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Adipose tissue In plastic surgery
- Radiotherapy side effects -

Reduction of capillary vessels density

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




Adipose tissue

Adipocytes/pre-adipocytes
(70-90%)

Stromal - Vascular
Fraction
(10-30%)

- Endothelial cells
- smooth muscle cells
- monocyte/macrophages
- “fibroblasts”
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Adipose tissue-derived MSC (AT-MSC)
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G. Rigotti, A. Marchi, M. Galie, G. Baroni, D. Benati, M. Krgmra, A. Pasini, A. SbarbatClinical treatment of
radiotherapy tissue damages by lipoaspirates transpahealing process mediated by adipose-derived adult stdm
(ASCs).Plast Reconstr Sur@007; 119:1409-1422.

F. Mosna, L. Sensebe, M. Krampekuman bone-marrow and adipose tissue mesenchymal stesna@elser’s guideStem
Cells and Development 2010;19:1449-70. Krampera @




SVF subcutaneous injection
- Clinical effects -

G. Rigotti, A. Marchi, M. Galie, G. Baroni, D. Benati, M. Krgrara, A. Pasini, A. SbarbatClinical treatment of
radiotherapy tissue damages by lipoaspirates trans@amealing process mediated by adipose-derived adult stésn «
(ASCs).Plast Reconstr Surd,19:1409-1422. 2007.




SVF subcutaneous injection
- Microscopical effects -

Edema reduction NeO-ipogeneSis

- 12 months

Reduction of fibrosis
Neo-vascularization
Increase of capillary densit

By courtesy of G. Rigotti and A. Sbarbati, Verona : 12 months




Adipose tissue
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B. Lindroos, R. Suurinen, S. Miettinefhe potential of adipose stem cells in
regenerative medicin&tem Cell Rev and Rep,269-291. 2011. Krampera @




Adipose tissue-derived MSC (AT-MSC)
- In vivo perivascular localization -

4 L
1 CD146

3N

Zanettino ACW, et al..Multipotential Human Adipose-Derived Stromal Stem Cellghibit a Perivascular
Phenotype In Vitro and In Vival Cell Physiol2008; 214: 413-421.
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Adipose tissue-derived MSC (AT-MSC)

surgical resection

B

sterile microdissection

tumescent lipoaspiration

v

sWashing with sterile PES <

ultrasound-assisted lipoaspiration

= 1 Ccm= 1a1 1Io0uNes L

collagenase digestion
30-90 min., 37 °C under permanent shaking
(Krebs-Ringer solution (pH 7.4) bufferad with 25 mM Hepes {20 mg/ml BSA) + 1.5 mg/ml collagenasa)

/ \ filtreftion

(120 pm nylon mesh)

L
centrifugation
{1,200 g. 10 min.)

1"
/ \ removing erythrocytes
{erythrocyte lysis buffer pH 7.3)

washing with sterile PBS
L
expansion medium

(DMEM-LG + 10 FBS + 1% antibiotic/fantimycatic solution)

|
\
A
-
\ } \ / separation of cells at tﬂ - 70 % confluence

plating the cells at 4,000/cm? for ~ 15 passages

plating the cells at a density of 150,000 / cm?

Figure 1. Anatomical regions most commonly associated with lipo- L
suction (http://www.aestheticsurgery.ie/images/liposuctionl.jpg).

A. Schaffler, C. BuchlerConcise Review: Adipose Tissue-Derived Stromal Cells —idBand Clinical Implications for
Novel Cell-Based TherapieStem Cell2007; 25:818-827. Krampera (&)




Adipose tissue-derived MSC (AT-MSC)
- In VvItro clonogenicity -
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Zanettino ACW, et al..Multipotential Human Adipose-Derived Stromal Stem Cellghibit a Perivascular
Phenotype In Vitro and In Vival Cell Physiol2008; 214: 413-421. Krampera ﬁ




Adipose tissue-derived MSC (AT-MSC)
- In VItro expansion and senescence -
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P2 P3 P4 PS P6 P7T P8 P9 1301.
passages
Senescence ratio up to

passage 2 Maximal passage

BM (n = 21) 23.6% P7(9.5%)

UCB (n = 26) 34.6% >P 10" (3.9%)

AT (n = 18) 3.6% P8 (5.6%)
p=.02"




Adipose tissue-derived MSC (AT-MSC)
- In vitro differentiation -
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S. Kern, H. Eichler, J. Stoeve, H. Kluter, K. Biebackomparative analysis of MSCs from bone marrow, umbelicadl co
blood, or adipose tissu8tem Cell2006; 24: 1294-1301. Krampera (&)




Adipose tissue-derived MSC (AT-MSC)

- In vitro andin vivo differentiation -
335Gt AT-MSC
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Zanettino ACW, et al..Multipotential Human Adipose-Derived : |E|
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Adipose tissue-derived MSC (AT-MSC)

ATMSC-positive cellular ATMSC-negative cellular
markers and genes markers and genes

CDY CD11b IFATS criteria

CD10 CDI14 (International Federation of
CD13 CD19 Adipose Therapeutics and Science
CD?29 CD31 5th Annual Scientific Meeting,
CD44 CD34 Indianapolis, Indiana, USA
CD49 CD45 October 2007

CD49 CD79%«

CD54 CDS80 l

CD35 CDI117

CD359 CD133 .
CD73 CD144 IFATS Collection
CD90 HLA-DR Stem Cells 2008:26
CD105 c-kit

CD106 MyDS88

CD146 STRO-1

CD166 Lin

HLA 1 HLA 11

Fibronectin

Endomucin

ASMA

Vimentin

Collagen-1




Adipose tissue-derived MSC (AT-MSC)

BM (%) UCB (%) AT (%)
Antibody (n =9) (n = 10) (n=29)

CD44 07.5 5.1 09.7 = 0.5 00.8 = 0.2
CD73 90.0 = 20.0 99.3 £ 1.3 99.6 = 0.5
CD90 09.1 07.8 = 7.1 0909 = 0.2
CDl14 0.8 =09 24 +=5.(

.

th|—
S IR O e o ]

CD45 3.8 3.6 3.8 =
CDI105% 8

72.4 = 20.0 00.4 = 5.
CDI133 29+ 5.5 2.9 * 3.
CD29 00. 0998 = 04 00.5 =
HLA 1 05.2

-

— 0

&

2
2.
L.
CD34 l.£ 1.2+ 1.5 50 =
3.
y
.
l

-

04.3 + 6.8 08.8 = 2.

[CDI06" 66.3 70.0 = 236 30.3+18.6

6. 0.8 £ 1.2 4.4 * 6.2
9.3 2.4+ 4.0 24 x£25

HLA 11 4.2
CD144 4.5

I+ (1] 1+ 1+ 1+ 14 |+ 1+ 1+ |+

The table shows mean values of the percentage of positive

cells = standard deviation to the total number of cells analyzed.

ISignificant differences were observed between UCB compared
with BM and AT (p < .05).

“Significant differences were observed between AT compared
with BM and UCB (p < .0)5).

Abbreviations: AT, adipose tissue; BM, bone marrow; UCB,
umbilical cord blood.

S. Kern, H. Eichler, J. Stoeve
H. Kluter, K. Bieback..
Comparative analysis o
MSCs from bone marrow
umbelical cord blood, or
adipose tissue.Stem Cells
2006; 24: 1294-1301.
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Antigen

Surface marker expression

Culture-related AT-M SC variability

FBS

HS

SF/XF

CD9

CD10
CD13
CD14
CD19
CD29
CD31
CD34
CD44
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, 219)

, 219]

1S, 98, 150, 219]

4, 147, 220, 221, *

/5, 85, 98, 147, 219-221|
147,172,219, 221, 222
147, 150, 172, 219-221]

15, 147, 219-222

98, 219
[98, 219

[98, 219

[147], *

“

(98, 147, 219]

(98, 147, 172, 219]
[98, 99, 172, 219]
(98, 147, 219]

(98]

[98, 172]
[98, 99, 172)
[98]

CD45

7, 150, 219-222

[98, 99, 147, 219]

[98, 99]

CD49d
CD73
CD90
CD105
CDI106

75, 219
, 220, 221]

, 150, 219-222

5. 98, 150, 219-222

v, 219, 220, 222

[98, 219
[147]

[98, 99, 147, 219]
[98, 99, 219

[98, 219

[98]

[98, 997
[98, 99]
(98]

CDI117 +/ 13, 22

1]

#

CDI133 73, 147, 172, 220]

CDIl46 85, 98,
CD166 15, 83,
s 98, 147, 172, 220]

MHC | -+ 13,7

2

i i

98, 219, 221, 222

(147, 172]

[98]

[98, 219

[98, 99, 147, 172, 219]

[172]
[98]
[98]
[98, 99, 172]

MHC 11 +Ht 3,7

, 98, 147, 220], *

[98, 99, 147), *

[98, 99] |

STRO-1 +

[219, 222

219]

FBS = fetal bovine serum, HS = human serum, SF = serum-free, XF = xeno-free
| | | |

=0

+++ = strong expression =90%, ++ = positive expression <90% >50%, + = moderate expression <50% >2%, + = low or no expression =2%

* = Lindroos et al, unpublished results

B. Lindroos, R. Suurinen, S. Miettineithe potential of adipose stem cells in regenerative meeli@tem Cell Rev and

Rep,7:269-291. 2011.
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Fetal Bovine Serum | | Allogeneic Human Serum | | Serum-freefXeno-free | C u Itu re _re I a‘te '

AT-MSC
variability

Undifferentiated

2
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o
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g

Osteogenic

B. Lindroos, R. Suurinen,
Miettinen. The potential of
adipose stem cells in regenerati
medicine.Stem Cell Rev and Re
7:269-291. 2011.
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Adipose tissue-derived MSC (AT-MSC)

( b) /
LT - Array Layout Table with Gene Symbol and Position Information

ABCG2 | ACTAZ | | ACTGE | ACVRT | ACVR2 [ACVRLI | BONF | BMP1 | BMEID [ BMPIS | BMPZ | BMP3 | BMPd

- 4 B L W AU SR SO L N 12 12 14 15 15
BMPG BMPE BMPRmiEMPmE; BMPR2 CTHNNAZ CTHNALT CTHNNE1 | CTNNDZ| CCNE1 | CONEZ | CONGZ
18 20 21 | =z | 26 | 26 | 2r | 378 2 30 3 | s |

Lo ] CDHY | CDH15 CDH3 | COH4 | COME | CDK4 |CDKMIA|CDKM1B| CDRMZA |COKNZO| GERA
__ 30 a7 1= S I M 42 | 4 | 44 48 | A5 g |
CoOLEAZ | CST2 |SxXCL1Z | CXCR4 DHMTY | DMMTZ | DRMT8 | DN TSE | DMMTIL EGF | EGRZ

52 53 54 55 | s7 58 ) 60 81 B2 : 54
FABPT | FGF1 | FGF10 | FGF11 | FGFiZ | FGF14 | FGF18 | FGF1T | FGF18 | FGF1B | FGF2 | FGFZ0 | FGFZ1
B8 B8 T T2 ™| T4 TE TG rr i 78 T8 80
FGF5 | FGFB 1 FGFT | FG@Fg | FGFR1 | FGFR2 | FGFR3 | FGFR4 [FOXG1A| FOXH1 | FOXM1 |FOXO1A
B4 & BS | B k] 89 90 g1 | o2 | 83 84 | @8 | @8
FZD4 | FEDT | FZDA GATAZ | GATA4 | GCG | GCM2 | GDF1 | GDF11 | GDF2 | GDF2 | GDFS |
100 101 | 102 | 104 105 106 107 108 08 | 110 | 111
GJAT | GJB1 | GJB3 | GJBS |HSPASE| ICAM1 | |CAMS | IGF1 | IGFIR | IGF2 IGF2R
115 116 117|118 | 1120 121 122 123 igd | 128 128 127
IMA | INHBA | INHBB | INS I18L1 MEAZ |ITGAZB | ITGA3 | ITGA4 | ITGAS | ITGAB | ITGAT
i3 132 133 134 _das | var 134 138 144 141 | 14w 143
ITGAM | ITGAV | ITGAX | ITGB1 TGB3 | TGB4 | TGBS | ITGBG | TGE7 | KDR | KRT14 | KRT1S
147 148 148 150 182 153 154 155 156 157 158 159
LIFR | MAP1BY MAPZ | MDMZ MYHS | MYL4 | NCAM1 | NCAMZ2 | NEFL MES |NEUROG1 NGFB
163 1684 165 166 168 168 170 i | iz 173 174 178
FLI10314 MOG HNOTCH1| MRG1 LOC145957 MTF3 | NTREZ | NTRK3 | NUME OLIG2 PAsE
179 180 181 182 164 185 166 187 188 | 180 191
POGFRE|PECAM1| PLP1 |POUAFZ POUSF1 | POUSF1 [FLI21188| PROMLY | PROX1 | PTCHZ | PTEN
185 186 | 197 198 200 20 202 203 204 | 206 207
RE1 REL1 | RBL2 | Si00B SIATA | SLC1AZ | SLC1AS | SLE2A1 | SMAN SOX1 | SO0
211 | 22 | 213 214 216 | 217 | =218 | 218 | 20 | 221 | @22z | 223
SOX18 | SOX2 | SOX3 | SOx4 SOXE | SYT1 | TEP1 | TERF1 | TERT TGFBZ | TGFE3
*T 228 27a | man | 23 _ zaz =L 234 235, T . 238 P
THY1 | TINFZ | TMC | TP53 C|UTFT [ vCAMA | VEGE | vIM | WNTH1 | wWNT3 | W4
243 244 | 245 | @46 3 248 | 249 250 | 251 252 | 254 255
WHNTTA | WNTTB | WNTBA | ZFPa2 Blank | Blank | Blank | Blank | Blank Blank Biank
258 250 | 200 | 281 | 262 264 265 266 | 267 | 268 270 271
PUC18 | PUC1B | PUC1E | PUCIE | RPL13A | RPL13A GAPD | GAPD | GAPD | PPIA | FPIA ACTE | ACTB
| 273 | 274 275 276 | 217 | =278 280 | =281 | 282 | 2a3 284 288

D. Peroni, I. Scambi, A. Pasini, V. Lisi, F. Bifak. Krampera, G. Rigotti, A. Sbarbati, M. Gall&tem molecular signatu
of adipose-derived stromal celxp Cell Research 2008; 314: 603-615. Krampera ﬁ




Adipose tissue-derived MSC (AT-MSC)

- Integrins and adhesion molecu(e$, aV, 31, 35, CD44 isoforms)

- Cytokines/chemokingCxCL12/SDF-1, IL-6, CCL2/MCP-1, CCL7/MCP-3,
CxCL1/Groa, CxCL12/Grof)

- Cyclin-dependent kinase inhibita{GDK 1A/p21¢rl, 1B/p27KPl 2A/pl16, 2D/p19)

- Growth FactorgFGF-2/16/5/6, VEGF, PDGF-A)

- Bone Morphogenetic Protein Recept(@$1PR-2)

- Embryonic factor¢Slug/Snail2 - migration neural crest cells, E-Mnhs#ion in
cancers)

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

ADSCs BM-MSCs ADSCs BM-MSCs

(RT-PCR)

D. Peroni, I. Scambi, A. Pasini, V. Lisi, F. Bifak. Krampera, G. Rigotti, A. Sbarbati, M. Gall&tem molecular signatu
of adipose-derived stromal celxp Cell Research 2008; 314: 603-615. Krampera @




Adipose tissue-derived MSC (AT-MSC)

proliferation

MEK | ERK

= cellular kinases
JHK = sofuble factors

= franscription factors
JAK-3 | STAT-1 = growth factors

FGF-2 | FGF-2-R

allecation [ commitment

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

lineage-specific differentiation

P~y

adipocytes myocytes osteocytes chondrocytes

A. Schaffler, C. BuchlerConcise Review: Adipose Tissue-Derived Stromal Cells -dasd Clinical Implications for
Novel Cell-Based TherapieStem Cell2007; 25:818-827. Krampera ﬁ




Adipose tissue-derived MSC (AT-MSC)

- differentiation assays -

Table 3. Experimentally used factors triggering the differentiation of adipose tissue-derived stromal cells

Type of differentiation Differentiation factors

Adipogenic Insulin, IBMX, dexamethasone, rosiglitazone, indomethacin

Chondrogenic BMP-6, BMP-7, FGF-2, TGF-B,, TGF-B,, TGF-B,. dexamethasone, IGF-1

Osteogenic [,25(0OH),D,, B-glycerophosphate, ascorbic acid, BMP-2, dexamethasone, valproic acid
Myogenic differentiation Specific microenvironment?

Cardiomyogenic differentiation IL-3, IL-6, SCF

Vascular/endothelial Specific microenvironment?

Neurogenic Valproic acid, insulin, hydroxyanisole, hydrocortisone, EGF, FGF

Pancreatic/endocrine Activin-A, exendin-4, pentagastrin, HGF, nicotinamide, high glucose concentration
Hepatic HGF, OSM, DMSO

Hematopoietic Specific microenvironment?

Abbreviations: 1,25(0H),D5, 1,25-dihydroxy-cholecalciferol; BMP, bone morphogenetic protein; DMSO, dimethyl sulfoxide; EGF, epidermal
arowth factor; FGF, fibroblast growth factor; HGF, hepatocyte growth factor; IBMX, 3-isobutyl-1-methylxanthine; IGF, insulin-like growth
factor; IL, interleukin; OSM, oncostatin M; SCF, stem cell factor; TGF, transforming growth factor.

A. Schaffler, C. BuchlerConcise Review: Adipose Tissue-Derived Stromal Cells -iBasd Clinical Implications for
Novel Cell-Based TherapieStem Cell2007; 25:818-827.
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Adipose tissue-derived MSC (AT-MSC)

Type of differentiation Clinical implications

Adipogenic Breast soft tissue reconstruction after tumor
surgery for breast cancer. breast
asymmetry, and soft tissue and
subdermal defects after trauma, surgery,
or burn injury
Chondrogenic Cartilage repair in joint and disc defects,
plastic reconstruction of ear and nose
defects A. Schaffler, C. Buchler.Concise
Osteogenic Skeletal regeneration of inherited and Review: Adipose TissueDerivec
tumor- or trauma-induced bone defects Stromal Cells — Basic and Clinica
Myogenic Tissue reconstruction after trauma and Implications for Novel Cell-Based
surgery, dystrophic muscle disorders 12'h§rap|es. Stem  Cells 2007;
g : . . . 5:818-827.
Cardiomyogenic Heart muscle regeneration, functional
improvement after myocardial infarction,
heart failure
Vascular/endothelial ~ Neovascularization, ischemic diseases
Neurogenic Brain injury, stroke, peripheral nerve injury
Pancreatic/endocrine  Insulin-secreting cells, type | diabetes
mellitus
Hepatic Chronic liver failure, hepatic regeneration, Immune regulatio
hepatocyte transplantation
Hematopoietic GVHD, bone marrow support rampera (@)




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

Woodbury’s modified protocol:

- pre-induction mediumDMEM + FBS 10% + 5 ng/ml bFGF for 24 h
- wash with PBS

- Inductior mediun: DMEM + N2 supplemen butylatec
hydroxyanisole, KCI, valproic acid and forskolin for 2 to 16 h

- cell fixation for iImmunocytochemistry or transfer to basal mediu
assess their phenotype and differentiation potential

M. Krampera, S. Marconi, A. Pasini, M. Galie,G., et Elduction of neural-like differentiation in human MSCs ed
from bone marrow, fat, spleen and thymBene2007; 40: 382-390.

Krampera @




Neural differentiation of MSCs of various origin by neurogenic medium

Bone marrow Adipose tissue Spleen

Non : L

)
b
-‘\.

M. Krampera, S. Marconi, A. Pasini, M. Galie,G., et Elduction of neural-like differentiation in human MSCs ied
from bone marrow, fat, spleen and thymBsne2007; 40: 382-390.
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Neural differentiation of MSCs of various origin by neurogenic medium

PM P—Zi_(rSchwann) GFAP (astrocyte)  NeuN (neuron) GalC (oligodendro)
; (50-60%) '

s (15-20%)
= G H1

GFAP (astrocyte) Negative control

Removal of neurogenic medium
\ J K

- i —

M. Krampera, S. Marconi, A. Pasini, M. Galie,G., et Elduction of neural-like differentiation in human MSCs ed
from bone marrow, fat, spleen and thymBene2007; 40: 382-390. Krampera @




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

(25-30% delle AT-MSC,

> se pre-induzione con medium neuroge
Human MSCs

> Co-culture
(4, 7, 12 days)

A

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

M. Krampera, S. Marconi, A. Pasini, M. Galie,G., et bEdduction of neural-like differentiation in human MSCs ived
from bone marrow, fat, spleen and thymBene2007; 40: 382-390. Krampera ﬁ




Neuronal differentiation of AT-MSC
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E. Anghileri, , S. Marconi, A. Pignatelli, P. CilelM. Galié, A. Sbarbati, M. Krampera, O. BelluzBi. Bonetti.

Neuronal differentiation potential of human mesegmaal stem cellsStem Cells and Development 2008;17:909-916.
Krampera



Immune
regulation
by MSCs

of different
origin
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AT-MSC inhibitory effect
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Treatment of severe acute graft-versus-host disease with third party
haploidentical mesenchymal stem cells Lancet|2004. 363: 143941

Hatanna Le Blanc, Ida Rasmusson, Bent Sundberg, Cecilia Gotherstrém, Moustapha Hassan, Mehmet Uzunel, Qlle Ringdén
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Figure 1: Clinical eourse and immunosuppression of the patient

l=mesenchymal stem-cell transplantation. ASCT=allogeneic stem-cell transplantation.
MSC=mesenchymal stem cells.

Ringden O, et alMesenchymal stem cells for treatment of therapy-resistant graft-vamsisdiseaselransplantation 2006;81:1390-
Le Blanc K, et alMSCs for treatment of steroid-resistant, severe, aGvHD: a phase Il $tadget 2008;371:1579-86.
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Mesenchymal stem cells ameliorate experimental autoimmune encephalomyelitis
ducing T-cell anergy BLOOD, 1 SEPTEMBER 2005  VOLUME 106, NUMBER 5

Emanuela Zappia, Simona Casazza, Enrico Pedemonte, Federica Benvenuto, lvan Bonanni, Ezio Gerdoni, Debora Giunti,
Antonella Ceravolo, Francesco Cazzanti, Francesco Frassoni, Gianluigi Mancardi, and Antonio Uccelli
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Figure 3. Intravenous injection of MSCs ameliorates EAE. MSCs injected at days
3 and 8 after immunization (M) halt disease severity compared with controls (4)
(P = .05 from day 17 onward). No differences were observed between controls and
mice treated at day 24 after immunization (&) (A). Administration of MSCs at day 10
(W) or at day 15 (A) after immunization, after disease onset, ameliorates EAE
(P = .05 from day 22 [*] for mice treated at day 10 and from day 30 [§] for mice treated
at day 15 compared with controls [A] by Mann-Whitney U test) (B). Arrows indicate

days of MSC injection. Dottorato - Krampera @




AT-M SC prevent and treat EAE
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AT-MSC in EAE: ex-vivo inhibitory effects
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AT-MSC in EAE: in vivo distribution of GFPt AT-M SC
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Constantin G, Marconi S, Rossi B, Angiari S, Gini B, Anghiler Bach SD, Martinello M, Bifari F, Turano E, Budui
Sbarbati A, Krampera M, Bonetti AT-MSC ameliorate chronic established EA&em Cell2009;27:2624-35
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AT-MSC areVLA-4 (a431)* and migrateinto inflamed spinal cord
imagestream analysisC|ustered (through interaction with VCAM-1* endothelial cells)
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Constantin G, Marconi S, Rossi B, Angiari S, Gini B, AnghilEr Bach SD, Martinello M, Bifari F, Turano E, Budw
Sbarbati A, Krampera M, Bonetti BA\T-MSC ameliorate chronic established EA&em Cell2009;27:2624-3%rampera (=)




In vivouse of AT-MSC

Fat Harvest

L] - 3 Scaffold Calvarial
ASC Isolation Implantation

Figure 1.  In vivo model for skeletal tissue engincering. Superior view of mousc left inguinal fat pad (left, top). Red arrow points to the fat pad
which 5 dissected and subseguently digested for ASC harvest. Human lipoaspirate in sterile collection canister settled into two lavers (lefl,
bottom). The upper vellow laver (grzen arrow) 1s the adipose tissue from which ASCs are harvested. Subsequently, ASCs are 1solated in vitro.
A total of 150,000 cells can then be seeded on an osteoconductive scaffold imiddle) and then the ASC-laden scaffold can be placed nside a criti-
cal sized calvanal detect 1 syngeneic for mASCs or mude athymic mice tor hASC: (nght). Mice can then be imaged using IVIS systems to
derect cell viability and MicroCT w quantfy osseous healing (right). Abbreviation: ASC, Adipcse-derived smomal cell.

B. Levi, M.T. Longaker.Concise review: adipose-derived stromal cells for skeleigenerative medicineStem Cells
2011; 29: 576-582. Krampera ﬁ




Table 1 Clinical trials using ASCs reported at clinicaltrials.gov as off May, 2010

Trial

Study phase

Condition

Locations

Study of Autologous Fat Enhanced w/
Regenerative Cells Transplanted
to Reconstruct Breast Deformities
After Lumpectomy (RESTORE-2)

Efficacy and Safety of Adipose Stem
Cells to Treat Complex Perianal
Fistulas Not Associated to Crohn’s
Discase (FATT1)

Safety and Efficacy of Autologous
Cultured Adipocytes in Patient
With Depressed Scar

Autologous Stem Cells Derived
From Lipoaspirates for the
Non-Surgical Treatment of
Complex Perianal Fistula

Safety and Efficacy of Autologous
Adipose-Derived Stem Cell
Transplantation in Type 2 Diabetics

Safety and Efficacy of Autologous
Adipose-Derived Stem Cell
Transplantation in Patients

With Type 1 Diabetes

[V, Active, not
recruiting

[, Completed

[/,
Completed

[I, Active, not
recruiting

/11, Active, not
recruiting

[/11, Recruiting

Breast Neoplasms Carcinoma;

Ductal; Breast Mammoplasty

Mastectomy; Segmental,
Lumpectomy; Breast
Reconstruction

Anal Fistula

Depressed Scar

Perianal Fistula

Type 2 Diabetes Mellitus

Type 1 Diabetes Mellitus

Brussels, Belgium; Florence, Italy;
Madrid, Spain; Valencia, Spain;
Glasgow, United Kingdom

Mannheim, Germany; Madrid,
Spain; Zaragoza, Spain;
Pamplona, Spain;

Tarrasa, Spain; Oxford,
United Kingdom

Seoul, Republic of Korea

Madrid, Spain

Makati City, Philippines;
Quezon City, Philippines

Makati City, Philippines;
Quezon City, Philippines

B. Lindroos, R. Suurinen, S. Miettineifthe potential of adipose stem cells in regenerative meeli@tem Cell Rev and
Rep,7:269-291. 2011.
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Autologous Mesenchymal Stem [/, Recruiting  Secondary Progressive Sevilla, Spain
Cells From Adipose Tissue Multiple Sclerosis
in Patients With Secondary
Iﬂz,ltﬁlﬁjvc Multiple Sclerosis
(CMM/EM/2008)
Allogenic Stem Cells Derived [/1I, Recruiting  Rectovaginal Fistula; Madrid, Spain
From Lipoaspirates for the Crohn Disease
Treatment of Recto-vaginal
Fistulas Associated to Crohn's
Disease (ALOREVA)
Intraarterial Infusion of Autologous [/11, Suspended ~ Chronic Critical Sevilla, Spain
Mesenchymal Stem Cells From Limb Ischemia
Adipose Tissue in Diabetic Patients
With Chronic Critical Limb
[schemia (Ce TMAA/ICPD200)
A Randomized Clinical Trial of [, Active, not Myocardial Infarction; Rotterdam, Netherlands:
AdiPOse-Derived Stem celLs recruiting Coronary Arteriosclerosis; Madrid, Spain
in the Treatment of Patients Cardiovascular Disease;
With ST-Elevation myOcardial Coronary Disease
[nfarction - The APOLLO Trial
A Randomized Clinical Trial of [, Active, not [schemic Heart Disease; Copenhagen, Denmark;
adiPose-deRived stEm & recruiting Coronary Arteriosclerosis; Rotterdam, Netherlands;
Regenerative Cells In the Cardiovascular Disease: Utrecht, Netherlands:
Treatment of Patients With Coronary Disease; Madrid, Spain
Non revaScularizable ischEmic Coronary Artery Disease
Myocardium - The PRECISE Trial
Safety and Efficacy Study of [, Active, not Crohn’s Fistula Seoul, Republic of Korea
Autologous Cultured recruiting
Adipose -Derived Stem Cells
for the Crohn’s Fistula
B. Lindroos, R. Suurinen, S. Miettinefihe potential of adipose stem cells in regenerative meeiStem Cell Rev and
Rep,7:269-291. 2011. NEHREE




Autologous Adipose-Derived [, Recruiting Lipodystrophy Porto Alegre, Brazil

Stem Cell Transplantation

in Patients With LiEndz'stmEhE'

(AADSCTPL)

Liver Regeneration Therapy I, Recruiting Liver Regeneraton Kanazawa, Japan

by Intrahepatic Arterial Therapy

Administration of Autologous

Adipose Tissue Derived

Stromal Cells

Safety Study of Autologous [, Recruiting Fecal Incontinence Seoul, Republic of Korea
Cultured Adipose -Derived

Stem Cells for the

Fecal Incontinence

Long-term Safety and Recruiting Perianal Fistulas Terrasa, Spain; Cantabria, Spain; Madrid,
Efficacy of Adipose-derived Spain; Valencia, Spain
Stem Cells to Treat

Complex Perianal Fistulas

in Patients Participating

in the FATT-1 Randomized

Controlled Trial (LTE)

Liver Regeneration Therapy Recruiting Liver Cirrhosis Kanazawa, Japan

Using Autologous Adipose

Tissue Derived Stromal Cells

Mesenchymal Stromal Cells Not yet Amyotrophic Lateral Jerusalem, Israel
Secreting Neurotrophic Factors recruiting Sclerosis
(MSC-NTF), in Patients
With Amyotrophic Lateral
Sclerosis (ALS)

B. Lindroos, R. Suurinen, S. Miettinefihe potential of adipose stem cells in regenerative meeiStem Cell Rev and
Rep,7:269-291. 2011. Krampera (&




In vivouse of AT-MSC: contradictory result

Adipose tissue
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| | | SVF pellet |
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\ ifferentia o
applications s Di iation

Bone \
Cartilage

- obtained
Possible transdifferentiation

Figure 1. The process of ASC clinical usage. Abbreviations: ASC, adipose-denived stem cells; SVF, stromal vascular fraction.

M. Locke, V. Feisst, P.R. Dunbatoncise Review: Human Adipose-Derived Stem Cells: Sejpgr&romise from Clinical
Need.Stem Cell011; 29: 404—411. Krampera (&)




Table 1. Summary of data from reviewed papers

Cell Dilferentiation and Gene mar ker
Reference composition inducers I Histochemical analysis I analysis I Clinieal outcome I

[17, 18] 50%human SV Mone None Improved fat grafting out-
50% human- comes (face and breast)
lipoaspirale

[20] Human SVE Healing of radiation skin

damage and
osteoradionecrosis.

[25] Culture purified Adipogenic: IBMX/dexa Adipogenic: Nile red Adipogenic mRNA: —
human ASC methasone/insulin/indo Ostcogenic: BM Purple PPARpAP2

methacin ({ALP activaty), alizarin  Osteogenic mKNA:
Osteogenic: vitamin D3/ red COLIANALPY
ascorbate-2-phosphate/ BGLAP

f-glycerophosphate
Culture purthied Adipogenic, nstengenic Adipogenic: onl red () Ostengenic mENA: u

human ASC and chondrogenic Oseogenic: Alizarin red, RUNX2/BGLAF/
medium: Gibco BRL ALP assay SPPUCOLIAT
Osteogenic: Alizarin red,
ALP assay
Osteogenic: Alzarm red,
ALP assay
Murine SVF None H&E MNone Healing of bone defects.
Murine A5C Adipogenic: [BMX/dexa Adipogenic: oil red O Osteogenic protein: T'ormation of bone and adi-
methasone/insnlin Ostengenic: Alizarin red Rl AP pose tissue in vivo grafi
Osteogenic: Ascorbic acid/ healing.
dexamet hasone/f3-
glycerophosphate
Human SVF 4 Mone Nane Mone Potential for improved
hone graft bone.
Human ASC Adipogenic: [BMX/dexa Adipogenic: oil red O Osteogenic mRNA: Case study of bone defect
methasone/msuln/pan Usteogenic: ALY assay ALPIRUNXZ/ healing.
tothenate Chondrogenic: Alcian blue  BGLAPYSIP
Osteogenic:Ascorbic acid/ COLIAT
dexamethasone/ff-g lveero-
phosphate
Chondrogenic: TGEf}
Culture purnified Chondrogenic: Dex Chondrogenic: Chondrogenic mRNA
human ASC amethasone/ascorbate- 2- Safranin O and protein:
phosphate/TGEf2 /[BMPT COLIANCOL2AT]
COLIDAIRUNXZ

MR T O M. Locke, V. Feisst, P.R. Dunbar

141] Culture purified Myogenic: 3- None None Reconstitution of
rabbit ASC azacytidine ostcochondral defeets. ConCISe ReV|eW Human

147] (Camine SVF None None MNone Improvement in ohserved

lameness. Adipose-Derived Stem Cells:

[43] Culture purified None None None Rheumatoid arthritis symp-

human _A_S_(.‘ . ) . ) tom su_ppr-eﬁ\x?[m_ Separating Promise from Clinica
[44] (.Lﬂﬁl{:ﬂsjl:sfj Mene None MNone Suppression of immune NeedStem CG”QOll, 29 404_

TESPONSES.

Abbreviations: ALD, alkaline phosphatase; ASC, adiposce-derived stem cell; BOGLAPD, osteocalein; BMP7, bone morphogenctic protein 7; 411
COLIAL type | collagen; IBMX, 3-1sobutyl-1-methylxanthine; PPARy, peroxisome prohiferator-activated receptor gamma; RUNXZ, runt- K
related transcription factor 2; SPP1, osteopontin; SV, stromal vascular fraction; TGIfi2, transforming growth factor beta 2. rampera




The burgeoning of human ASC research may appear to indi-
cate that we are far advanced in our understanding of ASC
and our ability to manipulate them. However, the current lit-
erature 18 often difficult to interpret due to uncertainty about
the cells being used, that is, whether pure ASCs or mixtures
of cells including ASCs, and the use of assays of uncertain
significance to “confirm” ditferentiation down particular line-
ages. Methods used to differentiate ASC down these different

lincages are still relatively generic and unsophisticated in
many publications, and a lack of control cells such as differ-
entiated mesenchymal cells can make 1t difficult to determine
whether “differentiation™ observed 1s unique to ASC or a
property shared with other mesenchymal cells. The field
would clearly benefit from more standardized disclosure of
the experiments conducted, as proposed in Figure 2. Such dis-

M. Locke, V. Feisst, P.R. Dunbaoncise Review: Human Adipose-Derived Stem Cells: Sejpgrd@®romise from
Clinical Need.Stem Cell011; 29: 404-411.
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In vivouse of
AT-MSC:

Purification of ASC by separation or prolonged m eth Od

culture, with confirmation of cell phenotype(s)

RN standardizatio

| differentiation

Mesenchyma

4

Negative controls |

Initial
histochemical
staining for

confirmation of
differentiation

Positive controls Lineage specific marker expression analysis —
protein and mRNA

Adipogenic - LPL, FAEP4
Osteogenic - BGLAP, SPP1
Chondrogenic — COL2A1, COL10A1

Multiple reference genes for mRNA analysis

Confirmation of differentiation

Figure 2. The schematic representation of the proposed “minimal information set” required to confirm ASC differentiation. Abbreviations:
ASC, adipose-derived stem cells; BGLAP, osteocalcin; FABP4, fatty acid binding protein 4; LPL, lipoprotein lipase; SPP1, osteoponting SVE,
stromal vascular fraction; COLIOAL, type X collagen; COL2AI, type II collagen.

M. Locke, V. Feisst, P.R. Dunbatoncise Review: Human Adipose-Derived Stem Cells: Sejpgr&romise from Clinical
Need.Stem Cell2011; 29: 404-411. Krampera




CASCADE

(Cultivated Adult Stem Cells as Alternative for Daged tiSSUE

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

Primary Objective 1: Development of culture conditions and standard tools for the
generation of allogeneic and autologous GMP-grade MSC derived from bone marrow (BM),

adipose tissue (AT), umbilical cord blood (CB) and amniotic membrane (AM).

Intermediate objectives are:

1.1to define serum-free media, materials and substances for culture surface
functionality, carrier surface, cell isolation, amplification and differentiation
techniques to generate MSC with defined quality and safety profiles;

1.2to define protocols for the immuno-toxicological and mutagenesis safety
assessment of GMP-processed MSC;

1.3 to define standard protocols for MSC characterisation, screening and banking;
1.4 to define quality standards for starting materials fronj BM, AT, CB, AM]

1.5to assess the selection criteria for donors; traceability; laboratory tests for donor
validations.

Primary Objective 2: Evaluation of the therapeutic potential and the mechanism of
action of MSC fc-rlchronic wound healing of skin and cornee-xlby in vitro and in vivo models.
Intermediate objectives are:
2.1to evaluate the therapeutic potential and the mechanism of action of MSC for
chronic wound healing of skin and cornea by in vitro models;
2.2 to improve re-vascularisation of damaged tissues and to limit scar formation through
the definition of MSC/dermofibroblast - endothelial progenitor cell (EPC) interaction;
2.3 to compare the immunological phenotype of autologous and allogeneic MSC before
or after culture in defined media.

2.4 to characterise the hostile microenvironment of chronic venous leg ulcers and to
establish a standardised clinical setting for the treatment of chronic leg ulcers with
MSC;

2.5 to determine homing and migratory capacities of stem cells by establishing safe and
efficient labelling procedures for MSC and EPC in order to ensure their
effectiveness in the clinical setting.

Krampera



CASCADE- Obiettivi

Primary Objective 3: definition of the general ethical perspectives of cellular therapies,
including such issues as donations of BM cells for the generation of “pluri-use allogeneic”
MSC products, particularly in relation to safety and quality aspects for donors and patients.

Sub-objectives:
3.1to discuss pre-clinical data with regulatory authorities to_improve the delays of

getting marketing authorisation for using MSC products for clinical trials.

3.2to collect information about possible legal problems for clinical use of cellular
therapeutics related to patients in the field of cell processing.

3.3to give an overview about the current legal situation of cellular therapeutics in
European countries involved in the CASCADE project, including topics such as
traceability of MSC products, banking issues, etc.

3.4 to disseminate the knowledge generated within the European scientific community
by holding international workshops on an annual basis.

3.5 to implement and disseminate standards on GMP grade MSCs.

Primary Objective 4: Preparation of study protocols for multicentre, prospective,
double-blind and placebo-controlled trials to evaluate the safety and efficacy of MSC
applications for the treatment of skin ulcers and corneal chronic ulceration.

Sub-objectives:
4.1 to design a study protocol to evaluate the efficacy of MSC grafts for patients with
chronic non-healing venous leg ulcers;

4.2 to design a study protocol to evaluate the efficacy of MSC grafts for patients with
chronic corneal ulcerations and delayed epithelial wound closure.

Krampera (=}



Progetto REBORNE -'TFP EU 2008

(Regenerating Bone defects using New biomedical Engineering appro

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

Primary objective 1: Development of new biomaterials that trigger endogenous stem cells to
differentiate into osteogenic lineages and rapidly promote bone healing.

Intermediate objectives are:

1.1 Developing new composite biomaterials with intrinsic osteoinductive property and high strength for
load bearing applications as well as understanding the biological mechanisms of osteogenesis.

1.2 Collaborating for the development of hydrogels for percutaneous injection of cells and associated
devices for minimal invasive surgery.

Secondary objective 2: Optimisation of safe and cost effective culture conditions, standard protocols
and quality controls for the production of autologous and allogenic cells committed to osteogenesis with
a predictable regenerative capability of a vascularised bone tissue.

Intermediate objectives are:

2.1 Evaluation of the potential o}l different sources of MSC |regarding easiness of culture, cell yield,
osteoblastic differentiation and sartety.

2.2 Definition of the best way to culture the cells to obtain an optimal synergy between them and
biomaterials promoting angiogenesis.

2.3 Development of new standardized potency assays combining MSC and biomaterials into cGMP
settings.

2.4 ldentification of new mesenchymal progenitors with robust osteogenic potential in biomaterials
combination.

2.5 Demonstration of the safety and efficacy of allogenic stem cells both in vitro and in vivo. 0%

Krampera (=}



REBORNE- Obiettivi

2.6 Development of quality control tests for MSCs from different sources and biomaterials in combination
with MSCs, in particular for genotyping and phenotyping stability, potency and immunological

properties.
2.7 Validation in pre-clinical animal models of the osteogenic potency of new biomaterials in combination
with autologous or allogenic mesenchymal stem cells from different sources.

Third objective 3: Proving|efficacy of regenerative medicine |by using advanced biomaterials with or
without cells in clinical trials.

Intermediate objectives are:

3.1 Evaluate the efficacy of autologous MSCs from bone marrow combined to biomaterial to obtain bone
healing in patients with delayed consolidation in long bone dyaphyseal fractures.

3.2 Evaluate the efficacy of autologous MSCs from adipose tissue combined with biomaterial to obtain
bone healing enhancement in adult patients with early avascular necrosis of the femoral head.

3.3 Enhance bone healing in young patients with avascular necrosis of the femoral condyle or head with
previous haematological malignancy treated by immunosuppressive treatment, by a composite of
biomaterial and allogenic MSCs from bone marrow, adipose tissue or cord blood.

3.4 Address bone reconstruction of cleft palates in children with injectable osteoinductive filler in
combination or not with autologous MSCs from bone marrow.

3.5 Prove efficacy of biomaterials (MBCP granules and collagen membranes) and autologous MSCs
injected post surgery for bone augmentation prior to dental implants.

3.6 Standardize new clinical approaches including imaging read-outs and serological assays as valuable
tools in patients’ follow-up after bone growth.

Krampera (=}



DIRECT NEOPLASTIC TRANSFORMATION OF BM-/AT-

sMSC vs MSC

((J% P1 Pl P2l P3D ( VS )
S § polyploidy ~ |jpolyploidy o . .
2‘ E MSC type Passage (3 donors) Diploid cells (%) Tetraploid cells (%) Aneuploidy (%)*
g 3 . rBMSC Pl 100% 0% =
' _ ) = — . P10 100% 0% —
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< =
=
5 i Y .
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SR 34% 20% metaphases had 84, XXYY karyotype at P90

lzadpanah R, et dlong-term in vitro expansion alters the biologyadilt MSCsCancer Res 2008;68:4229-4238
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Mesenchymal tumour cells share the same gene pattern of AT-M
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M. Galié, G. Konstantinidou, D. Peroni, I. Scambi, C. MarghP. Magnani, F. Merigo, M. Montani, F. Boschi, P. Marz(

R. Orru, V. Lisi, M. Krampera, P. Farace, A. Sbarbati, A. AmiRlesenchymal stem cells share molecular signature

mesenchymal tumor cells and favors the early tumor growlyngeneic miceOncogene 2008; 27:2542- 255% %
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Co-implantation of AT-MSCs with BB1 cells (not spontaneous
mammary carcinoma) in syngeneic mice

earlier tumor
appearance

bigger size over a
long-term follow-up

Days after implantation

M. Galié, G. Konstantinidou, D. Peroni, I. Scambi, C. MarghP. Magnani, F. Merigo, M. Montani, F. Boschi, P. Marz(
R. Orru, V. Lisi, M. Krampera, P. Farace, A. Sbarbati, A. AmiRlesenchymal stem cells share molecular signature
mesenchymal tumor cells and favors the early tumor growlyngeneic miceOncogene 2008; 27:2542—255?(rampera1 ﬁ




Summary

* AT-MSC can be easily achieveloy means of lipoaspirates or surgical procedu
andcan be efficiently expandad culture

 AT-MSC and BM-MSC shareimilar immunophenotype (with the exception of
few markers, i.e. CD106), gene profile, differentiationtgrdial and immune
regulatory propertiesm vitro andin vivo.

* AT-MSC display high regenerativ activity in ischemic tissue anc immune
regulatory activityin CNS autoimmune diseases; further studies are needetduwr
clinical use in GvHD

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

AT-MSC are promising tools for regenerative medicine
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M essico, super obeso esce di casa dopo cinque anni
Manuel Uribe non usciva di casa da cinque anni. La sua mezza tonnellata digigso glielg
impediva. Ora e dimagrito 200 kg e si concede finalmente un giro all'pada.... Quarant'an

messicano, Uribe e stato tirato fuori di casa con una gru
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Laboratorio di Ricerca sulle Cellule Staminea

http://www.stemcellreslab-verona.it
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