and Mepe, while mineralizing osteocytes express Dmp1, and mature osteocytes
encased in a mineralized matrix express Sost and Fgf23 (1). In osteocytes, COX2 is known
to play a role in the regulation PGE2 (prostaglandin E2) production (6). To determine if
cells isolated using the methodology described above possess a gene expression profile
characteristic of osteocytes, RT-PCR was performed. In the harvest of bone cells from both
young and old mice, cells within digest 9, as well as the outgrowth of cells from
homogenized bone particles, expressed several genes characteristic of osteocytes, including:
E11, Sost, Cox2, Mepe, Phex, and Dmp1 (Figure 6). Total bone lysate and the SW3 cell line
(32) were used as positive controls. As can be seen, all genes were expressed to various
levels in young mouse bone lysate, old mouse bone lysate, and SW3 cells. The young mouse
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digest 9 gene expression profile was very similar to the young mouse cells from particles,
however there was less Fgf23 in digest 9 compared with the cells from the particles. The old
mouse digest 9 was very similar to old mouse cells from particles where no Fgf23 was
detected. Whereas there appeared to be lower expression of Phex in the old mouse cells
from particles, these experiments would have to be performed in triplicate to determine if
significant differences exist.

In this study, we were able to successfully isolate primary cells displaying several
characteristics of osteocytes from the long bones of skeletally mature 4-month-old and 22-
month-old mice through a process of sequential digestions and the use of a tissue
homogenizer. From both the 4-month-old and 22-month-old mice, approximately 250,000
cells per osteocyte-enriched digestion (digestions 7–9) were obtained. These cells expressed
E11/GP38 protein, and they lacked ALP and COL1A1 expression found in osteoblasts.
Furthermore, several genes known to be expressed in osteocytes were also expressed in the
cells obtained using our methodology. These include E11/gp38, Sost, Cox2, Mepe, Phex,
and Dmp1. While Fgf23 expression was not detected in cells within digest 9 from young and
old mice or the outgrowth of cells from homogenized bone particles from old mice, it was
highly expressed in the total bone lysate and SW3 controls and faintly in the outgrowth of
cells from homogenized young bone particles. Fgf23 expression is down-regulated by
DMP1 and PHEX and up-regulated by MEPE, 1,25-dihydroxyvitamin D3, and PTH by
unknown mechanisms (48,49). In IDG-SW3 cells, Fgf23 expression was detected after 2
weeks in culture under mineralizing conditions, therefore it appears to be a late expression
gene (32). Therefore, this gene may be more quickly lost upon isolation and culture.

A limitation of our gene expression results is that they are representative of the total
population of cells obtained during each stage of the procedure and not individual cells.
Therefore, it remains possible that not all of the E11/GP38 expressing cells (nearly 100% of
the cells obtained during the final stages of the procedure) express each of the genes listed
above. In fact, this would be expected, as the procedure should lead to the isolation of both
early and late osteocytes, which are known to differ in Dmp1 and Sost expression in vivo.
Thus, a limitation of the procedure is that a mixed population of cells is obtained during
each digest; however, this is a common problem with working with primary cells and
certainly not unique to isolating osteocytes.

This isolation technique can be used in a number of ways. By combining our osteocyte
isolation procedure with fluorescence-activated cell sorting (FACS) to sort pure populations
of E11/GP38+ cells from bone, a more homogeneous population could be obtained, and
cells isolated from the earlier digestions could be included as well. We believe that FACS
holds promise, because we found that the cells did not require permeabilization for E11/
GP38 staining. Whether or not E11/GP38 staining can be achieved in unpermeablized, live
cells and used to obtain a highly enriched population of osteocytes or osteocyte-like cells
remains to be tested. A similar alternative would be to use this isolation procedure to obtain
cells from the bones of transgenic mice carrying the green fluorescent protein (GFP) under
control of the Dmp-1 promoter (50) and sort Dmp-1 expressing cells (osteocytes) using
FACS.

This methodology makes it possible to directly compare osteocytes obtained from young
adult and aged adult bone in several important ways including age-related differences in
mechanosensitivity that may play a role in the deterioration of bone quality with age and in
diseases such as osteoporosis. Osteocytes could also be obtained from mouse models of
various diseases, different strains of mice with different bone characteristics, and transgenic
mice designed to test specific hypotheses related to osteocyte biology. Our future work will
include attempts to utilize the methodology described herein to obtain primary osteocytes
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from bone samples procured from both nonhuman primates and clinical bone samples. With
the additional capability of isolating and culturing osteocytes procured from young and old
skeletally mature mice, a new area of osteocyte research becomes available where total
reliance on osteocyte-like cell lines is no longer necessary.
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Figure 1. Total number of cells and percentage of viable cells obtained at each stage of digestion
during osteocyte isolation
(A) Total number of cells obtained from the combined long bones of a single mouse during
each stage of digestion from the long bones of a single mouse. (B) The percentage of viable
cells isolated during each stage of digestion based on trypan blue staining (n = 4 for both the
4-month-old and 22-month-old mice).
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Figure 2. Primary osteocytes display an osteocyte-like morphology and express
E11/GP38. After 7 days in culture, a majority of the (A and B) young and (C and D) old
cells from the bone particle outgrowth displaying an osteocyte-like morphology also stained
positive for E11/GP38 (green). (E and F) MLO-Y4 osteocyte-like cells were used as a
positive control for the E11/GP38 staining. DAPI (blue) stain was utilized to identify cell
nuclei and count cells. Phase-contrast images of the same fields (C and D) are shown for
comparison (magnification = 200× in all images).
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Figure 3. ALP staining
ALP staining of cells isolated from (A) young (4-month-old) and (B) old (22-month-old)
mouse bone particles. (C) MC3T3-E1 cells differentiated along the osteogenic lineage were
utilized as positive controls.
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Figure 4. DsRed expression in cells obtained during the osteocyte isolation procedure carried out
on COL1a1-DsRed transgenic mice
Bright field (BF) and fluorescent images were captured from five random fields of each of
the cell populations isolated from each digestion. Representative images from the odd
digestions are included here.
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Figure 5. COL1A1 expression in cells obtained at each stage of the osteocyte isolation procedure
The percentage of cells expressing DsRed, which was driven by the COL1A1 promoter, was
calculated for each digestion 7 days post-isolation (n = 2).
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Figure 6. Gene expression of the cells obtained during the osteocyte isolation procedure
RT-PCR was used to assess the expression of genes characteristic of osteocytes with total
bone lysate and SW3 cells used as positive controls. β2m was utilized as a housekeeping
gene, and -RT reactions [Q AU: Do you mean “negative RT reactions” here?] confirmed
that genomic DNA was not present. All products were of the expected size; 100-bp ladder.
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Table 1

Osteocyte isolation from murine long bone

Step Description

1. Murine long bones (femurs, tibiae, and humeri) were dissected.

2. Bones were placed in αMEM with 10% penicillin and streptomycin.

3. Soft tissue (any remaining muscle and connective tissue) and periosteum were removed through scraping and extensive washing.

4. Bones were placed in fresh αMEM with 10% penicillin and streptomycin.

5. Epiphyses were cut off, and the marrow was flushed out with HBSS using a syringe or by centrifugation.

6. Bones were washed, cut lengthwise, and then cut into 1- to 2-mm lengths.

7. Bone pieces were placed in HBSS.

8. Bone pieces were incubated in collagenase solution for 25 min, the solution was aspirated and kept for cell plating, and the bone pieces
were washed in HBSS. This was repeated two more times, for a total of three digestions.

9. Bone pieces were incubated with EDTA solution for 25 min, the solution was aspirated and kept for cell plating, and the bone pieces
were washed in HBSS (digestion 4).

10. Bone pieces were incubated with collagenase solution for 25 min, the solution was aspirated and kept for cell plating, and the bone
pieces were washed in HBSS (digestion 5).

11. Bone pieces were incubated with EDTA solution for 25 min, the solution was aspirated and kept for cell plating, and the bone pieces
were washed in HBSS (digestion 6).

12. Bone pieces were incubated with collagenase solution for 25 min, the solution was aspirated and kept for cell plating, and the bone
pieces were washed in HBSS (digestion 7).

13. Bone pieces were incubated with EDTA solution for 25 min, the solution was aspirated and kept for cell plating, and the bone pieces
were washed in HBSS (digestion 8).

14. Bone pieces were incubated with collagenase solution for 25 min, the solution was aspirated and kept for cell plating, and the bone
pieces were washed in HBSS (digestion 9).

15. Remaining bone pieces were minced in αMEM utilizing a tissue homogenizer and the resulting suspension of bone particles was
directly plated.
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Table 2

RT-PCR primers used.

Gene Gene symbol TaqMan gene expression
assay primer

Amplicon length (bp)

Podoplanin E11/Pdpn/Gp38 Mm00494716_m1 86

Sclerostin Sost Mm00470479_m1 55

Fibroblast growth factor 23 Fgf23 Mm00445621_m1 98

Prostaglandin-endoperoxide synthase 2 Cox2 Mm01307329_m1 97

Matrix extracellular phosphoglycoprotein with ASARM motif Mepe Mm02525159_s1 152

Phosphate regulating gene with homologies to endopeptidases on
the X chromosome

Phex Mm00448119_m1 137

Dentin matrix protein 1 Dmp1 Mm00803831_m1 91

β-2 microglobulin β2m Mm00437762_m1 77

RT-PCR was performed for genes expressed in osteocytes using Taqman Gene Expression Assays primers (Applied Biosystems, Foster City, CA,
USA).
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Table 3

Quantification of cell types in late digestions based on ALP expression and morphology.

Murine long bone osteocyte enriched digestions

Cell population Fibroblast-like cells
a
 (%) Osteoblast-like cells

b
 (%) Osteocyte-like cells

c
 (%)

Digestion 6 20.93 48.84 30.23

Digestion 7 11.11 25.93 62.96

Digestion 8 5.41 31.08 63.51

Digestion 9 10.64 19.15 70.21

Young bone particles 4.49 15.73 79.78

Old bone particles 5.36 9.82 84.82

ALP staining controls

Cell population ALP positive (%) ALP faintly positive (%) ALP negative (%)

MLO-Y4 8.21 17.47 74.32

MC3T3-E1 0.00 0.00 100.00

MC3T3-E1 Differentiated 99.50 0.50 0.00

Fibroblast-like (ALP-negative elongated spindle-shaped cells), osteoblast-like (ALP-positive and cuboidal in shape), and osteocyte-like [ALP-
negative (or only weakly positive) stellate cells] cell fractions were quantified for each of the osteocyte enriched digestion phases as well as the
final bone particle digestion for the bones isolated from young (4-month-old) and old (22-month-old) mice. MLO-Y4 cells, undifferentiated
MC3T3-E1 cells, and differentiated MC3T3-E1 cells expressing osteoblast markers were used as controls.

a
ALP-negative elongated spindle-shaped cells.

b
ALP-positive and cuboidal in shape.

c
ALP-negative (or only weakly positive) stellate cells.
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