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COLLECTI ON AND SELECTI ON METHODS OF AN EMBRYON CLI KE
STEM CELL POPULATI ON FROM HUVAN ADULT PERI ODONTAL
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frohh&)e rg@dJntEF%m ar A&UeR! Fom aﬁj&ﬁdr St gﬂo thatyitro, in

en 1sol at up to now, do not dlsp |mte
parfcldr @ﬁﬁﬁf@%oﬁ@iﬁéﬁé’ a®d to Oaﬂl&be 5&%;/ la§bfiCof embrKomc-like;

differentiation ability has been over come
their banking in order to preserve the Vlab111ty, their differentiation towards
different cytotypes; the use of isolated stem cytotype for cell therapies and/or
tissue engineering on the donor itself or HLA-compatible host, to regenerate

injuries of various aetiology.

BACKGROUND OF THE INVENTION

The chance to isolate stem cells form human tissues today is
controversial and much-discussed. The definition itself of stem cell, a cell able
to _self-renew and differentiate towards all the different cytotypes of the
organism from which it derives, does not fit with the antigenic and functional
characteristics of the adult stem cells, up to now collectable in humans after
the birth. On the side of the “self-renewing”, actually, adult stem cells that
have been isolated up to now, do not display unlimited proliferation ability
and, on the other side, differentiation ability has been hardly overcome the
multipotency (the ability to differentiate in all the cytotypes that come from

the same germinal layer) or pluripotency (the ability to differentiate in the
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mul ti potency (the ability to differentiate in all the
cytotypes that cone fromthe sane germ nal |ayer) or
w@bkawiopatency (the ability to differentiate i NnPCT/EP2007/001416
thecytotypes that cone fromdifjerent germ nal |ayers
too), without reaching the totipotency (the ability to
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A SRR, L
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1) Antigenic pattern and selection methods of the cells. WO 03/066840
does not disclose any selection, whereas the method of the invention
uses selection by cytofluorimetry of embryonic stem cells, through
antigens detection such as SSEA-4, TRA 1-60, TRA 1-81, CD133,
CD90, flk-1. In this way it is possible to obtain a homogeneous
population of embryonic cells.

2) Culture methods, cellular proliferation and differentiation; actually
WO 03/066840 describes the techniques to collect a cellular population
that contains only in a small part adult stem elements, whereas the
selection method according to the present invention allows the

preparation of an homogeneous embryonic-like stem cells population.

SUMMARY OF THE INVENTION

The invention describes a method for isolating from the follicular sack a
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sel ection nethod according to the present invention
al l ows the preparation of an honbgeneous
wepiyrponit- |1 i ke stem cells popul ati on. SUMVARYPOFERHE7/001416
I NVENTI ON The invention describgs a nethod for
isolating fromthe follicular sack anew
non- haemat opoi.eti c, nmesenchymal st Sm su]gf,opugat i.on,
nepe penthagmagepaietiermesenchymsl st subpepilaiieng bereja @fter referred

to AACKNG: (BOUGICHerHeA Eimbaionss NetbhlcChesk S eallsbby means of
F ALGhting SRUBR ot HTSHED By S RBE RN B P PRI PRS S | <

obt aji.nabl e hy the nethod of .the invention are ahle,to
i t Tt ERb B Al S ProY es Cudttie snramliERR R wthods Sf FENC.

T ob AR tp e meteed P gopinuantian arecAble g differentiate in
allp B BisRoFs BOPRBIIS hEes | GPapmBnkSero Quigr naking FENCs a
toRfateh b PoTeH, S NS nE BN 0% afited oiprving their
vigﬁﬁ@g%aaggﬁpgﬁgqs%@p@85)@%_55%@?@%%@@3 4§ 4B Bnryonic
SRS RYIAFTER TTHE AGRIEREGRIST e PSREICG S8 Rrg ilesymethods
fof st aebor ebfontf) BesBPy cby aCRTbrind FSCaqts eyl g clinical
thprUFRG eRRIG L ETorf Tier 81 * Frfi opPIAFGr TigBic FENC

.dhe dental follicle, as the tissue conpl ex that
dl?ﬁ{ﬁngkag'sm%he tooth during its formation before the
.l. | 0 >

er U |tr]r rcesetn o tr|. :g-q source of

Tieta) I )0 0] BWer reasons: 1) Each
t ook, i?l[QrtthiB‘ﬁrch%Pc%?{x%

I nconplete organ at gr}g?ﬁﬁ? ?&ﬁ%’riiségag{oﬁﬁgﬁa:ne% cytotype of
errﬁﬁylghf)cogﬁ%% c&l1l @ollected from human adults, in particular a method for
the isolation of these cells, including the collection thereof from follicular
sack.

The dental follicle, as the tissue complex that embraces the tooth during
its formation before the eruption, represents a privileged source of
undifferentiated cells due to two reasons:

1) Each tooth, both permanent and deciduous, represents an
incomplete organ at the birth. It brings in its development site
undifferentiated cells that, after proliferation, will become
odontogenic cells. The embryonic origin, from the neural crests,
explains their immaturity. At the end of odontogenesis too, these
undifferentiated cell remain in loco up to the eruption, within the

follicle, because they will become the future cells of periodontium

and root apexes that develop after the eruption. It is now certain the
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undi fferentiated cells that, after proliferation, wll
becone odontogenic cells. The enbryonic origin, from

wo b@7osursl crests, explains their inmaturity.PGI/EP1Ne7/001416
end of odontogenesis too, thesequndifferentiated cell
remain in loco up to the eruption, within the

follicle, becau ethe 'I become the futyre cells, of
peri odeﬁ%q&lﬁﬁéﬁﬁac}%ﬁ WA HEV@FiSBtajf ligameng(Gronthos,
eruption

cel Ts Jinseh 200600 ?v&f innéltahe PTgIcPuln (Eon g BNAS 2000;
2000, ' M, DB 25085 %EIESLH?M;%@&%’)BE?“Z) “he

cur gy cAieariaC foliele,s f bilogiial PASH with s FasE abtaienl accass,
Vol ure 5 71! EPaEith Chiah fatia.DPOrC<h BRYKEFIntaTsLatany fells and
|5 Ver SONPERACHS o gt | TS HEREP S4THBCE foRe G £AD collection
char actbATEUMAL BETHSEo R FTAEHAt o B eyg‘r%?r'l “tecth s very
*her apBieEnk AR rEapToRdRe #REEE00R bicl eﬁ‘fb laf Gagk. The stem
The. oy ol Spolitid, %ﬁ%ﬁgﬁpglﬁﬁ{%@t@?l&y@%«%ﬁgﬂed ok these
on horBuRB SERPIE, bAE: b thrdd: Torororsarg -and mitblogous
char ac%erl St GS frgﬁ?ﬁumﬂn adul ts This strategy

presen }§ TFR%%%"&BI? 88% 1) lowinvasive surgery

5 TR SRS T BB B B, enion
S TR R

The invention provides for the first time the isolation of an
homogeneous cell population with embryonic characteristics from human
adults.

This strategy presents these advantages: 1) low-invasive surgery with
local anaesthesia; 2) low morbidity of the site; 3) high-clonogenic
mesenchymal culture, due to the absence of hematopoietic fraction;
4) isolation of embryonic cells from human adults.

Obtaining of FENCs — the stem cells obtained from follicular sack

directly derive from mesenchymal cells originated in the neural crests during
organogenesis. Their origin explains their plasticity. To isolate stem cells
from the follicular sack, the latter must be intact with no communication with
the oral cavity.

The patient, during the week before the surgery, must follow a suitable
oral hygiene protocol, e.g. rinsing the oral cavity at least twice a day with

CHX 0.12 or similar agents. For the follicular sack collection, after
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otaining of FENCs - the stemcells obtained from
follicular sack directly derive from nmesenchymal cells
w@eoogiomated in the neural crests during organoRENER1087/001416
Their origin explains their plagticity. To isolate
stemcells fromthe follicular sack, the [atter nust

R Y R BB ol e
to«er%e' aibancsd by itpe ol ular Sok dandF Ralfeciedifatieils dondiftons, the
s Pl i ESEHES 18, & PtV PILEB0 fotnh PRUBGHte HborAt ghe end of
th B wrartflggi%stt&%c' TBPnoe iteted term i e oAl 5eRgates and
E(hglﬁp CAsfmr dda?&e%p%é Rer%:clg%/seh%gi;olgﬁe%gang rth% cells are
cugblgecit I ve O| ut/ %ép{drlef Mﬁ é\ih{aﬁ: g?alyp.rc %ltematlvely, the
R St A G 3 e o

Al ternat i vel oni

obpgeft bRy d%%%f‘u&m SRt BB T N oM bERe t 1s Possible
he,,f | t

to ﬁ@?@%?é&? "ot BEus Adherent s t@s“? Ho5ak i Hgsks, that

gilg Pt tomdles, 'Aft ? 55 in 2 ?%ﬂ@ 90 LS B unt up to

60ucﬁ to 60 clones. At the 9-10 day, after renoval of
PR&t-ant, cells are chal | enged at the FACsorting,

ol S8 2aREL gt PAFSAROS LM P ETLIBESeea o e
A TR et SRR
O g SR e b e Sion, i
diffb bt %y%ttyf)gg.eﬂ 1§‘bos§%9ecto obtain proliferation without differentiation
adding BFGF to the culture medium.
After the cells reached a suitable number, they may be frozen and stored
in liquid nitrogen at -80°C.
The procedure is summarized below:
1) Collection of the follicular sack in sterile conditions, digestion and
culture;
2) Amplification of primary cultures, if necessary;
3) FACsorting;
4) Amplification, freezing and/or cell differentiation;
5) FACanalysis;
6) Maintaining in an undifferentiated condition;
7) Tissue engineering from differentiated cells.

All the cell types obtained from FENCs differentiation, can be used not
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The procedure is summarized bel ow. 1) Collection of

the follicular sack in sterile conditions, digestion
wa@ea7owmiture; 2) Anplification of primary cul tRCEBP2001/001416

necessary; 3) FACsorting; 4) Anglification, freezing

and/or cell differentiation; 5) FACanal ysis; 6)

intajnjng in an undiffe ti.ated condition; 7)
on srsagléhexwgwt@lwrterhua{dfe&éjf%rﬁpr Lsseel Is. All the
cell, types obtﬁli nggﬁ({:om FENCs differentiation, can be
usedfoRdnstNge; thec HBEXRE Hsed dPsePtadn isteegenic precursors,

exDEF R RYBEE 2ol v FB A G SSteRR g COSHG DR B A 1, CDA4,
RURE CT A R8s ci . An oot eord mairix

ol oS AL R SR0E) TS0 i) iy o be
o R o RS A8 ATl AP hBR e bone
i TR S PR 3L 5L o G Ky mor
Tt REE Gt B ISP AL G5 5bRlfoe bone
s QbR M BB B gt e
GUIREIS ) ST AR AL, 0, Ao of
thi ts?@%{t@%@f%dlln%g%%g? ﬁ@?&gﬁ%%& g}ﬁtﬁj/&& ggﬁgh due to a

20k B b AT BB n an atmosphere of
5% CO, using o-MEM culture medium, added with 20% p/v FBS, 100 uM
2P-ascorbic acid, 2 mM L-glutamine, 100 U/mL penicillin, 100 pg/mL
streptomycin. LAB formation is only blocked due to a lack of nutrients.

Said LAB may be produced continuously and the osteoid tissue can be
stored, maintaining the osteoblasts at 4°C or at temperatures <0°C, using the
common techniques of cell cryopreservation.

A 3D matrix containing LAB may also be obtained, in which
osteoblasts are grown in presence of a 3D biocompatible matrix, that is
colonized by cells. Said biocompatible matrix may be reabsorbable or not in
vivo: examples of suitable the matrices comprise lactide co-glycolic acid,
synthetic collagens, HA, biocorals, calcium sulphate, while those not
reabsorbable by polymethacrylates, PTFe, titanium, compact HA, HA biphasic
(50% HA and 50% of B3-TCP), ceramic.

According to a further embodiment of the invention, FENC may also be
differentiated to myoblasts, in order to obtain smooth muscle cells using Mega

Cell culture medium with FBS p/v 2%, 100 uM 2P-ascorbic acid, 2 mM
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stored, maintaining the osteoblasts at 4C or at
tenperatures <0C, using the common techni ques of cell

W@ eopops@Eser vati on. A 3D matrix contai ni ng LAB PEI/ERI08D001416
be obtained, in which osteoblasys are grown in
presence of a 3D bioconpatible matrix, that is
coloni,zed by cells. Said _bioconpatible matrix nmay

L-gkiaauneatil0 dd/mbt pemailin: 100ame/BL oftreptomysia ?ﬁéﬂd with
10GR@/FHGERED 1. i ocor al 5. cal of um sul phat e, while
L1 ¢ BN B beec FexeBRHAR: ¢ 0% KATAIRPISHE g order to
Obia FHVAR BISCIEENES iy 2aP Qe Pt GG b GEUTIe myotubes.
Cargilyr s aaid OBLbEINES b dAf R 06 FRO D/ WsiBgasids following
cufiurd anediv: DodbeRsan TR BCORpEIEs RRMEMPMEN, vifrogen),
il ol A D%l AT S RAD S L Gyogse and
G P S T AR Tt 00 cul e 1
Che phonta B0 L4 FRdhn P bogsois b S gt oo,
ol S o 15 8 B h PR ol g T,
SEASGTR Y PSR SRR P V1% 30! Gare o
Nty 4 MR 1 SR, ARl b
SoBESE3 5B P A1 L SP s
];gir S?&?L@%§L%/l§8 ulquEgﬁf‘ﬁTgé{}tgalrtégdg?o %'dg}goecrﬁgg,' %ecqllf.d}hpg for 30
days in ae-MEM, added with 20% p/v FBS, 100 uM 2P-ascorbic acid, 2 mM
L-glutamine, 100 U/mL penicillin, 100 pg/mL streptomycin, 10° M
dexamethason.
Chondrocyte differentiation of FENC, in order to obtain cartilage, may
be obtained culturing FENC cells for 30 days using -MEM, added with 20%
p/v FBS, 100 uM 2P-ascorbic acid, 2 mM L-glutamine, 100 U/mL penicillin,
100 pg/mL streptomycin reducing pO, < 40 mmHg.
The invention allows the autologous use of FENC in cell therapy
protocols.
In particular, the autologous use of FENC and cells derived from them
may be useful in the following applications:
- skeletric apparatus pathologies like bone defects by means of

FENC-derived-osteoblasts.

- muscular tissue degeneration, both of smooth and striated muscular
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days in -MEM added with 20% p/v FBS, 100 nmM
2P-ascorbic acid, 2 mM L-glutam ne, 100 U nL

w@enwrovdihi n, 100 ng/ nL streptonycin, 10 M dexaP&t/RP®OTI001416
Chondrocyte differentiation of £ENC, in order to
obtain cartilage, may be obtained culturing FENC cells
for 30 days SI n a- MEM added with 20% p/v FBS, 100

tishg 2B BSADRIN, B¢ denivafhmyeblasisni ne, 100 U i
penicillin, 100 ng/{nL strep red po2 < 40
mHg C Nﬁ@ath9@&l¢%‘ayan?%0£ﬁ é’é‘sof FENC

in cell thera r ot ogol s. uIar )

aut olMBYJine degdndrape yamfaeém 351%15?% G%Vﬁ& &hial (k&S may

be usefyl in the follow n pplicati - skeletr& d, b
apparBt %S%%\FHEE%@: wchen; typx e@aélwsn%%ﬁ%e isrdesired, by

ARG ANCORSTBSPPOSHGS: h and Stv i al od
- bl AR Ge GrNC S JBUmiRe oy ENC-derived

hnégl i ne degenerat| on by neans of FENC-derived gli al
chepgrecytes.n "pl astic surgery, V\/nen the formation of

adi MI rec}. msan of CFIrENC-d L. eﬁENCs and
adi | ogi <9al LhaOBt &A1 %%?Ibeegrlﬁf
dilésfrotpyed el Iheedrom niny Boen FieELEI 85 Biag; after infection
wiflp; e anyn ol ?gglif cilafigs o Cfigh X ReaRE: O  ds vector
byt hE 37 LBt Mot BBl SO SRR i, e
oy TARIE R 30 4. SBbASHESHISABHR L Weervarions
both on the transplantation site and on the main organs, evidenced no cancer
development.
Cells have been challenged for main cancer markers and for cell cycle
analysis: all the cells were euployd with no cancer evidence.
Some examples of FENCs applications are reported below.
Example 1. Cell isolation and culture
Each healthy patient, starting from the week before the surgery, was
subjected to mouth rinsing treatment with CHX 0.12 w/v twice a day. For the
follicular sack collection, after local anaesthesia, the flap was cut and a bone
door was opened to reach the impacted tooth, embraced by the follicular sack.
Once collected in sterile conditions with a Gracey curette or an alveolar
spoon, the sample was immersed in a digestive solution for 1 hour at 37°C.
The digestive solution was PBS (phosphate buffer solution pH 7,4 1M)
containing 3 mg/mL of collagenase type I, 4 mg/mL Dispase, 100 U/mL
penicillin, 100 pug/mL of streptomycin and 500 pug/mL clarytromicin. The

volume of the solution depended on the volume of the follicular sack
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both on the transplantation site and on the main
organs, evidenced no cancer devel opnent. Cells have
whe®@noedizsd | enged for main cancer markers and fRCT/ER1007/001416
cycle analysis: all the cells were euployd with no
cancer evidence. Sone exanpl es of FENCs applications
and

coflFtedh GOEIGHEREAFOR S SarPeRL E}tch%f'tmﬁ Slf\?’tﬁi?ﬁogﬁﬁt ethe solution
foheﬁ{aﬁg%w&g&&hgms 3 \;{1 nglr@g ngﬁl é(lesptﬁ\éen%olutlon was
ﬁl{q?'sh'f‘ﬁﬁb‘aé@a@gﬁ SEames Wi fo srmaué Bpcaaments BEACM, cells
or (418 A P EAIE o 20 ”ﬁ%g‘s: gﬂ&%ﬁytﬁﬁg%gg%fjpﬁ%@' af 4385¢ fragments
weih SHll ESeRy T QoTiaP; U FLeti oot VAIUBPSaTHot0 ton fimes the
volifis of ¥ SiEsstinmrvi a90gy M 167 CReragenaotion, il oBRirifuged
ok 105t 08 T s Ak et M ERATESTM, e, e
ad?fsﬂf‘?hﬁbfgw SRR PG erim (BEITY 190, WM 2Prascerbic acid,
2 L t'?ﬁﬁﬂ%ﬁiﬁ%ﬁ@ﬁ%'ﬂ%ﬁg ifol ) e padRlieif At the end
ot SZR A Flarh Rt Shsfdhlaf LAY 2o hEbE e EsiTIsi6n were
colEG TR el 95 6F OB 1. i SE RS, changing i
cugtg;é;qggggglweﬁtsrkyaa?emchlss 4 1941%% NG FhOgEfPed e

e digestive sO ron-an

ste{rgf]é\/ﬁ' it 849 off e 4t g?ﬂé YR RHERER, GH Clones.
B ‘Ea?wdrn%"’@g%?'?fﬁfﬁiﬁ "t
st r?ﬁié}”? C‘H}’e @E ch%§§Qﬂ i H@sagril%a hHovL tJ}eembryonlc

bot be he suspensi on wer
medium (ES medium, Invitrogen, Mllan, Italy) in 75 flasks up to 60 clones

were counted.

At the 9°-10° day, after removing the surnatant and washing with sterile
PBS, cells were detached from the bottom of the flasks. 4 mL of EDTA
0,02%, dissolved in PBS Mg/Ca free, for 10’ at 37°C and a FACsorting was
performed, collecting the cell clones positive for stem markers. Cells were
pelletted (10 at 140 g), washed in BSA (Bovine Serum Albumin) 0.01% in
PBS at 4°C and incubated for 30’ at 4°C for staining with 10 ul stock solution
antibody. After incubation, cells were washed once with 1 ml of BSA 0.1% in
PBS, to remove not reactive or aspecific antibodies, and analyzed for
positivity to the following antibodies: SSEA-4, TRA 1-60, TRA 1-81, CD133,
CD90, flk-1 (Santa Cruz, CA, USA). The cells were positive for SSEA-4 in a
percentage of 70% and of 80% for TRA 1-60 and TRA 1-81. In particular
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collected and cultured in a 50 ml flask at 37C and 5%

C®2, changing the culture nediumtw ce a week.
wor@rogsaepi cal observations evidenced that, steCT/EPIP07/001416

the first day of culture, adhengnt cells gave origin

to cell clones. Exanple 2. G owh and characterization

After, 5 days of culture in.the medium descri abo
SSHAehbWesmPesiig beth ko TR A 1RO and il glgé,l-%%%a"hﬁ,% 1-60

Italy) in 75 fl%sks up to 60 cl ones were cgﬁﬁted.. At
andrbRY 18 lyate suntaes mlapyles presentQplyamnnddferenbiatedgells, or

onoE Y ORI SHem i GESEISTIPRIcBDg: BEOPYRRS, feppsCells (EG
pllﬁwrgf»%??ff@g%éégé égﬂcﬁglﬁwﬁﬁéﬁéﬁ%&@%%rtranscription
FaGiothaNaT PE R Bk Rsd- BoltiAviaRe Haey dstastople ppaigm embryonic
ungf Teriates Aise Tha PeR Bty APt 4hS Ty BHERR] cORfirms the
erGGUIE Rore Gadhs CelD(ES) sLbarE Natits B2 bOCIR] positivity was
A oA o e
il ofetilis J0YA vassaatst B erRERedmitn BE-20R Tha "

1 oBiphs s Wfeamiiidn rRiba P80 (plErrstndol midtte and

Sﬁifa(‘)e nol ecul es present only on undifferentiated
CaLHia&®) or on Enbryonic Stem Cells (ES totipotent) and

SRS, ST o ML LBt S P 22, can
o R, SRRy Sl on ¥ P BB gepriming v
o RRBHAL ik gl B RO RO ROl ™ (P

e
o-MEM, with FBS 20% w/v, 100 uM 2P-ascorbic acid, 2 mM L-glutamine,
100 U/mL penicillin, 100 pg/mL streptomycin. The cells differentiate in
osteoblasts in about 25 days, building woven bone (positive for antibodies
anti-collagen type I and III, osteocalcin, osteonectin, BAP).

For smooth muscle differentiation FENCs must be cultured with 2%
Mega Cell (SIGMA) FBS p/v, 2P-ascorbic acid 100 uM, L-glutamine 2 mM,
penicillin 100 U/mL, streptomycin 100 pg/mL adding 10 ng/ml TGFB. In
these conditions cells differentiate in about 4-5 days and become positive for
SMA antibody-staining, marker of smooth muscle differentiation.

For cartilage differentiation, FENCs Werelcultured in -MEM medium,
adding 20% w/v FBS, 100 uM 2P-ascorbic acid, 2 mM L-glutamine,
100 U/mL penicillin, 100 pg/mL streptomycin reducing pO, < 40 mmHg and

cultured at 37°C with 5% of CO,. Cartilage building, thanks to the high cell
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nunber of cells, RNA was isolated and anal yzed with

RT- PCR. Exanple 3. Differentiation type a (bone,
w@pmondsimiscl e and cartil age) FENCs, isol at ed BCT/EP2007/001416

characterized as reported in exanples 1 e 2, can

differentiate, with or without stinulati on or can

proliferat restra the diffeyrentiat ding 8 .
CORggRiratian P&Q% §@nﬁhpscw§d}ru o 0; 4 o@@g&gagb%verlﬁed

di fferenti ation, cel s can he cultured with - VEM
byvﬂ‘laﬁyﬁiiBQf }mwass IXPIE’YPBI ¢ aci d 2 mv
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st D Eaanp &eﬂdﬁr&srewﬁﬁ%ﬂ ¢t binabiGeurp saadegbﬁhgﬂés)
25
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2P- 100
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afY B ﬁu@basyirﬁﬁ%rk ?%ﬁfé'l%ﬁi?l?ﬁe %'aafgﬂiglfsgviﬁnvtvag obtained. A
Y&'ﬁw?@%fﬁ%%sgﬁ? YsiE s priGERT, pPUPBAY ey den denddo select
andGTafs s L\%éj&&@?t%%ggf S i e e e el m
Pt giat Beiid %ﬁ?ﬁ%@%ﬁﬁﬁ”@&’ SR P T age
?Eb%fbgﬁyoth%{% pRsli G ThPIpE cenGON G Ak p¥irafilament, anti-
[ I
Zifo're?ﬁgéw("’g{x}?kyf@tﬁnﬂq@ﬁi&ﬂ% ?‘Z"ﬁdl%so of type b
(neur %lg{lél?# r&elrdh §8L t ulf{’illt a%? *Jgrlf)ﬁﬁrln and anti-p75

dlffe er spont aneous
Neurogﬂa% A medi um (I nvi trogen, M I an ItaI y), added
of B27 pro eln(InV|trogen M| an, Italy). The cul ture

nas Efx%lnllﬁwegl Defteredtidaibh of ﬂr[ﬁoé I('striated muscle, adipocytes)

The differentiation of FENC into striated muscular cells can be
achieved by means of co-culture with C2C12 murine myotubes. The co-
culture was made using the percentage of 1:10, using known methods (e.g.
Laino et al., 2006), in a medium made as follows: Dulbecco's modified Eagle's
medium (DMEM, Invitrogen), added with 4 mM L-glutamine, 1.5 g/L sodium
bicarbonate, 4.5 g/L glucose, 1.0 mM sodium piruvate, and FBS 10% for a
week. After co-culture, the percentage of FENC fused within murine
myotubes was calculated by means of anti-human nuclear laminin. Usually,
the percentage of fusion was of about 15-20%. Fused myotubes can be used
for transplantation.

Adipocyte differentiation was obtained adding dexamethasone 10° M
for 30 days in the following culture medium: a-MEM, added with FBS 20%
p/v, 100 uM 2P-ascorbic acid, 2 mM L-glutamine 2 mM, 100 U/mL penicillin
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cases a great nunber of differentiated neurons and
glial cells was obtained. A cytofluorinetric assay
W@ 200mg9Ems ant i - GFAP anti body may then | ead t o BEI/EBR1007/001416
and isolate the two cytotypes. jActually,
di fferenti ated cells are: - glial ceI I s when positive

t ntlbody - neurons whe ositive for the
IOQnWmEquq 0 48 mlnétmmsémﬂn#\t ¢ #00,gumarqus adipocytes could

ek e ot V8 b i S5 BRACRE Bty win O

2§| bodi es. Exanple 5. Di fferentl ation of type c
re@ Tiated nmuscle, adipocytes) The differentiation of

FE .nto striat qunuset(ﬂ ar ceI | s can be achi eved by
1pPSe6CeRICalr CRIBUGSIIER- Yy ot ubes. The

E‘n’g HRPI R TR ﬁ'gf“lﬂ%ﬁrgﬁg%%rdc Bniaf anmiication um
(OVEREnOnes ﬁsDe”At???}% ey ﬂu&eﬁrﬁgz 3Ru serdfitugtion also by
%«’r\%u@ﬁtrewab' RN o Rl s 'a/”x?lf%re Qieghiiss - Attetehtiated
S tag%ﬂﬁlﬁ%@ﬁgé B A PR p1as tn
is peitBariib BUB 17 RN Rl PRufEs, o 38R ert Tnadetin a 5%
CrdpBREYiE 36h 2 0THE" (s et B R P el the 3D tissue
stfBUrE iR 3‘§%%VN§M AR Sy nfidins | §P0 H¥ological

in} ‘gloclH otsPE 0ot e S LR “bbeer ved whi ch coul d
%ta%e dgs% S dﬁgeglf‘a llle(l\éc:t l#g%?}%e?‘%%%\” sk cells can be

Adi'pos€cell s”¢can used ic surg
obtamed from the patient, a scaffold may be modelled and the 3D culture can

be made. After 20-30 days, the complex scaffold-cells is ready to be implanted
in the patient’s locus.

Graft may be done using standard surgical techniques. Preparing the
locus for transplantation involves to create a conspicuous blood extravasation
and reduce the cortex layers. Therefore the scaffold-cells integration with host
may be made easier and the transplantation may then be carried out..

The perfect integration was achieved in 40-60 days.

Tissue repair can be achieved thanks to this autologous technique using
stem cells.

Terminology

Mega cell = culture medium for cells (Sigma-Aldrich, Milan, Italy)

ES = culture medium (Invitrogen, Milan, Italy)

BFGF = beta fibroblast growth factor

a-MEM = alpha Medium Essential Medium (Invitrogen)



Exanpl e 6. Tissue Engi neering and clinical application
FENC, once differentiated, can be used for tissue

WO e@onstiiiict i on al so by nmeans of rotative cul tRCEBP200T001416
a Rol ler apparatus. Osteoblast differentiated cells,
for instance, can be plated on lactide coglycolyc

85: 15 ffold t i o! bl e
Ejay§}1t1)'ﬁi;§§? i dectod ssalat e bl 1k agibpyatein

3Q, days. ce.the tickness of 1 cmis
rea %lra' @%‘[‘tblr'gkqfe'xglldr%tﬁ’r”e was observed and
eval ted ans of histol ogical,
i mn§>$2ﬁ‘| St H% Agtingnd SEM t echni ques. Bone tissue

can for efe regeneration. If these cells
canTbﬁgFg gP (i'{ﬁ ©4t4 ent, a scaffold may be
D cy ture can be made. After 20-30
S day%‘kfhe @Mﬁ?ﬁ’éﬁ‘aﬂa%ﬁ@ atasq s is ready to be
|en oc . Graft may be done
u3| nﬁﬁvag@fgﬁf@w ues Preparing the
| oc tr ation involves to create :
condi el Bey aserifmggmegﬁolaﬂberﬁéa A@eae&%x
| ay Ther fore the s ffold cel S|nte H] 1
hos?\farw be FESCERUCR, TAYKET1 RE GPARGIIGEels (kg the early

dt n be carried out.. The perfect integrati on vvas
CYEINPINEY | n 40-60 days. Tissue repai r can be achi eved
t ha

10 LIRS & st SRy Go iy itd Sellsc g Sthe carly

d%skg) drich, Mlan, Italy) ES = culture nedi um
i H??Ibgen Mlan Italy) bFGF = beta fi brobl ast

O OWETLA QL oL pha Nedtum Essent il hedl um
%\lc: §|SF§L%?4(;: lrst%ge-as%leglf% 8%%r9og—6'qfnﬁ_'ge% tal Rbrillar
TRA 1= Tumor rejection antigen-1
15 CD = Cluster of differentiation
flk-1 = Foetal Liver Kinase -1
HA = hydroxyapatite

TCP = tricalcium phosphate
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SMA = Snmooth Actin TGF/ 3 = Tunmor Growt h Factor /3 BAP

= Bone Al kal i ne Phosphatase /3FG- = Fi broblast G owth
wo-2@v096105 RT- PCR = Reverse Transcri pt ase Pol ynECEHER2007/001416

Chai n Reaction Nanog = Transcrijgtion factor of

enbryonic cells during the early devel opnent Rexl =

Trapscription factor of enbryonic cells during the
geé;ﬂ!{édevel opnment OCT-4 Cctamer 4 SSEA-4 =

St age-speci fic enbryoni c antigen TRA 1= Tunor
rejection anti gen- 1 CD = Custer of differentiation

1. TooMeifadBaii (R IaPRH: SaPAPNR A AERREARS Phrs (pulation of
stegh sl iatan expa”éﬁﬁ%aﬁﬁqﬁ%ﬁ#?ﬂgkﬁ%pgugﬁ R (Poflqigrgerived
Ere&wﬁmh&xg%%“ E@%‘%&fﬁa%"eﬂqi' fol |1 cular Sack

IgPoS dc%lg cond |onsf Hdcll%s Imaﬁ%ﬁe:‘ ggr 1p§ﬁst§ges‘uon and

FACsortlgtgrf ﬁ@thod d|n toclaiml, in V\hlch
the di gB5HaK oF rgagrp SH3 pr ot eol yti ¢ enzynes

and ?nbp*%lonaleampllﬁcanon;
c) FACsorting.

2. Method according to claim 1, in which the digestion is carried out using
proteolytic enzymes and antibodies.
3. Method according to claim 2, in which the enzymatic digestion is
carried out by means of an aqueous solution containing: 3 mg/mL type I
collagenase, 4 mg/mL dispase, 100 U/mL penicillin, 100 pg/mL streptomycin,
500 pg/mL clarytromicin in PBS.
4. Method according to claim 2 or 3, in which the enzymatic digestion is
carried out for 1 h at 37°C, under shaking.
5. Method according to any one of claims 1-4, in which primary culture
growth and expansion is obtained by means of culture media specific for stem
cells.
6. Method according to claim 5, in which the culture medium consists of
MEGA Cell, added of 10% p/v FBS, 2P-ascorbic acid 100 uM, L-glutamine 2
mM, penicillin 100 U/mL, streptomycin 100 pg/mL.
7. Method according to claims 5 or 6, in which the incubation is carried
out at 37°C and in an atmosphere of 5% CO, for 15-20 days, changing the
medium every 3 days.
8. Method according to any one of claims 1-7 in which FACsorting is

carried out using SSEA-4, TRA 1-60, TRA 1-81, CD133, CD90, flk-1 as stem cell
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3. Method according to claim2, in which the enzymatic
digestion is carried out by neans of an aqueous
wa edoampams cont ai ning: 3 ng/ nL type | col | agenaBET/EB2007/001416
mg/ mL di spase, 100 LVnL peniciljlsin, 100 ng/nL
streptomycin, 500 ng/nL clarytromcin in PBS. 4.
Nﬁ}hod according to claim2 or 3, in which the
myPXEYrati ¢ digestion is carried out for 1 h at 37C

und shaki n t hoq ,accordi ng to, an ne, of .
9.¢l aidie 9F lfﬂ}e %ﬁl\iﬁi%@amq%ﬁxy BGRRS O taﬁdﬁfﬁl%ﬁoof claims 1-8 to
expansi on i s.obtai ned by neans of culture di a
obiddc steqgsnisy CRISCHFAS, 6 ONEPRBEtSacBPM #tso ghongrocytes,
5, in which the c;ft%{e nmedi um consi sts of NMEGA Cel |
adiperydesmetionsy §1apllsp. ascorbic acid 100 mv
L-glutamne 2 mM . penicillin 100 n_, streptonycin
10100 U5/ M. OFCopERithPTEERISPED ngSEo0MESErinyo WSty ghpndrocytes,

whi ch the incubatiqn i rried out at 37C and in _an .
adiiordphones Gmssttspoails 195 flarrus brehagrRgs er e in cell
medi um every 3_.days. 8§. t hod accor.ding to _any one of .
thRgYProtoraln, §oH clherAtsalinenng of < SKAP e BRAT AT ngathologies,
SSEA-4, .TRA 1.60, TRA 1-8 13 CDO0, flk-1 as,stem ..

S s HESE oEEEA RPN | NSENBA AR 1Y) oo GE GReration,
thg netﬂ&ds of %%ﬁins 118 t o _obtain osteogenic
0n§p<gﬂp§ weays: Phgk§fcﬁv5§Fg@ts, chondr ocyt es,
adi pocytes, neurons, glial cells. 10. Use of
ost eogeni ¢ precursors, osteoblasts, nyobl asts,
chondrocytes, adi pocytes, neurons, glial cells for
aut ol ogous preparations for use in cell therapy
protocols for the treatnent of skeletric apparatus
pat hol ogi es, nuscul ar tissue degenerati on, CNS
pat hol ogi es, nyeli ne degeneration, oncol ogi ca
di seases and in plastic surgery.



