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ABSTRACT

Ti ssue enmimeecentngyears, has shown intere
i n regener aniitvhe tnheednipriionveonfg wathde rmrepai r o |
damagedIni $shuss.cont ext, the usefrodmstron
adi poseombs sed mat ehhaishldse monstrated remarKk
I n promoting t,ds®uéeoretsvewnuyti Pp¥Fency an:
pr opeprrtoivei sdteesr est i ng telverdemeletsi ohp eatdl @rint i @ I
hylaur oni cyA)achas (eHmerged as a versatile bi
bi odegradabl e, biocompatible, and bioact.

The ai msdfunddysoi sassess the regener ggAi ve pot
i n a model of -rmmpseaudluasr o€ @ mMNat npamty. of
f ocusiend wmdm ovhaoaat eDWWF odbt ai ned through
fragmentation oiftwatiyApoSebtsegeegehbpdat hee
potenti al of SyMwaasmleissedl motdkel Hof skel e

I/ R injury. Mul ti parametric MRI eval uat.
anal yses, and i mmunohistochemical exami
combi nedyAwirtehat Mentsi gndbécednt i mpr oveme

experiment al moveé e lo.bslem v pdrea ecragldpuecs ii toinv eo f
i mpacmotoonr function | mpairment, and myof
i ndi vi duagAt rSevat Goeertitddtee s ul t s s hsoyweed gti hsa ti ct
effect ofyASWWFl dnrdegHrifeésmetn tt raemkterheerttal f aru s c |
i schempar fuswionh ihjoghytransfatuoeralcl|l pai e

studi es



1 INTRODUCTION

1.1 ADIPOSE-DERIVED MESENCHYMAL STEM
CELLS AND STROMAL VASCULAR FRACTION

Mesenchymal stem cells (MSCs) are mul ti
mul tilineage differenti atsied@nelviagh pvi @ lh
a secretion of. pEAhacksneofabeorspropr.i

increasingly been used as a therapeutic

Di fferent tissues can serve as a Ssource
MS C) and adi poMSC)ti agee théeBDmono st

| mmunophenotypization and differentiat:.i
di fferences and sMSU |laawdiStBiDe Nelvetr wden eB M
significant differences i #MSCe@aie rAdDt i Vv ¢

MSC remain uncertain.

The extraction of MSCs from adipose tis
numerous advantages. First, It has bec
cont ai-nsd@l0®d more MSCs 3t.h*akd diotnieo nnaa rlryg
extraction procedure is | ess invasive,

complications comparéd to a bone marr ow

Stromal vascuteaeprétsaeonotsoa {B6¥&EhlyYy isol a
mi xture present iln tcloenprdspeseas mbos b uaean
preadi pocytes, endothelial %&¢ll $heacel $
subtypes are I|linked together with stroc
component s, the SVF contributes to the

within the pfer’ivascul ar niche

1.1.1 Differences between SVF and AEMSC

Key differences c&VBAha ied @ ah3dd,ideahsDbteh eve
for mer encompasses-MG6e |l nveheanoahaerae nAD

st enmnkisisst | vy, the SVF has a short ti me



extracted from it, which may require a
obtain a | arge -M®C4g, ailt qwawltd tlye orie AdDs s
| arge amount of adi pose tissue, whi ch
surgical pr olcye,duSVeF. chDainf fbeer epnrtepar ed at t
relatively small vol ume of l i poaspirat:¢
protocols or automatic deviceMSCBurther
SVF offers more benefndaenv enideuncd ensg a shsec

with cell cultures and multiple passage

For these reasons, SVF can be a potent:i
i ssues associ-MS&€d.with using AD

1.1.2 SVF formulations and extraction

SVF composition varies depéndd SsYFon t
represents a freshly isolated Ictedsl mi x
composed of smooth muscle cell s, pread

system aetiing | aimvhkémayr ophages and regul

fibroblasts, and several multipotent st
cell s, per-ME¢t eAl | ande#&a® cel | component
ECM el ements, such as cm, |amgdk nf,o rerh atsht @ ns

connective tissue.

There are two methodol ogies to obtain t
fat: chemical or physical met hodol ogi es
digestion of the adipose tissue and i s
SVF was traeidt wobhalthissehaymati c met ho
this procedure was forbidden for clinict
considered substantially manipul ated (d
Practice regulations @bunhbel EuUEGpeaguPa
13394/ FOO7)t.hi s reason, I n recent year
met hodol ogi es based on t he mechani cal
(microfragmentation, shaking, vortexin

develbpedhe two technigqgues have essent



met hodol ogi es are faster, easier, and c
the efficiency of cel l extraction is |
products obtained from the tWo SiéR hodo
extracted with enzymatidi fdiegestti osnt riosma
phenotypes, while the SVF extracted wit
mat ri x -caenldl cienltler acti on inside of t he

mat!'fi xRegardless of the procedure for

mai ntain the viability of the stem cell

which account for the potential’”. therape

Isolating cellular SVF with Isolating tissue SVF with
enzyme-based methods enzyme-free methods

+ Non-minimal manipulation + Lower yield

* Expensive + Mechanical stress
* Time-consuming + Significant amounts
* Lot-to-lot enzyme activity of tissue debrnis
inconsistency /
 vgery M o
* Pl so8 suspeneion « Xeno-free %
+ Rapid
k + Keep cell-matrix contacts
FiguPeo$. and Cons of chemical and physical

1.1.3 Mechanisms of action of SVF

The regenerative capacity of SVF is |ik
constituents that provide numé¥ olutse mech
mechani sm of the therapeutic effect of
ti ssue-sprecofganacti on.

The SVF inter aamnmperaced etnre rgignewasy isse ma i n
SVF biological actions are proangiogene

regul ationrfyl,a mamattior y, and trophi c.

Some of these effects may -M®C dt02%)i,but ab
while others are associated with the v

i nteraction and crosstalk between cell

10



1.1.3.1 Angiogenesis

The -apnrgo ogeni c activity can be attri b
endothelial progenWM$®r Icnedeesd,( EcPoCesu)l taunrd
ADMSC and EPC results in the formation
during 14 dalyYys Thfe igmowhat ifarct ors rel ea:
vascul ar endot hel i all ifkaec tgorrelwtVht GFa) c taonrd
have the <capacity % ol tha daippd i *mmdii ®mge nhe
successfully resul ted i n neoavawstcarl ar
myocardi al dodmetcitd omrocddabesi c,bioat wo

and ischémic muscl e

1.1.3.2 Immunomodulatory effects

The 1 mmunol oignfclad mmantdorayntpr operti es ar e
componedMSE. hAbDenfd mtmmat earpyo parod i &ntpir opr i
and i n t he heal th adi pionsfel ammasaoaey aM
macrophSwFe sal so contains T regulatory ¢
|l evel s of i mmune suppressive cytokines,

phendtype

Sever al therapeutic i nvestigations h a\
i nfl ammati on and i mmune responTshei s f ol |
i mmunomodul atory effect of SVF is attr.i

ADMSC and progeni tor s arnef |raentnoag moirzye da nfdo

apoptotic characteristics, t hat contri
exampl eexpgeriament al aut oi mmune encephal
sclerosi s, SVF demonstr-81686€d @pneateamucef

i nfl ammati on and delaying the onset of
scé% e

1.1.3.3 Extracellular matrix (ECM) components

The ECM i s composed of structur al pr o
fibronectin, and el astin, which are cor
an essenti al compah&nhgtoneesacei on®sar

11
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components. Addi tionally, It recreates
similar as possible to an original tiss
scaffold, keeping nearby cellul ar el em
with theam,sémie¢s acfespat hways thadt accel
The ECM also facilitates cellular recr
i nt ecgyrtions kel et on attachienEwsr tthoe rpnuar ei,t sl
contributes to the angiogenetic process

vascul ar?net wor ks

1.1.3.4 Paracrine activities

Whil e SVF cells contribute to tissue |
I ndi vidual components, there is also ev
paracrine signaltianlgk i h g v oblevtiwege n c rtohses d
popul ati on ofstS VeFn vafirdoSitviieenidre | ho component
factors such as growth factors, cytokin
ar e responsi bl e for c h @ md d tatnrmead toiroyn , a

prosurvival effects rPrequired for tissue

1.1.3.5 Extracellular vesicles

The extrace(llkds pr ave a heter-ogeineeds ¢

membranous structures produced for i nt
|l ocated in different types of tissues o
saliva, cerebrospinglnofvliwild, abide 2&tmi miall
EVs expressed i n physi ol ogical and p
components bet ween cell s, such as pr o

enzy’hes

Based on their size, Maorcmmo lbeg w,i va rdde db ii

main categories: exosomes and microvesi

The exosomes refer t o me mbr ane vesicl e
100/ 150 nm realized by redtiEvdocmesard
intral umi nal vesicles (1 LVs) formed by

membrane during the maturation of mul t

12



i ntermediates within the endosomal Ssys

exocytosis wi®h the cell surface
Mi crovesicles or ectosomes range in siz
realized from the plasma membrane. | nde

budding and fission of the plasma memb
vesicles intro stplae ee x ttrakd enlgl wlid hi n s ome

and membrane recep®ors of the paternal

Al t hough both exosomes and microvesicl e
communi cati on and signaling, t hey di f

bi omarkers due to their di stinct ori gi

bi ol ogi cal f u npcltaiyo ns.e vEexroaxl o sceesl |dinse mbr an
surfaces, and the most common biomar ke
CD8 2, CD9, andh o@k3 7pr,otheeiants ( Hsp 60, Hs
Hsp20), tumor susceptibility gemd s(TSG1

l inked -ignédree a@t i ng ptlot é¢inn axdi(tAiLdnX) s
transmembrane proteins are present on
adhesion molecule (EpCAM), epi der mal g
l ymphocyt-as Samicatieoch dnt i geennd len(dbBA i n (
Exosomesntmay cand transpoRNABDNAanthRNA®Ee
noncoding RNAs that are trahrafeeretheo

i nteraction and attacBhment with the abo

Mi crovesicles (MVs) express numerous f
specific surface33anMVgeeaespramgs rtelteepspe
CD144 on their exteinald Imecatloeesipgl @tse |
from activated platel ets experdeesrsi veepdeci f
mi crovesicles (LMVs) exptiesAl lasM\Vas shpaevce
phosphatiPghseheneut{er face of plasmale
mar ker . MVs are also in the surface me
sphingomyelin3®> aFud ther ammirédes MVs carry

specific membrane proteins on {flhe surf
( Malc) , ti ssuesdlaedasteiine,cTBF N, ECL-®mot ichemok:

13



l i gand 5) ,-d esrtirvoenda | f accetlolr (vWF), monocy
prottei(nMQP, matri X met all opepti dases (1
endot hel i al growth factor (VE&F)ng DNA,
RNAs, and per oxaicstoinvea tpegda hrivedceer pattoorr

The &e&/si ved from the SVF aandparhac rciend sr c

i n repairing and regenerating damaged t

Donorcell Exosomes: ¢ =40- 160 nm

Specific markers: CD63, CD81,CD82,
CD9, CD37, Hsp60, Hsp70, Hsp90, Hsp20,
TSG101, ALIX, annexin, flotilin

Other markers: cholesterol, ceramides,
sphingolipids, clathrin, MHCI/II, EpCAM,
ICAM-1, L1CAM

Ectosomes (MVs or MPs):
¢=100-1000 nm
Specific marker: PS
Other markers: CD40,
cholesterol, sphingomyelin,
ceramides, Mac-1, TF, P-Selectin,
E-Selectin, Rantes, vWF, SDF-1q,
MCP-1, MMP2, MMP9, VEGF,
PSGL-1, CD9, PPARy

endocytosis,

Apoptotic bodies (ApoBDs):
$ =1000 nm - 2000 nm
Specific marker: PS

Other markers: caspases 3/7 , PANX1,
Annexin V, thrombospondin,
complement protein C3b

NUCLE
Receiver cell USI

Fi g@rDei agram represent the classification,

interactions with target cells of EVs. E x
endosome (ESE), which turn sequentially i
mul tivedgiieoul @MV B) , whose intraluminal ves

upon fusiofmmvamgd namwamnd of the plasmal emma.
mi crovesicles (MVs) are formed upon pl asma

serine (PS) on the outer membrane surface.

derived | arge vesoipctloetsi corcieglilnsatwingh fPoSr m sa s
form Georgescu and Simionescu, Extracel | u
potenti al bi omarkers and ther aft &@uwetliact eadgent

thrombosi s, 2021.

14



1.2 HYALURONIC ACID

Hylaur oni gA)ac iddur(oynean, 1 s a natur al l' i near
of alternating unie¢ sN-debrydlpuecatsiamyg neki saanac
glucuronic bfdiachpddi, 3Regdobiydi (cPibpunge 5)

i snocanul fated gl ycosparne sneongtl yicmnal(IGAtG)s sues
bodyAi sH most abundant i n thyeh tstke nvi(t5r0é&w wd

of the eye, the extracellular matrix (EC
and synovial fluid, but it is also prese
ti ssues, heart wvalves, t he diumega, tcheer paoorr

cavernosa and cor pu’SHyaip®onamosssnetfi ahecor
t he ECM, i n which i1its structur al and bio

cellular signaling, wound repd?r, mor pho:q

Ihas good biocompati bi Hinmtmu,n obgieond ecg rtayd a bwii l
i nfl ammat osrtyi muncat*bdad béesectchar #dlgAdtaer i st i ¢
promi sing candidate fof2t%e tissue regen

D-glucuronic acid ~ N-acetyl-D-glucosamine
| |
OH OH
(0]
T 0 )
0 HO f 5
HO o fozsom
OH NH
0
CHj n
CH;
o 0%
o

HOH,C

Hydrophilic groups Hydrophobic moieties -- Hydrogen bonds

15



FigB8€Chemical s®ArA)Chteumiec aolf sHydusthuocbalf ddy ani t
andAtHgt rasaccharide unit when the hydrophobi
moi eties are respectably evidenced in blue
represented by green dashedl i ommrisc aaniadyei i otr

millennium, 2018.

1.2.1 Structure, functions, and degradation

The simple molecular wunit repeated thous

l i near pol ymer, wi(tMW) aa antoil erg ulvary whi ght
weight, up3toysos, GGOMNtknBesiyne hebywslds on th
surface of the cellul ar membr ane and tr

el ondatf®he diffetenbnt dpegAwjEBrhbydatfed el en

mol ecul ar weights, that 4% xhFAaddrithindgtfa necree,n
mol ecul amHyAwld isgpHtaiysf | amtmat or y and i mmu n C
properties, controlling the rechrawt ment
mol ecul ar Awsei gghtpoHynt proinflammatory n

angiogenesis and tissue r emoidallsla nagblien ttd

inform the cell s*®about stress conditions

Two mechanisms carr WY Aouwt tthiee hdiengama datdiyo n
one is specific, meédiratne d dlsy se rf AHydrhe sc,a nt hce
t hbd 1,04l ycosi dic bondspedhtispgpcdatder sii mea
damage due to reacti’veAcxroygldé mgs fgec itehse s(eR
mechani sms, it ididstAvdaiHed-28hamuttBe i maltf

skin to a few minflUtes in the bloodstream

The bal ance bet ween t he synt hesi s and
di sposition pl ays an essenti al regul ato

homeostasi s.

1.2.2 Biological functions

Hy articipates in multiple biological fu
matr i X structur e, and steric i nteractio
i nteractions that are i mportant for prol

16



rec

i ts

T

og*ti tiysh’s t he most abundant component
bi ol ogical function according to two

passive structure mol ecul e, t hat i s
prop> i ethye uni queyA,stautiomge ofgativel
randomly coil ed wi t h I ts macr omol ec
vi scoel asticity, modul at es t he ti ssu

physical pr opyAimatiingsai mfs BCM. tHhe compoa

(cell s, col |l agende taedimheal eassetlilc nfiigbreart)i
according to the®matrix porosity it f
Signalling molecules interacting with
receptor kadhehrei ¥fyhaese i nteractions a
devel oping cells and organs in respons
mi gration, formation, and resistance
Hylaadherins are divided into three mai
m CD44: is a cel/l surface glycoprot .

interagt®l width Hs expressed in many

in many 2eWhehypke CD44 extracell ul

withigA, Ht he CD4 4 intracel l ul ar d o m

cytoskeleton, f-&impod yaecddyteo sTOetldet
cellul ar receptybwi thndi hteract MWt
fragmeph s acft imating different pat h
as cell adhesion, migration/, infl al
mT RHAMM: i's a yAencdaptadredf awrel H mobi | it
't i s expressed in several i sofor me
cell membrane but al so°%i rRHAMNMM cyt o
regul ates cellular response to gr o

mi grati on, particularly f oA fibrob

RHAMM interactions have roles in i
triggering various signaling pat hw;:
proliferation) and controlling ce

fibroblasts. The RHAMM i serex@tresse:
with CD44, and modul ates cell mo b i |

17
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fibroblasts: role in
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t he i
body f

i d
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biomedical properties

ar
typically
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centromeres,

affecting®crucial

ad

pl as ma,
i nteractyhand bélCAdMeEBOo Hregul at e

pericellular jelly

ntracel

cel

hesi

HARE: yAhecélptor for endocytosi s
surface of endothelial cell s
receptor medi at es t hegA fsryesme mihe
circulatory an® . I1® mphatic systems
LYV-E: the |l ymphatic wesiselexmrdeod shed
the vascular | ymph endothel!i
renewaghmedi tHat i ng its absorption
|l yntgh 5°
TLRs:-l itkcel Ir eceptors are usual
such as macrophages and dendri
HyAand TLRs in the surfaces of
a grmdl ammat 8t'y®?response
HA CELL SURFACE RECEPTORS

CD44 RHAMM (CD168) HARE LYVE1 TLRs

T e e ik ke

gz el - ool of B o m”r::”h“m

R | e e s

barrier

which regulates the

interactions
ligands/TLRs
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Fi gurHeAc el | surface receptors and their funct

Hylaur oni ¢ acid in the third millenni um, 2018

1.2.3 Modification of hyaluronic acid for biomedical applications

TheyAH an be considered an essenti al bui
bi omaterials with wutility in tissue engi
del i*¥®r §3There are sevefahctmoasiiddiictal @ iomrs
struct yaxAtehaaf ckAn be customized for speci
modi fication process, itdéds i mportant par

HyAproperties, such as biocompat®fbility,

1.2.3.1 Chemical addition of pendant groups/conjugation

Conjugation is the chemical addiyA on of
chain by sing’Pelmnowalnental bowrme mi cal modi
l i qui d phase, with water dirmeathhydr saurl g aonx
(DMSO) , di met hyl f or mami de ( DMF)A, fdamdl he
purification gteanpvies amgc aing e&ra}cttta reagen
toxichThg chemical modifications target t|
acid carboxylic acid, the pri maacgetayld s e
group. The most common mo«hefli adaedomnsegaat e
esterifiamitdatni,omnan the carboxyl ates, e
crosslinking, espexiida cat 0 9%, i rmknidngbi®sn t
chemmodédi eydA 81 di vided into two categori es:

T monol iyAcherci Hat es are termyanhbat ycaodnobi

form new chemical bonds in the presen
processed and fabricated into differei
T I'i viyhdgerHi vates can form new covalent &
ti ssue, and therapeutic agent s. These
create 3D cell cultures and in vivo cC.
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1.2.3.2 Crosslinking

A polyfunctional compound is |inyded to m
by two or more covalent bonds. Crosslink

HyAhy dr®dgeClr ossl inking can be induced in t

The most common chemical compounds that g
(DTT) , sodium tetrathi ondittehi oplo| yandylpel
l i nked. The beokbpgysaot tbhi ommttbdedi vat e:
weight, a high degree of substitution, a
Differently, physical crosslinking can b
strengtihndughdtomn, -iamdlucenzoynmatTlhe advanta
endured minimal toxicity due % no other

1.2.4 Applications of hyaluronic acid

Thanks to its numé&)r,outsh epriompayAremarmneoteaisodn Fa f

heal ing 1 mprovesyAtfiisngdwse nruenee roairsa taipepn .i cht

T Drug delWA-bvaesreyd nmHanoparticles and hydr

delivery vehicles to improve the solu
of pharmaceuffical compounds

T Mol ecul es delivery: ECMs hydrogel con
greadwmwctors, to induce a regenerative a
T Ti ssue engAmsearfifrod . ds Har e used i n ti
applications to support cellyAbaswt h ar
the ability to mimic the microenviro
accelerate cell proliferatyhouwmstiai ntshe
wound heaephghahdaltezati on process, t|
cell proliferation, migrion, and ad|
T Cel | deyAscaf yol s have the capacity f
enhancing the natur al bi ol ogi cal repa

cet3.s°°The encapsul ati onschfcéelld aypesws
recreati on of di fferent mi croenvironi

stimulating the'% regeneration process
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T Ort hopayrhdn¢ect Hons are used to treat
and cushioning t he j oints, reducing
mo b i®Pi ty

T Opht hal m@li egyseld in eye drops and oir
eyes and provide relf%f’'from dryness

T Der mal ¢JAilsl eirnsj:ecH ed beneath the skin¢

smooth wrinkles, ad#il enhance facial ¢

. ™ 7 ™
Otolaryngology _.'/ \ y A % Cancer therapy
i% { f'-’s‘
'\ _./.. \ /
Odontology / ’ \pa s \-__ / ‘\,I \ Wound treatment
HALE (R )
Dietary .f'/ ’ A]][Jlt!{l:_:golls %, Ophthalmologic
| | 0 " | = | | surgery and
\ /;' m}d l'!CS '/ ophthalmology
i derivatives o
) i ) R
Cosmetics { .}'\)\] W\ Arthrology
| | l._ | |
\_ / p iV

Y N

[ /) " [ b
\ f / \ 'y | /
Soft tissue \_‘ r h :| ' ._‘.J/ Rhinology and
sareReratt — L J o - o
regeneration \ /'I/(L'l'ulol’\' pneumology

Fi gbrMedi cal , phar maceutical, C 0 SAmaentdi ci,t sand
deri vaamge. form Fal umoara atidlin Hgea third mw

1.3 SKELETAL MUSCLE

Skel et al muscl e consi sts faofhehadesroarkrhavem |l e
my o fra ,bebl ood vessels, nerves, and connect
muscle unit, are formed by the fusion o
mu kntuic | ¢ a breainsed myot ube-$00wBimch h®a dehaenét er
pl asma membr ame biesk sd ehlel emdu stcHee sar col e mma,
i's referred to G@emsaucepl abeir Asumyefi ar e
periphery below the sarcolemma. The par al
enclosed by the perimysium. Somati c moto

for the contraction.
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Each nfuishcdrecomposed of many myofibrils,
i dentified between t wo -bantdess k etlheet aclo nsttrrauc
of the skeletal muscl e. The sarcomeres ¢

actin, and thi#n filament myosin

o

—— Bone
: Perimysium
Epimysium l Eascicle fiber {cell) l—'_-un::f.ml—'rnu;.i
i . ", Myosin Myefilaments
. oo it Myofilaments
Tendon _l" e B .

Muscle

J |' .‘*rl:l". ¥ My ofibril
Deep fascia - : = \_-¥
s . L A Motor
Blood vessels — S it l Bt
-
—— Blood
Endomyslumn capillary
Fig6S&el et al muscle anat omy.

1.3.1 Anatomical and histological characterization of posterior
compartment of thehindlimb

Skeletal muscle tissue is composed of thc

contractile and metabolic properties. Thi

type 1 f-tiwirtesch @xxiodvati ve, red muscl e, th

possess a high oxidative .capacity, and ar
type 2 ftiwirtecsh, gflaysctol yti c, white muscl e
capacity, and fatigue easily.

It E&nown that the fibre typer composition

perfor mance, fatigue r e’?i sRurntchegr momre , mal
mo d e | studies demonstrated a strong rel a
pathological conditions or clinical mani
Myosin is a predominant and the kye comp
have the ability to generate contractil
(FigureTR&) myosin molecule is composed
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identic
catal yt

hydroly

i soforms have been identified

al myosin heavy cha&hmai MpgGHuUuns abu

i C domai n i s |l ocated
sed ATP an’d iTrmot edraatcet,

t hin t he

wiiotuhr apcrtei dno n

in adul t r

and’?2BMYy HC1 i s e xtpyrpees sle dnuisnc | sel of wtbyrpees . Me ;

2 fibres are subdivided i nto

express

i nt er me

The ma i

muscl es:
.7Bhe@ extend behind the knee and

(Figur ¢
poster.
ate the
mi xed f
express

pl ant ar

al so My2Aasndy2Xgastrocnemi us

2 muscl

regions

A
Cardiac myosin Myosin head m

My HC2 A, 2 X, and 2B,

2 A, 2 X, and

respecti vel

di at e eroinsttriaccst idfe tcyhpaer alctand type

n mammal 6s posterior

sol eus, pl antari s,

or |l eg with the fl exion

compart ment

and 8§astroci

function

knee joint .s hTohwes itnhnautn ossotlaeiunsi nigs fci

i bre compositiontyweth anmshighfip

My HtCylp, e a2n df ifbarsetes t hat

express Myt

I's matiynpeg 2 xfpirkersesajfitasityhoédnMhHGRE B,

i 4 ypreedomi

e fibres with MyHC2B expression, |

its express®l so some

o (ATP and actin —L-

DJ Myosin heavy chains binding sites) \\\

H Essential light chain (ELC) e

[ Regulatory light chain (RLC) ELC —
RLC —]

‘Subfragment-1 (S1)

Myosin tail
(Coiled-coil domain) /
7 ‘\
/ A o
T, [ B e i et e 4 P e
filament | =2 s = = o

Light meromyosin Heavy meromysosin
(LMY (HMM)

gastrocnemius

plantaris

MyHCA
soleus

My HC2X and
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Figu(A2a Myosin structure, that consists in tw

bound to an essential |ight claiann( ERCC,dail
pink). The myosin heads (S1 region) contain
(LMM) are coiled coils that assemble into tt

Cardiac myosin contractiobhhamaddmedc¢Bpaser and

Mouse -sercagsson-stianmuened.ec Cross ar e obtained froc

including gastrocnemi us, pl antari s, and s ol
i soforms are visually <c¢classifi edX a(sgrMyethQl (
and MyHC2B (red). 10x magni ficati-sothep | mage
i mmunostaining method to visualize rodent m
2016). Manual segmeengaltutoinom fMRli gdhf mouse cal f
|l ater al gastrocnemius (LG), medi al gastrocne
tibial (TA). I mage form Zhang et al ., Maghnet.|
to measure denervation atrophy, 2007.

1.4 SKELETAL MUSCLE REGENERATION

Satellite cell ges@e)ntarsed etmhe erhd sclthat a
sarcol emma and basal | amina of mybfibers
They are responsible for skeletal muscl e
specialized microenvironment known as t|
soluble factors, ECM, vascul afZ%nelthmeor ks,
satellite nicmei nsarespgnshél physesrol ogi c:

popul ation from di minishing and also for
such as excisé? 3$@3 ueypr ®ss dti se atsreanscr i |
Pax3, as well as Pty oRjeexn7d ci & atchteo rmabs t( Mynfips0)
the maintenance of SC function and can b
and proli®erati®ng SCs

The maintaining of a smal/l number of SCs
the replenishment ofnelwal staemlcel). pobalt

signaling, the SCs, once activated, mi gr
skHet al myobl ast to r®égUpaneamtusuheionageB
of the basal l ami na, upregul ate the expr
undergo a cell cycle to generate myobl ast
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cycle and fuse directly with the existing
mu kntuic| eated myotubes following the incre
in the terminal differentdeamion myoskesshe

chain (MdgadHiniam,d and can®%¥ orm mature myoa

Quiescent SC Myofibril

= - . Hematopoietic cells
Mmuml y &
oo W /ctivated SC Basal lamina
Asymmetric MnyC'MyoD' b
cll\ﬂsmr:/ \
M Satellite cell
Myoblast
- - Pax7 (SC) Endothelial cell
Myf5*MyoD* Myonucleus
Expansion
(Wﬂk‘
- e - === Interstitial cell
,;us,u; and Arteriole and
differentiation capillaries
Myocyte -, -, Muscle fiber
MyoD*
FigB8Bkel et al muscl eCsr e(sHadxeTndsisde m mtettHe .s Ba c «
sarcol emma and the basal | amina and are rec

myofi beri hplCrspawtiiBvgat i on i n response to injur.)
myogenic regulatory factors Myf5 and MyoD an
myobl asts or myocytes can fuse with damaged
t he muscrmhentenvRaxom (nonsatellite) stem cells
| ocated outside tphreoxbhad aly Itamivreas sied scl| oldhee me
stem cells in muscle contribuwef oo sepalIri tve
activation. | mage form Marni Boppart et al,

1.5 MUSCLE INJURY

Common causes of skelet®hemgygchteafhjar iae
bl ast trauma, c o mboartt hiorpjauverdieedsu,r essu-r(gsiuccahl &
compartmentt symom@mo mal D rr ealnadt esdp ocrotnst usi ons
to acute mudlc|Per otgirsesswisd vieosteuscl e | oss car
di sorder s or inherited genetic di seases
Amyotrophic Lateral ScHkvarrdssosh °#hddepedi:
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Anot her common cause of muscl e damage |

I mpairment i s the -rpehparotmeshmerd ,ofphyysihelmo qui
anatomical studies show that irreversibl
i schemia and is ne%®rly complete at 6 hou!

A muscle injury is typicprbguquanonni fdedr e

in the normal structur&* of myofibrils, ol
The most rigorous assessment of injury I
contractile function, such as reduactions

section (speci fic tension d4rmeabediofrice i
produmtsisom,f Ipeak tetanic f 8%Tchee, sdkrelien ar
muscle tissue hasepahe. aHowevgr ,t os esvedrfe |
volumetric musaol edilsasugpt ( ML of myofibril:
functionalt |l camnmtaubesnhantially impact the

significantly reducing the functionality

1.5.1 Ischemic reperfusion injury

1.5.1.1 Pathophysiology

|l schemia is a deficient bl ood supply t
arterial infl ow. Tissue injury and deat
i nsul t, which is determined primarily

i nterruptood sappglhy, bdnd then subseque
reper fThhei dmo.t al tissue injury is attrib
foll owed by the bl o%d Tshwep pfliyr srt e easrtea bl ii

processes dpeer tsoe.i schemi a
|l schemia | eads to three fundament al me C

a)tri ggering of anaerobic metabolism, w
accumul ation of hydr'oldeexnc hiaonmgse r a ctoi veaxtc

excess hydrogen ions, which causes a |
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b)depl etion of
acti vef Chux, eadcilumibtysuphakendopl as

reticulumheéeERpY

wkei ¢ |l anfaTéPTaRsvea t ppuismpt, h er e d

producing;calcium ove

c)opening of the mitochondri al per meabi
di ssipates mitochondri al me mbr ane pof
prodd?Bti on

Al t hough the deubgvterayt eod roxguwiemed, for ae

nor mal i zat. of

gger s

and
tri

on extraceThliusl ap h apsHe a

mul tifactoriimMalcwerspl ex mechani si

d)generation of reactive oxygen species

of mol ecul ar oxygen-ewhatb!ltbBbdeldl ood f |

e)cal ci um;overl oad
MPD pore

dysfunction

flopeni ng of

glendot hel i al

h)aopearance of a protfthromobogenic pheno

)or onounced infl%mmatory response

N ca* ca™
Ischemia A L 1
. u
= 5 .';,‘U,
X " i e B
/ S K Sa
f Cell

| membrane %

Endoplas

Reperfusion

QQW Dm

* activatior

cu

membra g

Emplsm\crem\m m chondria

FigOre schemic

to i schemic

i njuBy.Over al l

Kal ogeris et al

Anaerobic metabolism
with ATP depletion and
increased intracellular pH
Altered ion exchange/transport
PFK inactivation
Reduced contractile sensitivity

Reperfusion » Altered ion exchange/transport

3
=
=I
&

Cell sweling
Bulging (myocardium)

Oxygen influx and
restoration of <
extracellular pH

Reverse mode
> Na* efflux and
influx Ca**

ROS |
generation

S\ ¥
Intracellular Ca**

T mPTP opening overload

Damaged lipids, ™
DNA, proteins

| Activation of inflammatory

and pro-thrombogenic
cascades

Activation of Ca**
dependent
. proteases
No-reflow /
. Cytokine release, apoptosis

\
3> Disrupled cellular structure «——

Cell death

r éAp e Mipjad thaoor oign jcwarly .ev(ent s

(upper
integrated

panel) and

responses

, Cell Dbiology of
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1.5.1.2 Molecular and biological mechanisns inischemic/reperfusioninjury

I nterconnecting multifactori al out con
Il schemic perturbation foll owed- by rep:¢
established.

1. 5. Lalcldum overl oad

Duri ng iasecnhacemrioab,i ¢ met aboThissm lieadg i ge

accumul ation of hydrogeil Hexohanwet ht ol

excrete excess Hhiyamogaerme,i oinrs.talrhre, Nex c

by tHdpbdNAE I n ademndopiseas mib@@rleatsinciucl um

Cdteuptake is impdfr&desermaghahniRsingj

alterati on Cidfic oinncternatcrealtliuolnar whi ch can

deat h.

Threi t ochondr i &fcainndrnedauscee afheCapeni ng

which dissipates mitochondrial membr ar
synt hesi s. Il n addition, water enters

rupt Three. hi gh concentr aGd*bmeadosf tiontt he

pat hol ogi calCd¥ ctail vmodieipe mddnt protein
(CaMKs), contri bditnicnrgeCadsmeade edll s od ead thi v

cal pai ns, some <cysteine proteases

mitochondri al proteins. Generation

and formation of wuric at‘ctdnfohtowedth

activation of inflammasomes compl ex

of inflammator ylbayd okKNFRiesh (iengt ur m L

transcriptional factors (e.g., NFkB).

1.5. 1Re2ac2t i ve oxygen species

Re ntofy oxygenation blood into ischemic

of toxic ROS, such -Jas PBwepreowh deading a

hypochlorous acid (HOCI), hydr-ogen

derived pébyxmini ochomrdriealRO&SnN pymedsuct i

i nduce the destructi on of cel I- and
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stand breakage with resultant enzyme
nuclear enzymdopel)ly syAbDPet ald®OSIl eadi n
are potent roexdiudiiznigngagaemd s t hat direc
membranes Dby 'Y idr epaetrionxgi dtad % iom met ab
mal ondi 8% dehyaeédi ti on, ROS stimulates
acti vbayti @mti vating pl asma 2membframm ph
arachi dé%i cThasked toxic compounds can
activation, c¢chemdbdtalkelsi,all eaakloerydrce, ¢

prionf | ammatory medi at®rs by various ce
. 1IEn2d.o3pl asmic reticulum stress

The function of ER can be ccoanpsreo nains e d
accumudfatmionf ol ding and wunfolding pro
captured by some membrane receptors,
response @QUPR)dyandcreasi ngr @siedeentpr e
chaperones, i ncreasing protein tran
degradation ot°%unbwbded, pantkel Rsstress

the UPR system and trigger cell death.
. IMiz2.odchondrial dysfuncti on

Mi tochondria have a significant rol e

contribute to cell deat h. Due to the
during ischemia, el ectron flow throug
and ATP produc!®i ohn i addbiltoicokned bl ocki
phosphoryl ation al so I nhibits t he bt
accumul at é°8in the cell s

During the reperfusion, thé kogelidcr
with the ROS burst, i nduced the openi

mitochondria t!d° swell and rupture
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1.

1.

5.

T

T

5.

IAcza.iSvation of mechanism of <cell deat
Four different types of cell deat h pat
Apoptbsi sa regul at ed cel | deat h t hat

condensation of theewgrntosall | yanfdo rnmicnlg
bodi es. Phagocytes can engul f the ap:-
i nfl ammatory response. Apoptosi s i s
fiintrinsil® pathways

Autophagy: i s the <cell 6s pri mary me C

senescent protein aggregates and orgar

encl osed Hni nmamhlvreasnecl es call ed phagos
|l ysosomes, contact i nign geensztyende smatthearti adl es
an inflammatory response. Thus, aut op

butR I nmauyr ycontri bute to tridgldering unc

Necriogicairs due to a dysfunctional i or
causes <cell and organelle swelling,

nucl ear fragmentation, pl as ma me mb r &8
intracel l ul ar contents. Il n carcthr as4

apoptosis and autophagy, necrosi s is
uncontrolled procléddNecrowsiespansestohs
prionf |l ammatory, cell disintegration, a
Necroptosi s: is a programmed necrosi s

i nteracting Iperaodiengn cf( &a¥FPeY, ROS prodt
through activation of NADPH oxidase o

produtihenMPT pore is one potential mi

medi ated necrosis, | eading to ATP depl
and rupture®ofl'fhe organell e
U.n2f.léammati on

St erniflleammati on/Rcanpedy bys |l characteri ze

recruitment of neutrophils and the pro

othed nprammatidtPy-in$l ammiait ory responses

necr otarmecde | dlteo rmsa t a tetdr abcyt neut,r omMS | i n
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production by XQraontibdgaekbdptsenagdmeds er ac:
wi ehdot helium postcapillary venules and
ti sfFlme. activation and transmigration of

barrier dysfunction via releas% of 0 »

Neutrophil$osemcngt emopecel es to parenchy
cel |l damag@oiamai ddeenatt hwi t h t hese phenome
(e. g. macrophages, ma st cell s) become

medi &t°or s

1.6 ACUTE LIMB ISCHEMIA

Peripheral artery disease (PAD) & respor
Thgectrum ranges from aclyanpdiommattii@cn otro in

and | ilmb Thoesspri mary <clinical emergency
i schemia (ALI), a suddEme delcirriaca! i mr & 3 an
considered acute if it occurts® wilthmen 14

i nsufficient ti me for new bl ood vessel s

perfusion makes a dangerous condition fo

l i mb i schemia (CGiLhneaotrendé mrgoniiscc hleimmta ( C
coll bteodl suppl y!'t¥ s often present

The incidence of ALI is approximately 1.°F
high compliance ri sks, such as mortalit)
15%9%°%21

Urgent recogni tairoen raehqdu epsnteesde v € mts| smlm nvi at
as possi bl e. Mangufpfaetri eht em c a k e |lael tsaol m
compartment sy-ondgeaemedrmadhldossl dfi chuscul ar

to the reperfusion of the ischemic skel el
1.6.1 Etiology

ALI rcaesxwult fr cmuas emsaasn gaerctoefr i al embol i sm (
t hrombosis pduegnesspiloanguand compliance (4
poplli am@urysm (5%), traumal("s%¥2T her agrud fe
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decrease in | imb perfusion is correlated
and aortic embolizati on, thrombosed gr a
paradoxi¢alrteema@als embol i sm, and iatrogen

endovaspubalddures

1.6.2 Risk factors

Sever al ri sk factors can contribute devel
most critical comorbidities are coronary
and chroni t2®radabandéiand uage, male gender,

significant factors that'?2danffetvebd hpt eg

ot her I mportant ri sk factors <can be moc
me t a bsoyl nidcr o me , di abetes mellitus, hypert
inactivity, ah® Dbbacrdersmokingl !l agen fo
i nfl ammation (vasculitis) may also | ead

integrity and di F%t aQoiaognul at i drhe diagdredadr
abnormalities in the blood clotting sys
increase the ri sk oAl sroepemd diisd atni oinnsj utrty.

clotting or inflammation could increase |

1.6.3 Symptoms

Symptoms range from the onset or worseni

rest pain, paraesthesi a, musclgangeakeress
Symptoms mani fest in several mi nut es, t o
ALl are grouped into 6 points, A 6 Pso:

paraest hesi a, !Z%hodwepvoeirk,i Itohteh edrimaiganiofsi s ¢ an

all of these features are absent. Differe
can be i ifmi gwelntomasle,t dweddcdmpment o f i sc
(due to the absence of coll ater al VeSSt
asymptomati c I s mo s t considered wi t h arl
sympt oms i n a patient winbh raeevhissubray i ol
claudication is more ifWiheatsieweeraft yarotfer

grated according to tFheuRaetddeirf ord ¢inpses
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because

ti ssuelllamagedegr es

eval uat

col,ouvenous fil

eval uat.i

Category

L. Viable

IL

Threatened

a. Marginally

b.

Immediately

11

Irreversible

Fi gabrRut herford

1.6.4 Diagnostic test

For the

i mmi

prevents

i s
( CK)

el ectrocardiography
t hrombus

viable (stage 1)

and extent of the obstructi
1.6.5 Vascular imaging

Vascul ar i maging is i

i njury. Di fferent techni

nent

of ten

shoul d

i ng,
on of arteri al and venous
Description/prognosis Findings Doppler signals
Muscle
Sensory loss weakness  Arterial Venous
Not immediately threatened None None Audible  Audible
Salvageable if promptly Minimal (toes) None Inaudible Audible
treated or none
Salvageable with immediate ~ More than toes, Mild, Inaudible Audible
revascularization associated with ~ moderate
rest pain
Major tissue loss or Profound, Profound, Inaudible Inaudible
permanent nerve damage anesthetic paralysis
inevitables (rigor)
classification use o]
hi gh amputation and momuglhity
'y ilmmmEcdeagehyy. anti coagul ant

t hrombus

necessary.

be

on,

perfor med.

treat ment

Coagul ati ve

or dNanmndvascidesemages

or marginally

ques

on.

mportant

can

and

and®motoral soand nceé g

progré¥lsi dAmahgespcesee
tests,

Ausacyu |l t amnd on
ar et omaindiem tonrdygy air ol i a&w
ar e

t hreatene

eval
be
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T Duplex wultrasound (DUS)- i nvasiweaetl gr at
patient, takes a relatively short tim
DUS is wuseful for assessing anatomic
hemodynami c!3f nformati on

T Computed tomography angiography (CTA
angiography (rMRAQI:utairoen hiingghgi ng t ool s

have excellent sensitivity and speci
vessels could be investi gattiean w( & .hg.sa
Gadol % um)

f Il'nvasive angiogram (DSA): is an invasi

compl ildations

1.6.6 Therapy

Difféeyeets of i ntervention can be appli
endovascul ar or surgiamd 4drttheroimblect e mn
therapeutic strategy wil/ depend on di
occlusion (thrombus or embol us) , | ocat

i schewmoa,biaddtthreeesamiysd and3% ut comes

1.6.6.1 Endovascular techniques

The endovascul ar approach is based on
bl ood flow, as quickly as possible, to
medi cal devices, or both.

1.6.6.2 Open surgery

The surgical appabevd iths § sgrhefindorer endy mprt o n

2 weeks or with a nonviable I i mb, bypa
contraindication to thrombosi s. The mo
thrombectomy with a balloon catheter, I

endarterecaonglyoplpaasttaylperaantd venttrha ombol vy
combi md thiemrp r o afcrheecti® st
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1.6.7 Reperfusion injury

The tissue injury response after reper
duration of the i schemia. l ndeed, pr ol
i nfl ammati on, ti ssue dy s feuwmccteirdoma,t edn
reperfusion. However, short cycles of i

ti ssues resistant to the effects of pri

via activation of intrinsic c%Il I sur\
Nevertheless, restoration of blood fl| ow
possible is obviowRelperdfusproinme eismapgdrst am
products of cell death, including potas

i njury could be associated with the pr

l i mb swelling, with a highsindhreedgadiema
of this Phehtomemwmsi s could be complic
syndr ome, and surgical fasciect omy I S

neur ol ogi-tciag s aemdd asmd d e .

1.6.8 Systemic inflammation and remote organ injury

Ischemic andnijepeérf wscicaumrs primarily | oc
revascul arization the mediators can i n-
i nfluence ofilBehemeé motoe gmonsystem. This
or remote organ i njwrdy b(yRAROS, anedu koaryt

i nfl ammat o’y medi ator s

1.6.9 Post procedureand follow-up care

A successful treat ment I's suggested wi
audi bl e arterial Dropper signal s, and
l evel. Foll owing the revascularizati on
dorsiflexionsehsahy fwwmdetiaonnd to identi
compartment syndr ome. I f the perfusion
Anticoagul ative and vitamin K antagoni s

futur é3B8  vent s
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2 AIM OF THE PROJECT

I n this thesis project was evaluated the
fraccgonbhdn wit h-c?2 s luitliaukreodni tkyaaci d in a p

mod el of skeletal mouse i schemic reperfu:

Then wihtarrcacteri zation of SVF was perfor
mechani sm of actiiom.aifidrmro deew anoy me n thso t df
with thr eel udriofnfiecn eddctheelsyiad ent ifforcmuli @atni @
with the highest regenerative potenti al
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3 MATERIALS AND METHODS

3.1 Characterization of the Stromal Vascular Fraction

3.1.1 Adipose tissue collection

Adi ppisesue was obtained from 27 women

aesthetic purposes, aged between 41 an
collection, informed consent was obtai
set by the reviewudommi tatedAOUor Ospma @ |
Ancona, l-adl pogei graft 01, May 18, 201

tumescence solution (2% Lidocaine solut
solution: 0.1% v/ v I n 0.9% saline)

commemaceedmi aut@ interval. A cannul a wit

m Va-cock syringe prdadvissdaed WIVIFh ktihe whHy

| i poaspirate hopfprfoaxti nfartoenh ye a3cOh mionor ' s

coll ected fat was transported to the
processed within 18 hours of harvest.

3.1.2 Mechanical treatment of adipose tissue

Each adipose tissue $sfdmPl el ( apwpsoxiematn

remove excess oi |l and di vi ded i nto t W

poaspirate sampl es was nieicshsaunei cSaMH yk ip

(Fidia Farmaceutici, Abano Ter me, It aly

—+
-

ebsed detail s3li.B)t helhparkagr ampmsi st s

use, double bag, i ncluding an inner fi
vol ume3 ®ifaf25 i poaspirate was introduced
using an upper syringe. After placing
solution, the adipose tissue was mahua
pl astic rod | ocat ebdagwi tThhfen angihcernome ¢ r b p 8 !
was then collected through a syringe
centrifuged at 1200 x g for 10 minutes
stromal wvascular fraction (SWwkr)di vwas r
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consisting of Dul beccods modifi-ed Eagl
i nactivated fetRRBS) R O0Qi nle/f méerpuermi ci | | in
streptomycin and 0, 3% amphotericin B (a
Mi |l an, het arpducT obtained through this
Ti ssue Stromal Vascular Fraction (SVF)"

3.1.3 Enzymatic treatment of adipose tissue

The second portidn wds lpgrpoaspsadntwi (b |
standard enzymaticDpio®Ped&thee ead rraced d tud

matrix was digested at 37AC in Hank's
mg/ ml coll agemdyveotfypevi ngande2%m al bumi
Gi bcoBRL/Life Technol ogi es, Mi | an, It al
enzymati c activity was neutralized Wi

centrifuged 1200 x g for 10 minutes.

temperature for 10 minutes to |ysate ¢
bl ood l' ysing solution ( Mt rdattaddpien Bi ot €
resuspended in complete 3@uRt urMdhemedioudm

obtained through this-ematyimad iwa i desitg
ED) 0.

3.1.4 Enzymatic treatment of stromal vascular fraction

Adi pose tissue from N = 5 patients was
Ti ssue SVF k3ltl aA pcerptoiradredofi neach SVF pr
for proliferati-Pnevalpaatiityn amfd EFR fr a
remaining was centrifugated at 1200 x g
pell et was digested at 32aA@ itiypdBS$SS awidt
w/ v BSA, as previddmshuyt descenbgdat Attt al
neutralized with compl et e . c drlhteu rper odauci
obtained through this process was desi
Enzynitgecg Sivie) " .
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3.1.5 Cellular yield viability

Cellular wviability was <calcul ated by d
obtained foll owing -EBcbrEBIF)ARRynetnhe (\VSOIFy
o f processed fat, excluding t he Kl ein

determined with girgmaas dweu diyreg e&ytl arS N
(Aut omat®8asé¢dhacdgcel | Counter, version 1.
Technol ogi es B.N\,t hkeiyndhawen, The

3.1.6 Cellular proliferation capacity

The cellular proliferative capacity was
days required to achi ewxg&bfcreelel uclearl sc of nofrl
treat ment-EDSVB-EDF¥Bere c2b t?dmadksn (Tn
triplicate) with complete cel bumtidli um a
reacBbmgponfl uence. Additionally, t he ce€
stimated through the pxd@ful ed i oenl Ido ufbd ri
at ment -EPDSVBEDFWAver e {baitdahdasikns T i n
triplicate) with complete cultuse mediu
After 24, 72, and 96 hour s zeodf (iOn.cOusbo% t i
trypsin at 37 AC for nbl ongines )Gi btaBRes
unted using the CytoSMB&RIedoGalklkerCoan:
ver sion 1.5.0.16380, Cyt oSMART Techno
Net herl ands) . The population doubling
foll owingD&queaftoh) * |l og2] [/ 1 og (Nf/N

the initial and final cel | number s, res

—
—
D

co

3.1.7 Colony forming unit assay

The Colony Forming Uni't (CFU) assay wa
forming capacity ofl1&sendd $§9SVIFhr-EBVFal i quo
or -ERTcells for each-wpatsept awereasnded¢e¢
of culture the number of adherent <cel |l ¢
fibrobl-B¥t c0CRU. The <colonies were steé
( Si Aha hi Mi | an, tlhtealcyo)l oannide so nnhaycr oscopi
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bl ue spot .weéelthe aaunkteewd 0 hi CGEBYF o-r S¥RAT
ED cell s was expressed as a percentage

3.1.8 Morphological and ultrastructural evaluation

Pell ets obt-aissede fEUYM Kyt (N = 8) wer
anal ysed -mourht whetl leod ( L ahresmeant ofhydl 1 N8 9)
eosin paraffin embedding.

One set of pell etsto( Nibdu#pdpBteioea ,st Mii Inaerd
ltaly), and directly mounted on sl ides

Anot her set of SVF pellets (MI=drdi)chwer e
Mi | an, l'taly) for 4 hour s, dehydrated
Sections of 7 Om thickness were cut Wi
Germany) ancdesnad ianngdd iemwi Diphrt i CBRAi, o Mi | an, I

Al l samples were examined using an Oly
Tokyo, Japan) equi ppe-#5®i CREDaJ¥ICgi Yakob.
Japan). Digital | magées owdrues an dlaysodd way

Cybernetics, Silver Spring, MD, USA).

For ultrastructure evalwuati on, scanni n
was used. Briefly, SVF pellets (N = 4)
O.Mphosphat¢8i Ahfrerch, Mil an, ltaly), po
tetroxid&dAéd¢BchmaMil an, ltaly), and deh
concentr atAildrs cthSi gund an, ltaly). The s:
crifpiocak dryer (CPRiIi@®@XN0t eBasltza rmy ,Va duxze,d
coll oi dal silver, sputtered with gol d

examined with an XL30 ESEM scanning el e
Ei ndhoven, Net herl ands) .
3.1.9 Immunophenotyping

Expanded <cell s fEDmp rSoafpasisd juneeATé
characterized by fl ow cyt omrkeDt rpyr.o dRuocrt st h
were passed through a 45 Om c&€wénsyrain
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thouseamds were washed with PBS and i
monocl onal antibody at 4AC for 30 min
centrifuged and resuspended in PBS. CD
CD34 (PE conjugat e, l1: 5gdt éeutidoadap, dCD4a
Cb45 (FI'TC conjugat e, 1:20 dilution), C
CD73 (BV421 conjugate, 1: 20 dilution),
CD105 (CRdar5CPB conjugate, 1:20 dilution),
dilution), and CD146 (APC conjugat e, 1
were used (all from BD Biosciences, Be
Il taly). Cel | viability was also eval ua
10,000 event sbywefeownalyemdtry ( FACSc
Di ckinson) using the Cell Quest soft wi
di fferenti al (wBC diff) count was perf

anal yser (Bayer Diagnostics, Berkshire,
into four main cell Ssubpopul ati ons, CC
l ymphocytes (LYMPH) , monocytes ( MONO) ,
(BASO), were counted in a separate chan

3.1.10In vitro differentiation assay

Adi pose derived 'sftreom cS\V A-B®nat e @RS Bage 4
the evaluation of the differentiation |
i nduced by exposwalgl 7008t e el d sadinpa@ag éni
medi um -AISdgimah, Mil an, |t aweyr)e ffoirx eld6 wdiat
4% paraformal dehyde for 30 min at 4 AC

Opti ca, Mi | ame malt @@ i iacnad, Mi | an, I t a
chondrogenic difdelrlemti eag i ©Hafe n dle oip li 1A &
cul ture medi a weweel | sepeldaetde , i nana 2a4ter
chondrogenic media was added (StemPro

GI BCO Life Technology, Monza, it al y) .

specific markkas madriextprodlbUtui on wer
Al ci an Blue and FAbBdrRed,sMaianngl (81 gin
di fferenticatlilsngwende dls@®lal 1p2l at e and wer
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with osteogenic media (St eintHrBoC Qo sLtiefoeg e n
Technol ogy, Mo nz a, | t aliyypeciAfitcer mazrik ed a
mi nerali zation were assessed using Ali z
using optical cOloymppe B Yy mmus, Tokyo,
with a digi tFebl8 cCalmbe rJavC(,DKY kohama, Japar

3.2 Hyaluronic acids
Hylaur oni ¢ aci dsc hoefmitcharl e ecwhehiiréafcatseeradits t i c

HyA1l : Hy Movi s, modHYy A 8 B0d&miayat iTzheed )hyd
Hymovi sE consists of an 8 mg/ ml for mul
(PBS) DDEHYAt heArovelat H¥® ofhetrree 2di saccl
repeating units have been modified by i
chain omctheaClRld carboxyl ¥Podd® of the

HyA2 : IHykar i x, l'ineaf 153D0o0d i KDa)d. HyMe hy
Hylaubri xE is a 1-mbeéthi 5oeti5 Hpg/ mif ) nomt ai n
bi of ermentation with mol2@00Wlr«¥Dakei ght i

HyA3 : -Slyaslt em ACR,y 03 s%i &l6fd K-PAFt emaRACP

hydrogeland -molteeaul ar Estenan ofn hwhi ch
carboxyl grouphydresyrigrcapedoiwitihe sa
mol ecul es of thier ipefllyys,acxthGakDAletset rabut
o f HA (HATBA) walletd¥Hys olovedomna - NNMP) \
chl-bmet hyl pyrinium iodide (CMMPI ), whi c
Il ntarnad i nter mol ecul ar ester bounds betw

groups of %Ae HA chains

3.3 Hyaluronic Acid in vitro response

3.3.1 MMT assay

1x10Adi poseiMResreincehd ma | SMeop ££3 W'ge (AD
were seeded in 96 well pl ates and incub
air witbh TShY%e G mpl ete culture medium was

4 2



with fre®MEMedihuFrB % nt ai ni ng di fferent
(T-125%/)v of ¢ acionhwalg gABd yABIH . Cytotoxici
was assessed t hro(gHdbme hley2ytMATa z d I3

di phenyl tetrazolium bromide) asday afte
of MTT sol utiSmgdnlebi mp/ mSt Loui s, USA) v
we l | and incubated for 4 hourslofThe MTT
DMSO was added to each well to dissolywv
was read using an HTX microplate reader
USA) at a wavelength of 57Canm.debBisghty
were recorded for each sampl e, and per

cal cul ated with the following equation:

3.3.2 Invitro adipogenic stimulation

The hig-hegstcnobnncent rlatrioomn cofacedchvaby e
perform an adi poge AMScC(satsisnafigheartd osne eadsesda y
on ael2 plate and incubated with a c¢omj
at 37AC andAfi%rCQ@erifying that the cel
nomoxi c concentlratomwminc odciedhs hwéhryem added
and t-M8Cé&Dwere | eft i anduR8udays$orTwo
controls were used: positive control wi
negative control with standard compl et ¢
ti me point, t he <ceRetl@s (wWBeprbei csat,a iMielda nwi tl
The degree of adipocytic diffleureontii@ati o
acids was assegesedtthadbuygb anabkwmsi s of

and average area of formed | i-MSQs.dr opl ¢
Each condition was measured in triplic
acquiredoffbrfaeentRegions of I nterest
The I mages wer e acquired wi t h an opti

(Ol ympus, Tokyo, Japan) eqghi® pEd@D wiM®, a
Yok ohama, J anaang)n iwiitchata o0 f(i20a&t ita nme.s Hn

i mage was quantified and analysed using
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3.4 In vivo regenerative potential ofHyaluronic Acids and
Stromal Vascular Fraction

3.4.1 Therapeutic/treatment preparation/therapeutic strategy
development

The harvested |ipoaspirate (n =
described.(ldhapt ol ume of 60 ml
4 fractions of 15 ml each. Every

5) was
of adinp
portio

with Hy Tissue SVF kit for 5 minutes, a
mi nut es) , each dewhsl arspepbkaetdedbtai B®

cellular pellets were mixed wridri @ 0ac iOd :

( WAl , yAR,yABl) at passage 0 (PO).

3.4.2 Animals

Forin viiewgpener ati ve eval uati on,

25 Ba

( BALB/I aHexin,l nEEnvi go, B8 ewseksl oltly) webe
Mi ce were maintained under standard en\
humi di ty, 12h/12h light/dark cycl e, W i

veterinarian assi st ancietAnn ntaH e hlamidJ @ rngi

performed following a protocol

appr ove

Commi ttee of the University of Verona (

alla Ricerca Sperimental e, Cl RSAL)

and b

strict adherence t o t he European Com

directives, minimizing the number

Ani mal s were anesthetized by 1l2am%

air and received a subcutaneous

of an

i sof |

I njecti

with one offurlmei chmaee deByaThe contral at

control, receiving injaecbhon atitdhwi tbbo

3.4.3 MRI analysis

Ani mal s were monitored with a Bruker B i

Ettlingen, Germany) MRdI naec88j oh,

4 4
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placed in a prone position over a heat

i nternal -dagemeter!| bunder anesthesia (1.
of O2 dodpeirh pVkRvowdi2ghted (T2w) fat su
and off i mages TwWRebd@7dcoquei, 3 @TEmwvft FOV =

3.4013% 0OMTE®mME, slic®.6Bhimmknesndd5AN sl ice
guanti tNaMRi vepettr oscopy was used to un

composition in the injected area.

3.4.4 Histological analysis

Ani mal s were sacrifposetjeactd3on?7, the, rat
removed and fixed in 10% fMrpmaddehatdes .
buffer, speci mens were dehydrated thro
transferred to xylene, and embedded in
were cut on a rotative mi crotome (Lei
pol ylcyosaitresls sland dried overnight at 37A
wi hlemat axidl iemmsin for the morphol ogical

fast red for glycosaminoglycans and muc

3.4.5 Immunofluorescent

Sections were deparaffinized, rehydrate
series. The sections were placed i n a
mi nhute cycles in antigen unmasking solu
USA). After sPB®S ewa swkeiremg,bl ocked -for 1 h
100, 1% bovine serum al bumin (BSA) in
dilute the antibody. Subsequentl vy, secHt
wi t hantBi man-DHRLA 1: 200, Sony BApteEhnal by,
the sections were washed, reacted with
PBS dilution, mounted with PPT aqueous

a confocal | aser scanning microscope (L

4 5



3.5 Metabolic activity, DNA content, and migration
evaluation of Stomal Vascular Fraction and
Hyaluronic Acid 3

3.5.1 Cellular metabolic-activity assay

To determine the mr«paBmd/Eida ed d tdyAdmi ttyh da fh e

an alamar blue assay (ThermoFisher Scie

The adherent SVF cells (nwel I3 pleat g owi
compl ete growth medium and incubated at
with B%WACG®er 24 hours, the cells were e

HyASand 50% compl ete growth medium. At 3
blue viability reagent was added at 37A
D, Wall ac, Boston, MA, USA) with an exc
emi ssion wavel encgtdh toof re®0d nmewasswgd t i
|l evel . Half compl eHyA3cwouwlttau rnea nrge dli0O6 aar dar
wer e used as a bl ank sampl e and subt
fluorescence. The cellul ar metabolic ac

14 was measured.

3.5.2 DNA quantification

To assess the DNA content of HyABe @& xpand
QuainE Pi coGreenE dsDNA assay kit (lnvit

was Esepasd/dd cell s (n = 3 pewelglroplpat eve |
wi t h compl et e gr owt h medi um and i ncub
environment 2 wiAtfht e5% 280 hour s, the cell

concentr alHyAdann do f5®% % ompl et e gr owt h med

days, adherent SVF cells were digested
0.2 M sodium ¢ a&r bloOmda Déep eacntdr olp ot o met er
Wal | ac, Bost on, MA , USA) with an excit:
emi ssion wavelength of 538 nm was wused
l evel. The DNA of ceHyA3s prewaest ed coat a
metabolic activity, was quantified.

4 6



3.5.3 Scratch assayi cell migration

The spreading and migration capabilitie
HyASwer e assessed using a scratch wound
seeded -wel la p2date and fed with compl et
confluent monol ayer of cellghtwaouprse e
performing theersecdEBphyveall Thelnl, s awl i ne
generated in the mchoplagetri ewiphpat sé et
well s was washed three times with PBS
HyABand hal f compl ete culture medium (n
i ncubated at 37ABewcehl| §%t COated with
medium were used as a control. To eval
magni fication were takemratcl®,udi,n@,ard,
mi croscope (Leica DMIL, cbcenaacdMj cMbsyd

equi pped with a camera (Optika Microsc

scratched area free of <cel |l sfiwalsdsme aismu
three independent experi ments, for a t
software. Thefrvead uer eod wehse eexdriessed as

value at time O (considered as 100%) .

3.6 In vivo pathological regenerative potential in a muscle
ischemic reperfusion model

3.6.1 Animals

Ani mal handling was performed foll owing
Care and Use CommitwvVeereomd (QleRIJAL ) ea sd
ltalian Ministry of Heal t h, in strict

Counci l (86/ 609/ EEC) directives, mi ni mi

avoiding their suffering. 25F8ahbhaog, nu/
E nivg o, Br es&sowedksalol)d were used. Mi ce

standard environment al conditions (temg
cycl e, with water and food ad | ibitum
Uni versity ofl IVemiocnea wWearca liintcyl. uded i n tF
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reper { UseRprer i ment s. | sofl urane was del
concentration of 2% for i1induction and
continuous oxygen while the mice were Kk
body temperature at 37AE.quadhéemi pi was
a tourniquet applicaftdwrn Hous cB-eploGat r s .
reperflusiRpror wermi candomly divided in f
received an intramuscul arfrfh(@gsyaedriineingiatl a
group received sal yABe itihjeed thiion, StViFre o @
SVFyAB, with a final treatment volume of

3.6.2 Rotarod Accelerod

A rotarod tesvdal watse utslee mdrtinrf noicwr.di nat

A rotarod machine with automatic ti mer

Basile s.r. | .) was used. A training r
performed to exclude differences i n mot
training pbesetfoeer d8dagye each ani mal was

a constant speed (12 rpm) for a maxi mu

frequency to fall of f t he rotarod wit
Subseyueathori zontally suspended motor.
axi s at an increasing rotation speed f
used. The animals were tested in 3 tria

Accel erod t esatt vdad foaremitllRd m gnuedr dpuocitnitosn:
(baseline), 4; /iMj anyg Lladtpednpcyys apnods tr ot at i

which the animals fell off the rod were
3.6.3 MRI

MR i mages were acquired using a Bruker
Ettlingen, Ger many) . Ani mabes i wef eurnarea
i nhal ation in a mixture of oxygen and
i nserted i n a ambBt ecrma pierrtde o nh | Burin
experimentation, breathing rates; and b

4 8



wei ght ed -nfalp2pw)n, g, T2a-wdi ®Phf €d si mages ( DWI
performed 4, 7,-l RA, and 18 days post

Briefly, T2w were acquired using the f
(TRP6853. 998 ms, 88hmstimee(dEDf =view (F
mm, matrix=s128 fYXMIX3, slice thickness
number of averages = 2, for a total acgq
T2mappi ng I mages wer e acewihroed ewgsuiemge ea W
TR = 3000 ms, TE = 8 ms, FOV = 40 1 3
thickness = 1.5 mm, nA of slice = 15, n
= 12, echo timacgui8simsi omorri metoft al2 mi

DWI s were acquired with an echo planar
foll owing TRa3=anktms s: TE = 24 . 6n8m, ms , F O
MTX= 256 21128 mmndkoés sniumntker= af5,aver a
= 4, segmentd08® &Bomma total acquisitio

Further mor e, @& ndchhyamamidc (dDLCrEt)r aRtl was per
and 18 diRys:nj.polghe-MMICEE were acquired wi
acquisition with relaxation enhancement
consisted of the continuous acquisitior
including 7 initial dynamioa sr @ mgteicttii mms
Gadolidnietumyl enetri ami(nGOTPpMad aa\cied.tilc ac
mmo | /akngd) t he acqui sition of 14MRI10t her

seqguences were acquired with the foll ow
= 4.99 ms, FOV = 30 I 40 mm, MTX = 96 x
of slice = 5, numbB@eracofmgavreda®®R mMms2, re
for a total acquisition time of 14 min

3.6.4 Histology and immunohistochemistry

Ani mals were perfused with 4% parafor ma
at 18 dialyjse cg o otn ; their peripher al m L
guadricipital) were removed, and transyv

hi stol ogy and sitmmunarmd st beheomiher one
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el ectron microscoyphd®splat e i msfifnegr ,i ns ©®
dehydrated through an ascending series
embedded in paraffin wax. Seri al 7 Om
mi crotome (Leitz 1512, Wet z|l acoat éGer man
slides, and dried overnight at 37AC. Th
I mmunohi stochemistry, he mauosoyd umeroess e n

staining for morphol ogical evaluation.

3.6.4.1 Immunohistochemistry

The sections were deparaffinized, rehy
et hanol series, and then stained using
biotin complex (ABC, Vector Laboratorie
Briefly, t he siecta omiscwewav el awcerd at 60C
mi nut es cycl es i n antigen unmasking
Burl i ngame, USA) . Endogenous peroxida
i mmersion in a solution of 0,3% hydroge
Afn ewashing in PBS, the slices were i n

bl ocking solution (Vector Laboratories,
were applied on the slice dvePmoagdds ad

sections void of primary antibodies wer

Anti body Dilution Source

Fast myosin (I 1: 8000 Mouse s O0u-
Al dri ch

Sl ow myosin (I 1:1000 Mouse s ou-
Al dri ch

Desmin 1:80 Mous e g
GeneTex, U

Pax7 1: 200 Rabbit
Abcam, UK

CCL5 1:1000 Rabbit S0
anti bodi es

TablRrilmary anti bodies dilution and sou
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After washing, the sections were then
anti bodgbbanmandeananti body diluted 1:20

temperature. The i mmunoreaction was i de
ABC kit (VectBur ILianbgoarmaet,orGCA,s, USA) and t
3, iNemi nobenzidine tetrahydrochloride (

Finally, the sections were dehydrated,
Kenil wort h, NJ, USA) , and obseeg ved i n
equi pped-Fwi8t CCD K¥vmera (JVC).

3.6.4.2 Morphological evaluation

The slices werfte mantcayltiedowi t br a30 sec
washing with tap water, t heBidopdtiicans we
Mi | an, ltaly) for 10 seconds and washed
dehydrated, coversipped with Entel an, 3

phot omi croscope -Fe5g8u iQpDe dc awnetrha a( JKWYC) .

3.6.4.3 Oil Red O staining

Oi | Red O (ORO) staining was used to ev

mu

cle tissue. SI'ices were deparaffini

s
descending ethanol series, a-Qdgtiseca, ned

Mi | an, I taly)Afftoerr 2wa simii mg@gt eisn. t ap wat

counterstainbdmait phowMealgyed bsn tap water

with an aqueoQpt incead,i ubhi I(aBni,o | taly) . Qu

covered by Oil Red O staining was perfo
t he

same abjefctti ve d¢p@t0i cal Ol ympus BX51

with-FB8KYCD camera (JVC). 3 digital I ma

gastrocnemius, inferior medial gastrocr

nferior | ateral gasombéygnemi est epll amt &0

and treat edprgaowapsxsidng of the i mages wa:
custom MATLAB scr iMatt h(Wda tklsa p .MRR O 2UBSaA] e f

mages underwent deconvolution, and a t
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i nterest. The area occupied by positive

em?.

3.6.4.4 Analysis of fiber area

The -poestessing evaluation of the i mages
script developed in MATLAB software ( MA
USA) . I n summary, RGB histol ogical I ma ¢

i ntocbadpmace. Subsequently, a threshol d

hi stogram settings for each channel, fo
mas Kk . Background noise was &eliminated
( BW) I mage. TG e gnndintyattde coovnembln F§Fawue
watershed transforms, a "minima i mposi't
out smal | | ocal mi ni ma. A distance tra
generate an image <capable of identi fyi
applicati oend otfr aan swfactresn.s hThe Ar ea propert
converted into square micrometers (Omj])

3.7 Characterization of human adipose tissue supernatant
obtained by Stromal Vascular Fraction

The supernatant phase of human adi pose

wi t ht iHsysue SVF kit was wused for analys
vesc{({ EMe3After centrifugation (3500 rprm
phases were filtered through a 0,22 Om

the samples were -20i AGoted Bhd tharzeaot a

3.7.1 NTA measurement

ThEVsi ze distribution and concentration

tracking analysis (NTA) sSWBR esnu g eNramadtsd o

samples were correctly diluted in PBS t
measur ememitn Vv ihdecaestlweed under the foll
25AC cell temperature, 20 Ol/s syringe

setting acqui sition par ameters wer e S |
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sof twar e (NanoSight NS300) i n order t
measur ement . NTA 3.4 software (Malvern
anal yse the sample vi deol8s.t alnhdea rrde sduel vtisa t
of the mean of three measurements. For

as statistical mode N standard deviati o

3.7.2 Transmission electron microscopy (TEM)

For TEM analysi s, 10 Ol SVF supernatant

DNase/-RNaeaseDistilled Water for 10 min ¢
coated copper grids (Societa IlItaliana ¢(
hood. Sampl es |wearde cdttaianted amidt t he | mage
a Philips Morgagni 268 D electron micro
Net herl ands) , equi pped with a Megavi ew
i mages.

3.7.3 Cellular transmission electron microscopy

SVF cellul ar pell et were fixed in 2% gl
for 2{fhxegostih 1% osmium tetraoxide (Os:
h, dehydratated in graded conceintrati or
Aral dite mixtauaresc&pycdcioamn iMe s , Fort Wa
The -sbBmn s entn itomisc k(nless) were examined
and stained with ¢ttdliuwmi dsiencet ilolnuse .weTrhee cu
thickness and placed on Ctu,/ RWi gmr,i dfsu smirt

stained with | ead citrate and observed
mi croscope (Fei Company, Ei ndhoven, Th
Megaview Il camera for acquisition of d

3.7.4 Purification

Exosomes were i1 solated from 2 ml SVF s
i solation kit (101Bi o, CA, USA) , foll
Exosomes were directly stored at 4AC fo

The protein conwestdefetmenedoksymBiscinc
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Assay

Pi eER@E Protein

3.7.5 Western blot

Anal ysi s

using the

mi crovesi

maEnuf actur

cl es

protocol .-2®r @t ei ns

pol yacryl ami de

(BCA method) wusing the
Assay) .
of exosomes oOfr
foll owing
gel s,

transferred

onto

membr ane, and prolbhedywi aals prRdmé@apnadaniti n
ADMSCs | ysates were used as a positive
Anti body Dilution Source
Al i X 1000 Rabbit sou

Uk, Cambr i
GM130 1:1000 Rabbit sou

UK, Cambr i
CD9 1:1000 Rabbit sou

Uk, Cambr i
Cal nexin 1:1000 Rabbburce,

UK, Cambr i
CD6 3 1:1000 Rabbit sou

UK, Cambr i
CcCD81 1: 700 Rabbit sou

UK, Cambr i
HSP70 1:1000 Rabbit sou

UK, Cambr i
TSG101 1:1000 Rabbit sou

UK, Cambr i
CD40 1: 1000 Mouseur ce,

UK, Cambr i
CD62L 1: 1000 Rabbi't sou

UK, Cambr i
TablRri2Zmary anti bodies dilution and sou
After washing, the membranes were incub
peroxi dase (HRP) conjugated secondary
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i ncubated with a chemiluminescent HRP s
F3 GeneSys (Syngene, UK) .

3.8 Statistical analysis

Statistical anal ysis was conducted witdt
Jolla, CA, USA). Al data reported were
t hheean ( mean ADNSE WewsaDy) . ANOVA t est was af
evaluate statistically significant di f 1

was plp<c ed 0&bt.

Muscl e rel ax)at iompdnewret (di2Zf fusi on coef f |
i ntensiDYPATf o vGdr ti me were obt ained f
ParaVision 6.0.1 software (Bruker Bi os

tredRiend puplrwyw wi th the contral ater al

For -MRE alGADTtR#d gnal i nt entsoittaypb vea i rnti ane(
were normalized to the average basel i ne
the curve (AU@) tWwWasMAThABubtat edare.

T2Zr,t ADC, and -MRIC wer eDCEnal yzed with Gra

softwar e.
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4 RESULTS

4.1 Characterization of the Stromal Vascular Fraction

4.1.1 Morphological and ultrastructure analysis

Mi croscopic analysis ofSVFhees$t etMMdIFi gas €
obtained after the mechanicalTifsrSagEment at |
kit detected the prieB)enared nhgdeaectes cefl | st «
connective 1iCi)ss wHet (eFioggerneolus cel l ul ar <co
mor phol ogy, Si zelB dhackhapar 6Fi gwere bdDbse
fragments exhibited an el ongated cylindri
of 30 to 70 eOmeammd hsar iTarlse fragments

arrangement with tubular structures (stai
of preserved microvascul ar el ements cons
containing endotrhecleilallslDa(nFE gpuer réihvda sccoumpao s i
t hVh el | et was also supported by the sc.
Il mages IXFFi gur &)1 in which the dense conn:
and coarse bands ofilF,col)t agenn@§i @eéher ¢ ki g
observed. Furthermore, SEM i mages depict
11H) characterized id@m)t,heiindiscnaatlilv es iozfe a(dl
have either |l ost their |lipid content or |
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Fi gubtMorlphol ogi cal and ul-TrasueuSvVayr apBpdnoaty
C) Light microscbpyeof sacpeheneasttamxynhl giédne svi n h

The black stars indicated cellular heteroger
hi gher magni fication i mages. Schyl)eE lbiaght 100
mi croscopy of a SVF pellet stained with tolu
mi crovascul ar el ements that appeared as tub
|l ocation -mdgnihfei bagihem i mage. GEER|)eGHEM, 10 (
evaluation of SVF pellet reseeael magmart pr eTlea
arrows indicated coll agen fibers,H agsdabdster:i

adi pocytes were identified in the SVF pell et
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4.1.2 Quantitative assessment of cellular yield, CFW population
and cellular proliferative capacity

A quantitative evaluation was conducted to assess the different mechanical and
enzymatic methods for obtaining SVHe cellyield of free nucleated cells in the
SVF product was 4.1 x 0t 2.0 x 10 cells/ml fat (Figure12A). When theSVF

pellet underwent to collagenase enzymatic digestion, the resultant product (stromal
vascular fractiorenzymatic digestSVFED) demonstrated a notable increase,
showing a 3.Zold rise in the yield of free nucleated cells (1.3 X £04.7 x 1¢
cells/m fat, SVFvs SVFED p<0.001). On the other hand, the enzymatic treatment
of adipose tissud~AT-ED), used as the gold standard methodology, revealed a 12
fold increase in cell yield compared to mechanical treatment (5 x P0x 1¢
cells/m fat, SVFvs FAT-ED p<0.001).

To assessfohmi ncol abYyVHpey!| off-f ol mgpy uni t
fibrobl-RstagqLdWs wer el2€gnduddhteced ekl g &5r & n
t hSsVEFW yield was ITa8 , Na©®d @FW/lem the enz
the CFU yield increased by over FAT4 ti me:
EDCF¥ capacity was increasedfav)twmehbh 6:-
statistically signSVphelabhdk & fE @x@p Hr0ilgon
Furthermore, thre HANAEDyasnby6o0fi @MEEY higher
t hVPr odrRAED (1.7 SNVFAL .09.98 NVBD:2% . 3N 0. 1%,
Fi giRrDe .

Finally, ui nteoddaacyhsi erveeq c eS VSV &EDS, | kemlidc e f r o
EDvas analysed to evaluate thEBEgel IThleare p
were no statistically SVigm8VEDBaoe!l Ids ffer
reaching confluence (respectively 8 N 2
FAEDcells required less time (5 N 2 days
doublingVBEn3EDfcell s was comparable (59.
N 3.9 h, r elsep eccet IFIASE Dfye)g miwheid | ess ti me tc
number (45SY¥FFMNEDP96. BYED FWAEDp=0. 037;

Fi gilrFe .
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p<0.001
A 1x10° 4 [ 1 B

p<0.001 1x10%~

8x10° 8x10°

6x10%

-
*
=3
?
1

p<0.001

Cellular yield

(cells/m| FAT)

CFU-F yield
(CFU-F/ml FAT)

ax10°

B
x
=3
<
)

2x10° o é 2x10°
- = ==
SVF  SVF-ED FAT-ED SVF  SVF-ED FAT-ED
D E F p-0.014
5 - p=0.015 12 ns | 70 p=0.037
p=0.017
10 - 60 ‘ ‘
. a =) c 3
L g =) =3
&% L EAC
c 3
iy * £$ T2
g = o2 64 £ <
-] c = e
o 1 1 30~
a 24 o 35
a- F
p=0.773 g 20
14 [ ] 2. £
10~
0 [ | o T T 0.

T T T T T
SVF SVF-ED FAT-ED SVF  SVF-ED FAT-ED SVF SVF-ED FAT-ED

FigarCell ul ar-Fyi ahd, c@FUul ar pr ol iEfDer atmidon ¢
FAEDA) (Nucl eated cellul ar vyi el dEDs haormde dSVaF si g
ED compared t o -BSD/Fp 0S.VOFO OvisE D3SAEF. OvOsGEIBA VSV F

FAED p<0.BOORepr es(edrt atsismayg CHRUa cel l cul tur e
tolubduee The sqguare indicated the | ocation
magni fiQatCluyi gl ds signi fic&MDt ainm& Dx\aFs e i n

compared to S¥bP SUF 048 ,-B5[8 V< Ov.sOEDBIA TV sS VRFAT

ED p<0.MO0®E).ce(nt-RAgsei i fGFcUant -EiDn ccroempsaea eidn ttoh
SVF (SVFED spS0/F77 3 -EL5 VpF= Ov.SOEIBRAV sEWBFAF=0. 01 7)) .
Results were presented as the Hedr odnd earartdrc
capacity -5 fcleddlss iwmi tTh no di-EDer endDe.F§ADet we
Box and whisker pl ots represented the medi a

mini mum andF)makad prwlmt i(on doubling time of S
compar eDt ¢ SWNATEWs pSWE 0&ED4 v sBEFRg=0. 037) . Ma n
Whitney test was used to analyse the data, n
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4.1.3 Immunophenotyping

SVEomposition was <characterized by fl ow
enzymati c gol d FAEmdar dhet réaamientcel |l s [
propidium iodide 1Ay e ¢€Rkpedsaibtdidvie pogut at i

(endot helial , pedi pgpoegansesdearcd ypmatl e 1sttiearl c e
MSC)SVEmnERAEDvas 9.9% N 1.5% and 3.7 N 1.3
13 B) . Additionall vy, t he frequency of ce

( mesenchymal stem cellB€) Dep s p edrhcad nytseegde (¢
expresSYmasidm.61 N 2.59% and 6.28 N 2. 4(
respectivel vy, not thus far from the perc
anti boRAEDiIItON21.49 1N% and 9.98 N 1.49%, res,|

To character iS¥écotmpesicei bnl am ter ms of

monocytes, macrophages, and | eukocytes,
cb116 (0.7 N O0.1%), CD68 (3.5 N 1.5%), a
(Figure 3E) . Wit hin t he whoiutre nbaliono dc eclel
Subpopul ations were identified, and the
l ymphocytes, monocytes, eosino®Bhkils, and

SVERnEBAEDexpression of surface markers af
adherent popul ation were similar. As exp
expression while di aplsayimadg emglo sniatrikeirtsy sfuc
cb90o, CD73, CD2913G@G)n.d CD44 (Figure
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FAT-ED SVF

A
€
i P
1.1 £04%
10* 10’ w* 10*
PE-A
B
D34
3.67+1.3%
PE-A
D105
9.98 +1.49%
D

b
8% D73 37 co73
LE 10.14 £ 2.91% & 7.61+2.59%
M 0
= o
3 - 5
‘0\,‘50_‘"’ 10

E 10 F 10
v 8 z 8O
Py -4
w 6 < 60
> u
[ a8
g 4 g 40
3 =
- ' e I i
0 - 0 -
CD146 (2] ] CD4s (D116 NEUT LYMPH MONO &0 BASO

% POSITIVE CELLS

100 M
G

80

60

40

20 o

E
, M

CD34 DS (D44 (D0 (D105 CD73  (CD29
W@ Hy Tissue SVF = Enzimathic Digestion

Figu3 Expression of surface markers Adet ected

Positive cells mar kef#EDwi Oh8pNopi @y BSVEdi de 1

Positive cells marked with CD34, were used f

vessel e n@ o tPhoesliitum.e (cell s marked with CD105
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stem Del Paesit(ive cells marked with CD73, we
stromal) ckRddsisti (e SVF cells marked with CD1.
respectively used for leynwddph dpewtnedd moFa bkt gt e sna
Positive SVF cell sshiweeeblidedtickl éd dsifheren

characteri ze neutrophil s (NEUT) , l ymphocyt
eosinophils (EO), G&Gndhkasoumhialge OBmde@)y. of p
FAED celilm waifttreada cel |l ul ar expansion was mar ke

Cbh105, CD7 3, and CD29. Results were represete
standard deviation (* p<0.05).

4.1.4 In vitro differentiation assay

The multilineage di fSiVérbd rati inatdiiasrs Mdeo tHegnt i «
was assessed by exviexpamgeddasshigacidty o
di fferentiate i nto adi pocytesld)cholmdr oc
el iminate peripheral bhbhdbdreont amromat sce

SVF cells welpagsideatestdi mntnig only adher
fibroblastoid morphology. The r &¥&lts of
produshoiameFigure 4. TheA&EDpandedseel bs

control. Adherent-TceSUBembhatnattedvit he Hg
di fferentiate into the three mesoder mal
extr #aAE&d. (Positive staining for Oil Red
compared to the <control confirmaedc adipo
di fferentiation, respectively.
AM tm
b ©
-] - Ry
U P "r.
E ,'W - "'
Y 4
D‘ e 7
f ,_r,' g
s.“_:&. ' !
2nf
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FiguadMul ti age differentia'EtDpaBséaf@se(a)yELoifghSVF a
mi croscopy images &« cehtdrsoll CIRF . B¢ &FAT bar
Light mi croscopy i+dDgecsel dfs $SViHuaad FAT unde
di fferentiation. Adi pogenesi s was indicated
droplets stained with ©i) GIRieglhtO. miSacrad :c dpay , i
SVF an&EDFARI | s stimul ated t o di fferentiate

Chondriogewas indicated by the f-oirenlat matnr iox
stained with Al ci naD,BlHilei.ghSc aniec rboasrc,o ply0 Oi nCany. ¢
FAcED cells directed to differentiate into
indicated by the formation of extracellul ar

Scale bar, 100 Om.

4.2 Hyaluronic Acid in vitro response

4.2.1 Metabolic activity of SVF

To assess hylbhuer onptci macli d concentrati on, M
The MTT cytotoxicity assay-MB8&Ls SE@W&Er f or me
expansion for 72 hours with diffylrent <co
in complete BMEMuUTIL & FBHGooyAIMYAR, aA3d. H

No significant differencebybuertowe ecn atchied cwo

observeds)N&#i goxecity was observed at all

A B
HA1 72h viability HA2 72h viability ¢ HA3 72h viability
120 120 120
100 100 100
80 80 80
60 60 60
40 40 40
20 20 20
0 o 0
ASC HAl1l HAl1l HA1l ASC HA2 HA2 HA2 ASC HA3 HA3 HA3
7% 15% 25% 7% 15% 25% 7% 15% 25%

Fi gd5MMT cytotoxicMBE fhesaBVhhaeRPa'gaiedn e(d
with different concenyAi at icomp:l e@,e Tul X ur e2 5ne

houTlsere was no notable varfMSLrsc eweirre eelplo sweid:
HyAl AY ,yAHB) a pA® CM .
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4.2.2 In vitro adipogenic stimulation

To i nvestigat e htllauer opnoi sga\) tbd ired u odlirey oogfe ni ¢

sti muS¥®ixem,ndeplascsedflgesved e cultured separ a
v/hvylaur o niHyAlaHgA2d (@HYyA3 ori n compl ete cul tur
7, 14, 21, and 28 days when differentiat
dropl et formati on. The |l ipid droplet ab
guanti fied at each ti me pedi ntn1§F4.g uBrdeo m2 1 ,

14 dayisnjpacdti on, al | groups exhibited a ¢
numbers compared HW(CARLeatHWd5c?2) | GTRLLtH
2 5HyA1 31 .H9A2N 140,8. FHlyAS B®. GFiNg16rAd 5 The r esul
conf iHyAbad i pogeni c inductionSvEependmd. F
cell s exldgyds eaHyA8i tah 21 days showed a st at
increase in |ipid droplet number compar ed
(CTRL + 5HyAR R 156 88yAB 2218.91.,3 N 32.4; p<o0.
statistical di fference W3 aébklbs maompar e
CNTR + (CTRL HyA3321.221 .16 SN. 71,6. 8; HyAB. 0015) .
exhibited a statistical i ncrHgAlsHYA3i n | i pi
121. 53 HWN1167853 N 1BVE&elps0.t0d324yle.d with
showed a maxi mum peak of l' i pid dropl et [
subsequent decrease at the | aslAYi me poi |

The average area of the droplets decreased in all experimental groups from 7 to 21
days, followed by a substantially significant increase from 21 to 28 days (Figure
16B). At 21 and 28 days, all th&VF expended cells exposed with edadhA
showed a statistical increase in the lipid droplet area (p<0.0001), excéjptAdr

at 28 days. FurthermorklyA3 induced higher lipid droplet aredmanHyA?2 at 28

days HyA3 11.2 + 0.9HyA2 4.24 + 0.4; p<0.0001).
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Lipid droplets number Lipid droplets area
- CTRL - - 8TRL R
4007 = CTRL + T 15 = CTRL +
5 ~ HYA1 e ~ HYA
2 HYA 2 2 HYA 2
E 300 HYA 3 s HYA3
| = IIG 104
£ i
2 200 b
] Q.
S e 5
T 1004 T
=3 z
3 =
[i] - v = —_— - 0 ¢ T T : T
0 7 14 21 28 0 7 14 21 28
Time [days] Time [days]

Figure 16. Lipid droplet numbers and area in SVF expanded cpisgage B with
HyA1l, HyA2, and A3 for 7, 14, 21, 28 days. Contmploups were treated with complete
cultured medium (DMEM + 10% FBS) or with adipogenic induction medium (respectively
CTRLT and CTRL +). A) From 14 days, quantification of lipid droplets number showed
a statistically significant increase of SVF expended cells exposed wiftl,H2, 3
compared to CNTR. At 21 days, BA2 and HA3 treated cells showed an increase of
lipid drop numbers compared to CNTR + (****p<0.0001). At 28 daygAB exhibited a
statistical increment of lipid droplet numbers compared to CNTR + ay®i1H(B)
Quantification of lipid droplet area showed a statistically significant increase in SVF
expended cells exposed withyM1, 2, 3 and compared to CNTR At 28 days SVF
expended cells exposed witlyA3 had an increase in lipid droplet area compared with
cells exposed to y¥A2 (****p<0.0001). For each condition was analysed 5 random fields
in 3 technical replicates. The data was analysed with-iayp ANOVA test. The values

were represented as mean + SEM.

4.3 In vivo regenerative potential ofHyaluronic Acids and
Stromal Vascular Fraction

The capacity for adipose tissue neofor ma
SVHRmi tHpWAL HyA2 , HyA3l was assessed to identif

potential. Bal b/ ¢c nu/nu male mice receiyv
mi cfrroagment ed human adHyploHyA2 ,t HyA.ueT hm x e d
contral ater al fl ank was HyAmjseca edo nirt dl .t

ani mals were examined with magnetic reso

anal y3s,i s7,atl4, ainndj e3cOt idoany sweproestper f or med
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Hy-Tissue &
SVF product HYA+<— G—>HYA+SVF

Subcutaneous injection of y
—* T‘“ > | HYAL+ SVF and HYA1 oy -
(] e ‘ 'y
f ?U ml °'f > - Subcutaneous injection of MRI acquisition at 3-7- \}
lipoaspirate > > | HYA2+ SVF and HYA2 14 and 30 dpi - -
= Histological
T2 weighted — examination
= Subcutaneous injection of T2 weighted fat-suppressed
- L - % T * | HYA3+SVF and HYA3 1H-MRSpectroscopy
Fi gurEx ple7r.i ment al pl an of regenerative poteni

4.3.1 In vivo adipose stimulation ofSVF and HyMovis (HyA1l)

The MRMerTighwegdag@aRysis revealed that all/l
subcut aneousVEanmdyAdc tsitam teefd a neofor mati on
14 daysnjpepadti b8) (FTlgus eevi dence was al so
T2w fat suppression, in which the possi bl
compl etely shB)Prlaatca dh g( Fai gvuorxee | in the are
|l ocali zeduldyedrrogenmmgnelNMR) repeatamneec ¢ -y a
which revealed a complete correspondence

newly potential laBdi.pose tissue (Figure

Addi ti owalsleyuen2esHWy Aevpalsdstédadtin the s

tissue for 14 days after injection befor
18) .
Thaemat oaxnydl i mosin histol ogical evaluatio

Ti ssues ext3IAEnHyAL firngne cttheed f |l ank were c¢h
production of adieroecect oiuissgsliudeil(BFeingeudrbeme t h e
smal | bl ood vessel slByereTiclsuer veexdt r @it @ u

contralater al sHyAle,, e xheialtietde dondny uwwm cthhang e
mor p h dlIFa gyl e

66



HYA1

SVF + HYA1

B FAT SUPPRESSION OFF FAT SUPPRESSION ON

FiguBhkdi pose neoformation after gAlbAUt aneous
Axi al -MRland2ysis showed the neoformation of
t hienj ecti ogAlof aSVHh4Hhl i ght edyAbywaser eabdsaibe
entirely ®f tAhxi dldv MRaltsTs2u(ppr essi on i mages con
of adi poGe Faits ssupeertcNMRI ms pfercotmm oscopy anal ysi s

formati on ofD,a dH,pRoEsper etsiesnstuaet.i v(e | i ght micr osc
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and/AlH subcutaneous i nhematednydliie® s sviacief eadf twveirt
subcut aylleociunsj et i on showed normalER) i Msaoe mor ¢
i njected yilt sh8WEHdH 't he newly formed adipos

characterized by small bl ood vessels (indica

4.3.2 In vivo adipose stimulation ofSVF and HYA lubrix (HyA2)

The MRM alhZzal y s i sS\sBEhnddwr2d i tnhh &tct ed ani mal s e
adi pogenic neoformanjeat fa®AMm( BRgdlhg sapoesr
days-i ppsectHyAR, walhse compl etely reabsorbed

control fl ank (daa af anto ts usphporvens)s-NONRR la nTd2 | ¢
spectroscopy analysis9B,onC€)i.ormed these dat

Al s o, t hese observations wer e corrobor a
ul trastrucwiutrhals caannaniymsgesel ectron microsca
formation of newly devel oped adipose ti s:
mi cuedssels in the uedect gu snqli d ie§PF iogfu roef 1t
M) . Newly adipose tissue was character:i
i nterposed by fcomoeéectci mendt indgudea,meads sho
ultrastructur®Manalysis (Figure 1

Ti ssue i nHyA2c taeldo nvei tshhowed an wunaltered s
(Fi gdbne 1
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30 dpi

3 dpi

CVAH

CYAH + 4dAS

FAT SUPPRESSION OFF FAT SUPPRESSION ON
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Fi gudAgdilpose neoformation after gA2bA)Ut aneous
Axi al -MRlnd2ysis showed the neoformation of

the injectyho,n aod HVFhIH ghBe dRdyr ¢ hentratdi ¢é r gi
HyA2 subcutaneous i nhjeentatteabnysliigmes isn ad mewe dvint d 1
of adi pose tQ)ssReepreaetseh adpiveyA\ @i subcetahe SVE
i njected sihteemad twanyd dao swiint hs howed t he for mat.
form ( 3M dCoyrso)n.aw fMIRlI sTRppression i mages conf
adi poseE)t ilsastuespeg-NMRmMspeotmr oscopy analysis

formati on of F)adRepporsees etnitsastuiev.eyApi subrcet ahe&SVF
i njected sihteenad twanyd daho swiint hs howed t he for mat.i
characterized by inflammatory and fibrotic

(indicated wiGt hHAl ec&naBrow)staining confirm
ECM that embeddedl ) hisScadisp one et iecsu®n (Mi cr o
| arge diameters of adipose M)i S€EMe b¢é¢ nlbbeld d/eeds s
i mage inside the fibrotic ECM (indicated wit

4.3.3 In vivo adipose stimulation of SVF and lal-System ACP
(HyA3)

Concerning He therhestestedult was obtain
i njecSVentH8The MRW &drRal ysis revealed tha
receiving treatment started a-imgeaefcdrimat i
(Fi Qye one or two time poinHpgAlbahdre t|
HyA2 ) . This evidence was-walfaod ocoppiremsdo
|l ocal-NMRds plectroscopy analysis. HRBe MRI a

was reabsorbed 7 days after the subcutan

The subsequent hi stol agi chiRV oarneasl uylstiss (cFoin
20 BG) . I n the tissSweanddyA3r aatjf edtfedorm]| amdé,
formed adipose tissue -ewsatsabdhaha&dt esrtirzuecdt
adi pocytes organi zed -denf ilnoebdu | cecsl |saegpeanr ast eef
20 C, D, F, G) . Mi crovessels were present

essenti al nutrients.

Ti ssue | HyActde & pwiatyed an unal20By ed) mor ph
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Taking together the in vivo re¥mitk fron
HyAl HyA2 , HKyA3lf he best result was G6&6WNFained

wi HYAS, s howed a neoformation of adipose |

A

3dpi 7 dpi 30 dpi

HYA3

SVF + HYA3

HEMATOXILIN AND EOSIN

ALCIAN BLUE

Fi g@iOkdi pose neoformation after gABbA)Ut aneous

Axi al -WMRBnNa&aPRysi sevliowendhtti men of adi pose ti ssu
i njectionA3gf aSVFhiHQh!| i ght ed yA3y wahse rreeadb swirrboe
entirely aBf,t e, RRgraggssent(ati ve | ight mi crosc
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hemat caxnydl ieno Riemr e Bht at iyk3FEs upbiccuttuarnee oaufs H nj e ct
showed no formation of adi pose tissue at 7
SVFYAB showed formation of adipose tissue emb
(E, FRepgeresentative histological pictures sta
bl ueRep(E¥Yent at yABe spbctut m@meofusHi njected site
of adipose tissue at 7 daysyA3(Bho@We dRdpmrenme m

of adipose tissue from 7 days.

4.3.4 Immunofluorescence analysis

To determine the origin of the newly f ol
examined using a human | eukocyte antigen
ascertain whether it resul ted fSVWHANn t he

(human origin) or fronS\phirxaed i wietlstsmatk

(mMouse origin).

Positivity was obspeovedon4di m Sgvdmingxadsit r ec
wi HYA3 (FR&urebut ati n3jO0ecdayosn,poisLtA posi t i

absent in al2d2E,anli)mals (Figure

No positive signal was 8Y&eHyWAedHyAZr ani mal
after 14 arndjEektdDBs (@Bd)gtDr e
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SVF + HYA1 SVF + HYA2 SVF + HYA3

14 dpi

30 dpi

30 dpi

FigadeL A mmunof |l uorescent staining in the sub
SVFyH1, Sy®R+H andyASVRt+H14 anidnpBéctagne. pobée HL/
stained with FITC fluorophor e, aAnd DnucG ei W
Ani mal s treayfAéddstwvobwwbdSNEgHti ve HLABsiBnal s a
H) Ani mal s tr eA2t esdh omwetdh nSeVgFattH ve HLACSsignal s
F,) TAni mal s t r eyA3sehdo weidt hp oSMR+H e HLA signal s
signals at 30 days. 10x and 20x objective ma

4.4 Metabolic activity, DNA content, and migration
evaluation of Stomal Vascular Fraction and
Hyaluronic Acid 3

4.4.1 Cellular metabolic activity and DNA quantification

To assess biocompatibility, the capacityHyfA3 to support cellular viability and
sustain growth in culture was investigated. Biochemical assays evaluated the

cellular metabolic activity and DNA content in expan@4- cells with halfHyA3
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and half complete culture medium. The results were compared with cells untreated
with HyA3, but with only the complete culture medium.

HyA3 with SVF expanded cells induced a statistically significant increase in
metabolic activity compared to the control cells (Figz28) at all time points (3
daysHyA3 289.8 + 22.2% vs medium 100% £ 5.4, 7 ddys3 485.3 + 17.8% vs
medium 186.6 + 3.5%, and 14 ddygA3 388.4 + 33.9% vs medium 217 + 21.3%,

p < 0.001). Furthermore, no significant difference was observed in DNA content
expression between the two experimental groups during the testing time (Figure
22B). These results confirm the biocompatibility of thgA3 product.

Metabolic activity DNA content

5 100+
800 o -s- MEDIUM ¢ MEDIUM

= HYA+ MEDIUM

*k

5007 -= HYA + MEDIUM
400_***
3004
2 200 /’/_{

100

T T T 1 T 1 T 1 T T T I
3 4 56 7 8 9 10 111213 14

Time [days]

of control]
DNA [ng/mL]

Metabolic activity
[%

Time [days]

Figure 22. Metabolic activity and DNA content of SVF expanded cells at 3, 7, 14 days.
(A) Metabolic activity of cells treated withyA3 (HYA + MEDIUM) compared with
untreated cells (MEDIUM). The treated condition showed a statistical increment of
metabolic activity compared to control at each timepoint (***p<0.0@) No significant
differences in DNA contact between the groups were found. In metabolic activity assay,
for each condition was analysed 9 technical replicates at 3 days, 6 technical replicates at 7
days, and 3 technical replicates at 14 days. In the DNv¥eob assay for each condition

was analysed, 3 technical replicates atialbtpoints. The data was analysed with Two

way ANOVA test. The values were represented as mean + SEM.

4.4.2 Scratch test

The migrati oBSVExpanidtegda scdefdf'd ésad( t ur ed wi t h
HyYA3 and half complete medium wa2B8evaluat
B)The results were compared with the same

medi um asGap chingtraonce Owasl,meas wr,edd ,at24,

74



post Acmeatdaulkti on in gap distance was obs
from 8S8HyAD ug N7 %. 84¢A3 24 hN 28R,.47p<0. 0001; med
8h &6.64 §s medi uNm 1224.hlp4D. 9013). At 24 and
mi xt ubyA3 owi t h c o mpilnedtuec ede dai usm gni fi cant r
scranched areas compar élgA3t@4hRe@wecdHmpl et
medi um 2N h1924HA39 36N &26 medi umN3 &%;. @ 4. 8
p<0. 0002B)Figure
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Figure 23. SVF expanded cells scratch test for cell migration asggyRépresentative
images of migration assay at 1, 4, 24, and 36 hours after scratch, comparing the two
experimentatonditions (control and cell treated witlyA3). 10x magnification, scale bar

100 pum. B)At 24 and 36 hours, stanched areas of ®¥pended cells treated withyA3

showed a significant reduction compared to cells with complete medium. (***p<0.001).
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For each condition was analysed 4 conservative fields in 3 technical replicates. The data

was analysed with Twavay ANOVA test. The values were represented as mean + SEM.

4.5 In vivo pathological regenerative potential in a muscle
ischemic reperfusion model

Afterntéieabuati on of the rSeWkeintgph,attilvee po't
product composition with a better outco
reperfusion mouse mode3IVRMh-8koenbhi AGPI 0|
(HyA3 ) , t hrough MRI and histological anal
capacity to stimulate adi [Bo/dae tthi stshuee ontehoe
t woylaur oni(ElyAlh c aHyA2 ) . The muscle ($¢cR@&mic

i njury was i nduced TwietdAhtoyar thaiRing qmegt mo c
mi ce received intramuscular treatment i n
were monitored for 18 days with MRI prot

experi memarst enPofsitst ol ogi cal and 1 mmunohi

were perfor med.

1dpi
5 dpi 7 dpi 14 dpi 18 dpi
TREATMENT  IM- P ’ )
0 dpi INJECTION MRI ACQUISITION MRI ACQUISITION MRI ACQUISITION
HINDLE Experimental groups: | |, 13_yeighted MRIACQUISITION | | *  T2-weighted *  T2-weighted
TOURNIGUETE * GLSVF+HYA; + T2 Map MSME +  T2-weighted ¢ T2 Map MSME + T2 Map MSME
i gﬁ * G2 HYA; .« Dwi « TZMapMSME ||+ DWI « DWI
* G3:5VF + Ti-weighted - pwi +  Tl-weighted +  Ti-weighted
+  G4: SALINE. OCE DCE DCE

I N
. | | |

-4/-3/-2 dpi 0 dpi (PRE-IRI) 4 dpi (POST-IRI) 7 dpi (POST-IRI) 15 dpi (POST-IRI) 18 dpi (POST-MRI1)

TRAINING OF ACCELEROTAROD ACCELEROTAROD ACCELEROTAROD ACCELEROTAROD PERFUSION OF

ROTAROD Increasing speed Increasing speed Increasing speed Increasing speed ANIMALS

Constant speed (from 4 rpm to 40 (from 4 rpm to 40 (from 4 rpm to 40 (from 4 rpm to 40 (histological and

(12rpm, max rpm, max Smin) rpm, max 5min) rpm, max 5min) rpm, max 5min) ICH evaluations)

120sec)
Figadexperi ment al plan of muscle I /R injury.

4.5.1 Motor Behavioral Experiment

After three consecutive training days, an accelerod test was conducted to evaluate
motor coordinationAccelerod test was performed at different time po#hts:, and
15 dpi(Figure25). Latency and rotation spe&¢kre recorded, indicating the time

taken for animals to fall off the rodA progressive improvement in motor
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performance was observed over time in$MandSVHHyA groups SVF 7 dpi

13.8 + 0.5SVF 15 dpi 15.5 + 0.5SVF+HyA 7 dpi 15.6 + 3.4SVF+HyA 15 dpi

18.7 £ 3.7)By 7 dpi, motor performance was comparable to basdliorversely,

the group receivingdyA injection showed a linear performance trend between 4
and 7 days podtR injury and a slight decrease from 7 to 15 daygA 7 dpi 14.6

+ 3.9,HyA 15 dpi 13 + 1.5). No alterations in motor performance were observed in
salineinjected animals (saline 0 dpi 11.7 £ 3, saline 4 dpi 12.3 £ 1.7, saline 7 dpi
12 £ 1.8, saline 15 dpi 11.7 + 2.1).

Rotarod performance

= SALINE
25- HYA
—_ : -~ SVF
= : SVF + HYA
s
= ]
Q 15- —
c ] %,/F’ |
e 10 ! [
h -
'g ]
[ 51
o
0 ] L T T
Q Q Q
b‘b ,\b '@b
Time [days]

Figure 25. Rotarod test performed 4 dpi, 7dpi, and 15 dpi to salin&, FbVF, and
SVF+HyA treated animals. The performance was expressed in rpm. No significant
differences were observed, but a progressive improvement in motor performance was
observed from 4 to 15 dpi in the SVF and SViAHroups.Thedata was analysed with

Two-way ANOVA test. The values were represented as mean £ SEM, n=25.
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4.5.2 MRI

Structural and functional changes after intramuscular injection of sele SVF,
andSVHHyA were investigated with muiparametric MRI analysis. F&eighted
(T2-w), T2-mapping, and DWI acquisitions were performed &t 44, and 18 days
postl/R injury. The ischemic reperfusieimeated limb of each animal was

compared with the contralateral control limb (CTRL).

4.5.2.1 T2-weighted

T2-w MRI acquisitions at 4 dpi revealdyperintense contrast in all injured right
hindlimbs, associable with increased tissue water content resulting from edematous
and inflammatory responses following I/R injuyigure 26) Starting from 7 dpi,
SVHHyA-treated animals exhibited a -Tikighted contrast similar to CTRL over
time. Differently, at 7 and 14 dpi, animals treated with salineSatfemaintained

a marked hyperintense contrast compared to CTRL hindlimbs, while those treated
with HyA showed slight improvement. At 18 dpi only the animals treated with
saline retained the hyperintense contrast.
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SALINE

SVF HYA

SVF + HYA

Figure 26. Representative images of Ti&ighted MRI acquisitions at 4, 7, 14, and 18 dpi
for saline, WA, SVF, and SVF+MA-treated animals. As CTRL was used the contralateral
hindlimbs. N=25.

4.5.2.2 T2-mapping

The resultsfrom T2-mapping acquisitions confirmed #2 imaging T2-multi-
sclice multi echoes (MSMEBEJnalysis revealed that the muscle relaxation time (T2

rt) of the CTRL was approximately 30 ms (Fig@@.

At 4 dpi, all treated hindlimbs exhibited a significant increment of thatT2
compared to CTRL (CNTR 3250.5 ms, saline 63.8 + 6.4 nidyA 132.4 £ 11.8
ms,SVF50 £+ 3.1 msSVHHyA 87.1 + 6.4 msCTRL vs saline p=0.0364, CTRL
vs HyA p=0.005, CTRL v$SVF p=0.0075, CTRL vSVF+HyA p=0.0004). From
7 dpi, theSVFHHyA treaded limbs showed a reduction offiZalue (close to 35
+ 1.3 ms) without significant difference compared to the CTRLriT2alue. I/R
injured animals treated with salinélyA, and SVF maintained a significant
increment of T2t at 7 and 14 dpi compared to CTRL a®dFHyA treatment
(saline 7 dpi 47.2 2 ms, saline 14 dpi 41.7 + 1.1 ni$yA 7 dpi 68.5 £ 8.2 ms,
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HyA 14 dpi 39.1 £ 0.9SVF 7 dpi 44 + 1.3 msSVF 14 dpi 37 £ 0.3; CTRL vs
saline 7 dpi p=0.0068, CTRL ¥yA 7 dpi p=0.01, CTRL v§VF 7 dpi p=0.0002,
CTRL vs saline 14 dpi p=0.0022, CTRL MyA 14 dpi p=0.0044, CTRL VSVF

14 dpi p<0.0001)The T2rt values ofHyA andSVFtreated animals decreased at
18 days post/R injury, without significant difference compared with CTRL and

SVHHyA injected hindlimb.

Only the salingeceived animals maintained a significant increase unt Values
compared to the other groups (38#)@.8 ms;saline vs CTRL p=0.0039, saline vs
SVF p=0.0428, saline vVSVFHyA p=0.0015).

T2-mapping
O CTRL
B SALINE
200' T kK *k % D HYA
A = = = " M SVF
E - = = — O SVF + HYA
o 150; .
E i
e L]
§ 100; o .
= 1 .
X
(_U 50' Y -
[¢}]
¢ AL A2 oloan odnn
0- -
4 dpi 7 dpi 14 dpi 18 dpi
Time [days]

Figure 27. Muscle relaxation time was evaluated at 4, 7, 14, and 18 dpi for CNTR, saline,
HyA, SVF, and SVF+MA-treated animals. At 4 dpi all I/R injured groups showed a
significant increase in F& compared to CTRL (* CTRL vs saline p=0.0364, ** CTRL vs
HyA p=0.005, ** CTRL vs SVF p=0.0075, *** CTRL vs SVF#A p=0.0004). At 7 dpi
saline, A, and SVF maintained a significant increase iarfTfRGompared to CNTR (**
CTRL vs saline p=0.0068, * CTRL vsyA p=0.05, ** CTRL vs SVF p=0.0002). No
significant difference was observed between CTRL and SYR+treated animals. At 14

dpi saline, WA, and SVF showed significantly increased infT2ompared to CNTR (**
CTRL vs saline p=0.0022, ** CTRL vsyA p=0.0044, *** CTRL vs SVF p<0.0001). At

18 dpi, only the salin&reated animals maintained a significant increase at t@mpared
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to CTRL (** p=0.0039).The data was analysed with Tway ANOVA test. The values

were represented as mean + SEM, n=25.

4.5.2.3 Diffusion-weighted imaging

The analysis of the DWI acquisition revealed no significant differences in the

apparent diffusion coefficient (ADC) among all treatment groups at each time point

DWI O CTRL
. B SALINE
0.0020- 0 HvA
] @ SVF
] O SVF + HYA
o 0.0015- .
~ 124 § . .
E | R i- . ﬁ e T 8B % e ; N .
0 : s H p . b o r
Q ]
< 0.0005-
0.0000- 1L L] U g s
4 dpi 7 dpi 14 dpi 18 dpi
Time [days]

Figure 28. Diffusion-weighted imaging was performed at 4, 7, 14, and 18 dpi. The ADC
was calculated for each time point in the salilfgAHSVF, and SVF+MA-treated groups

and compared with the contralateral hindlimbs as a CTRL. No significant differences were
observedThe data was analysed with Tw@y ANOVA test. The values were represented

as mean = SEM, n=25.

4.5.2.4 Dynamic contrastenhanced MRI

The vessel perfusion was assessed with a dynamic ceemfashced MRI (DCE

MRI) using a gadoliniurbased contrast agent (Gegure 29. All the gadolinium
diethylenetriamine pentaacetic ac@DTPA) signal intensity points (143 points

in total) over time were normalized to the average baseline values. Subsequently,
the area under the curve (AUC) was calculated. The AUC of each treatment was
subtracted from the CTRL AUC.
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At 4 dpi all I/R injured treated hindlimbs exhibited a nearly twofold higher contrast
agent signal over time than CTRL (saline 272.1 + Hy@ 222.7 + 162SVF141.8

+ 39, SVFHHyA 166.9 £+ 80.7)At 18 dpi, salinaSVF, andSVFHHyA showed a
similar GADTPA intensity to the CTRL, whilelyA-treated hindlimbs maintained

a slight increase in GBTA intensity.

DCE-MRI
l SALINE
O HYA
600 B SVF
. O SVF + HYA
4001
o 200’ . . .
= T . & .
2 MlER
. . . 3 :: T :
-200 : 4
-400 . T r
4 dpi 14 dpi 18 dpi
Time [days]

Figure 29. Dynamic contrasenhanced MRI with the injection of AP TA contrast agent.

The AUC for salina, MA, SVF, and SVF+MA was normalized to the average of the
baseline values and then subtracted from the CTRL AUC at 4, 14, and 18 dpi. At 4 dpi all
the I/R injured hindlimbs showed a higher-B8TA than CTRL. At 18 dpi saline, SVF,

and SVF+HA groups showea similar GADTPA intensity to the CTRL, whilélyA-
treated hindlimbs maintained a slight increase iFD3@& intensity. The data was analysed
with Two-way ANOVA test. The values were represented as mean + SEM, n=25.
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4.5.3 Histological and morphological evaluation

As descri bed jtnhet hgeasitrmmtorcondewtcituisoncan be di
medi al (MG), adjacent to the plantar mus
sol Susce previous studies report differe
following I /R injury, the muscle has bec
delineating regions where qualitative an
andmmunohi st ¢ dHiCgann smetyer(s were conducted

inferior MG, superior3pG, and inferior LI

.} 1Ginf | P IMGinfg

i !

' s : [
Fi g B806&raphi cal representation of posterior
| ater al gastrocnemius (LGsup), inferior | at
gastrocnemius ( MGsup), inferior medial gastr

(s).

Hemat oaxnyd iemosiwmerssaadniong the histologica
cressesstioned gastrocdnidhi ubnmesect eof&i uom
group, standard hi stol ogi cal staining v
myofi bers of polygandll|l athapal |l ywnpbdbsesr mi enc¢
LG (FBAureaend in 3MG .( FNoguirref hfammaasat iyon

observed.

I n sections-stfrerametdheans sl ame do ufpi, b erosu nwi t

variability and dc¢endtircaltliwel owdatneuds cr ec Ireei
mainly present in thefsupmer il3d®@) (damduirMed er i
( Fi guiFe . | n, amldme n @ms necrotic fibers we
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region of the MG, identified B, pA).e eosi
|l arge infiltrate of .Cmemanespatés surrouni
were evident in this area, most | ikely r
(Fi g8beg GNubBeprous blood vessels were obse
to the necrotic fibers, sudgogpmsesschg possi
The sections also revealed the presence

i nfl ammatiolrtyr acteelsl, ipnafrti cul arly evident I

Sections from &WViBHpAdS stprl aayteadd fwibtelr s i n t
and MG regions similar to those 3®&hserved

o) . However, in the i ndeme offi bergs owi toh H e
size and shape and a centr al nuwkees sur
still det 8@t allp)cer g aFsggdurceo!l | agen depositio

the alterdda myhefiskeecrts.on fr EMEarmriamanlen t t h
| arge areas of the MG were composed of

massive cel |l ul a3r®,i nNF)i.l tration (Figure

Secti onSVHiyAbmeat ed ani mal s showed mor p
myofi bers with the c¢haaalcatearialtliy podiytgioa
(Fi d®r e R). No i nfl dremamecerny tihref iilntdri asti idaura |

wasebser ved.
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