Chapter 3
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Abstract Adipose tissue is considered an important source of mesenchymal
stromal cells since it is an abundant tissue with great distribution throughout the
body and human adipose-derived stem cells (hASCs) have high proliferation
rates in vitro. These adult stromal cells have the ability to differentiate into tis-
sues including bone, cartilage and adipose in vitro, and also display some
biological functions such as trophic, paracrine and immunomodulatory effects
that may have the greatest therapeutic impact in vivo for diverse pathologies. The
considerable therapeutic potential of hASCs turned them of substantial interest
in many areas of research. hASCs transplantation is currently being tested in
more than 70 clinical trials for many diseases, including bone fractures, graft
versus host disease, multiple sclerosis, brain injury, acute respiratory distress
syndrome, idiopathic pulmonary fibrosis and diabetes. In this chapter, we will
describe the protocols for hASCs isolation and characterization, besides sum-
marizing current reported studies about their potential use.
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3.1 Introduction

Multipotent mesenchymal stromal cells (MSCs) were first identified as non-
hematopoietic cells found in the bone marrow, comprising the multipotent precur-
sors of the bone marrow stroma (Friedenstein et al. 1968). More recently, it was
demonstrated that MSCs are derived from perivascular cells or pericytes (revised in
Caplan and Sorrell 2015). Although mesenchymal stromal cells (MSCs) are par-
tially defined by their ability to differentiate into tissues including bone, cartilage

*These authors contributed equally to this work.

A.F. Assoni ® G.C. Coatti * J.P.A. Gomes * M.V. Pelatti * M. Zatz (<)

Department of Genetics and Evolutionary Biology, Human Genome and Stem Cell Research
Center, Biosciences Institute, University of Sdo Paulo (USP),

Rua do Matdo, 106, Sao Paulo, SP 05508-090, Brazil

e-mail: mayazatz@usp.br

© Springer International Publishing Switzerland 2016 37
H. Ulrich, P. Davidson Negraes, Working with Stem Cells,
DOI 10.1007/978-3-319-30582-0_3


mailto:mayazatz@usp.br

38 A.F. Assoni et al.

and adipose in vitro, experiments in animal models revealed that it is their trophic,
paracrine and immunomodulatory functions that might have the greatest therapeutic
impact in vivo (Murphy et al. 2013; Caplan and Sorrell 2015).

According to the Mesenchymal and Tissue Stem Cell Committee of the
International Society for Cellular Therapy, these fibroblast-like plastic-adherent
cells, regardless of the tissue from which they are isolated, should be termed multi-
potent mesenchymal stromal cells (MSCs) (Horwitz et al. 2005). The committee
also proposes 3 minimum criteria to define a cell population as MSCs: (1) cells must
be plastic-adherent when maintained in standard culture conditions, (2) express
CD105, CD73 and CD90, and lack expression of CD45, CD34, CD14 or CD11b,
CD79 alpha or CD19 and HLA-DR surface molecules, and (3) must differentiate
into osteoblasts, adipocytes and chondroblasts in vitro (Dominici et al. 2006).

MSCs from the adipose tissue, human adipose-derived stromal cells (hASCs),
were described in 2001 by Zuk and coworkers (2001). In 2002, the same group
demonstrated their differentiation capacity and clonogenicity, and reported hASCs
as a new adult stromal cell population (Zuk et al. 2002). The first use of hASCs for
a therapeutic purpose occurred in 2004 by combining these cells with bone grafts in
an attempt to treat extensive craniofacial damage in a 7 year-old girl (Lendeckel
et al. 2004).

Adipose tissue is considered an interesting source of MSCs, as it is an abundant
tissue with great distribution throughout the body. Moreover, hASCs have high in
vitro proliferation rates. These adult cells can be isolated from liposuction samples, a
material usually discarded, or from biopsies, in which even a small amount of tissue
can provide high yield of cells (Zhang et al. 2014). Since they are obtained from adult
tissues, there are no ethical issues associated with their use, unlike other kinds of stem
cells, such as embryonic stem cells or neural stem cells obtained from aborted fetuses.

MSCs and hASCs include a mixture of several heterogeneous populations char-
acterized by the presence of specific cell surface markers which may indicate a
particular function for that cell population (revised by Sorrell and Caplan 2010;
Murphy et al. 2013). Therefore, MSCs may have different profiles according to the
relative proportion of different sub-populations, or even due to the presence or
absence of a particular population (Crisan et al. 2008; Zimmerlin et al. 2010, 2013;
Lietal. 2011).

Similar to other MSCs, hASCs are immune privileged, as they lack expression of
class I MHC and co-stimulatory molecules (CD80, CD86 or CD40) (Jacobs et al.
2013). This property allows the treatment of genetic disorders with cells from both
healthy autologous or heterologous donors without immunosuppression.
Interestingly, it was recently reported that the use of MSCs simultaneously with
anti-inflammatories alters the activity of MSCs (Chen et al. 2014), suggesting that
they should be applied without concomitant use of steroids.

At first it was believed that, since hASCs have the potential to differentiate into
various cellular lineages in vitro, they could regenerate injured tissues in vivo
(Vieira et al. 2008b, 2012). However, several studies, including xenogeneic trans-
plants from our group (Valadares et al. 2014), reported functional recovery without
significant differentiation of cells, supporting a new hypothesis according to which
the beneficial effect of these cells occurs predominantly due to the production of
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trophic factors, cytokines, and antioxidants with the ability to promote diverse
biologic responses, such as modulation of the immune system (Ichim et al. 2010;
English et al. 2010; Gharaibeh et al. 2011; Singer and Caplan 2011; da Justa Pinheiro
et al. 2012; Caplan and Sorrell 2015).

In short, the considerable therapeutic potential of hASCS turned them of great
interest in many areas of research. hASCs transplantation are currently being tested
in 74 clinical trials for many diseases and conditions such as ischemic revascular-
ization (NCT01709279), diabetic foot ulcers (NCT02394886), bone/cartilage repair
(NCTO02307435) and brain injury (NCT01649700), among others (clinical trials.
gov). hASCs have also been applied in trials for graft versus host disease (Fang
et al. 2007). Here, we will describe the protocols for isolation, characterization and
potential uses of hASCs.

3.2 Protocols

3.2.1 hASCs Separation from Adipose Tissue

This protocol was adapted from the original work of Zuk and coworkers (2001).

1. Obtain a sample of adipose tissue (lipoaspirate or biopsy). Sample must be col-
lected in 50 ml tubes containing Dulbecco’s modified Eagle’s medium (DMEM)
and 2 % antibiotic/antimycotic;

2. The sample can be processed immediately after collection or stored up to 24 h in
the refrigerator at 4 °C in the tube with DMEM and antibiotic, until the process-
ing (see Note 1);

3. Wash sample with PBS (Phosphate Buffered Saline), with 2 % antibiotic/anti-
mycotic. The volume of PBS should be twice the sample volume. Repeat this
step two times (this step is important to remove the blood cells) (see Note 2);

4. After the washing step, prepare the digestion solution: 0.075% collagenase
IA. Collagenase is diluted with PBS; the appropriate volume of this solution is
approximately half the tissue sample volume;

. Digest the sample for 30 min at 37 °C with digestion solution;

6. Enzyme activity is neutralized with DMEM containing 10 % FBS (Fetal Bovine
Serum) and 1 % antibiotic/antimycotic, and centrifuged at 1200 RCF for 10 min
to obtain a high-density pellet;

7. The pellet should be resuspended in DMEM containing 10 % FBS and 1 % anti-
biotic/antimycotic, plated and incubated overnight at 37 °C and 5% CO,.
(Concentration: 5000 cells/cm?);

8. Following incubation, the plates must be extensively washed with PBS with 2 %
antibiotic/antimycotic to remove debris;

9. Incubate cells with growth medium (see Note 3).

9,1

The same protocol was used by our group to isolate ASC from other species such
as mouse, dog and cat. Adipose samples from healthy dogs and cats are obtained in
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animals submitted to castration surgery, under anesthesia. The adipose tissue is
collected from the subcutaneous region without any harm to these animals.

Note 1: We tested a protocol for freezing samples immediately after collection, in
90% FBS and 10% DMSO while other groups reported freezing without cryo-
preservation or other frozen agents. According to Devitt and coworkers (2015),
long-term storage of adipose tissue at —70 °C without cryopreservative agents can
reduce viable cells yield, but these cells can be submitted to extended culturing,
irrespective of cryopreservation duration or patient’s age. Since these cells are
cryopreserved for future use in plastic and reconstructive surgical procedures or
cell therapy, they must be stored for a long period. According to Minonzio and
coworkers (2014), adipose-derived stromal fraction retain 85 % of cell viability,
normal proliferative capacity and differentiation potential when stored in liquid
nitrogen using serum-free cryopreservation media.

Note 2: Some protocols include an additional step of red blood cell lysing with a
blood lysis buffer. When we compared the sample processing of a sample with or
without the blood lysis step, we observed that cell viability may be reduced in the
first option and thus we suggest removal of red blood cells (suspension cells) with
culture passaging.

Note 3: As firstly reported by Zuk and coworkers (2001), cells were maintained
with a growth medium composed by DMEM, 10 % FBS and 1 % antibiotic/antimy-
cotic. To our knowledge, both DMEM low glucose and DMEM high glucose are
efficient in promoting cell growth (Vieira et al. 2008a, b, 2012). Recently, our group
began to use also a medium richer in nutrients (DMEM F12 + glutamax, 20 % FBS,
1 % non-essential aminoacids and 1 % antibiotic/antimycotic).

Protocol variations: Some variability can be found in published protocols such
as collagenase type, and/or concentration. Some groups use cell strainers to help in
removing debris. We observed that the use of these filters is not critical, particularly
with small samples.

3.2.2 Maintenance
3.2.2.1 Growth/Expansion

1. Growth medium is composed of DMEM low glucose supplemented with 10 %
FBS and 1 % antibiotic/antimycotic (see Note 3);

2. Growth medium should be changed every 3—4 days until subculture is
performed.

3.2.2.2 Subculturing

1. Passage is done when cells reach 80—100 % of confluence;
2. Wash plates two times with PBS (3 ml for every 25 cm?);
3. Incubate cells with trypsin at 37 °C for 5 min (1 ml for every 25 cm?) (see Note 4);
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Add growth medium to inactivate trypsin (3 ml for every 25 cm?);
Count cells;
For expansion, cells must be re-plated in concentration of 5000 cells/cm?.

Note 4: Detachment of plate can be done incubating cells for 5 min with porcine

derived trypsin-EDTA (in concentrations of 0.25 % or 0.05 %) or using recombinant
and xenofree enzymatic products.

3.2.2.3 Freezing

9.
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Grow cells until they reach 80—100 % of confluence;

Wash plates two times with PBS (3 ml for every 25 cm?);

Incubate cells with trypsin at 37 °C for 5 min (1 ml for every 25 cm?);

Add growth medium to inactivate trypsin (3 ml for every 25 cm?);

Count cells;

Centrifuge at 500 RCF for 5 min;

Discard supernatant;

Resuspend in cryopreservative medium containing 10 % DMSO and 90 % FBS
(see Note 5) and transfer cells to cryovial. Number of cells/vial may vary;
Quickly transfer cryovials to a freezing container, and then place it in =80 °C
freezer overnight (see Note 6);

. Transfer cryovials to liquid nitrogen for long-term storage.

Note 5: Cryopreservative medium is made of 10 % dimethyl sulfoxide (DMSO)

and with variable proportions of other components (90 % FBS or 80 % FBS + 10 %
growth medium or 20 % FBS + 70 % growth medium).

Note 6: Cells may be frozen by means of a programmable freezer with different

controlled-rates or using a freezing container, which contains isopropanol alcohol,
providing a 1 °C/min cooling rate in a —80 °C freezer. After overnight storage in a
=80 °C freezer, cryotubes are transferred to liquid nitrogen at —196 °C and can be
maintained for long-term storage.

3.2.2.4 Thawing

1.

W

Cell thawing requires cryovials immersion in a waterbath at 37 °C for 2-3 min
to gently defrost cryotubes (see Note 7);

. Mix defrosted cells with growth medium in a conical tube (5 ml of growth media

for every 1 ml of defrosted cells);

. Centrifuge at 500 RCF for 5 min;
. Discard the supernatant;
. Resuspend cell pellet in growth medium and plate cells in concentration of

5000 cells/cm?.

Note 7: Cell thawing must be performed quickly and gently to avoid cell death

caused by DMSO toxicity.
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3.2.3 Characterization
3.2.3.1 In Vitro Differentiation

One of the minimum criteria proposed for defining a multipotent stromal cell
population is their ability to differentiate in vitro into chondroblasts, osteoblasts and
adipocytes (Fig. 3.1). Differentiation medium are commercially available, or may
be home-made prepared. All differentiation media, both commercial and home-
made, have subtle variations, including different compounds or concentrations.
Here, we summarize medium composition to induce in vitro differentiation as
described by Zuk and coworkers (2002).

Besides quantitative methods specified below, RNA expression analysis through
gRT-PCR may be also performed. The in vivo differentiation potential should be
tested in a specific animal model that represents a disease, or in conditions that
highlight the cell capacity of tissue regeneration. However, in practice, MSCs are
not always tested for their in vivo differentiation potential.

Chondrogenic Differentiation

Cell Preparation

Grow cells until they reach 80-100 % of confluence;

Wash plates two times with PBS (3 ml for every 25 cm?);

Incubate cells with trypsin at 37 °C for 5 min (1 ml for every 25 cm?);

Add growth medium to inactivate trypsin (3 ml for every 25 cm?);

Count cells;

Centrifuge at 500 RCF for 5 min;

Discard supernatant;

Resuspend cells to achieve droplets with high cell concentration (ranging from

1x10° to 1 x 107 cells per drop of 5 pl) (see Note 8);

9. Drip every high cell concentration droplet in a 24-well plate, keeping the drop-

lets spaced from each other;

10. Incubate at 37 °C for 2 h for cell adhesion;

11. Gently add growth medium in control wells and differentiation medium in
experimental wells (see Note 9);

12. Medium must be changed every 3—4 days until achieving 21 days of

differentiation.

NN B DD~

Note 8: Instead of high cell concentration droplets, one can also maintain a cell
pellet (ranging from 1 X 10° to 1 x 107 cells) in a conic tube during differentiation.
After 21 days, pellet must be collected and analyzed by histology.

Note 9: Chondrogenic medium is composed of DMEM-LG supplemented with
1% FSB, 6.25 ug/ml insulin, 10 ng/ml TGF-betal, 50 nM ascorbate-2-phosphate,
1 % antibiotic/antimycotic.
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Fig. 3.1 In vitro differentiation of hASC. Left and right columns represent evaluation per-
formed with hASCs maintained for 21 days with growth media and with differentiation media,
respectively. (a, b) chondrogenic differentiation visualized by toluidine blue staining; (¢, d)
osteogenic differentiation by Von Kossa staining; and (e, f) adipogenic differentiation by Oil
Red staining

Chondrogenic differentiation is confirmed on day 21 by analysing presence of
extracellular matrix mucopolysaccharides with toluidine blue staining.
Staining with Toluidine Blue

1. Prepare toluidine blue at 1 %;
2. Wash cells two times with PBS;
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3. Fix cells with paraformaldehyde 4 % diluted in PBS for 30 min;
4. Discard solution;

5. Incubate with toluidine blue 1 % for 30 min;

6. Wash 3 times with PBS.

Osteogenic Differentiation

Cell Preparation

1. Grow cells until they reach 80 % of confluence in 24-well plate or larger;

2. Wash plates two times with PBS;

3. Add growth medium in control wells and differentiation medium in tested wells
(see Note 10);

4. Medium must be changed every 3-4 days until achieving 21 days of
differentiation.

Note 10: Osteogenic differentiation medium is composed of DMEM-LG supple-
mented with 10 % FBS, 50 uM ascorbate-2-phosphate, 10 mM B-glycerophosphate
and 0.1 uM dexamethasone.

Osteogenesis is demonstrated by accumulation of mineralized calcium phos-
phate assessed by Von Kossa or Alizarin Red S staining. Quantitative analysis of
osteogenic differentiation may be performed with alkaline phosphatase enzyme
activity at 7 days of differentiation and at 14 or 21 days of differentiation with
alizarin discoloration. Quantitative analysis should take into consideration the
number of cells per well and the basal expression of alkaline phosphatase of non-
differentiated cells in order to normalize results for comparison among samples.

Alkaline Phosphatase Activity

1. Prepare substrate buffer and substrate solutions (see Note 11);

2. For each well, prepare a 1.5 ml tube;

3. Add a volume of 1 M NaOH equal to the volume of substrate that will be
used;

4. Rinse cells twice with PBS;

5. Add an appropriate volume of substrate solution to each well size (0.5 ml per
well of 12-well plate);

6. Incubate for 15 min;

7. Transfer the substrate solution to the NaOH-containing tubes;

8. Rinse cells twice with PBS and add differentiation medium to continue
differentiation;

9. Set up a standard curve of p-Nitrophenol (see Table 3.1).
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Table 3.1 Components of the p-nitrophenol standard curve

p-Nitrophenol concentration | Volume (ml) of diluted p-nitrophenol Volume (ml) of
(nmol/ml) solution (100 nmol/ml) 0.02 M NaOH
9 0.1 1
18 0.2 0.9
36 0.4 0.7
54 0.6 0.5
72 0.8 0.3
920 1 0.1
Note 11

Substrate buffer: Dissolve 188 g of glycine and 0.1017 of MgCl, in 500 ml water.
Adjust pH to 10.5 with 1 N NaOH.

Substrate solution: Dissolve I tablet (5 mg) of phosphatase per 5 ml of substrate
buffer.

p-Nitrophenol for standard curve: Prepare 100 nmol/ml solution of p-nitrophenol
by combining 100 ul of 10 umol/ml p-nitrophenol standard solution with 9.90 ml
0.02 N NaOH. Prepare further dilutions as described in Table 3.1. As blank, use
p-Nitrophenol and substrate solution. Read in spectrophotometer at 405 nm.

Staining with Alizarin Red S

PN R P =

Prepare Alizarin Red S at 2 % and filtrate solution;

Wash cells two times with PBS;

Fix cells with ethanol 70 % diluted in PBS for 30 min;

Discard solution;

Wash once with Milli-Q water;

Incubate with alizarin red for 30 min;

Wash three times with PBS;

After microscopic analysis, quantitative evaluation may be performed (see Note 12).

Note 12: To perform alizarin red discoloration, an alcoholic solution (20 % metha-
nol, 10% acetic acid, 70 % PBS) is used for 15 min incubation. The resultant solu-
tion can be quantified through spectrophotometer assay (at 450 nm).

Staining with Von Kossa

NS

o

Carefully, wash cells with distilled water;

Add silver nitrate at 1 %;

Incubate under UV light for 40 min;

Carefully, wash cells with distilled water;

Remove silver nitrate excess using sodium thiosulfate 3 % or safranin O 1 % for
5 min;

Wash cells carefully, with distilled water;

Stain with Van Gieson solution (3.75 ml fuchsin 1 %, 46.25 ml saturated picric
acid, 50 ml water) for 5 min;

. Wash carefully with 100 % ethanol.
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Adipogenic Differentiation

Cell Preparation

1. Grow cells until they reach 80 % of confluence in a 24-well plate or larger;

2. Wash plates two times with PBS;

3. Add growth medium in control wells and differentiation medium in tested wells
(see Note 13);

4. Medium must be changed every 3-4 days until achieving 21 days of
differentiation.

Note 13: Adipogenic differentiation medium is composed of DMEM-LG supple-
mented with 10 % FBS, 1 uM dexamethasone, 500 uM 3-isobutyl-1-methylxanthine
(IBMX), 200 uM indomethacin, 10 uM insulin and 1 % antibiotic/antimycotic.

Adipogenic differentiation is confirmed on day 21 by intracellular accumulation
of lipid-rich vacuoles stainable with Oil Red O.

Staining with Oil Red O

1. Prepare oil red stock solution diluting 0.15 g in 50 ml of isopropyl alcohol;

2. Prepare oil red work solution diluting 8.2 ml of stock solution in 6.8 ml of dis-
tilled water;

. Wash cells two times with PBS;

. Fix cells with para paraformaldehyde at 4 % diluted in PBS for 30 min;

. Discard solution;

. Incubate with oil red work solution for 30 min;

. Wash three times with PBS;

. After microscopic analysis, quantitative evaluation may be performed (see Note 14).
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Note 14: Quantitative analysis may be performed using a commercial colorimet-
ric assay (AdipoRed, Lonza), where lipid droplets are stained and quantitatively
measured in a fluorescent spectrophotometer, according to manufacturer’s
instructions.

3.2.3.2 Immunophenotyping

Cell surface proteins are used as markers for cell characterization. Mesenchymal
stromal cells are positively marked for CD105, CD73 and CD90 (adhesion mole-
cules) and lack the presence of CD45, CD34, CD14 or CD11b, CD79a or CD19 and
HLA-DR. Immunophenotyping is performed using specific antibodies for these
proteins, and presence or absence of antibody ligation is verified when cells are read
in flow cytometer (Fig. 3.2).

1. Grow cells until they reach 80-100 % of confluence;
2. Wash plates two times with PBS (3 ml for every 25 cm?);
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Fig. 3.2 Exemplification of hASC immunophenotyping. In this assay, cells were evaluated in the
4th passage. Coloured peaks represent labeled population of hASCs, with respective antibodies.
Comparison was performed with the same population of cells without any step of antibody incuba-
tion (white peaks)

Incubate cells with trypsin at 37 °C for 5 min;
Add growth medium to inactivate trypsin (6 ml for every 25 cm?);
Count cells;
Resuspend with PBS in a concentration required in antibody manufacturer’s
instructions;
7. Incubate with antibody in dark room at 4 °C for 45 min, according to manufac-
turer’s instructions (see Note 15);
8. Wash with 500 pl PBS;
9. Centrifuge at 500 RCF for 5 min;
10. Discard supernatant;
11. Resuspend cells in 200 pl PBS (see Notes 15 and 16);
12. Place cells in 96-wells plate with round bottom;
13. Perform reading in flow cytometer.

AN

Note 15: If secondary antibody is required, incubate for another 15 min with
secondary antibody after step 11. Then, repeat steps 8—11 and proceed to steps
12-13.

Note 16: It is possible to fix cells after antibody labeling, allowing the analysis
to be performed in the flow cytometer 2 days after labeling. To fix cells, instead of
resuspending cells with PBS in step 11, resuspend with PFA at 4 % for 15 min, then
repeat steps 9—10 and proceed to the next steps.
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3.2.3.3 Karyotype

Karyotype analysis is crucial when cells are being considered for therapy. It has been
reported that after long-term culture, cells may show chomosomal abnormalities
(Roemeling-van Rhijn et al. 2013; Pan et al. 2014). Therefore, karyotype analysis
should be performed in the same passage in which cells will be used for treatment.

1. Grow cells in a 75 cm? flask until they reach 70-80 % of confluence;
2. Incubate with colchicine for 4 h;
3. Before trypsinization, prepare a conical tube to save all the material that would
normally be discarded during the procedure (such as the growth media and the
PBS used to rinse cells);
Wash plates two times with PBS (9 ml each time);
Incubate cells with trypsin at 37 °C for 5 min (3 ml);
Add growth medium to inactivate trypsin (12 ml);
Centrifuge at 250 RCF for 10 min;
Resuspend cell pellet in KCI hypotonic solution and incubate them for 20 min
(see Note 17);
9. Centrifuge at 250 RCF for 10 min;
10. Resuspend with ice cold fixation solution and incubate for 1 min (see Note 18);
11. Centrifuge at 250 RCF for 10 min;
12. Repeat steps 10 and 11 for three times;
13. Drop resuspended cells in slides;
14. Stain slides with giemsa or band for microscopic analysis (see Note 19);

Note 17: KCI hypotonic solution (KCI 0,075 M): 5,6 g KClI diluted in 1 L of
distilled water.

Note 18: Fixation solution: Mix 1 volume of glacial acetic acid with 3 volumes
of methanol.

Note 19: Giemsa/Banding: See manufacturer’s instructions.
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3.3 Potential Use

Historically, the therapeutic use of MSCs aimed to explore its regenerative potential
into diverse tissues/organs such as liver (Theise et al. 2000) and heart (Zimmet and
Hare 2005). A recent study reported that a proliferative population of myogenic
progenitors was efficiently derived from ASCs. This population had characteristics
similar to muscle satellite cells and was capable of terminal differentiation into
myotubes. When transplanted into the mdx mice, the murine model for Duchenne
muscular dystrophy, these progenitor cells successfully engrafted in skeletal muscle
for up to 12 weeks, generating new muscle fibers and restoring dystrophin expres-
sion (Zhang et al. 2015).

Beside their regenerative potential, MSCs are capable of secreting paracrine fac-
tors with diverse biological functions such as immunomodulation, anti-scarring,
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chemoattraction, angiogenesis support and anti-apoptotic effect (reviewed in
Meirelles et al. 2009). According to Caplan and Sorrell, the most notable immuno-
modulatory capacity of MSCs is that they can be used in allogenic and xenogenic
transplants, in a variety of diseases (Caplan and Sorrell 2015).

MSCs can promote immunomodulation through several mechanisms.
Proliferation of naive T lymphocytes and memory lymphocytes can be suppressed
by MSCs in the presence of alloantigens, mitogens, CD3 or CD28. Suppression was
observed with autologous and allogeneic co-cultures and thus seems to be indepen-
dent of MHC interaction (Di Nicola et al. 2002; Krampera et al. 2003; Le Blanc
et al. 2003; Tse et al. 2003; Le Blanc et al. 2004; Meisel et al. 2004; Aggarwal and
Pittenger 2005; Klyushnenkova et al. 2005). Additionally, the immunosuppressive
property is maintained when MSCs and lymphocytes are co-cultured separated by a
semi-permeable membrane, pointing out the involvement of soluble factors (Tse
et al. 2003; Meisel et al. 2004; Glennie et al. 2005; Maccario et al. 2005; Mellor
2005; Plumas et al. 2005; Rasmusson et al. 2005; Selmani et al. 2009; Sioud et al.
2011).

In comparison to bone marrow and umbilical cord derived MSCs (BM-MSC and
UC-MSC, respectively), hASCs display a more potent suppressor effect in dendritic
cells differentiation and NK cell activation. Moreover, hASCs were shown to block
the T cell activation process in an earlier phase than BM or UC-MSCs, yielding a
greater proportion of T cells in the non-activated state. Concerning B cells and NK
cells, hASCs and BM displayed an inhibitory effect while UC-MSCs did not influ-
ence their activation kinetics (Puissant et al. 2005; Ribeiro et al. 2013).

Immunosuppression is a desirable function to treat some inflammatory diseases,
such as kidney diseases and graft versus host disease (GvHD). Animal models for
severe acute renal failure have shown that administration of MSCs improves renal
structure and function through paracrine effects that inhibit pro-inflammatory cyto-
kines and stimulate anti-inflammatory cytokines (Togel et al. 2005). A phase I clini-
cal trial for treating idiopathic Focal Segmental Glumero Sclerosis (FSGS) with
allogenic adipose derived MSCs (NCT02382874) was recently created and will start
recruiting patients. Moreover, for patients diagnosed with GVHD, hASCs have been
used in a number of Phase I and II trials with success (Herrmann and Sturm 2014).

In addition to immunomodulatory properties, the anti-fibrotic potential of hASCs
was also demonstrated. Administration of hASCs on irradiated rats (model for
radiation-induced pulmonary fibrosis), preserved the architecture of lungs without
marked activation of fibroblasts or collagen deposition within the injured sites. The
effect was mediated via host secretions of hepatocyte growth factor (HGF) and
prostaglandin E2 (PGE2) (Dong et al. 2015). Based on this effect, a multicentric
Phase I/II Clinical Trial with hASCs transplantation is currently recruiting partici-
pants in order to evaluate the safety and efficacy of autologous treatment of patients
with diagnosis of idiopathic pulmonary fibrosis (NCT02135380).

Cell therapy is also being considered to treat some neurodegenerative diseases
such as Parkinson’s disease (as reviewed in Nanette et al. 2010) and Amyotrophic
Lateral Sclerosis (as revised in Coatti et al. 2015). Although transdifferentiation of
MSCs (mesodermal origin) into neuronal cells (ectodermal origin) is a still very
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debated issue, it was observed that in addition to the paracrine factors mentioned
above, some MSCs subpopulations can also secrete neuroregulatory factors such as
brain derived neurotrophic factor (BNDF) and nerve growth factor (NGF) (Crigler
et al. 20006). In this scenario, a multi-center phase I trial (NCT02326935) is cur-
rently recruiting patients for an autologous transplantation of hASCs in patients
diagnosed with multiple sclerosis, an incurable neurodegenerative disease.

To the present, more than 70 human clinical trials are listed in the clinical trial
database (www.clinicaltrial.gov), for pathologies such as graft versus host disease
(NCTO01222039), severe brain injury (NCT01649700) and osteoarthitis
(NCT01809769). Banking of hASCs is being performed by various companies such
as the American Bank Celletex.

The classical steps to obtain a MSC lineage results in a heterogeneous popula-
tion. Attempts to isolate specific subpopulations with known biological function
from the stromal fraction are ongoing. Zimmerlin and coworkers (2013) reported
different subpopulations of cells in human adipose stromal fractions, according to
immunophenotyping verified by immunostaining and flow cytometry. Thee major
population were described in this fraction: pericytes (CD45—, CD31-, CD146+),
endothelial progenitor cells (CD45—, CD31+, CD34+), and supra adventitial adi-
pose stromal cells (CD45—, CD31-, CD146-, CD34+) (Zimmerlin et al. 2013).

The therapeutic potential of hASCs and pericytes were investigated by our group
in murine and canine models for muscular dystrophy, without immunosuppression.
In the SJL mouse, the murine model for dysferlinopathy (or LGMD2B muscular
dystrophy), hASCs transplantation revealed a functional benefit in transplanted ani-
mals when compared to untreated controls (Vieira et al. 2008b). The clinical effect
as well as the safety of repeated hASCs injections from different donors was also
tested in Golden Retriever Muscular Dystrophy (GRMD) dogs (Vieira et al. 2012).
More recently, we compared the clinical effect of human pericytes obtained from
different sources (adipose tissue, fallopian tube, muscle and endometrium) from a
single female donor, in a double knockout mouse model (mdx/utr-) for Duchenne
Muscular Dystrophy. It was observed that only pericytes obtained from adipose tis-
sue, but not from other sources, were able to significantly increase the lifespan of
treated mice (Valadares et al. 2014).

Cell therapy is also being considered for treating some pets’ diseases. In a recent
study, ten lame dogs with severe hip osteoarthitis (OA) and a control group of five
dogs received intra-articular transplantation of autologous ASCs. Mean values of
diseases scores were significantly improved within the first 3 months post-treatment
in the OA group (Vilar et al. 2014). In humans, intra-articular injection of 1x 108
hASCs into the osteoarthitic knee improved function and pain of the knee joint
without causing adverse events, and reduced cartilage defects by regeneration of
hyaline-like articular cartilage (Jo et al. 2014).

Besides its therapeutic use, hASCs can be used for disease modeling. Dossena
and coworkers proposed the use of Spinal and Bulbar Muscular Atrophy (SBMA)
patients’ adipose derived MSCs as a new human in vitro model. They found that
hASCs from SBMA patients showed less growth potential and differentiated only
into adipocytes. Moreover, lower expression of key receptors was also found. The
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authors propose the use of hASCs from SMBA patients to test novel therapeutic

approaches (Dossena et al. 2014).

Table 3.2 Manufacturer information and catalog number of specific reagents/molecules cited in

the protocols

Reagent name
3-Isobutyl-1-methylxanthine
Adipogenesis differentiation kit
AdipoRed™ adipogenesis assay reagent
Alizarin Red S
Antibiotic-Antimycotic (100x)
Antibody anti- HLA-DR
Antibody anti-CD105

Anti-body anti-CD11b

Antibody anti-CD14

Antibody anti-CD19

Antibody anti-CD34

Antibody anti-CD45

Antibody anti-CD73

Antibody anti-CD79a

Antibody anti-CD90

Ascorbic acid 2-phosphate
Chondrogenesis differentiation kit
Colchicine (Colcemid™ solution)
Collagenase 1A

Dexamethasone

DMEM high glucose

DMEM low glucose
DMEM/F-12, GlutaMAX™ supplement
DMSO

Fetal bovine serum

Fuchsin

Giemsa’s azur eosin methylene blue
solution

Indomethacin
Insulin
Lysis solution for blood

MEM non-essential amino acids solution
(100x)

Oil Red O

Osteogenesis differentiation kit
PBS,pH 7.4

Phosphatase substrate

Picric acid solution

Manufacturer
Sigma-Aldrich
Gibco

Lonza
Sigma-Aldrich
Gibco

BD Biosciences
BD Biosciences
BD Biosciences
BD Biosciences
BD Biosciences
BD Biosciences
BD Biosciences
BD Biosciences
BD Biosciences
BD Biosciences
Sigma-Aldrich
Gibco

Gibco
Sigma-Aldrich
Sigma-Aldrich
Gibco

Gibco

Gibco

LGC Biotecnologia
Gibco
Sigma-Aldrich
Merck

Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Gibco

Sigma-Aldrich
Gibco
Gibco
Sigma-Aldrich
Sigma-Aldrich

Catalog number
15879
A10070-01
PT-7009
A5533
15240062
BD555812
BD560839
BD340937
BD560919
BD557921
BD340666
BD347463
BD550257
BD555934
BD555596
A8960
A10071-01
15210-040
C2674
D8893
12100-046
31600-034
10565018
BR2650-01
10437-028
3244-88-0
109204

17378
11882
L3289
11140050

00625
A10072-01
10010049
104-105
P6744

(continued)
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Table 3.2 (continued)

Reagent name Manufacturer Catalog number
p-Nitrophenol standard Sigma-Aldrich 104-1

Safranin O Sigma-Aldrich S8884

Silver nitrate Sigma-Aldrich 209139

Sodium thiosulfate Sigma-Aldrich 57026
TGF-beta 1 protein R&D Systems 240-B
Toluidine blue O Sigma-Aldrich 198161
TrypLE™ express enzyme Gibco 12605-010
Trypsin-EDTA (0.05 %) Gibco 25300054
B-Glycerophosphate disodium salt hydrate | Sigma-Aldrich G6251

In short, MSCs and hASCs have multiple biological functions as well as regen-
erative, anti-fibrotic and immunomodulatory properties. Such plasticity, in
association with the facility to obtain and handle them, makes hASCs an important
tool for future use in medicine. To achieve this goal, scientific experiments should
be carefully designed and implemented.

Reagent specification (See Table 3.2)
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