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Adipose tissue in plastic surgery
- Radiotherapy side effects -

Reduction of capillary vessels density

Hyper-permeability 
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Edema

Fibrosis

By courtesy of G. Rigotti and A. Sbarbati, Verona



Adipose tissue

Adipocytes/pre-adipocytes
(70-90%)
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Stromal - Vascular
Fraction
(10-30%)

- Endothelial cells
- smooth muscle cells

- monocyte/macrophages
- “fibroblasts”



Adipose tissue is a highly specialized 
connective tissue composed by 
adipocytes (70-90%) and Stromal-
Vascular Fraction (muscle cells, 
endothelial cells, blood cells, 
preadipocytes and fibroblasts)

1-2% of SVF,
after 1 week culture cells selectively express

Collection of SVF by means of lipoaspirate

Skeletal muscle
Cartilage and Bone

Adipocytes

Neurons 
and

Glial Cells

after 1 week culture cells selectively express
CD73, CD90 and CD105 (AT-MSCs)
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Adipose tissue-derived MSC (AT-MSC)

G. Rigotti, A. Marchi, M. Galiè, G. Baroni, D. Benati, M. Krampera, A. Pasini, A. Sbarbati.Clinical treatment of
radiotherapy tissue damages by lipoaspirates transplant:a healing process mediated by adipose-derived adult stem cells
(ASCs).Plast Reconstr Surg,2007; 119:1409-1422.

F. Mosna, L. Sensebé, M. Krampera.Human bone-marrow and adipose tissue mesenchymal stem cells: a user’s guide.Stem
Cells and Development 2010;19:1449-70. Krampera



SVF subcutaneous injection
- Clinical effects -

G. Rigotti, A. Marchi, M. Galiè, G. Baroni, D. Benati, M. Krampera, A. Pasini, A. Sbarbati.Clinical treatment of
radiotherapy tissue damages by lipoaspirates transplant:a healing process mediated by adipose-derived adult stem cells
(ASCs).Plast Reconstr Surg,119:1409-1422. 2007.

2 years  after injection
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SVF subcutaneous injection
- Microscopical effects -

Edema reduction

1-2 months

12 months

A

A

AA

Neo-adipogenesis
12 months

KramperaBy courtesy of G. Rigotti and A. Sbarbati, Verona

12 months

AAA

Reduction of fibrosis
Neo-vascularization
Increase of capillary density

12 months



Adipose tissue
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B. Lindroos, R. Suurinen, S. Miettinen.The potential of adipose stem cells in
regenerative medicine.Stem Cell Rev and Rep,7:269-291. 2011.



Adipose tissue-derived MSC (AT-MSC)
- in vivoperivascular localization -

CD146

3G5

merge
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CD146
STRO-1

merge

Zanettino ACW, et al..Multipotential Human Adipose-Derived Stromal Stem Cells Exhibit a Perivascular
Phenotype In Vitro and In Vivo.J Cell Physiol2008; 214: 413–421.



Adipose tissue-derived MSC (AT-MSC)

microdissection washing

collagenase digestion

filtration

centrifugation

removing erythrocytes
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A. Schaffler, C. Buchler.Concise Review: Adipose Tissue-Derived Stromal Cells – Basic and Clinical Implications for
Novel Cell-Based Therapies.Stem Cells2007; 25:818-827.

removing erythrocytes

washing

plating

plating
separation

expansion



Adipose tissue-derived MSC (AT-MSC)
- in vitro clonogenicity -
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Zanettino ACW, et al..Multipotential Human Adipose-Derived Stromal Stem Cells Exhibit a Perivascular
Phenotype In Vitro and In Vivo.J Cell Physiol2008; 214: 413–421.



Adipose tissue-derived MSC (AT-MSC)
- in vitro expansion and senescence -

S. Kern, H. Eichler, J. Stoeve, H.
Kluter, K. Bieback.. Comparative
analysis of MSCs from bone marrow,
umbelical cord blood, or adipose
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umbelical cord blood, or adipose
tissue. Stem Cells2006; 24: 1294–
1301.



Adipose tissue-derived MSC (AT-MSC)
- in vitro differentiation -
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S. Kern, H. Eichler, J. Stoeve, H. Kluter, K. Bieback..Comparative analysis of MSCs from bone marrow, umbelical cord
blood, or adipose tissue.Stem Cells2006; 24: 1294–1301.
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Adipose tissue-derived MSC (AT-MSC)
- in vitro andin vivodifferentiation -

ch
o

n
d

ro
35G+ AT-MSC

Alizarin red Oil-red-O
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Zanettino ACW, et al..Multipotential Human Adipose-Derived
Stromal Stem Cells Exhibit a Perivascular Phenotype In Vitro and
In Vivo. J Cell Physiol2008; 214: 413–421.

NOD-SCID mouseAlcian blue



Adipose tissue-derived MSC (AT-MSC)

IFATS criteria
(International Federation of

Adipose Therapeutics and Science)
5th Annual Scientific Meeting,

Indianapolis, Indiana, USA
October 2007

A. Schaffler, C. Buchler. Concise Review:
Adipose Tissue-Derived Stromal Cells – Basic
and Clinical Implications for Novel Cell-Based
Therapies.Stem Cells2007; 25:818-827.
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IFATS Collection
Stem Cells 2008;26



Adipose tissue-derived MSC (AT-MSC)
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S. Kern, H. Eichler, J. Stoeve,
H. Kluter, K. Bieback..
Comparative analysis of
MSCs from bone marrow,
umbelical cord blood, or
adipose tissue.Stem Cells
2006; 24: 1294–1301.



Culture-related AT-MSC variability
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B. Lindroos, R. Suurinen, S. Miettinen.The potential of adipose stem cells in regenerative medicine. Stem Cell Rev and
Rep,7:269-291. 2011.



Culture-related 
AT-MSC 
variability
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B. Lindroos, R. Suurinen, S.
Miettinen. The potential of
adipose stem cells in regenerative
medicine.Stem Cell Rev and Rep,
7:269-291. 2011.



Adipose tissue-derived MSC (AT-MSC)
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D. Peroni, I. Scambi, A. Pasini, V. Lisi, F.  Bifari, M. Krampera, G. Rigotti, A. Sbarbati, M. Galiè. Stem  molecular signature 
of adipose-derived stromal cells.Exp Cell Research 2008; 314: 603-615.



- Integrins and adhesion molecules(α5, αV, β1, β5, CD44 isoforms)
- Cytokines/chemokines(CxCL12/SDF-1, IL-6, CCL2/MCP-1, CCL7/MCP-3, 
CxCL1/Gro-α, CxCL12/Gro-β)

- Cyclin-dependent kinase inhibitors(CDK 1A/p21cip1, 1B/p27Kip1, 2A/p16, 2D/p19)
- Growth Factors(FGF-2/16/5/6, VEGF, PDGF-A)
- Bone Morphogenetic Protein Receptors(BMPR-2)
- Embryonic factors(Slug/Snail2 - migration neural crest cells, E-M transition in 
cancers)

- Metalloproteinases (MMP-12, -14, -2, -23, -3)

Adipose tissue-derived MSC (AT-MSC)

D. Peroni, I. Scambi, A. Pasini, V. Lisi, F.  Bifari, M. Krampera, G. Rigotti, A. Sbarbati, M. Galiè. Stem  molecular signature 
of adipose-derived stromal cells.Exp Cell Research 2008; 314: 603-615.

- Metalloproteinases (MMP-12, -14, -2, -23, -3)

(RT-PCR)
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Adipose tissue-derived MSC (AT-MSC)

TAZ others?
- Molecular rheostats
- stem cell transcription factors
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- stem cell transcription factors

A. Schaffler, C. Buchler.Concise Review: Adipose Tissue-Derived Stromal Cells – Basic and Clinical Implications for
Novel Cell-Based Therapies.Stem Cells2007; 25:818-827.



Adipose tissue-derived MSC (AT-MSC)
- differentiation assays -
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A. Schaffler, C. Buchler.Concise Review: Adipose Tissue-Derived Stromal Cells – Basic and Clinical Implications for
Novel Cell-Based Therapies.Stem Cells2007; 25:818-827.



Adipose tissue-derived MSC (AT-MSC)

A. Schaffler, C. Buchler.Concise
Review: Adipose Tissue-Derived
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Review: Adipose Tissue-Derived
Stromal Cells – Basic and Clinical
Implications for Novel Cell-Based
Therapies. Stem Cells 2007;
25:818-827.

Immune regulation



Neural differentiation of MSCs of various origin by neurogenic medium
(bone marrow, adipose tissue, spleen, thymus)

Woodbury’s modified protocol:

- pre-induction medium: DMEM + FBS 10% + 5 ng/ml bFGF for 24 h

- wash with PBS

- induction medium: DMEM + N2 supplement, butylated

M. Krampera, S. Marconi, A. Pasini, M. Galiè,G., et al.Induction of neural-like differentiation in human MSCs derived
from bone marrow, fat, spleen and thymus.Bone2007; 40: 382-390.

Krampera

- induction medium: DMEM + N2 supplement, butylated
hydroxyanisole, KCl, valproic acid and forskolin for 2 to 16 h

- cell fixation for immunocytochemistry or transfer to basal medium to
assess their phenotype and differentiation potential



Neural differentiation of MSCs of various origin by neurogenic medium

M. Krampera, S. Marconi, A. Pasini, M. Galiè,G., et al.Induction of neural-like differentiation in human MSCs derived
from bone marrow, fat, spleen and thymus.Bone2007; 40: 382-390. Krampera



Neural differentiation of MSCs of various origin by neurogenic medium

PMP-22 (Schwann) GFAP (astrocyte) NeuN (neuron) GalC (oligodendro)

(15–20%)

(50-60%)

M. Krampera, S. Marconi, A. Pasini, M. Galiè,G., et al.Induction of neural-like differentiation in human MSCs derived
from bone marrow, fat, spleen and thymus.Bone2007; 40: 382-390. Krampera

GFAP (astrocyte) Negative control

Removal of neurogenic medium

Hematoxylin



Human MSCs
(PKH-67-labelled)

Neural differentiation of MSCs of various 
origin by co-culture with Schwann cells

12 days

(25-30% delle AT-MSC, 
> se pre-induzione con medium neurogenico)
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M. Krampera, S. Marconi, A. Pasini, M. Galiè,G., et al.Induction of neural-like differentiation in human MSCs derived
from bone marrow, fat, spleen and thymus.Bone2007; 40: 382-390.

Human Schwann cells
(PMP-22+ or S100+)

Co-culture
(4, 7, 12 days)



bFGF + hEGF
(2-6 days)

basal neurospheres

MAP-2+ 

GFAP - BDNF + ATRA
(30 days)

Nestin+

Neuronal differentiation of AT-MSC

E. Anghileri, , S. Marconi, A. Pignatelli, P. Cifelli, M. Galié, A. Sbarbati, M. Krampera, O. Belluzzi, B. Bonetti. 
Neuronal differentiation potential of human mesenchymal stem cells.Stem Cells and Development 2008;17:909-916.

MAP-2+
NeuN-2+

Tyroxine hydroxylase
(TH )+

GABA-A.R+

GFAP -

Nestin+

MAP-2+

Basal medium
(7 days)
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TARGET
IL-2 / IL-15

DC

CD8 CD4
CD4

B NK

IFN-γ
IFN-γ IFN-γ1)

2)

3)

4)
PGE-2
IL-1β
IL-6

Nitric oxide

TGF-β ?

HGF ?

TNF-α
IL-8, VEGF, SDF-1

T reg

CD4?

IL-12

IL-10

HLA-G5

HLA-G5

??

Immune 
regulation 
by MSCs 

of different 
origin

TLR4 TLR4TLR2 TLR5

?
? ?

MSC

CD8 CD4

IFN-γ

IFN-γ-R IFN-γ-R
IFN-γ-R

IDO
IDO IDO

HLA-G5

Jagged1

LPS
dsRNA

LPS flagellin
bacteria

mycoplasma

inhibition of
immune modulation

TLR3 TLR3

dsRNA

TLR9

bacteria

Pro-inflammatory
cytokine/chemokine

production
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AT-MSC inhibitory effect

T cells NK cells

* *

* * * *
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B cells

MSC: unprimed

pMSC: MSC 
primed with IFN-γ
and TNF-α

*

*
*



9-year patient with severe, 
treatment-resistant,
grade IV acute GvHD of 
the gut and liver, following 
unrelated identical ASCT

Ringden O, et al.Mesenchymal stem cells for treatment of therapy-resistant graft-versus-host disease. Transplantation 2006;81:1390-7.
Le Blanc K, et al.MSCs for treatment of steroid-resistant, severe, aGvHD: a phase II study.Lancet 2008;371:1579-86.
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AT-MSC control 
GvHD in haploidentical 

hematopoietic grafts

Mouse AT-MSCHuman AT-MSC

Yanez, R, et al.Adipose tissue-derived mesenchymal stem cells have in vivo immunosuppressiveproperties applicable for the control
of the graft-versus-host disease.Stem Cells2006;24:2582–2591 Krampera
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EAE 
prevention
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AT-MSC prevent and treat EAE

Hematoxylin-
eosin

control + AT-MSC control + AT-MSC

A

+3 +8 +23 +28

Hematoxylin-
eosin
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Constantin G, Marconi S, Rossi B, Angiari S, Gini B, Anghileri E, Bach SD, Martinello M, Bifari F, Turano E, Budui S,
Sbarbati A, Krampera M, Bonetti B.AT-MSC ameliorate chronic established EAE. Stem Cells2009;27:2624-35

Anti-CD3

Spielmeyer

eosin

B C

D E

F G

Anti-PDGFαR
(oligodendro
precursors)

Spielmeyer

eosin



AT-MSC in EAE: ex-vivo inhibitory effects
Pre-clinical phase Established disease

!! !!
!!
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Constantin G, Marconi S, Rossi B, Angiari S, Gini B, Anghileri E, Bach SD, Martinello M, Bifari F, Turano E, Budui S,
Sbarbati A, Krampera M, Bonetti B.AT-MSC ameliorate chronic established EAE. Stem Cells2009;27:2624-35



AT-MSC in EAE: in vivo distribution of GFP+ AT-MSC
G

F
P

+
A

T
-M

SC
/m

m
2

DAPI, CD3, GFP(perivascular cuffs of spinal cord in EAE mice)

+ 16 dpi + 30 dpi

+ 93 dpi + 93 dpi
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(astrocytes) (oligodendrocytes) (oligod. precursors)

+ 93 dpi
(white matter)

+ 93 dpi
(white matter)

Constantin G, Marconi S, Rossi B, Angiari S, Gini B, Anghileri E, Bach SD, Martinello M, Bifari F, Turano E, Budui S,
Sbarbati A, Krampera M, Bonetti B.AT-MSC ameliorate chronic established EAE. Stem Cells2009;27:2624-35



AT-MSC are VLA-4 (αααα4ββββ1)+ and migrate into inflamed spinal cord
(through interaction with VCAM-1+ endothelial cells)ImageStream analysis

brightfield Darkfield/
SSC

VLA4-PE brightfield Darkfield/
SSC

VLA4-PE
Intravital microscopy

Fuorescent dextrans

IVIS 200

Krampera

brightfield Darkfield/
SSC

VLA4-PE brightfield Darkfield/
SSC

VLA4-PE

ImageStream analysis

AT-MSC transfected with luciferase reporter gene

Injection: + 7 dpi, measurement: + 14 dpi

Constantin G, Marconi S, Rossi B, Angiari S, Gini B, Anghileri E, Bach SD, Martinello M, Bifari F, Turano E, Budui S,
Sbarbati A, Krampera M, Bonetti B.AT-MSC ameliorate chronic established EAE. Stem Cells2009;27:2624-35



In vivouse of AT-MSC

Krampera

B. Levi, M.T. Longaker.Concise review: adipose-derived stromal cells for skeletal regenerative medicine.Stem Cells
2011; 29: 576-582.
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B. Lindroos, R. Suurinen, S. Miettinen.The potential of adipose stem cells in regenerative medicine. Stem Cell Rev and
Rep,7:269-291. 2011.
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B. Lindroos, R. Suurinen, S. Miettinen.The potential of adipose stem cells in regenerative medicine. Stem Cell Rev and
Rep,7:269-291. 2011.
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B. Lindroos, R. Suurinen, S. Miettinen.The potential of adipose stem cells in regenerative medicine. Stem Cell Rev and
Rep,7:269-291. 2011.



In vivouse of AT-MSC: contradictory results
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M. Locke, V. Feisst, P.R. Dunbar.Concise Review: Human Adipose-Derived Stem Cells: Separating Promise from Clinical
Need.Stem Cells2011; 29: 404–411.



In vivouse of 
AT-MSC: 

contradictory 
results
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M. Locke, V. Feisst, P.R. Dunbar.
Concise Review: Human
Adipose-Derived Stem Cells:
Separating Promise from Clinical
Need.Stem Cells2011; 29: 404–
411.
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M. Locke, V. Feisst, P.R. Dunbar.Concise Review: Human Adipose-Derived Stem Cells: Separating Promise from
Clinical Need.Stem Cells2011; 29: 404–411.



In vivouse of 
AT-MSC: 
method 

standardization
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M. Locke, V. Feisst, P.R. Dunbar.Concise Review: Human Adipose-Derived Stem Cells: Separating Promise from Clinical
Need.Stem Cells2011; 29: 404–411.



CASCADE
(Cultivated Adult Stem Cells as Alternative for Damaged tissuE)

Coordinator: Dr. Luc Sensebé, EFS, Toulouse, France
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CASCADE - Obiettivi

Krampera



CASCADE - Obiettivi
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Progetto REBORNE - 7th FP EU 2008 
(Regenerating Bone defects using New biomedical Engineering approaches)

Coordinator: Dr. Pierre Layrolle, INSERM, Nantes, France
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REBORNE - Obiettivi
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%



REBORNE - Obiettivi
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DIRECT NEOPLASTIC TRANSFORMATION OF BM-/AT-MSCs

Rhesus-MSC vs HumanMSC
(BM- vs Adipose-)
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18%12%

polyploidy polyploidy

polyploidy

Izadpanah R, et al. Long-term in vitro expansion alters the biology of adult MSCs.Cancer Res 2008;68:4229-4238
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36%
arrest in 
S phase

arrest in 
S phase

Krampera



(mesenchymal tumor cells)

Mesenchymal tumour cells share the same gene pattern of AT-MSCs
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M. Galiè, G. Konstantinidou, D. Peroni, I. Scambi, C. Marchini, P. Magnani, F. Merigo, M. Montani, F. Boschi, P. Marzola,
R. Orrù, V. Lisi, M. Krampera, P. Farace, A. Sbarbati, A. Amici. Mesenchymal stem cells share molecular signature with
mesenchymal tumor cells and favors the early tumor growth insyngeneic mice.Oncogene 2008; 27:2542-2551



Co-implantation of AT-MSCs with BB1 cells (not spontaneous 
mammary carcinoma) in syngeneic mice

earlier tumor 
appearance 

M. Galiè, G. Konstantinidou, D. Peroni, I. Scambi, C. Marchini, P. Magnani, F. Merigo, M. Montani, F. Boschi, P. Marzola,
R. Orrù, V. Lisi, M. Krampera, P. Farace, A. Sbarbati, A. Amici. Mesenchymal stem cells share molecular signature with
mesenchymal tumor cells and favors the early tumor growth insyngeneic mice.Oncogene 2008; 27:2542-2551

bigger size over a 
long-term follow-up
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Summary

• AT-MSC can be easily achievedby means of lipoaspirates or surgical procedures
andcan be efficiently expandedin culture

• AT-MSC and BM-MSC sharesimilar immunophenotype (with the exception of a
few markers, i.e. CD106), gene profile, differentiation potential and immune
regulatory propertiesin vitro andin vivo.

• AT-MSC display high regenerativeactivity in ischemic tissues and immune• AT-MSC display high regenerativeactivity in ischemic tissues and immune
regulatory activityin CNS autoimmune diseases; further studies are needed for their
clinical use in GvHD

• safety controls must besimilar to those for BM-MSC, including assays for
neoplastic transformation and senescence

Krampera

AT-MSC are promising tools for regenerative medicine



Grasso è bello, ed è pure staminale…..
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Messico, super obeso esce di casa dopo cinque anni
Manuel Uribe non usciva di casa da cinque anni. La sua mezza tonnellata e oltredi peso glielo
impediva. Ora è dimagrito 200 kg e si concede finalmente un giro all'aria aperta …. Quarant'anni,
messicano, Uribe è stato tirato fuori di casa con una gru
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