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Abstract Mesenchymal stem cells (MSCs) are adult
multipotent cells currently employed in several clinical
trials due to their immunomodulating, angiogenic and
repairing features. The adipose tissue is certainly
considered an eligible source of MSCs. Recently,
putative adipose tissue derived MSCs (ADMSCs) have
been isolated from the mediastinal depots. However,
very little is known about the properties, the function
and the potential of human mediastinal ADMSCs
(hmADMSCs). However, the lack of standardized

Giacomo Frati and Elena De Falco have contributed equally to
this work.

C. Siciliano - G. Scafetta - G. Mangino -

G. Frati - E. De Falco (X))

Department of Medical-Surgical Science and
Biotechnologies, Faculty of Pharmacy and Medicine,
University of Rome “Sapienza”,

C.so della Repubblica 79, 04100 Latina, Italy
e-mail: elena.defalco@uniromal.it

C. Siciliano
Center for Life Nano Science @Sapienza, Istituto Italiano
di Tecnologia, Rome, Italy

M. Ibrahim

Division of Thoracic Surgery, Department of Medical-
Surgical Science and Translational Medicine, University
of Rome “Sapienza”, S. Andrea Hospital,

via di Grottarossa 1035, 00189 Rome, Italy

M. Ibrahim
Department of Surgery, Washington University,
School of Medicine, St. Louis, MO 63110, USA

methodologies to culture ADMSCs prevents compari-
son across. Herein for the first time, we report a detailed
step by step description to optimize the isolation and the
expansion methodology of hmADMSCs using a virally
inactivated good manufacturing practice (GMP)-grade
platelet lysate, highlighting the critical aspects of the
procedure and providing useful troubleshooting sug-
gestions. Our approach offers a reproducible system
which could provide standardization across laborato-
ries. Moreover, our system is time and cost effective,
and it can provide a reproducible source of adipose stem
cells to enable future studies to unravel new insights
regard this promising stem cell population.
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Introduction

Mesenchymal stem cells (MSCs) are adult multipotent
stem cells, which can be isolated from most organs
such as bone marrow, placenta, fat and lung (Hass
et al. 2011). MSCs are an attractive stem cell source
for cell therapy applications, because of their intrigu-
ing characteristics such as easy isolation and expan-
sion. In addition, due to their immunological tolerance
properties, MSCs can be also engineered ex vivo and
re-introduced without immunomodulation in animal
models (Krampera et al. 2005). In the light of this,
MSCs have been the focus of intensive efforts
worldwide directed not only at elucidating their nature
and unique properties but also at developing cell-
based therapies for a diverse range of diseases
including diabetes, myocardial infarction or multiple
sclerosis (Cai et al. 2009; Yamout et al. 2010; Si et al.
2012; Wang et al. 2013).

Among all tissue sources of MSCs, the fat depot has
represented one of the most important reservoir (Zuk
et al. 2001). ADMSCs exhibit phenotype, morphol-
ogy, differentiation ability and colony formation
activity similarly to bone marrow derived MSCs
(BMMSCs) (Gronthos et al. 2001; Sengenés et al.
2005). However, over the years ADMSCs have been
demonstrated to display different properties (Toma
et al. 2001; Lee et al. 2004; Beltrami et al. 2007).
Specifically, there are evidences indicating that AD-
MSCs and BMMSCs show comparable but not
identical epigenetic states (Collas 2010). Moreover,
ADMSC:s are better candidates than other sources, as
they hold the advantages of easy accessibility, greater
availability of adipose tissue, combined with the
higher percentage of MSCs that fat depots hold
compared to bone marrow (Fraser et al. 2008; De
Ugarte et al. 2003; Pittenger et al. 1999).

New tissue sources of MSCs are continuously
discovered as for instance the human mediastinal
ADMSCs (hmADMSCs) recently isolated (Patel et al.
2013). To date, hmADMSC:s are very poorly described
in literature and it is unclear what function they might
exert in the mediastinal fat. Similarly, it would
be significant to unravel potential properties of
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hmADMSCs and to investigate whether they could
play a key role both in metabolic disorders or in other
relevant diseases as suggested (Patel et al. 2013).
In addition, the isolation of novel ADMSCs from a
different adipose source, points out the possibility that
MSCs derived from different adipose depots within
the body could also display different properties. For
instance, regional heterogeneity, metabolic and apop-
totic differences between the omental and the mesen-
teric adipose tissue have been already described
(Hassan et al. 2012; Tchkonia et al. 2005).

The standardization of laboratory procedures rep-
resents a mandatory step when stem cells are required
to be employed in the regenerative medicine field
(De Falco et al. 2013). Specifically, major limitations
occur during the isolation of ADMSCs through
optimized methodologies: the huge variability
observed between donors (due to sex, race, clinical
history, body mass index), the surgical technique
employed to obtain the adipose biopsy or even the
choice of the appropriate culture medium and the use
of the fetal bovine serum (FBS) or platelet lysate (PL).
In this regard, the PL, a hemocomponent enriched with
growth factors and cytokines, has been shown to
effectively substitute FBS during ex vivo expansion of
ADMSCs (Blande et al. 2009; Shih et al. 2011).
However, the composition and the methodology itself
to obtain PL may also vary between laboratories. All
the above mentioned issues may play a critical role on
the viability and the expansion of ADMSCs, thus
complicating interpretation of results.

In this study we describe for the first time a
reproducible and detailed method to isolate, expand
and characterize in vitro hmADMSCs with a virally
inactivated good manufacturing practice (GMP)-grade
PL (patent pending, PCT/IB2012/055062), identifying
the critical steps through the procedure and providing
troubleshooting advices.

Materials and methods
Specimen collection and transport

Human anterior mediastinal fat specimens were
obtained from patients undergoing thoracic surgery
at S. Andrea Hospital, Rome. Written informed
consent and negative serological tests for HIV,
Hepatitis B and C were obtained from patients, before
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starting all the surgical and laboratory procedures. The
methodology described has been conducted in com-
pliance with the tenets of the Declaration of Helsinki
for experiments involving human tissues. After sur-
gery, biopsies were kept in physiological solution
(NaCl1 0.9 %, B. Braun, Milan S.p.A., Italy) in a sterile
Falcon tube, transported to the laboratory at room
temperature and processed within 12 h. All data were
de-identified and analysed anonymously.

Preparation of PL

Platelets concentrates were collected from 12 volunteer
donors in a sterile multiple component system according
to manufacturer’s instructions (Fresenius Kabi AG, Bad
Homburg, Germany). The procedures were performed
at San Camillo-Forlanini Hospital, Rome. The donors
provided the informed consent and they were previously
screened for their suitability to this procedure. The buffy
coats (BC) were centrifuged at 6477 (rcf) xg for 12 min
and constantly shaken during incubation at 22 °C within
24 h of collection. Afterwards, the BC were processed
using the InterSol solution (318 mg Na-citrate 2H,0,
305 mg Na 2-phosphate anhydro, 105 mg Na dihydro-
gen phosphate 2H,O, 442 mg Na-Acetate 3H,O,
452 mg NaCl, 100 ml H,O, Fenwal Inc. Lake Zurich,
IL, USA). The procedure to inactivate the pathogens
was performed using a photochemistry treatment with
psoralens and UV exposition (Intercept™ Blood Sys-
tem for Platelets, Cerus Corporation, Concord, CA,
USA). At the end of the procedure, the BC were
resuspended in InterSol and 20-30 % of human plasma.
Platelets counts were performed using the hematology
analyzer ABX Pentra DX 120 (Horiba ABX, Montpel-
lier, France). Sterility tests were checked with the BacT/
ALERT System, using defined media for aerobic/
anaerobic bacteria and fungi (bioMérieux SA, Marcy
I’Etoile, France). The Platelet pools were collected
through sterile connecting devices (TSCD II, Terumo,
Tokyo, Japan) in a single final bag and stored at —80 °C
for 24 h before thawing at 37 °C for 60 min. This
procedure was repeated three times to enrich the pool of
growth factors. The PL was stored at —80 °C until use.

Isolation of hmADMSCs
The fat biopsy was transported to the validated cell

culture facility. The specimen was cleaned of connec-
tive tissue, rinsed three times with PBS and then

weighed. Subsequently, in order to remove red blood
cells, the biopsy was washed twice with an appropriate
volume of erythrocytes lysis buffer (ELB, Qiagen,
Germantown, USA; Cat. N. 79217), taking care to cover
the biopsy and then manually shaken for 1 min. Next, in
order to remove the ELB, the biopsy was transferred to a
fresh tube and rinsed with PBS. After that, the specimen
was chopped using a sterile n.21 scalpel in a 100 mm
petri dish into small, pinhead size pieces, then minced
and transferred into a clean tube for enzymatic diges-
tion. 0.05 %Trypsin/0.02 %EDTA (Biowest, Nuaille,
France, Cat. N. X0930-100)/1 mg/ml collagenase type-I
solution (Gibco, Monza, Italy; Cat. N. 17100) (approx-
imately 10 ml) was added to cover all tissue fragments
and incubated at 37 °C at shaking water bath for
45 min. Every 5-10 min the sample was manually
shaken, vigorously. Thereafter, the enzymatic diges-
tion was blocked with PBS/20 % FBS (Gibco). The
digested tissue was filtered with a 100 puM cell strainer,
seeping first the liquid suspension then the fragments.
Afterwards, the strainer was washed with PBS, apply-
ing a gentle pressure on the strainer to allow the
filtration of the fragments. At this step, the cell
suspension was centrifuged at 377 g for 5 min, the
supernatant was discarded and the pellet was trans-
ferred into a new sterile tube filled with 1 ml of PBS
using a pipette Gilson, avoiding contact with the tube
wall. The cell suspension was spun again at 377 g for
5 min and the supernatant was discarded. This last step
was repeated twice using EBL (three min of incuba-
tion, with regular shaking) instead of PBS. After
centrifugation, the pellet was resuspended in 4-5 ml of
complete growth medium (Low glucose-DMEM/1 %
penicillin—streptomycin/l % glutamine/l1 % non-
essential aminoacids (All: Biowest, Nuaillé, France)/
20 % PL and 5U/ml heparin (Hospira Italia s.r.l.,
Neapoli, Italy) to avoid fibrin gel formation) and
seeded in a T25 ventilated flask. Cells were incubated
at 37 °Cin 5 % CO.. To allow the initial adhesion to
the plastic surface of the flask, cells were left undis-
turbed in the incubator for 72 h.

Maintenance of hmADMScs cultures

After 72 h the medium was removed and 5 ml of
complete growth medium were added into the T25
flask. When cells reached the 70-80 % confluence,
they were detached by 0.05 %Trypsin/0.02 %EDTA
(Biowest, Nuaille, France, Cat. N. X0930-100),
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centrifuged at 377 g for 5 min. HmADMSCs were
counted by Trypan Blue (Sigma, St. Louis, MO, USA)
and resuspended in complete growth medium at a
density of 4,000 cells/cm®. The medium was changed
every 3 days. Although hmADMSCs growth varied
between donors, cells usually reached the confluence at
day 7. In addition, the supernatant was collected at each
passage and stored at —80 °C for further analysis if
necessary. As we previously reported (De Falco et al.
2013), the Number of doubling cells through passages
can be calculated according to the following formula:
Number of doubling cells = 3.3221og o N/Ng (N is the
number of cells obtained and N is the number of cell
plated). HmnADMSCs were cultured until passage 5.

Quality control tests: FACS analysis, colony
forming unit fibroblasts assay (CFU-F)
and trans-differentiation assay

Quality control tests were performed at passage 3. For
FACS analysis (Fig. 3b), 2 x 10° cells were stained for
30 min with the following panel of primary antibodies:
0.2 mg/ml anti-CD105, 0.1 mg/ml anti-CD44, 0.1 mg/
ml anti-CD90, 0.3 mg/ml anti-CD45 (Abcam, Cam-
bridge, UK, human Mesenchymal stromal cell marker
panel Cat. N. Ab93758), 1:100 anti-CD31 (Sigma,
St. Louis, MO, USA, Cat. N. P8590), 0.25 mg/ml anti-
CD117 (Abcam, Cambridge, UK, Cat. N. Ab5506),
1 mg/ml anti-CD133 (Abcam, Cambridge, UK, Cat. N.
Ab19898). Cells were then washed and incubated with
the following secondary antibodies: anti-rabbit Alexa-
fluor-488 and mouse FITC-conjugated anti-mouse IgG
(H + L) (Jackson ImmunoResearch, Suffolk, UK). Flow
cytometry was performed using FACSAria Il (B&D, San
Jose, CA, USA) and data were acquired and analysed by
DiVa Software (v6.1.1, B&D, San Jose, CA, USA).

For CFU-F test (Fig. 4a), hmADMSCs were seeded
at low density (20-40 cells/cm?) in a 100 mm petri
dish. After 2 weeks of incubation, the petri dish was
washed with PBS, fixed with 4 % paraformaldehyde
and incubated for 2 min with absolute Giemsa (Sigma,
St. Louis, MO, USA), then washed again in distilled
water and incubated for 13 min with diluted Giemsa
(1:20 distilled water, Sigma, St. Louis, MO, USA). The
Petri dish was finally rinsed with distilled water.
Clusters of cells with a diameter >5 mm were consid-
ered colonies and observed by optical microscope.

For trans-differentiation test (Fig. 4b—d), hmADMSCs
were detached and incubated with defined media for
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the three mesodermal lineage differentiation. Briefly,
hmADMSCs were plated in 6-well plates at density of
5 x 10°, 1 x 10* cells/em® and 2.5 x 10 cells and
cultured with osteogenic (StemPro® Osteogenic Differ-
entiation kit Gibco, Monza, Italy, Cat. N.A10072-01),
adipogenic (StemPro® Adipogenesis Differentiation kit,
Gibco, Monza, Italy, Cat. N.A10070-01) and chondro-
genic medium (StemPro® Chondrogenic Differentiation
kit, Gibco, Monza, Italy Cat. N.A10071-01), respec-
tively. The medium was changed every 3 days. After
14 days of incubation, cells were fixed with 4 %
paraformaldehyde. Calcium deposition was analysed
by incubating the cells for 1 h atroom temperature with a
2 % Alizarin red solution at pH 4.1-4.3 (Sigma, St.
Louis, MO, USA, Cat. N. A5533). Accumulation of lipid
droplets was analysed by staining hmADMSCs with Oil
Red Oil solution (3:2 distillate water, Sigma, St. Louis,
MO, USA, Cat. N.01391). For chondrogenic differen-
tiation, 2,5 x 10 cells were centrifuged in a 15 ml-tube
at 377 g for 5 min, resuspended in StemPro® Chondro-
genic differentiation basal medium and chondrogenesis
supplement (StemPro® Chondrogenic differentiation
kit) and centrifuged at 377 g for 5 min. The pellet in
the 15 ml-tube was incubated in an upright position in
the incubator and the medium was gradually added every
3 days avoiding pellet resuspension. After 3 weeks of
culture the pellet was transferred in a 6-well plate and
fixed with 4 % paraformaldehyde. The chondrospheres
were stained with 1 % Alcian blue 8GX solution at pH
2.5 (Sigma, St. Louis, MO, USA, Cat. N.05500) to detect
the presence of glycosaminoglycans.

Results and discussion

So far, the biology and the properties of hmADMSCs
have not been described. The possibility to retrieve
hmADMSCs from the mediastinal fat confirms several
reports, indicating that ADMSCs can be isolated from
multiple anatomical districts (Hass et al. 2011).
Nevertheless, a structural and functional heterogeneity
within the adipose tissue depots in the body has been
reported (Hassan et al. 2012). Consequently, it is
possible that the ADMSC pool might also show
distinct capacities and metabolic differences. In fact,
several evidences have shown that both differentiation
and proliferation abilities of adipose precursor cells
vary between fat depots (Schipper et al. 2008).
Specifically, the fat localized in the proximity of the
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heart, such as the epicardial and the mediastinal
adipose tissue, seems to play a role in cardiovascular
diseases, although the mechanisms still remain
unknown. On the other hand, it is clear that the
adipose tissue displays a higher stem-cell density
compared to bone marrow (Fraser et al. 2006) and
more importantly that ADMSCs are more versatile
multipotent progenitors, due to their ability to differ-
entiate into more lineages than bone marrow itself
(Zuk et al. 2002; Rangappa et al. 2003; Fischer et al.
2009; Brzoska et al. 2005; Corre et al. 2006; Seo et al.
2005). Additionally, ADMSCs and BMMSCs display
dissimilar epigenetic states (Collas 2010).

ADMSCs have been under clinical evaluation for
regenerative applications (Barry et al. 2001; Krebs-
bach et al. 1997), however the precise mechanism
underlying their potential ability to regenerate is still
unclear. Several studies have reported that ADMSCs
can both give rise to cells of different organs through
either the engraftment into the tissue, or recruiting
tissue specific stem cells, or even through indirect
immunomodulating mechanisms like increasing anti-
inflammatory cytokines (Granero-Molto et al. 2008).

Despite both hmADMSCs and ADMSCs are prom-
ising stem cells sources, however, one major drawback
is the lack of standardization for their isolation
(Woodbury et al. 2000). In fact, the main issue
regarding the reproducibility can be explained by the
inconsistent methodologies, which exist between lab-
oratories, resulting in isolation of non-homogenous
ADMSCs populations (Bernardo et al. 2011). The
reason underlying the heterogeneity of ADMSCs
cultures includes different surgical-subspecialties and
techniques employed to obtain the adipose tissue, as
well as the time elapsed between the biopsy collection
and the isolation of ADMSCs in the laboratory. In
addition, clinical characteristics of patients such as age,
body mass index and sex, can all influence both
isolation and cell yield (Baer and Geiger 2012).

Besides, the true “ADMSC precursor” has not been
determined, thus researchers have to rely on a panel of
multiple markers and clonogenic/differentiation tests
after the isolation process, in order to confirm the
identity of ADMSCs (Woodbury et al. 2000; Campioni
et al. 2003; Majumdar et al. 2003; Vogel et al. 2003).

Accordingly, this study has been based on the
setting up of a standardized methodology to isolate
hmADMSCs from 30 patients (mean age 63.3 + 14.3)
with no history of inflammatory diseases. To

overcome the variability due to the operator and to
the anatomical heterogeneity of the adipose tissue, the
procedures were always performed by a designated
surgeon and fat biopsies always obtained from the
anterior mediastinum during thoracic surgery. We
focused on the steps that occur during the isolation and
expansion of hmADMSCs, pointing out key issues and
providing suggestions through a useful troubleshoot-
ing table (Table 1). In particular, we have identified a
set of steps, which we have considered critical during
this procedure: weight of the starting biopsy, substi-
tution of FBS with PL, cell density, use of Low-
glucose medium, correct handling of the oily pellet
during centrifugation. We have observed a strong
correlation between the weight of the biopsy and
successful isolation of hmADMSCs. Specifically, we
have experienced that mediastinal fat biopsies weight-
ing less than 10 g, negatively affect the outcome of the
cell cultures. In this regard, we could suggest that the
percentage of ADMSCs obtained after isolation could
be in some way inversely proportional to the amount
of the starting biopsy. However, we have quantified
the variable “weight of the fat biopsy”, considering
10 g as our in-house minimum threshold, to ensure the
success of the methodology.

Ideal hmADMSCs cultures should be “free” of
adipose cell contaminants. This aspect is particularly
significant to avoid the growth of adipocytes which
interfere with that of hmADMSCs. For this reason, we
recommend to carefully handle the pellet when the
supernatant is discarded (see Isolation of hmADMSCs).
In fact, it is very likely at this step to contaminate the
pellet of hmADMSCs with adipocytes present in the
fatty supernatant. Contamination can be avoided by both
transferring the pellet into a clean tube and by avoiding
contact with the tube walls.

One of the most important criteria to define
ADMSC s is their adherence to a plastic surface (Engler
et al. 2006). The adhesion certainly influences the
outcome of the isolation procedure, as well as the
proliferation of ADMSCs through passages. There-
fore, to allow the adherence, cultures should be left
undisturbed within the first 72 h (Fig. 1a). Afterwards,
adherence can be preserved if hmADMSCs are seeded
at the appropriate cell densities, 8—10 x 10%at passage
<l and 4 x 10? cells/cm? at passage >1 (Fig. 1b, c).

Moreover, it is well known that medium composi-
tion, FBS or growth factors highly influence stem cell
growth (Baer and Geiger 2012; Sotiropoulou et al.
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Table 1 Troubleshooting table

Solution

Step Issue Possible reason
Biopsy digestion Red blood cells

contamination
Cells isolation (T25 No cells adhesion 1

passage 0)

Cells isolation (T25 No cells adhesion 2
passage 0)

Cells isolation (T25 Fiber particulate observed  Filtration was not performed

Excessive vascularized tissue

Biopsy weight <10 g

Pellet loss and adipocytes
contamination (tube oily walls)

Wash twice with ELB

Obtain a biopsy >10 g. Alternatively, for
a biopsy <10 g seed the cell in a 35 mm
petri dish instead of a T25 after the
enzymatic digestion of the sample

Change tube at every wash, avoiding
touch falcon greasy walls

Filter again cellular suspension with a

passage 0) in culture carefully and gently 40 pm filter and do not touch the
membrane filter
Passage 0-6 Bacterial/Fungal Bad shipment conditions, poor Careful manipulation of the specimen
contamination aseptic culture techniques when shipped and double the antibiotic
concentration
hmADMSCs Few cells in the flask or Cells plated at low density Seed the cells at higher density (8-10 x
maintenance cell growth delay 10%/cm?)

Fig. 1 Characterization of hmADMSCs. a Optical images at
72 h of hmADMSCs cultured with DMEM-low glucose and
10 % PL, showing round proliferating cells detectable both at

2006). In this study we used DMEM with low glucose
content, which represents a more physiological-like
concentration (Baer and Geiger 2012). Our results
(Fig. 2) indicate that the number of hmADSMSCs
significantly increases in presence of DMEM-Low
glucose and PL compared to DMEM-High glucose
and PL at both passage 1 (p = 0.01) and 2 (p = 0.04).
On the contrary, neither the low nor the high
concentration of glucose affect cell growth in presence
of FBS (p = 0.35 at passage 1 and p = 0.8 at passage
2), confirming PL as better proliferative agent of
hmADMSCs than FBS. Besides, it has been recently
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the initial adhesion phase and b between PO-P1 (black arrows);
¢ whereas at P3 they display a flat morphology becoming
monolayers

shown that subcutaneous and visceral fat depots take
up glucose differently (Christen et al. 2010), thus
suggesting that glucose might influence also ADMSC
metabolism. In our hands, PL and DMEM-Low
glucose have resulted as the best effect combination
to maximize hmADMSC proliferation.

PL has been recently used as substitute of FBS,
showing greater efficient properties and preserving the
stem cell pool during the isolation and expansion of
ADMSCs (Beltrami et al. 2007). However, a major
issue is that preparations of clinical grade PL still
differ between laboratories, causing inconsistencies in
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Fig. 2 The number of hmADMSCs significantly increases in
presence of PL. and DMEM-Low glucose compared to PL and
DMEM-High glucose at both passage 1 and 2, differently from
FBS, *p < 0.05

the concentration of growth factors and cytokines in
the PL at the end of the manufacturing process, thus
limiting the possibility to achieve reproducible results
between laboratories. Previous studies have also
attempted to investigate alternative supplements to
expand ADMSCs, such as AB-serum and thrombin
activated platelet-rich plasma (tPRP) (Bieback et al.
2009). However, the effects of human serum on MSCs
have been contradictory and tPRP requires difficult
manufacturing process (Kocaoemer et al. 2007).
Therefore, to date PL seems to represent a superior
adjuvant both to culture MSCs regardless the source
(Crespo-Diaz et al. 2011) and to comply with the
current clinical good manufacturing practices
(cGMPs) for cell preparation. In addition, given that
PL is a hemoderivate, standard procedures are strictly
now required for clinical safety in order to minimize
potential risks due to infectious diseases. To date and
to the best of our knowledge, only three articles (Shih

etal. 2011; Burnouf et al. 2010; Lee et al. 2013) report
the use of virally inactivated PL. However, the
methodology described is not standardized neither
patented and most importantly, the procedures to
inactivate pathogens are not licensed.

Accordingly, in this protocol we used a GMP-grade
PL (Patent pending) having been virally inactivated
using the Intercept Technology ™. The Intercept™™ is
the first system available to treat both platelets and
plasma, allowing to efficiently inactivate pathogens
for a broad range of enveloped and non-enveloped
viruses, bacteria and intracellular and extracellular
protozoa. In addition, several phase III clinical trials
have been already performed in Europe, to evaluate
the product’s performance and safety (www.
clinicaltrials.gov). Besides, this is the first time that
hmADMSCs are isolated and expanded using a virally
inactivated PL. Specifically, PL has been derived from
a pool of multiple donors (12 donors) to balance the
individual variability and to achieve similar concen-
trations of growth factors and cytokines (PDGF-AB,
VEGF, b-FGF, TGF-B1) between clinical batches
(Table 2). More importantly, our viral inactivation
procedure did not affect the concentration of mito-
genic soluble factors in the final preparations of
PL compared to non-virally inactivated samples
(Table 2), indicating that both the manufacturing
process for the PL and the Intercept™ system for the
inactivation of pathogens, ensured the optimal release
of the growth factors and cytokines in the clinical
batches.

In addition, our data (Fig. 3a, b) have shown that
the number of cell doublings through passages of
hmADMSCs resulted between 2.12-2.94 versus

Table 2 Soluble factors
detected in non-virally and

PDGF-AB (pg/ml)

VEGF (pg/ml) bFGF (pg/ml) TGF-B1 (pg/ml)

virally inactivated GMP-
grade PL preparations

Non-virally inactivated PL preparation No.

0001 20,700 920 110 15,000
0002 28,830 751 99 11,000
0003 21,710 530 100 14,000
Mean + SE 23,750 % 2,560 733,67 + 112,91 103 £ 3,51 13,330 £+ 1,200
Virally inactivated PL preparation No.
0004 22,760 560 118 10,200
0005 20,530 490 88 16,990
0006 27,500 880 97 13,000
0004 24,360 990 100 12,000
Mean &= SE 23,790 £ 1,460 730 £ 121,31 100,75 £ 6,29 13,740 + 1,440
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Fig. 3 a Proliferation trends of hmADMSCs cultured with PL
or FBS. Number of cell doublings = 3.322 log;o N/Ny. N is the
number of cells obtained, Ny the number of cells plated,

A CFU-F B Osteogenesis

Fig. 4 a Appearance of CFU-F assay positive for Giemsa
staining. Inset contains higher magnification (x5) panel of the
selected area showing a single hmADMSC clone; b-d Osteo-
genic (Alizarin Red staining), adipogenic (Oil Red Oil staining)

0.38-1.54 in presence of PL and FBS, respectively
(p = 0.04 Passage 1 and 4). We also suggest the use of
chemically-defined media to induce the differentiation
of hmADMSCs into osteogenic, adipogenic and
chondrogenic cells (Fig. 4a—d). In our hands the
commercially available media were much more reli-
able and efficient to control the cell differentiation
environment than the use of “in-house” differentiation
media, often expensive and not consistent.

The reproducibility of our method can be particu-
larly useful for all researchers who intend to better
explore the potentialities of hmADMSCs or to estab-
lish this procedure for the first time in the laboratory.
Moreover, our system can help researchers to contain
the economic costs and can also allow to save time to
the operators.
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