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Abstract

The medullary niche is a complex ecosystem that is essential to maintain homeostasis

for resident cells. Indeed, the bone marrow, which includes a complex extracellular

matrix and various cell types, such as mesenchymal stem cells, osteoblasts, and

endothelial cells, is deeply involved in hematopoietic stem cell regulation through

direct cell-cell interactions, as well as cytokine production. To closely mimic this

in vivo structure and conduct experiments reflecting the responses of the human

bone marrow, several 3D models have been created based on biomaterials, relying

primarily on primary stromal cells. Here, a protocol is described to obtain a minimal

and standardized system that is easy to set up and provides features of bone marrow-

like structure, which combines different cell populations including endothelial cells,

and reflects the heterogeneity of in vivo bone marrow tissue. This 3D bone marrow-

like structure-assembled using calcium phosphate-based particles and human cell

lines, representative of the bone marrow microenvironment-allows the monitoring of

a wide variety of biological processes by combining or replacing different primary

cell populations within the system. The final 3D structures can then either be

harvested for image analysis after fixation, paraffin-embedding, and histological/

immunohistochemical staining for cell localization within the system, or dissociated to

collect each cellular component for molecular or functional characterization.

Introduction

Bone marrow (BM) is found within both the central cavities of

axial and long bones and trabecular flat bones, and contains

a variety of distinct cellular and non-cellular components. At

the structural level, it consists of hematopoietic tissue islands

(also called "hematons")1,2  and adipose cells surrounded by

vascular sinuses interspersed within trabecular bone3 . In long
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and flat bones, the blood supply to the bone and bone marrow

are interconnected through an endosteal network of vessels4 .

Hidden in this solid protective network, the BM hosts very

immature cells immersed in a spongy stroma and constitutes

the location for the differentiation of resident mesenchymal

stem cells (MSCs) and hematopoietic stem cells (HSCs)5 .

Indeed, aside from the renewal of bone tissues through the

production of osteoblasts, one of the main known functions of

the BM resides in hematopoiesis development6 .

The BM hematopoietic tissue includes a variety of cell

types, namely HSCs, precursors, and more differentiated

blood cells such as lymphocytes, neutrophils, erythrocytes,

granulocytes, monocytes, and thrombocytes7 . Hematopoietic

cells are not randomly arranged in the BM space but display

a particular organization within the hematopoietic niches,

that include many cell types of different origins (osteoblasts,

osteoclasts, MSCs, adipocytes, sinusoidal endothelium

and perivascular stromal cells, immune cells, nervous

cells, and distinct mature hematopoietic cells), forming a

complex structure to ensure normal hematopoiesis8 . The

biological functions of the hematopoietic niche include

regulation of HSC survival, adhesion, quiescence, homing,

and differentiation through different mechanisms (cell-cell

and cell-matrix interactions, production of soluble factors,

hypoxia) in response to multiple physiological or non-

physiological stresses3,6 . Although these hematopoietic

niches were initially perceived as homogeneous entities,

technological advances such as single-cell and imaging

analyses have progressively revealed their complexity,

dynamics, and adaptive properties9,10 ,11 .

The crucial need for replacing and reducing the use of

animals for deciphering human physiological and pathological

processes leads to new opportunities and challenges11,12 .

Among newly described in vitro tools, three-dimensional

(3D) models that mimic the in vivo human BM better

than classical two-dimensional (2D) cultures13,14 ,15 ,16 ,17

have been proposed. 3D modeling thus seems to be a

promising approach to observe cell-cell and cell-matrix

interactions, closer to those occurring in vivo. Using a variety

of these models, some teams have demonstrated the survival

and proliferation of HSCs18,19 . Several 3D models are

available, the most common approach being the use of

scaffold-based 3D biomaterials such as hydrogels, colloids,

or collagens, associated with MSCs taking advantage of

their osteoblastic lineage differentiation capacities20,21 ,22 .

Nevertheless, no global consent has been reached to fulfill all

requirements for studies on human cells in a user-friendly and

standardized manner23 , especially since these current 3D

systems mainly rely on primary stromal cells, and thus suffer

from limited access to primary samples, tissue availability,

and heterogeneity.

Additionally, the endothelial cell compartment should be

introduced as these cells represent a major component

of cell-cell interactions and are involved in stem cell fate

and BM disease development, both in leukemia24  and

metastasis25 . We previously reported that the addition of

pathological elements in a standardized human 3D bone

marrow model recapitulates features observed in patient

samples such as extracellular matrix (ECM) alterations26 .

To better understand the dynamics and interactions between

the human BM microenvironment and the resident cells,

we provide a detailed protocol for a user-friendly and

standardized system to build a minimal, well-organized, BM-

like structure. This system is comprised of three human

bone marrow cell types-endothelial cells and stromal cells,

which represent the microenvironment, and HSCs. By using

specific beads as a scaffold and an osteoblastic differentiation

https://www.jove.com
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medium, the obtained 3D structure will mimic the human

medullar niche, allowing a handy study of human bone

marrow.

Protocol

NOTE: To prepare the bone marrow-like backbone structure,

this protocol relies on combining beads with HMEC-1

endothelial cells and HS27A stromal cells on biphasic calcium

phosphate (BCP) beads. The BCP beads will serve as a

scaffold allowing, with a specific medium, the 3D structural

shaping.

1. Bead preparation and sterilization

1. Weigh 35-40 mg of BCP beads (HA/β-TCP 60/40; 45-75

µm) for each insert (small, cylindrical, plastic dish with

a polycarbonate membrane at the bottom) in a 1.5 mL

tube (see Table of Materials). After weighing the beads,

bore a small hole with a clean needle through the top of

the 1.5 mL tube to avoid the lid popping open during the

autoclave cycle (121 °C for 60 min), and place the tubes

in a vertical position in a closed sterile box .

2. 3D insert preparation under a sterile hood

1. Put sterile polycarbonate cell culture inserts within the

wells of a 6-well plate. Pour sterile BCP beads from a

1.5 mL tube into the insert. Wash the beads carefully by

dripping 350 µL of 1x phosphate-buffered saline (PBS)

inside the insert and then add 4.5 mL of 1x PBS to

the well. Remove and discard the PBS either by using

vacuum or a 5 mL pipette by placing the tip in a corner of

the well. Repeat the washing step twice.

2. Once the beads are washed, use 1x PBS supplemented

with 10% fetal bovine serum (FBS) to block the system.

Carefully add 350 µL of the blocking solution to the insert

and 4.5 mL to the well and place the whole plate in an

incubator at 37 °C, 5% CO2 overnight.
 

NOTE: Steps 2.1 and 2.2 help to minimize ion release

from BCP beads before cell seeding.

3. Cell line harvesting and 3D maintenance

NOTE: After this incubation step, microenvironmental cells

are added to form the 3D structure backbone. This system

is based on the use of HMEC-1, human microvascular

endothelial cells immortalized with large T antigen from SV40,

and HS27A, human bone marrow stromal cells immortalized

with human papillomavirus, owing to their ability to form a solid

BM-like structure and to their compatibility with the inclusion

of endothelial cells.

1. Before adding cells to the system, prepare the following

incubation media:

1. For 50 mL of complete Osteo Differentiation

Medium (ODM), mix 45 mL of Dulbecco's modified

eagle medium (DMEM) + 5 mL of FBS +

0.5 mL of penicillin-streptomycin + 8 × 10-4

mg/L of dexamethasone + 2.16 g/L of beta-

glycerophosphate + 44 mg/L of ascorbic acid.

2. For 50 mL of complete HMEC-1 medium, mix 45 mL

of MCDB 131 + 5 mL of FBS + 0.5 mL of penicillin-

streptomycin + 1% of glutamine substitute + 1 mg/L

of hydrocortisone + 10 µg/L of EGF.

2. Remove the blocking solution from the system. Mix

1 × 106  HMEC-1 cells (representing the vascular

compartment) and 2 × 106  HS27A cells (representing

the mesenchymal stromal cell compartment) in a 15 mL

tube and centrifuge for 5 min at 1,575 × g at room

temperature. Discard the supernatant and add 175 µL

https://www.jove.com
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of HMEC-1 medium (specific medium for HMEC-1 cell

growth) with 175 µL of ODM (specific medium for HS27A

osteodifferentiation).

3. Pour 350 µL of this suspension containing 3 × 106

total cells inside each insert. Then, pour 4.5 mL of the

combined media (2.25 mL of HMEC-1 medium + 2.25 mL

of ODM) without cells into the wells of the plate. Gently

aspirate and dispense the mixture several times with a 1

mL micropipette to homogenize the cells and BCP beads

within the insert. Allot the whole mix to settle at the bottom

of the insert.
 

NOTE: A mix preparation with one dead volume

is recommended if several inserts are cultured. For

instance, if four inserts are cultured, always prepare the

volume required for five inserts.

4. Once the endothelial and mesenchymal cells are

homogenized inside the insert, keep the 6-well plate

inside an incubator at 37 °C, 5% CO2 for 3 weeks.

Change the medium inside the insert and the well 2x a

week by carefully removing the medium from the insert

using a 1 mL micropipette and placing the tip at the inner

insert wall to avoid disturbing the corner of the insert.
 

NOTE: The retrieved supernatant can be stored at -80 °C

at any step for later protein quantification.

4. Addition of cells of interest into the system

NOTE: After 3 weeks of HMEC-1 and HS27A culturing, the

osteodifferentiation of HS27A cells enabled the rigidification

of the system. At this step, add hematological cells of interest

(number of added cells can vary from 1 × 104  to 1 × 106 )

within the insert. The added cells were TF1 cells transfected

with BCR-ABL oncogene and primary mononucleated CD34+

cells coming either from acute myeloid leukemia patients or

healthy donors.

1. Change the medium composition at this step, as the

ODM compound is toxic for hematological cells and

there is no need to continue adding it once the

system rigidification is done. For instance, to support

hematopoietic maintenance, substitute ODM medium

with complete RPMI for hematopoietic cell lines (RPMI

supplemented with 10% of FBS and 1% of penicillin-

streptomycin) or IMDM for primary hematopoietic cells.

Prepare a batch of 50% complete HMEC-1 medium and

50% complete RPMI/IMDM medium for the 3D medium

(twice) weekly changes.

2. Resuspend the hematological cells of interest in this

combination medium and add it within the insert. If a

drug treatment protocol is required, wait 24 h after adding

the cells of interest before treating, giving them time to

adhere to the bone-like structure.

3. Adapt the period of 3D cell culture according to

requirements. Refresh the medium (50% HMEC-1

complete medium + 50% RPMI complete medium) twice

a week.
 

NOTE: Over the course of the 3D cell culture, some

adherent cells might leak outside the insert into the

bottom of the wells, increasing medium consumption.

Check under the microscope for cell dispersion beyond

the insert and replace the insert in a new 6-well plate

under a sterile hood if needed.

5. 3D bone marrow-like experimental results

NOTE: Following 3D culturing, several outcomes can be

achieved according to the objectives of the experiment.

1. Protein analysis
 

https://www.jove.com
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NOTE: Over the course of the 3D experiment, the

proteins secreted by the cells present in the bone

marrow-like structure can be collected for further

analyses.

1. When culture medium is changed 2x a week, store

the retrieved supernatant from the inside of the insert

at -80 °C to evaluate the production of proteins of

interest within the system.

2. Dissociating cells from the 3D structure (under a sterile

hood if cells need to be sorted)
 

NOTE: The cells cultured in the 3D bone marrow-like

system can be retrieved, sorted, and further analyzed.

1. At the end of the experiment, in a 15 mL tube, mix 4.5

mL of RPMI with 0.5 mL of FBS supplemented with

0.4 mg/mL of collagenase, and warm the solution at

37 °C for 10 min.

2. Place the insert upside down (white membrane side

on top) on a sterile 6-well plate cover to cut the

membrane out properly. Use a sterile scalpel to cut

the membrane from the sides, thus retrieving a white

solid disc. Place the disc inside the warm 15 mL tube

prepared in step 5.2.1.

3. Place the tube in an active wheel in a 37 °C incubator

and incubate for 10 min to allow digestion (in contact

with collagenase). Apply the same incubation time

for all membranes to avoid a skewed analysis.

4. After 10 min, centrifuge the 15 mL tube for 5

min at 1,575 × g at room temperature, discard

the supernatant, and resuspend the pellet in 5

mL of warm 1x PBS.NOTE: At this step, as the

polycarbonate membrane generally floats in the

supernatant fraction, it can be discarded by using a

sterile pipette tip. If the membrane is still included in

the pellet, leave it and remove it at the end of the

next step.

5. Resuspend the pellet in 300 µL of warm trypsin,

vortex the tube for 10 s, and place it in a 37 °C water

bath for 1 min.

6. Stop the enzymatic digestion by adding 1 mL

of warm pure FBS. With a 1 mL micropipette,

mechanically aspirate and dispense the medium to

completely dissociate the disc.
 

CAUTION: The aspiration/dispensing step must be

very quick, otherwise the beads will sediment inside

the tip.

7. Centrifuge the tube for 5 min at 1,575 × g.

Resuspend the pellet in 3 mL of 1x PBS

supplemented with 10% FBS.

8. Leave the beads to sediment for 5 s before collecting

the supernatant and filtering it through a 35 µm cell

strainer placed on a collection tube. Centrifuge the

retrieved filtrate for 5 min at 1,575 × g. Count the

cells with trypan blue to evaluate the viability and

proceed to flow cytometry analyses.
 

NOTE: The number of viable cells retrieved after

trypan blue incubation is ~1-2 × 105  cells per

digested insert.

3. Flow cytometry labeling of retrieved cells
 

NOTE: The cells retrieved from the 3D bone marrow-

like structure can be labeled and further analyzed by

flow cytometry. Use a mix of antibodies to detect

the different compartments after 3D dissociation. Here,

CD45 (stains the hematological cells of interest), CD31

(stains the vascular compartment), and CD73 (stains

the osteoblastic compartment) were used at 1 µL in 50

µL of PBS + 2% FBS. Keep all the prepared cells and

https://www.jove.com
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antibodies on ice (4 °C) away from light during the whole

process.

1. Resuspend the pellets in the antibody mix and

incubate for 30-40 min on ice away from light.

2. Add 1 mL of PBS + 2% FBS to wash the cells and

centrifuge for 5 min at 1,575 × g.

3. Resuspend the retrieved pellet in 200 µL of 1x PBS

+ 10% FBS supplemented with 4',6-diamidino-2-

phenylindole (DAPI, diluted 1:2,000).

4. Analyze the tubes in a cytometer using the following

parameters: FSC 297 PnV; SSC 220 PnV; DAPI

400 PnV; CD45 APC 505 PnV. Use an FSC-

H versus FSC-W graph plot to gate the singlet

population. In the singlet fraction, use a DAPI-A

versus FSC-A graph plot to determine the viable

cells population (DAPI-negative). With the DAPI-

negative population previously gated, use an APC-

A versus FSC-A graph plot to determine the CD45-

positive population.

4. Fixation of the 3D bone marrow-like structure
 

NOTE: Fixation of the 3D BM-like structure is

generally performed for immunohistochemistry or

immunofluorescence to visualize cells in situ and for

further specific staining.

1. To fix the BM-like structure, transfer the insert (step

4.3) from the old plate to a new 6-well plate filled with

1x PBS. Then, gently replace the medium inside the

insert with 1x PBS.
 

NOTE: Do not flush the formed structure with

PBS; the pressure of the liquid may impair the 3D

structure.

2. Once the insert is washed, place it within a new 6-

well plate and fill both the well and the insert with

freshly-opened paraformaldehyde (PFA) 4% (diluted

16% in 1x PBS).

3. Allow the fixation process to proceed for 4 h at room

temperature away from light.

4. At the end of the fixation process, wash the insert

once with 1x PBS and store it at 4 °C away from light.

5. Cut the membrane at the bottom of the insert as

described in step 5.2.2 to retrieve the solid disk.

6. Incubate the disk 4x for 48 h in EDTA (0.5 M, pH 8)

in order to decalcify the structure.

7. Embed the structure in paraffin and slice 4 µm thick

sections.

8. Using an automated immunostainer, incubate the

sections with anti-CD45, anti-CD73, and Ki67

antibodies. Visualize the staining with an anti-rabbit

or -mouse horse radish peroxidase (HRP) and with

3,3'-diaminobenzidine as a chromogenic substrate

and counterstain with Gill's-hematoxylin.

Representative Results

Using this protocol, it is possible to recapitulate a minimal,

in vitro, 3D, human BM-like microenvironment, from which

viable cells from three different cell compartments can be

retrieved (Figure 1). Indeed, after the desired exposure,

3D BM-like structures can be dissociated and the MSCs,

endothelial cells, and hematopoietic cells can be evaluated/

characterized using flow cytometry (Figure 2A). So far, the

results suggest that it is possible to maintain hematological

cells for at least 6 weeks within the 3D model, before retrieving

viable cells (Figure 2B). However, future investigations are

required to estimate the limit of this 3D model. In addition, if

required, it is possible to substitute the HS27A cell line with

primary Normal Bone Marrow (NBM) MSC or Acute Myeloid

https://www.jove.com
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Leukemia (AML) MSC in this 3D BM-like model (Figure 2C) or

replace the hematopoietic cell line with primary HSCs (Figure

2D). Moreover, when analyzing the interactions between

cell compartments or the localization of specific markers

of interest, 3D BM-like structures can be fixed and further

processed with paraffin embedding and immunochemistry.

For example, the analysis of CD45 (hematological) or CD73

(MSC) contents was performed using these 3D models

(Figure 3).

 

Figure 1: Schematic diagram of the initial setup of the human 3D BM-like system. After 3 weeks of co-culture, solid

BM-like tissue can be collected or seeded with hematopoietic cells (as in the example) or other cell types. If required, once

cells are adherent, treatment can be added and medium changes conducted twice a week. At the end of the experiment,

BM-like structures can be either fixed and further processed for localization studies or dissociated to evaluate cell contents.

Abbreviations: BCP = biphasic calcium phosphate; BM = bone marrow. Please click here to view a larger version of this

figure.

https://www.jove.com
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Figure 2: Recovery of viable cells from different compartments after culture in the BM-like 3D model. (A) Typical

pattern of cell recovery from one dissociated BM-like structure with 9.84% of viable cells (DAPI- ). Representative plots of

hematopoietic (66.6% CD45+ ), MSC/osteoblast cells (88.6% CD73+  cells within the CD45-  population), and endothelial cells

(22.1% CD31+  cells within the CD45-  population) recovered after 3D dissociation. (B) The 3D system allows maintenance

of viable hematopoietic cells (CD45+ ) up to 6 weeks post culture. (C) 3D systems made of primary MSCs from NBM or

AML alongside HMEC-1 (colored with Kusabira-Orange in this example) can maintain HSCs (3.88% CD45+  DAPI-  cells) in

situ (D). Abbreviations: BM = bone marrow; DAPI = 4',6-diamidino-2-phenylindole; MSC = mesenchymal stem cell; NBM =

normal bone marrow; AML = acute myeloid leukemia; HSCs = hematopoietic stem cells; FSC = forward scatter. Please click

here to view a larger version of this figure.
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Figure 3: Visualization of cell interactions and proliferation within the BM-like 3D model. Systems were collected

after 3 weeks of 3D co-culture with HS27A and HMEC-1 and the addition of hematopoietic cells after 1 week. Typical

immunohistochemistry staining (visualized in brown) by IHC was visualized using an anti-rabbit or -mouse horse radish

peroxidase and visualized with 3,3′-diaminobenzidine as a chromogenic substrate and counterstained with Gill's-

hematoxylin and shows the presence of either hematopoietic cells with CD45 (left panel), stromal cells with CD73 (middle

panel), or proliferation of all cells with KI67 (right panel). Scale bars = 50 µm. Abbreviations: BM = bone marrow; IHC =

immunohistochemistry. Please click here to view a larger version of this figure.

Discussion

One of the current challenges faced by studies on human

physiological and associated pathological issues is the lack

of models accurately mimicking the complex functions of

human organs. In the case of human BM 3D models,

many models use hydrogels and partially reproduce the BM,

illustrating the power of 3D culture conditions compared

to classical 2D cultures in ensuring, for instance, a better

osteoblastic differentiation27,28 . Nevertheless, despite good

reproducibility and ease of use, these systems do not

mimic the human BM 3D structure and architecture, which

may significantly impact further analyses. Technological

advances have enabled scientists to better reproduce

the native human osteoblastic niche environment using a

perfusion-based bioreactor system to maintain some HSC

properties29 . The development of microfluidic devices has

led to new approaches to reproduce a relevant bone

marrow-like structure, but have so far only achieved limited

features of the bone marrow, and therefore have restricted

applications30,31 ,32 ,33 .

Advances in material sciences have contributed to the

development of a wide range of natural or synthetic

biomaterials, which can be used to develop relevant 3D bone

culture systems. However, such systems are sometimes

difficult to develop in standard biological laboratories with no

in-house skills in biophysics. Moreover, in most cases, these

systems achieve a limited ability to mimic the 3D structure

of the human bone, including the BM microenvironment, and

have used large amounts of cytokines and growth factors,

creating an artificially rich culture medium34 .

The choice to induce osteoblastic differentiation rather

than adipocytic differentiation was based on the fact that

preosteoblasts and osteoblasts have been described as

https://www.jove.com
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part of the endosteal niche35 . This identified osteoblastic

cells as requested components of both bone and bone

marrow. Among the cellular components of the bone marrow,

endothelial and stromal cells occupy a large proportion of the

microenvironment. In addition, these two cell types produce

structural non-cellular components of the extracellular matrix

and cytokines involved in the regulation of homeostasis

and differentiation, requested here to generate a calcified

structure. Thus, this justifies the use of endothelial and

stromal cells, and our choice of cell lines to allow easy access

and increase reproducibility between labs. With the culture of

the HMEC-1 line being more stable over time, this cell line was

retained for the development of the 3D system. For stromal

cells, we compared in 2D culture the osteoblast differentiation

capacity of the stromal cell lines derived from normal bone

marrow: HS5 and HS27A. We found that the HS5 line did

not differentiate as much as the HS27A line in the 3D system

generated with either cell line. In this regard, attempts to

replace HS27A cells by the HS5 line have resulted in the

production of a less rigid structure, suggesting that HS27A

are more suitable.

Both HS27A and HMEC-1 cell lines were cultured in

different media combinations, in which one elicits the best

rigid structure and alignments of HMEC-1 along osteoblast

structures so that the production of the extracellular matrix

brings a relative rigidity to the basic structure. Analysis of

the advancement of differentiation at D14 showed that the

differentiation was more advanced at D21 (measurement

of BSP, late osteoblastic marker), with a ratio 1:2 for

HMEC-1:HS27A and with better results when 2 × 106  HS27A

were introduced. Endothelial cells also have an important

role in regulating homeostasis and differentiation (among

other things through the supply of cytokines). The fact that

HMEC-1 cells are maintained in this system indicates that

they can at least fulfill this role, and this contributes to

the legitimacy of our model. For the HMEC-1 endothelial

line, it was important to introduce it early enough so that

it could be properly integrated into the structure and with

the hope that these cells could form alignments or even

tubes within the structure. Co-culture tests of HS27A and

HMEC-1 were carried out by introducing the latter at different

stages: D0, D7, D14; no notable difference were observed,

neither in the differentiation of the stromal cells nor in

the maintenance or positioning of the endothelial cells.

Thus, these cells were introduced at the beginning of the

process. Hematopoietic cells were introduced at a time when

osteoblastic differentiation would be advanced enough to

favor cell-cell interactions. This choice was also conditioned

by the fact that this osteoblastic differentiation is conditioned

by the use of a medium, which according to our tests, does

not fully support the maintenance of the hematopoietic cells.

Hematological cells can be either cell lines or primary BM

CD45 hematopoietic cells.

From this 3D model, we could envisage replacing each cell

type by primary cells, normal or pathological, or even to

add other cell types to boost biomimetic properties, such

as immune cells, adipocytes, or fibroblasts26 . In fact, the

HS27A cell line has been replaced with primary BM MSCs

with low passaging. Similarly, hematological cell lines were

replaced with primary BM hematopoietic cells. However,

the replacement of HMEC-1 cells by primary endothelial

cells has not been tested yet. Currently, this model could

still be improved in terms of vasculature representation,

as even though endothelial cells are present and correctly

interact with other cells from the microenvironment (e.g.,

hematopoietic cells), they do not form structured vessels, thus

precluding flow perfusion to mimic functional blood vessels.

Overall, this could progressively increase the complexity and
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representativeness of the current minimal 3D model. The

addition of other cell types may facilitate studies investigating

other issues, such as the importance of local BM inflammation

or resistance to immunotherapy.

However, this 3D system needs 3 weeks before cells of

interest, hematological cells or epithelial cancer cells if

metastasis process is evaluated, can be added. Sterile

conditions need to be maintained, as medium changes

twice weekly can sometimes lead to medium contamination.

Further, since some cells may migrate through the pores

of the insert and begin to disperse into the well, leading

to increased medium consumption, regular monitoring is

recommended.

We described here a 3D scaffold allowing osteoblastic

differentiation and developed a relevant, in vitro, 3D, human

BM-like microenvironment. This system allows in situ analysis

and ultimate live cell retrieval. This system provides a new

and highly flexible tool, reproducible and user-friendly, with

a broad range of applications to study interactions and

mechanisms within the human BM microenvironment.
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