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Spheroids from adipose-derived stem cells exhibit an miRNA
profile of highly undifferentiated cells
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Two-dimensional (2D) cell cultures have been extensively used to investigate stem
cell biokgy, but new insights show that the 2D model may not properly represent the
potential of the tissue of arigin. Conversely, three-dimensional cultures exhibit
protein expression patterns and intercellular junctions that are more representative
of their in vive condition. Multiclenal cells that grow in suspension are defined as
“spheroids,” and we have previously demonstrated that spheroids from adipose-
derived stam cells (5-ASCs) displayed enhanced regenerative capability. With the
current study, we further characterized 5 ASCs to further understand the molecular
mechanisms underlying their stemness properties. Recent studies have shown that
microaRMAs [miRNAs) are invalved in many cellular mechanisms, including stemness
maintenance and proliferation, and adipose stem cell differentiation. Most studies
have been conducted to identify a specific miRNA profile an adherent adipose stem
cells, although litthe is still known about 5-ASCs. In this study, we investigate for the
first time the miRMA expression pattern in S-ASCs compared to that of ASCs
demanstrating that cell lines cultured in suspersion show a typical miRMA expression
profile that is closer to the one reparted in induced pluripotent stem cells. Moreower,
we have analyzed miRMAs that are specifically invelved in two distinet moments of
each differentiation, namely early and late stages of osteopgenic, adipogenic, and
chondrogenic lineages during leng-term in vitre culture. The data reported in the
current study sugpest that S-ASCs have superior stemness features than the ASCs
and they represent the true upstream stem cell fraction present in adipose tissue,
relegating their adherent counter parts.

KEYWORDS
adipose stem cells, longterm culbure mesenchymal differentiation, miR-142-3p, miRMAs
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Adipose tissue, angiogenesis and angio-MIR under physiological and )
pathological conditions Wi
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ARTICLE INFO ABSTRACT

Keywords: Anglogenesis is a crucial process for the maintenance of normal tissue physiology and it is nvolved in tissue
Adipase stem cells remodeling and regeneration. This process is essential for adipose Hssue maintenance. The adipose tissue is
Endaothelial cells composed by different cell types inchuding stromal vascular cells as well as adipose stem cells (ASCs). In par-
Angiogenesis

ticular, ASCs are multipotent somatic stem cells that are able to differentiate and secrete several growth factors;
they are recently emerging as a new cell reservoir for novel therapies and strategies in many diseases. Several
studies suggest that ASCs have peculiar properties and participate in different disease-related processes such as
angiogenesis. Furthermore, pathological expansion of adipose tissue brings to hypoxia, a major condition of
unhealthy angiogenesis.

Recent evidences have shown that microRNAs (miR NAs) play a crucial role also on ASCs as they take part in
stemness maintenance, proliferation, and differentiation. It has been suggested that some miRNAs (MIR126,
MIR31, MIR221 MIR222, MIR17-92 cluster, MIR30, MIR100 and MIR486) are directly involved in the angio-
genic process by controlling multiple genes involved in this pathway. With the present review, we aim at pro-
viding an updated summary of the importance of adipose tissue under physiological and pathological conditions
and of its relationship with neovascularization process. In particular, we report an overview of the most im-
portant miRNAs involved in anglogenesis focusing on ASCs. Hopefully the data presented will bring benefit in
developing new therapeutic strategies,

miRNAs
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Immunomodulation in Vascularized
Composite Allotransplantation

What Is the Role for Adipose-Derived Stem Cells?

Marco Pappalardo, MD, ¥ Luigi Moniesano, MD,* Francesca Toia, MD, PhD * Anionio Russo, MD, PhD, 7
Sara Di Lorenzo, MD, PhD,* Fruncesco Digli, MD, PhD, 1§ Francesco Moschella, MD, *
Angelo A Leto Barone, MD, ¥/ Serena Meraviglia, MD, }§ and Anna Barbarm Di Sigfano, PhD*F

Abstract Hand and face ransplints ane becoming ncnessng ly common, recond-
ing progrssively more penile, wierus, shdominal wall, and al kramsplantstion
cases repomied waorldwide, Despite curmend protocols allow long-term survival
of the allografl, the ultimste poal of donor-specific Wwleranos has nol been
achieved yel In o, the hamiful advese effects relsted o the lifelng sdminis-
tration of i mmwmm agents e the main drawhecks for vaseulerzed
s alk pl s R ch i very aiive in invesigsing shemsiive
methads o duce grester toleranes while minimizing toicity. Adipose-derived
e oells {ASCS) mpesent promising oell therspies i rmumaomodu bt on in pee-
clindcal and clinieal setiings. Their clindeal sppeal 15 due o their essy harves in brpe
quartities throush 2 noninvasive and wellacoeplel spproach; they may well pro-
mie donor-specilic Lok # and ally redduce i ppresaon. Several
engrerimantal studies e, but scking review antides reponting curmend evidence.
This work proposes & liersture review on the immumomodulaiory mile of
ASCs in vascularized composite allotranaplanttions. In vitre and in vive
evidence will be summarized The mole tha cell pasagng and upsiesm
prirzenitons—ihe so-called sphend ASCs—my play in modul ging the immune
response will also be discussed. Finally, this anicle will summartee ¢urment
I ledgeon bodistribution, migrstion, and homing of injecied stem cd . This
review may well provide useful informstion For prechinical and clinical Awdies,
aiming &l 2 breslalrough for donor-specilic nleramoe.

Key Words: adipose-derived stem cells, cellhided therspies,

Eascoer iraermipl ot o, hamad tram gy bl st on,

vascul artred composlie alldmmplaidions

{Ann Pl Surgy 01982 245-251)

inge their first description, more than 100 human hand and 37 face

vasculanzed composite all.cﬂu'msplamatu:-m (VCAs) have been
meported in the past 1 § years, ' proving not only their technical fea-
sibility, but also the superior outcomes compared with conventional
reconstruction in sclected patients. Nonectheless, VCA is not rou-
tincly performed because nfﬂu: condition of lifelong immunosup-
pression and toxicity profiles.” The major complications mesulting from

Reeived Fehmary 15, 2018, and acoepited fior publicetion, afier revision Ocioher 17,
2018
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immumosuppressive therapics inchide increased propensty to develop -
fections, crgan ioxicity (ie, nephmotoxicity), and malignancy.®

Furthermone, unlike solid organ transplanttion, VCAs are life
enhancing mther than lifesaving, leading to mamy ethical and medical
issucs mvolving individual surgeons as well as professional socictics, !

The use of novel cell-based therapies that combine the benefits
of immunonzgulation with newromegenemton proves to havea great po-
tential in improving fimctional outcomes and the quality of life
VA patients

It is knowm that mesenchymal stem cells (MSCs) are ™ immumne
privileged” hecause of their low expression o f human leukocyteantigen
and costmu latory mnl:ml:s Furthermone, they exert potent immumo-
suppressive actions,” These desimble propertics make MSCs a new
therapeutic option; M3Cs have emerged as a promising coll-based ther-
apy for immumomodulation and are currently being examined in pre-
clinical and clinical settings as thempeutic solutions for autoimmune
disorders or transplant rejection.™'*

To date, bone marmow—derived MSCs (BM-MSCs) are consid-
ered the standard cell type used in the fields of stem cell biology and
clinical application. However, adipose-denived stem cells (ASCs),
abundant in the human body, could be harvested with minimal inva-
stﬁmm\dmbmmnm_g increasingly widespread in treating varous
diseases,"? Many studies have aimed to investigate the phenotypic
and intrinsic biological differences between traditional adherent and
nonadherent ASCs.*'* The recent isolation of a nonadherent ASC
population paved the way to the possibility that fhis niche could in-
clude cells at a less advanced stage of differentiation and therefore
momne upstream in the siem cell hierarchy. Despite scientists have be-
gan using spheroids from ASCs (5-A5Cs)in a mmberoflabomionies
waorldwide, therr identity as a separate stem cell niche with different
phenotype, biological behavior, and differentiation ability has never
been fully defined.

The following summarizes current literature available on in vitmo
and in vivo studies conceming the immumomodulatory effects 0f ASCs
and discusses the potential mole that the 3-dimensional (30 niche and
upstream progenitors have o modulating the immune system. Finally,
we summanze current knowladge availble on biod stribution, migra-
tion, and homing of injected stem cells.

Immunomodulatory Role of ASCs

The av-called ASCs ane a variety of M5Cs extracted from adipose
tigsue and ako defined as fibroblast-like, adherent, and mubtipotent cells.
Indeed, ASCs are able to differentiate along multiple Imeages neldng
adipocytes, osteoblasts, and chondmeytes, as well as othercell types
including hepatocytes, myocytes, and newronal-like cells,'S"™ The
successful isolation of multipotent ASCs achieved in the past decade
and their ability to ]n'ct‘mcrmall}' home to m tissue make
ASCs a promising tool in egenerative medicine.'™'* ndeed ASCs
can be engincered and used as biological vehicles for vector-hased
genes to convey thempeutic molecules in vive ™' Furthermore,

www.annalsplagicsurgery.com | 245
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Metastatic melanoma is still associated with a poor prognosis, and there is increasing interest in immunotherapy alone or in
combination with other adjuvant therapies. I'§ T lymphocytes play a pivot role in the immune response against cancer, but while
yd-based immunotherapy is already a clinical reality for several solid tumors, data on melanoma are still limited and fragmented.
This systematic review presents preclinical and clinical evidence for a role of 4§ T lymphocytes in immunotherapeutic strategies for
advanced melanoma and discusses research state of the art and future perspectives. Current strategies focus on in vivo stimulation,
and ex vivo adoptive therapy and vaccination; results are promising, but further studies are needed to better investigate the
interactions in tumoral microenvironment and to improve clinical eficacy of immunotherapeutic protocols.
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allotransplantation: Potential biomarkers for diagnosis
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ARTICLE INFO ABSTRACT

MNowadays, solid organ transplantation (SOT) is an established treatment for patients with end-organ dysfunc-
tion, which dramatically improves the quality-of-life. Vasculanzed composite allotransplants (VCAs) including
hand and face have been reported worldwide over the last 20 years. However, VCAs, differently to SOT, are

Keywords life-enhancing instead of life-saving and are not routinely performed due to the risk of immune rejection and
Vascularized composite allotransplantations the adverse effects of immunosuppression.

Micio-RNAS Over the past decade, although considerable improvements in short-term cutcomes after allotransplantation
Biomarker have been registered, these results have not been translated into major progress in long-term all ograft accep-
Immune rejection tance and patient survival. Recently active researches in the field of biomarker discovery have been conducted
Organ transplantation to develop individualized therapies for allograft reci pients.

Tolerance MicroRMAs (miRNAs ) are a small noncoding RMAs functioning as critical regulators of gene and protein expres-

sion by RNA interference. They have been connected in numerous biol ogical processes and diseases. Due to their
immunomodulatory functions, miEMAs have been amended aspotential diagnostic and prognostic biomarker for
the detection of rejection in allotransplantation. Due to their specific circulating expression profile, they could act
as noninvasive predictive tools for rejection that may help clinicians in an early adjustment of the immunosup-
pression protocol during acute rejections episodes. Indeed, specific anti-sense oligonucleotides suppressing
miRMAs expressed in rejection could reduce the rejection rate in allografts and decrease the use of
immunosuppressants.
‘We presenta literature review of the immunomodulatory properties and characteristics of miRNAs, Wewill sum-
marize the current knowledge on miRMAs as potential biomarkers for allograft rejection and possible application
in allotransplantation monitori ng. Finally, we will discuss the advances in preclinical miRNA-based therapies for
immunosuppression.

© 2020 Elsevier Inc. All rights reserved.
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Human Spheroids from Adipose-Derived Stem Cells

Induce Calvarial Bone Production in a Xenogeneic
Rabbit Model

Anna Barbara Di Stefano ', Luigi Montesano, Beatrice Belmonte, Alessandro Gulino,
Cesare Gagliardo, Ada Maria Florena, Giuseppa Bilello, Francesco Moschella, Adriana Cordova,
Angelo A Leto Barone, Francesca Toia

Affiliations + expand
PMID: 33346554 DOI: 10.1097/SAP.0000000000002579

Abstract

Calvarial defects can result from several causes. Tissue engineering hold the potential to restore native
form and protective function. We have recently shown that stemness and differentiation ability of
spheroids from adipose-derived stem cells (S-ASCs) promotes osteoblasts growth within Integra in a
small vertebral lesion. In our study, we aimed to test osteogenic potential of S-ASCs in aiding
regeneration of a calvarial defect. Groups containing Integra showed increased bone regeneration at
the calvarial defect-Integra interface compared with the control group. In particular, S-ASC-derived
osteoblasts group showed a superior calvarial remodeling than undifferentiated S-ASCs group.
Clusters of ossification were observed in these both groups with enhanced microvasculature density
and fibrosis. In conclusion, seeding of S-ASCs in dermal regeneration templates enhanced bone
healing in a rabbit calvarial defect model. These findings could prompt the elective use of S-ASCs with
enhanced multilineage differentiation potential for tissue engineering purposes.

Copyright © 2020 Wolters Kluwer Health. Inc. All rights reserved.
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ARTICLE INFO ABSTRACT
Article history: Three-dimensional spheroidal cell agerezates of adi pose stem cells (SASCs) are a distinct upstream popul ation of
Received 25 june 2020 stem cells present in adipose tissue, with enhanced regeneration properties in vivo. The preservation of the 3D

Received in revised form 16 October 2020
Accepted 20 October 2020
Available online 24 October 2020

structure of the cells, from extraction to administration, can bea promising strategy to ensure optimal conditions
for cell viability and maintenance of stemness potential. With this aim, anartificial niche was created by incorpo-
rating the spheroids into an injec@ble, in-situ gelling solution of partially degalactosylated xyloglucan (dXG) and
an ad hoc formulated culture medium for the preservation of stem cell spheroid features. The evolution of the

gmiufadimr stem cells mechanical properties and the morphological structure of this artificial niche was investigated by small ampli-
Artifidal niche tude rheological analysis and scanning electron microscopy, respectively. Comparatively, systems produced
Ir-situ forming gel with the same polymer and the typical culmure medium | DMEM) used for adi pose stem cell (ASC) growth in ad-
Partially degalactosylated xyloglucan herent cell culture conditions were also characterised. Cell viability of both SASCs and ASCs incorparated inside

the hydrogel or seeded on top of the hydrogel were investigated as well as the preservation of SASC stemness
conditions when embedded in the hydrogel.
© 2018 Published by Elsevier BV,
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ARTICLEINFO ABSTRACT

Keywords: Adipose stem cell: (ASCs) represent a reliable source of stem cells with a widely demonstrated potential in
Adipose stem cells regenerative medicine and tissue engineering applications. New recent insights suggest that three-dimensional
smid (3D) models may closely mimiec the native tissue propertiez; spheroids from adipoce derived stem eells
m (5AS5Cs) exhibit enhanced regenerative abilities compared with those of 2D models. Stem cell therapy suceess is
ALDH family determined by “eell-quality™; for this reasen, the involvement of stress zignals and eellular aging need to be
Telomare ].eng'l:h further investigated. Here, we performed a comparative analysiz of genes connected with stemness, aging,

telomeric length and oxidative stress, in 3D and 2D primary cultures. The expression levels of stemness-related
markers and anti-aging Sirtuinl were significantly up-regulated (P < 0.001) in 5A5Cs-3D while gene expression
of aging-related pl6INE4a was increased in ASCs-2D (P < 0.001). The 3D and 2D cultures also had a different
gene expression profile for genes related to telomere maintenance (Shelterin complex, RNA Binding proteins and
DMNA repair genes) (P < 0.0]1 and P = 0.001) and oxadative stress (aldehyde dehydrogenase elasz]l and 3) (P <
0.05, P < 0.0] and P < 0.001) and presented a striking large variation in their eellular redox state. Based on our
findings, we propose a “cell quality™ medel of SASCs, highlizhting a precize molecular expreszion of several genes
involved with stemnesz (S0X2, POUSF] and NANOG), anti-aging (SIRT1), oxidative stress (ALDH3) and telo-
meres maintanance.
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