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Abstract

A human bone tissue model was developed by constructing ex vivo the 3D network of osteocytes
via the biomimetic assembly of primary human osteoblastic cells with 20-25 pm microbeads and
subsequent microfluidic perfusion culture. The biomimetic assembly: (1) enabled 3D-constructed
cells to form cellular network via processes with an average cell-to-cell distance of 20-25 um, and
(2) inhibited cell proliferation within the interstitial confine between the microbeads while the
confined cells produced extracellular matrix (ECM) to form a mechanically integrated structure.
The mature osteocytic expressions of SOST and FGF23 genes became significantly higher,
especially for SOST by 250 folds during 3D culture. The results validate that the bone tissue
model: (1) consists of 3D cellular network of primary human osteocytes, (2) mitigates the
osteoblastic differentiation and proliferation of primary osteoblast-like cells encountered in 2D
culture, and (3) therefore reproduces ex vivo the phenotype of human 3D-networked osteocytes.
The 3D tissue construction approach is expected to provide a clinically relevant and high-
throughput means for evaluating drugs and treatments that target bone diseases with in vitro
convenience.
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1. Introduction

Osteocytes reside as 3D-networked cells within mineralized extracellular matrix (ECM)
cavities (“lacunae”) in bone tissues, and are interconnected by dendritic cell processes and
gap junctions along ECM canals (“canaliculi”).[1]-[4] Osteocytes function as master
regulators of homeostatic bone remodeling[1], [2], [4] and play important roles in the
metabolic regulation of minerals. [3] Also, recent studies suggest that osteocytes, as 3D-
networked cells, can interact with bone marrow cells[5] as well as prostate cancer and
multiple myeloma cells located on the bone marrow side. [6]-[9]

Our long-term motivation is to reconstruct ex vivo the 3D-networked lacunocanalicular
structure of human primary osteocytes, as a clinically relevant means of developing high-
throughput in vitro bone tissue models. We anticipate that these 3D tissue models can be
used for: (1) evaluating the efficacy of drugs targeting bone diseases and metastases and (2)
reducing current reliance on animal models that have limited relevance to human disease and
thus often poorly correlate with clinical outcomes. For example, primary human multiple
myeloma, prostate, and breast cancer cells rarely metastasize to animal bone,[10] Because of
this reason, state-of-the-art patient-derived xenograft models use implanted fetal human
bone chips to which human tumor cells can metastasize.[11]-[14] However, the xenograft
models suffer from: (1) implanted bone chips often becoming poorly vascularized, causing
bone cell death; (2) difficulties in obtaining fetal samples for consistent results; and (3)
several months needed for tumors to develop, contributing to high costs.[15]-[17]

For the clinical relevance of bone tissue models, the use of human primary osteocytes is
critically important since: (1) immortalizing human cells into cell lines by gene transfection
perturbs the cells’ gene expression profiles and cellular physiology[18]-[20] and (2) cell
lines cannot capture the genotypic and phenotypic heterogeneity of primary cells.[20] Also,
another significant problem with available murine and human cell lines such as MLO-Y4,
[21] MLO-A5,[ 22] and HOB-01-C148[23] is the lack of mature osteocytic gene expressions
(e.g., SOST and FGF23) during conventional 2D culture. The ability to replicate SOST-
expressing osteocytes is particularly important since: (1) this gene produces sclerostin, a
major signaling molecule that regulates the development of osteoblasts;[24]-[26] (2) SOST/
sclerostin is an important target for treating osteoporosis[27] and tumor-induced osteolytic
lesions;[28] and (3) elevated levels of sclerostin have been associated with the severity of
multiple myeloma.[29]-[31]
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As summarized in Fig. 1, we previously reported[32] that the physiological morphology and
biological functions of murine primary osteocytes can be replicated ex vivo by their 3D
network construction in microfluidic culture chambers. We used a microbeads-guided
assembly approach that: (1) consists of 3D cellular network of primary osteocytes, and (2)
mitigate the rapid osteoblastic dedifferentiation and proliferation of primary osteoblast-like
encountered in conventional 2D culture.[32], [33] In this biomimetic assembly
approach[32], [34]and as illustrated in Fig. 1b, biphasic calcium phosphate (BCP)
microbeads of 20-25 pum were used to: (1) spatially distribute osteocyte cell bodies into the
interstitial spaces between the microbeads with one cell occupying each interstitial site while
allowing them to develop processes with neighboring cells with the physiologically relevant
lacuna and interlacunar dimensions and (2) provide a mechanically stable framework to
maintain the microscale geometry and dimensions of the 3D cellular network during
perfusion culture. Since osteocytes have a typical diameter of 8-10 um, microbeads with
diameters of 20~25 um were chosen to allow a cell to be placed within the interstitial site
that is sufficiently large, but small for occupation by more than a few cells. Compared to
other state-of-the-art bone tissue models,[35]-[39] our approach uniquely replicates
physiologically relevant cell-to-cell distance, phenotype, and functions.

In this study, we demonstrate that a human 3D osteocytic tissue model can be developed by:
(1) applying the 3D network construction approach, (2) using primary human bone cells
isolated from bone fragments discarded during total joint replacement surgeries, and (3)
evaluating the viability, proliferation, and differentiation of the 3D-constructed cells.

2. Materials and Methods

2.1. Collection of human bone samples

Discarded bone samples were obtained with informed consent from seven patients
undergoing hip or knee joint replacement surgeries. Protocol (Pro5059) for collection of
samples and consent of patients was approved by the Institutional Review Board (IRB) of
Hackensack University Medical Center. Table 1 summarizes donor information, the location
and nature of the bone samples obtained, and the experimental use of the samples. As an
example, a hip fragment (Patient Sample #6) is shown in Fig. 2a.

2.2. Cell isolation from human bone samples

Bone samples were cleaned using a scalpel to remove soft tissue and cartilage regions and
cut into 1-5 mm chips in length and width. In initial experiments, bone chips were subjected
to collagenase digestion procedures previously developed by Stern et al.[40] for murine long
bone samples. In brief, bone chips were digested using a collagenase solution (300 active
units/mL) in a-minimal essential medium (a-MEM) and an ethylenediaminetetraacetic acid
(EDTA) solution of 5 mM with 1% (v/w) bovine serum albumin (BSA). A total of up to 7
consecutive digestion cycles (20 min per digestion cycle) were performed. The isolated cells
were collected after each digestion step.

The isolated cells were cultured in a collagen-coated 6-well plate with a seeding cell density
of 5x105-1x108 per well using a.-MEM supplemented with 10% fetal bovine serum (FBS)
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and 1% penicillin/streptomycin (P/S) at 37°C and 5% CO,. Two modifications were made
from the procedures of Stern et al.[40] The viability and number of isolated cells were
increased by: (1) vortexing the bone chips in Hank's balanced salt solution (HBSS) for 3 s
between digestions cycles to wash them thoroughly and (2) washing the isolated cells after
overnight culture gently with PBS and refilling the culture wells with fresh medium gently.

2.3. Alkaline phosphatase (ALP) staining

Osteoblastic populations in fresh isolated and cultured cells (8 days after isolation) were
analyzed for ALP expression. To assess the effect of digestion cycle on as-isolated
osteocytic and osteablastic populations, the isolated cells were stained at Day 0 with ALP
after 4 to 7digestions. For the effects of digestion cycle on cell development of isolated cells,
the isolated cells were stained at Day 8 with ALP after 4 to 7 digestions. Also, for the effects
of digestion cycle on the osteoblastic differentiation of the isolated cells, the cells were
stained with ALP at Day 14 after 1 to 4 digestions. The cells were fixed with 4%
paraformaldehyde (PFA) for 10 min, washing with phosphate-buffered saline (PBS), staining
with the TRACP&ALP double-stain Kit (TaKaRa) for 30 min at 37°C, and labeled with 4',6-
diamidino-2-phenylindole (DAPI, Sigma-Aldrich) to identify cell nuclei. After staining,
ALP-positive cells appeared purple-blue in color. The stained samples were washed with
PBS and observed under a microscope (Eclipse Ti-E, Nikon). Cells were counted in 10
different randomly selected areas containing between 100-500 cells per view.

2.4. Microbeads-guided 3D network construction

As described elsewhere in detail,[41] we used a polydimethylsiloxane (PDMS)-based
microfluidic culture device which consisted of eight perfusion culture chambers (6 mm x
200 pm in thickness) showed in Fig 1a. Cells were isolated from the fourth digestion cycle,
cultured for 10 days in a 6 well plate, and removed by trypsinization for subsequent use in
3D construction experiments. The removed cells were mixed with BCP microbeads (68% of
hydroxyapatite and 32% of p-tricalcium phosphate; CaP Biomaterials) prior to assembling
them into the 3D culture chamber. The microbeads were sieved to a size range of 20-25 pm,
coated with collagen type | (Sigma-Aldrich) using a collagen/acetic acid solution (0.15
mg/mL) for 1 h, and washed with PBS three times. 2x107 cells/mL and 2x10’
microbeads/mL were mixed thoroughly in an osteogenic a-MEM with 10% (v/v) FBS, 50
pg/mL ascorbic acid (Sigma), 3 mM B-glycerophosphate (Sigma) and 1% (v/v) P/S. 10 puL
of the mixture was placed into the culture chamber using a micropipette. Cells and
microbeads were assembled with details described in our previous study[34], and as
illustrated in Fig. 1b.

The culture device was then placed inside of a conventional incubator (5% CO5). The
osteogenic a-MEM was supplied to the culture chambers using syringe pumps (KD
Scientific) located outside of the incubator via polyethylene tubing. The reconstructed 3D
samples were cultured up to 21 days at a flow rate of 1 pL/min. For 2D culture control, cells
were seeded into a 24-well plate at a concentration of 10,000 cells/well. Medium was
replaced every 1 to 2 days.
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After 7 days of culture, the 3D-networked samples were harvested from the culture
chambers and stained with a live/dead viability/cytotoxicity kit (Thermo Fisher Scientific).
After the stained 3D network was broken down into single cells with a tissue grinder, live
(green) and dead (red) cells were counted and averaged from 10 different randomly selected
fields with 20-50 cells per field.

Effluents from the 3D culture chambers were collected weekly up to 3 weeks (i.e., Days 1
through 7, Days 8 through 14, and Days 15 through 21). The weekly collections were
needed to obtain sufficient quantities of the effluents for ELISA measurements. The
effluents were concentrated 7x by protein concentration filtration (Millipore). Sclerostin
expression was tested with the ELISA kit (R&D systems) according to the manufacturer’s
instruction.

For RT-PCR quantification of gene expressions, RNA was isolated from cells in 3D and 2D
culture samples using a RNA Mini kit (Ambion) per the manufacturer’s instructions. One ug
of the total extracted RNA from each sample was used for cDNA synthesis in the following
manner: 3 pL of 10 mM Oligo-dT solution (Sigma) added to 16.5 pL of the RNA solution,
heated at 75°C for 5 min, and cooled on ice. A total of 30 pL reaction solution was prepared
by adding 1 uL RNasin ribonuclease inhibitor (Promega Corp), 1.5 uL dNTp (Promega), 2
UL reverse transcriptase (Promega) and 6 L reverse transcriptase buffer (Promega). cDNA
was prepared by incubating the reaction solution for 1.5 h at 37°C in a water bath. To stop
the reaction process, the samples were heated at 95°C for 3 min, and immediately placed on
ice. A final volume of the 20 pL reaction solution, consisting of 2 uL of the cDNA template,
1 L of the primer, 10 pL of RT-PCR master mix (Tagman) and 7 pL of DEPC-treated water,
was prepared for quantitative RT-PCR assay (StepOnePlus, Applied Biosystems).
Amplification conditions were as follows: 95°C, 20s; 95°C, 1 s, 60°C, 20 s, 40 cycles.

Target gene expression was normalized to GAPDH and fold changes in expression relative
to untreated control were determined using the 2~(Ct(target gene)-Ct(GAPDH)) Tagman gene
expression probes (Applied Biosystems, Thermo Fisher Scientific) were used to analyzed
the following genes: ALPL (encoding ALP, an osteoblast marker), PDPN (encoding
podoplanin or E11, preosteocyte marker), Coll (encoding type 1 collagen), SOST (encoding
sclerostin) and FGF23 (encoding Fibroblast growth factor 23). All primers for gene
expression are summarized in Supplementary Table 1.

2.7. Histology and immunohistology

The 3D culture samples were removed from the culture chambers and fixed with 4% PFA.
The fixed samples were paraffin-embedded, cut into histological sections of 10-um thick,
and stained with hematoxylin and eosin (H&E, Sigma-Aldrich). The sections were
deparaffinized and permeabilized using 0.1% (v/v) triton x-100 for 10 min followed by the
steps described in Section 2.4 for sclerostin immunostaining.
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2.8. Sclerostin immunostaining

Osteocytic populations in isolated and cultured cells were characterized for sclerostin
production. Cells were fixed as described earlier and permeabilized using 0.1% (v/v) triton
x-100 for 10 min. To block unspecific antibody binding, cells were incubated in PBS with
3% (w/v) BSA for 1 h at room temperature. The cells were then further incubated overnight
at 4°C with a rabbit anti-human sclerostin antibody (Abcam) followed by secondary staining
with a fluorescence-conjugated antibody (goat anti-rabbit TRITC, Abcam). Cells were also
stained with DAPI. Early osteocytic cell line (MLO-AS5) used as ALP-positive and
sclerostin-negative control. Sclerostin-positive cells were counted in 10 different randomly
selected areas containing between 100-500 cells per field.

2.9. Statistics

3. Results

Immunostaining of isolated cells by ALP and sclerostin was performed in triplicate wells
using one representative patient sample, as specifically noted in the captions of Figs. 4 and 7
and Supplementary Fig. 2b. ELISA was performed in quadruplicates using one patient. RT-
PCR was performed in triplicates from two patient samples. Student t test was used when
comparing two groups. P<0.05 was considered significant. Excel was used for the analysis.
Standard errors of mean were used in this study.

3.1. General cell isolation behavior observed from human bone samples

In comparison to our previous results on murine long bone samples,[32] it took a less
number of digestion cycles to isolate cells from human bone fragments. Also, the number of
isolated cells became significantly less after the eighth digestion cycle (i.e., “D8”) for the
human samples. The number of the isolated cells was around 0.5 to 1 million after each
digestion.

When we used the procedures previously optimized for the murine bone samples,[32], [40]
freshly isolated cells were not healthy and did not become viable during subsequent 2D
culture. Hence, we modified the procedures by: (1) vortexing the bone chips between
digestion steps to wash thoroughly and remove small bone debris and (2) further washing
cells gently after overnight culture and refilling with a fresh medium. These procedural
changes significantly increased the viability of isolated cells during 2D post-digestion
culture. Isolated cells were round initially and took about 7 days to spread and proliferate
(Supplementary Fig. 1).

3.2. Effects of the number of digestion cycles on the number and osteocytic nature of as-
isolated cells

Fig. 3 shows the effects of the number of digestion cycles (D4 through D7) on the cells
density and the osteocytic nature of isolated cells (i.e., at Day 0). ALP staining was used as
an osteoblastic marker, and sclerostin staining as a mature osteocytic marker. The isolated
cells, regardless of the digestion cycle number, were round in shape and not adherent. Also,
many cells from D5, D6, and D7 were stained as sclerostin-positive. As quantified in Fig. 4,
the fraction of sclerostin-positive cells was in the range of 56 to 73% for D5, D6, and D7
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whereas that for D4 was only ~20% which is significant lower (P<0.05). However, as
quantified in Fig. 5, the number density of isolated cells decreased considerably after D4.
The results suggested that the freshly isolated cells were more osteocytic after D4, but with
the lower density of cells.

3.3. Effects of post-digestion 2D culture on the proliferation and differentiation of isolated

cells

After 8 days of 2D culture, isolated cells became spread and adherent, independent of the
digestion cycles (Fig. 6). Also, the cells proliferated significantly to reach confluence with
the dominant presence of ALP-positive cells. The quantified data in Fig. 7 show that >80%
of the cells were ALP-positive with <20% being sclerostin-positive, regardless of the
digestion cycle number. The results suggested that a proliferating population containing
>80% osteoblastic cells could be obtained upon post-isolation 2D culture of the isolated
cells. Note that, when the digestion cycle number was less than 4 (i.e., D1, D2, and D3),
post-isolation 2D culture produced much lower percentages of osteoblastic cells, only in the
range of 8 to 36% (Supplementary Fig. 2).

3.4. Development of 3D-constructed bone cells

We used bone cells isolated at D4 (Fig. 2b) and cultured for 10 days (Fig. 2c) because the
above results suggested that the highest number of healthy and osteoblastic cells could be
obtained with D4. Fig. 2d shows that a mechanically integrated 3D network structure could
be produced. The histologic images in Figs. 2e to 2h showed that cells resided in the
interstitial sites between the microbeads. About 90% of the cells trapped in the interstitial
were found to be viable (Supplementary Fig. 3). The entrapped cells formed cellular
network through the dendritic processes (Figs. 2f and 2g). Also, by counting the number of
cells and microbeads in the images, we determined that the number ratio of cells and
microbeads remained in the range of 0.95 to 1.1. This result suggested that the entrapped
cells did not proliferate. Collagen like ECM were stained in H&E staining and filled in the
interstitial space. No mineralization deposited was found with 2 weeks culture.

As shown in Fig. 8, the ALPL expression of the 3D-networked cells, constructed using two
different patient samples, decreased after 14 days of culture. Also, COL1 significantly
increased. FGF23 became detectable after 3D culture. SOST increase significantly (p<0.05).
Meanwhile, PDPN increased with Patient Sample #6 and decreased with Patient Sample #4
after 3D culture. In comparison to 2D culture, ALPL was lower in 3D, but COL1 was
upregulated. PDPN was higher in 3D, but to different levels between Patient Samples #4 and
#6. FGF23 and SOST remained very low or were not detected during 2D culture.

Immunohistology image in Fig. 2h showed that the 3D networked osteocytes expressed
slcerostin after 14 days of culture. ELISA data shown in Fig. 9 showed that the level of
sclerostin in the culture medium increased during the 3D culture period of 3 weeks. Note
that, for each of four separate 3D culture chambers used in this experiment, the effluent
stream was collected every week. The weekly medium collection was needed to obtain
detectable quantities of sclerostin in the effluents.
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4. Discussion

In this study, human primary bone cells were assembled with BCP microbeads and cultured
to form 3D-networked osteocytes during microfluidic perfusion culture (Figs. 1 and 2d). The
3D-assembled osteocytes were connected via processes with an average cell-cell distance of
20-25 pm (Figs. 2e and 2f). The cell-to-cell distance was in part controlled by the diameter
of the microbeads, as discussed in our prior publications.[32], [34] Cell proliferation was
inhibited within the interstitial confine between the microbeads.

With increasing 3D culture time, the mature osteocytic expressions of SOST and FGF23
became significantly higher (Figs. 8 and 9). Also, the networked cells produced ECM to
form a mechanically integrated tissue structure (Fig. 2d). The 3D culture results obtained for
the human cells were similar to those observed with primary murine bone cells[32] and
MLO-A5[34] except for that MLO-A5 produced significantly more ECM than the primary
cells, and therefore a much denser tissue structure.[34]

In comparison to other 3D culture studies reported for osteocytic cells, the inhibited
proliferative behavior of our 3D-constructed cells is particularly noteworthy and important.
The proliferation of bone cells can lead to the formation of disordered and random cell
aggregates, as reported by: (1) Prideaux et al.[35] for human primary osteocyte culture in
collagen gel, Mulcahy et al.[36] and (2) Vazquez et al.[37] for MLO-Y4 cell cultures with
matrigel and collagen gel, respectively. These 3D gel culture approaches resulted in very low
cell densities and physiologically irrelevant cell-to-cell distance and 3D network structure.

In another example, Boukhechba et al.[38] produced proliferated and aggregated osteocytic
cells in the large interstitial space between 40-80 pm BCP particles.

Prior to the 3D construction, we isolated and cultured bone cells in 2D for 8 days to: (1) cell
recovery from the stringent isolation procedure required to digest bone fragments
(Supplementary Figs. 1 and (2) obtain sufficient cell numbers (Figs. 2b and 2c). We
previously used a similar strategy to form the 3D-networked osteocytes using primary
murine bone cells.[32] Consistent with our prior finding, the results from this study
demonstrate that microbeads can be assembled with human primary osteoblastic cells to: (1)
consists of 3D cellular network of primary human osteocytes, (2) mitigate the proliferation
of the primary cells encountered in 2D culture, and (3) reproduce ex vivo the phenotype of
human 3D-networked osteocytes.

Interestingly, we found that human bone cells were easier to digest than murine primary
bone cells. Prideaux et al.[35] recently reported that they could isolated human osteocytes
using 5 digestion cycles or more (<8 cycles) and reported similar results to ours. This study
however focused only on the isolation and did not track the cell population change during
2D culture. We also found that the proliferated human primary osteoblastic population could
be preserved in liquid nitrogen for subsequent use up to 4 passages (data not shown), as a
practical source of constructing primary human 3D-networked osteocytes.

Further work is currently being conducted to demonstrate the utility of this ex vivo tissue
model approach to study the regulatory functions of the 3D-networked osteocytes such as
mechanotransduction and bone homeostasis. Currently, preclinical drug evaluation relies
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primarily on animal models. However, animal models have limited relevance to human
disease and health, and are most often very poor at potential predicting clinical outcomes.
[42]-[45] The human tissue model presented here is expected to provide a paradigm-
changing avenue for alleviating current reliance on animal models, which are expensive and
time consuming and yet often do not correlate with observed clinical responses.

5. Conclusions

A human 3D bone tissue model was developed by constructing ex vivo the 3D network of
osteocytes via: (1) the biomimetic assembly of primary human osteoblastic cells with 20-25
um and BCP microbeads and (2) subsequent microfluidic perfusion culture. The isolation
and proliefration procedures of bone cells from human bone fragments were optimized to
obtain a sufficient number of osteoblastic cells for the 3D construction experiments. The
biomimetic assembly: (1) enabled 3D-constructed cells to form cellular network via
processes with an average cell-to-cell distance of 20-25 um and (2) inhibited cell
proliferation within the interstitial confine between the microbeads while the confined cells
produced ECM to form a mechanically integrated structure. With increasing 3D culture
time, the mature osteocytic expressions of SOST and FGF23 genes became significantly
higher. In contrast, these expressions remained very low or were not detected during 2D
culture. The results validate that the 3D bone tissue model: (1) consists of 3D cellular
network of primary human osteocytes, (2) mitigates the osteoblastic differentiation and
proliferation of primary osteoblast-like cells encountered in 2D culture, and (3) therefore
reproduces ex vivo the phenotype of human 3D-networked osteocytes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
Human bone tissue model, mimicking 3D-networked primary osteocytes

Enhanced expression of osteocyte markers and inhibited proliferation of
primary human osteoblasts

Replicated in vivo phenotype of primary human osteocytes for the first time

Bone. Author manuscript; available in PMC 2018 December 01.



1duosnuey Joyiny 1duosnuepy Joyiny 1duosnuepy Joyiny

1duosnuey Joyiny

Sunetal.

Page 14

Glass shae

Microbeads
pulled out

Fig. 1. Construction of 3D-networked murine primary osteocytes with modified images from the
our previous publication

[32] (a) microfluidic perfusion device with 6 culture chambers, (b) cross-sectional view of a
3D culture chamber with the red arrows indicating the overall direction of culture medium
flow through the device, (c) schematic illustration of microbeads-guided assembly, and (d)
histologic image of 3D-networked osteocytes with the red arrows indicating medium flow
direction with respect to the tissue sample. Scale bar: 20 um.
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Fig. 2. 3D-networked osteocyte construction using primary human bone cells
(a) hip fragment shown as an example; (b) as-isolated cells after 4 collagenase digestion

cycles; (c) proliferated osteoblastic cells after 10 days of 2D culture; (d) 3D tissue sample
constructed using 20-25 um microbeads and proliferated cells and 14 days of perfusion
culture; () H&E histologic images showing the formation of 3D cellular network as
indicated by black arrows in (f) and white arrows in (g); and (h) immunostaining for
sclerostin (red). (d) —(f) from patient sample #6 and (g)—(h) from patient sample #4. Scale
bar: 25 pm.
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D6 D7

Fig. 3. Effect of digestion cycle on osteocytic and osteoblastic populations
Data representative of one patient sample (#3). Freshly isolated cells were stained with ALP

& sclerostin to detect osteoblasts and osteocytes, respectively. Scale bar: 50 um.
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Fig. 4. Effects of digestion cycle on osteocytic and osteoblastic populations of isolated cells
Data representative of one patient sample (#3). Freshly isolated cells were stained with ALP

and sclerostin to detect osteoblastic and osteocytic cells, respectively. P<0.05,* comparing to

D4.
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Fig. 5. Effects of digestion cycle on the proliferation of isolated cells
Data representative of one patient sample (#3). Digested cells were cultured for 8 days in 2D

after isolation. P<0.05, *compared to D4 and **compared to Day 0.
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ALP

Sclerostin

Fig. 6. Effects of digestion cycle on the development of isolated cells
Data representative of one patient sample (#3). Digested cells were cultured for 8 days in 2D

after isolation and immunostained with ALP, DAPI (blue) and sclerostin (red).
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Fig. 7. Effects of digestion cycle on osteoblastic and osteocytic populations of isolated cells
Data representative of one patient sample (#3). Digested cells were cultures for 8 days in 2D

after isolation.
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Fig. 8. Effects of 2D versus and 3D culture on RT-PCR gene expressions using 2 patient samples
(a)—(f) Patient #6 and (f)—(j) Patient #4. p<0.05, *2D vs. 3D. **Compared to Day 0.
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Fig. 9. Sclerostin production measured by ELISA
Effluent from 3D culture was collect up to 3 weeks. Four curves represent four culture

chambers used in parallel for this experiment. The results were generated with patient
sample #6.
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Table 1
Summary of human bone samples used.
Patient | Patient Bone Type Use
sample | Characteristic

1 . Female . Knee trabecular Isolation procedures
. 74 (age) Osteoblastic population characterization
. OA

2 . Female . Knee trabecular Isolation procedures
. 72 Osteoblast population characterization for D1-D4
. OA

3 . Male . Hip cortical Isolation procedures
. 64 Osteocytic and osteoblastic population

characterization

. OA, P&EC

4 . Male . Knee cortical Isolation procedures
. 64 Osteoblastic population characterization
. OA 3D construction

5 . Male . Knee trabecular Isolation procedures
. 63 Osteocytic and osteoblastic population

characterization

. OA

6 . Male . Hip cortical 3D construction
. 69
. OA

OA: osteoarthritis. P&EC: prostate and esophageal cancer
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