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Abstract

Tissue engineering and cell therapy hold great promise clinically. In this regard, multipotent cells, such as mesenchymal stem cells (MSCs),
may be used therapeutically, in the near future, to restore function to damaged organs. Nevertheless, several technical issues, including the
highly invasive procedure of isolating MSCs and the inefficiency surrounding their amplification, currently hamper the potential clinical use of
these therapeutic modalities. Herein, we introduce a highly efficient method for the generation of dedifferentiated fat cells (DFAT), MSC-like cells.
Interestingly, DFAT cells can be differentiated into several cell types including adipogenic, osteogenic, and chondrogenic cells. Although other
groups have previously presented various methods for generating DFAT cells from mature adipose tissue, our method allows us to produce
DFAT cells more efficiently. In this regard, we demonstrate that DFAT culture medium (DCM), supplemented with 20% FBS, is more effective
in generating DFAT cells than DMEM, supplemented with 20% FBS. Additionally, the DFAT cells produced by our cell culture method can be
redifferentiated into several tissue types. As such, a very interesting and useful model for the study of tissue dedifferentiation is presented.

Video Link

The video component of this article can be found at https://www.jove.com/video/54177/

Introduction

Cell therapy and tissue engineering are hot topics in the field of regenerative medicine1-5. While these therapeutic modalities hold great promise,
several technical issues currently hamper their clinical use. In this regard, as in the generation of iPS cells, all tissue engineering therapies must
produce cells free of external gene transductions in order to maintain patient safety. Accordingly, we were the first group to successfully produce
human DFAT cells6. Several other research groups have since adopted our method to generate DFAT cells of mammalian origin7-9, further
highlighting the usefulness of our model.

Over the course of several studies, we have found that the quality of the cell culture environment may be modified by adjusting the content of
the cell medium. This finding has led to an increase in the success rate of DFAT cell production and improved cell quality; both critical factors in
efficiently generating cells for future clinical trials. In this regard, an improved DFAT culture medium (DCM, a medium similar to mesenchymal
stem cell medium, which contains recombinant human insulin, serum albumin, L-glutamic acid, several fatty acids, and cholesterol) and a
method for DFAT cell generation and proliferation was developed (more information about the contents of DCM is available upon request). Using
this method high quality DFAT cells were generated with the ability to differentiate into several cell types including adipogenic, osteogenic, and
chondrogenic cells. Altogether, this validated cell culture protocol enhances the quality of DFAT cells and may be quite useful for enhancing
clinical applications of cell therapy and tissue engineering.

Protocol

Samples of human subcutaneous fat were obtained from patients undergoing surgery in the Departments of Plastic Surgery, Urology, Pediatric
Surgery and Orthopedic Surgery of Nihon University Itabashi Hospital (Tokyo, Japan). The patients gave written informed consent, and the
Ethics Committee of Nihon University School of Medicine approved the study.

1. Tissue Preparation

1. Bring the tissue sample from the operating room to the laboratory.
2. Wash 1-2 g of adipose tissue with 5 ml of PBS(-) at room temperature (RT) once, in a 50 ml tube and then place the sample in a 10 cm

plastic dish.
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2. Collagenase Digestion

1. Remove the sample from the PBS(-), then add 10 ml of sterile 0.1% (w/v) collagenase solution (Collagenase type II) to the dish containing the
tissue sample.

2. Mince the tissue with surgical scissors for approximately 15 min, until it reaches a pureed consistency.
3. Subsequently, digest the minced tissue in the 0.1% (w/v) collagenase solution at 37 °C for 30 min (60 rpm) in a 50 ml tube with gentle

agitation on a shaker.
4. Filter the digested sample through a 100 µm filter into a 50 ml tube. Next, pass 10 ml of DCM (see Table of Materials) supplemented with

2% FBS through the filter.

3. Cell Isolation

1. Centrifuge the filtered cells at 100 x g for 1 min at RT.
2. At this point, prepare 5 ml of DCM supplemented with 2% FBS in a 50 ml tube.
3. Next, draw up the floating fat cells using a 1,000 µl pipette and add the cells to a 50 ml tube containing medium.
4. Subsequently, shake the 50 ml tube gently to mix the DCM medium with the cells.
5. Then, centrifuge the tube at 100 x g for 1 min at RT.
6. Discard the medium at the bottom of the tube using an 18 G needle and a 20 ml syringe.
7. Next, add 10 ml of DCM supplemented with 2% FBS to the collected cells.
8. Mix the DCM with the cells by shaking the 50 ml tube gently.
9. Centrifuge the tube at 100 x g for 1 min at RT.

4. Plating Cells

1. Add 41 ml of DCM or DMEM supplemented with 20% FBS to a 12.5 cm flask.
2. Next, using a 200 µl pipette add 40 µl of fat cells to the flask.
3. Then, fill up the flask with DCM or DMEM supplemented with 20% FBS. CRITICAL STEP: At this point, ensure that the cells are spread

throughout the medium. Visually check the detached cells and afterwards keep the flask on the lid of a round petri dish to keep it flat.
4. Finally, place the flask inside the incubator and leave it undisturbed in a 5% CO2 incubator at 37 °C for 7 days.
5. Following a week of incubation, invert the flask and check for DFAT cells. Next, assess DFAT cell generation proficiency as described10 since

at this point fibroblast-like cells (DFAT cells) are located in regions distinct from fat cells.
6. Add 5 ml of DCM or DMEM supplemented with 20% FBS to the flask following removal of the previous cell culture medium. Allow the DFAT

cells to grow for another week after changing the medium.
7. Using a cell counter, count the number of DFAT cells generated under various cell culture conditions (DCM vs. DMEM).

Representative Results

In this study, the method and toolkit for DFAT cell generation was improved (Figure 1). Our method allows us to generate DFAT cells using both
DCM and DMEM medium containing 20% FBS (Figure 2A). As such, we compared the efficiency of DCM and DMEM in generating DFAT cells.
In this regard, DCM enhanced DFAT cell proliferation by three times when compared to DMEM, regardless of the number of adipocytes (Figure
2A and B). Using 20% FBS also enhances cell growth when compared to protocols using 10% FBS (data not shown). We further confirmed that
DFAT cells produced using DCM have the ability to redifferentiate into adipocytes and differentiate into osteoblasts (Figure 3). The method for
the assays is described in our previous study6.
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Figure 1: A schematic depicting the isolation, dedifferentiation, and culture of mature adipocytes. A small piece of adipose tissue was
digested with 0.1% collagenase. After centrifugation, unilocular adipocytes were isolated from the floating layer. The isolated cells were cultured
in flasks filled with medium containing 20% FBS for 7 days. During culture, the cells attached and flattened to the upper surface of the flasks and
then were converted to DFAT cells. Next, the flasks were inverted and DFAT cells were cultured using conventional methods. Please click here
to view a larger version of this figure.

 

Figure 2: DCM enhances DFAT cell generation. (A) DFAT cell colonies following 14 days of culture in DMEM or DCM. Scale bar = 200 μm (B)
DFAT cell proliferation quantification in either DMEM or DCM (mean ± SD, n = 3). The efficiency of DCM and DMEM in generating DFAT cells
was compared. Enhanced cell proliferation is observed with use of DCM. We quantified the proliferation of DFAT cells using a cell counter, as per
the manufacturer's directions. Please click here to view a larger version of this figure.
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Figure 3: Multilineage potential of DFAT cells. Human DFAT cells generated using DCM were cultured for 3 weeks in the appropriate
induction media to evaluate the redifferentiation and differentiation abilities of DFAT cells. The cells were analyzed for osteogenic (ALP and
alizarin red S), adipogenic (Oil red-O) capacity. Please click here to view a larger version of this figure.
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Discussion

Mature adipocytes that undergo in vitro dedifferentiation, a process known as ceiling culture, may revert to a more primitive phenotype and gain
proliferative abilities. These cells are referred to as dedifferentiated fat (DFAT) cells. The multilineage differentiation potential of DFAT cells was
evaluated. Flow cytometry analysis and gene expression analysis revealed that DFAT cells were highly homogeneous in comparison to ASCs6.
In fact, the cell-surface antigen profile of DFAT cells is very similar to those found in ASCs6. Accordingly, DFAT cells may function similarly to
MSCs.

The other group which has successfully generated DFAT cells utilized a DMEM F12 cell culture medium supplemented with 20% calf serum7-8.
Although we attempted to produce DFAT cells using a cell culture medium supplemented with 10% FBS, the number of DFAT cells produced
with this protocol was significantly lower than when supplemented with 20% FBS (data not shown). Therefore, the FBS concentration and/or
its contents is important for either dedifferentiation of DFAT cells and/or proliferation of DFAT cells. As part of a future study, we will attempt to
further elucidate the mechanism by which serum content governs DFAT cell generation and proliferation. On the other hand, DCM contains less
glucose, fatty acids and other chemicals than the DMEM used in our study. This variability in cell culture medium constituents may modulate the
efficiency of both DFAT cell generation and growth. In fact, low glucose concentration slightly improves the efficiency of DFAT cell generation
when using DMEM (data not shown). Although the precise mechanisms underlying DCM's effect on DFAT cell generation and growth are
unknown, we postulate here that the concentration of certain medium constituents drives these cellular events. Further studies are needed to
clarify this point. Moreover, since we have tested a limited number of DMEM formulations, further experiments are required to compare the
efficiency of other DMEM variations (e.g., DMEM containing L-glutamine or pyridoxine) in producing DFAT cells.

Although we are able to produce DFAT cells, the molecular mechanisms governing DFAT cell generation is still unclear. Similar questions
surround the production of iPS cells11. As such clinical use of these therapeutic modalities will require further exploration of cell state regulatory
mechanisms. Accordingly, we strongly believe that DFAT cells provide a model for elucidating how cells return to a stem cell-like state, free of
external gene transductions. DFAT cell production protocols are therefore, being optimized currently for use in future clinical trials.

Ensuring that collagenase treatment and fat cell isolation are both performed properly is a key factor in successfully generating DFAT cells using
this protocol. Appropriate use of fine scissors and removal of bubbles during culture also aid in enhancing DFAT cell proliferation.
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