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ANEXE

Introducere

Progresele facute in ultimii ani in ceea ce priveste izolarea, caracterizarea si diferentierea
celulelor stem, au adus noi sperante in dezvoltarea de terapii celulare ce pot fi utilizate in
tratamentul unor boli considerate azi incurabile, ca diabetul zaharat de tip I si bolile
neurodegenerative.

Entitati biologice caracterizate printr-un fenotip functional particular, celulele stem pot, in
functie de sursa din care provin, sd dea nastere unor celule diferentiate care odata introduse in
organism preiau functia celulelor distruse, corectand astfel modificarile patologice aparute.

Facand o paralela intre structura microscopica a maduvei rosii hematogene, in cadrul acestei
teze de doctorat am incercat sd demonstram ca si la nivelul placentei, pe linga celule stem
hematopoetice a caror utilitate clinica este azi bine definita, exista celule stem in structurile vililor
si ale membranelor amniotice ce ar putea fi folosite in viitor in practica clinica.

O alta observatie care a stat la baza studiului nostru este aceea cd ectodermul amniotic,

structura ce derivd din epiblast si da nastere amniocitelor, are o dezvoltare embriologica



particulara care se opreste in ziua a 10a, ceea ce permite pastrarea unui fenotip nediferentiat util
in obtinerea de celule ce deriva din cele trei foite embrionare.

Placenta umana reprezinta o structurd cu o morfologie si functie extrem de complexd, ce
asigurd dezvoltarea produsului de conceptie pe parcursul sarcinii, contine celule care indeplinesc o
serie de cerinte necesare utilizarii lor in terapia celulara.

Interfata utero-placentard este singurul exemplu de tolerantd imunologicd naturald dintre
doud organisme diferite (matern si fetal), acest lucru realizandu-se atat datorita expresiei extrem de
scazute a moleculelor HLA, cat si a capacitatii placentei de a secreta molecule solubile care inhiba
proliferarea si activarea LT. Acest fenomen este extrem de important in terapia celulara, in general
si In particular in cazul bolilor autoimune ca de exemplu diabetul zaharat de tip 1, in care nivelul
scazut de HLA protejeaza celulele transplantate fata de reluarea atacului autoimun.

De asemenea, celulele mezenchimale placentare se gisesc in cantitate suficientd si sunt
lipsite de orice probleme etice. Nu in ultimul rand, datoritd stocarii pe scara largd a sangelui
placentar, exista astdzi la nivel mondial retele de banci publice sau private care asigurd

infrastructura necesara stocarii in vederea utilizarii lor ulterioare.

Studiul 1 — Izolarea si cultivarea celulelor stem placentare

Pentru utilizarea acestor celule 1n viitor in practica clinicd este nevoie de protocoale
standardizate, care sa asigure izolarea de o maniera reproductibild a diferitelor populatii celulare
placentare, precum si evaluarea efectelor congelarii si decongelarii asupra proprietatilor lor si a
capacitatii lor de diferentiere. Asupra acestor aspecte ne-am concentrat atentia in primul studiu al
acestel teze de doctorat, reusind sa definim un protocol standard de izolare, sd determinam mediul

optim pentru cultivarea si proliferarea lor si sa evaludm efectele congelarii/decongelarii la -80°C.

Studiul 2 — Caracterizarea fenotipica si genotipica

In al doilea studiu al tezei am realizat o caracterizare morfologica si moleculara a populatiilor
celulare izolate. Acestea au prezentat markeri de pluripotentialitate caracteristici celulelor stem
embrionare, Oct-3/4, Rex-1, Nanog si SCF, determinati atat la nivel de mARN prin PCR, cat si la
nivel proteic prin citometrie de flux si imunofluorescentd. In ceea ce priveste moleculele de
histocompatibilitate de clasa II, celulele nu au prezentat expresia HLA-DRa, implicatd in

patogeneza diabetului zaharat de tip I, aceasta absentd pastrandu-se si in cursul diferentierii.



Absenta telomerazei (hTERT), moleculd prezentd la nivelul celulelor stem embrionare si a
tumorilor maligne demostreaza ca celulele placentare sunt lipsite de potential tumorigen cand sunt
transplantate in vivo. O alta constatare la care ne asteptam, dat fiind faptul cd avem de-a face cu
celule stem mezenchimale, este prezenta genei receptorului transmembranar CXCR4, molecula

implicata in traficul celulelor stem normale la nivelul organismului.

Studiul 3 — Diferentierea in vitro a celulelor stem placentare spre progenitori pancreatici si

neuronali

In ultima parte a tezei am evaluat capacitatea de diferentiere a celulelor stem placentare, prin
aplicarea de diferite protocoale. Acestea au presupus utilizarea de combinatii de factori de crestere,
medii si substrate (matrigel, chitosan, colagen sau laminina).

In ceea ce priveste obtinerea de progenitori pancreatici am aplicat un protocol in patru etape,
esentiala fiind variatia concentratiilor de glucoza si adaugarea in etapa finald a exendinului-4 si a
nicotinamidei, cei mai puternici inductori spre fenotipul celular B cunoscuti azi. Am urmarit, de
asemenea, comportamentul celulelor in functie de substratul folosit, provenienta liniei celulare si
etapa de diferentiere. In prima etapa celulele au prezentat o modificare de fenotip de la unul
mezenchimal la unul epitelioid, pentru ca ulterior sd se detaseze de pe suprafata vasului de cultura
si sa formeze agregate celulare asemanatoare insulelor lui Langerhans. Analiza moleculara a pus in
evidentd prezenta mARN a doi dintre factorii de transcriptie esentiali pentru diferentierea
pancreatica (Pdx1 si PAX4), dar si a glucagonului. La nivel proteic, insulina si glucagonul au fost
puse in evidentd prin imunofluorescentd in ultima etapa a protocolului de diferentiere. Acest lucru
aratd ca celulele stem izolate de la nivelul placentei sunt capabile sa se transforme in vitro, in
conditii speciale, in celule insulare.

Intr-o etapa ulterioara, simuland in vitro conditiile din timpul embriogenezei, am reusit si
punem la punct un protocol prin care celulele stem placentare pot fi diferentiate in progenitori
comuni pancreatici si hepatici. Acest protocol de dubla diferentiere, plecand de la celule izolate de
la nivelul placentei, este primul de acest fel din literatura si sta la baza demersurilor facute de noi
in vederea obtinerii unui brevet de inventie.

Un experiment original a fost acela al co-cultivirii celulelor placentare cu celule pancreatice
adulte. Modificarea tranzitorie de fenotip si a expresiei genice aratd faptul ca micromediul celular
in care sunt introduse in vivo influenteaza comportamentul lor cand sunt transplantate.

Diferentierea spre progenitori neuronali, ultima etapd a actualei teze, a dat cele mai bune

rezultate prin utilizarea acidului trans-retinoic pe un substrat de laminina.



Modificarea de morfologie spre structuri celulare asemanatoare neuronilor, cu numeroase
prelungiri care se anastomozeaza, precum si expresia neurofilamentelor (NF) si a proteinei fibrilare
gliale acide (GFAP), denotd capacitatea celulelor placentare de a da nastere unor progenitori
ectodermici neuronali si gliali.

Toate aceste experimente releva faptul ca placenta umand este o sursd importantd de celule
stem, care vor putea fi utilizate in viitor in terapia celulard a unor boli considerate azi ca fiind
incurabile. Acest lucru poate fi luat in considerare de firmele care stocheaza la nastere sangele
placentar, pentru ca in viitor sa fie recoltate si alte structuri placentare ce contin celule stem,

precum villi corionici s membrana amniotica.

Originalitatea si contributiile inovative ale tezei

Acest studiu reprezintd primul de la noi din tard care a reusit izolarea, cultivarea,
caracterizarea si diferentierea celulelor stem mezenchimale izolate de la nivelul placentei.

In acest scop am stabilit protocoale de izolare reproductibile, specifice fiecdrei componente
placentare si am definit mediul de cultivare optim al acestora.

In ceea ce priveste caracterizarea celulelor izolate, acestea exprima markerii clasici de
pluripotentialitate Oct 3/4, Sox2 si Nanog. In plus, am pus in evidenti absenta expresiei
HLA-DRa, o molecula implicatd in procesul de patogeneza al diabetului zaharat de tip [. Aceasta
absenta, datoratd proprietatilor imunologice particulare ale placentei, necesare acceptarii de catre
organismul matern, face ca celulele izolate de noi sa scape atacului imun care duce la distrugerea
celulelor B si aparitia Dz de tip I. Obtinerea de celule secretoare de insulina, plecand de la celule
mezenchimale este de asemenea importantd, fiind cunoscut rolul modulator al acestui tip de celule
asupra sistemului imunitar. Acest lucru este important in terapia celulard si de transplant, in
general si, in mod special, in tratamentul bolilor autoimune.

O altd proprietate importanta ce a rezultat in urma caracterizarii moleculare este absenta
hTERT, enzima ce controleaza lungimea telomerelor. Prezentd in celulele embrionare si tumorale,
aceasta determind proliferarea celulara necontrolatd. Absenta expresiei face ca celulele placentare
sa fie lipsite de riscul aparitiei proceselor tumorale n urma transplantarii.

Pentru prima datd in literaturd am realizat un experiment de co-cultivare a celulelor stem
placentare, pentru evaluarea influentei micromediului celular asupra fenotipului celulelor

transplantate.



Un alt experiment realizat pentru prima datd in literaturd este definirea unui protocol de
obtinere in vitro a unor progenitori comuni pancreatici si hepatici din celule izolate de la nivelul
placentei.

De asemenea, am reusit sa obtinem, pentru prima data la noi in tara si printre putinii in lume,
celule secretoare de glucagon. Diferentierea neuronald s-a realizat printr-o combinatie originald de
factori de crestere si substrat, celulele progenitoare obtinute constituind un model de studiu pentru
evenimentele moleculare ce controleaza diferentierea neuronald, dar si bolile neurodegenerative.

In experimentele realizate am aritat ci stocarea celulelor la -80°C nu influenteazi capacitatea
de proliferare si diferentiere.

Acest studiu reprezinta baza stiinfifici pentru a recomanda in viitor stocarea la nastere
a celulelor stem mezenchimale si amniotice, alaturi de cele din singele placentar. Acestea vor
putea fi utilizate pe parcursul vietii individului, in vederea tratarii prin terapie celulara a

unor boli considerate azi incurabile.
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Introduction

Progress made in recent years in the isolation, characterization and differentiation of stem
cells, have brought new hope in developing cell therapies that can be used to treat diseases now
considered incurable, as type I diabetes and neurodegenerative diseases.

Stem cells, a biological entity characterized by a particular functional phenotype, give rise,
depending on the source of origin, to differentiated cells which once introduced into the body take
the function of pathological cells, thus correcting the pathological changes occurred.

Drawing a parallel between the microscopic structure of bone marrow , in this thesis we tried
to demonstrate that in the placenta, in addition to hematopoietic stem cells whose clinical utility is
now well defined, there are stem cells in the wvilli, the amniotic membrane and fluid, which
could be used in future clinical practice.

Another observation on which our study was based is that ectodermal amniotic structure
derived from the epiblast giving rise to amniocites, has a particular embryological development
which stopes on day 10,which allows to maintain an undifferentiated phenotype in obtaining useful
cells derived from the three embryonic sheets.

Human placenta is a structure with an extremely complex morphology and function ,
ensuring development of the fetus during pregnancy, containing cells that meet specific
requirements necessary for their use in cell therapy.

Uteroplacental interface is the only example of natural immunological tolerance between two
different bodies (maternal and fetal), due to very low expression of HLA molecules and the

placental capacity to secrete soluble molecules that inhibit proliferation and TL activation. This is



extremely important in cell therapy in general, and particularly in autoimmune diseases such as
diabetes mellitus type I, in which the low level of HLA protects transplanted cells from the
autoimmune attack.

Also, placental mesenchymal cells are found in sufficient quantity and rise no ethical issues.
Finally, due to large-scale storage of cord blood, there are nowadays worldwide networks of

public and private banks that provide the infrastructure required for storage and later use.

1* Study - Isolation and cultivation of placental stem cells

In order to use these cells in future clinical practice standardized protocols are necessary , to
ensure isolation of a reproducible manner of different placental cell populations and to evaluate
the effects of freezing and defreezing on their properties and their ability to differentiate. On these
issues we focused in the first study of this thesis, managing to define a standard protocol for
isolation, to determine the optimum medium for the cultivation and proliferation and to evaluate

the effects of freezing / defreezing at -80 ° C.

2" Study- Phenotypic and genotypic characterization

In the second study of this thesis we made a morphological and molecular characterization of
isolated cell populations . These presented markers of pluripotentiality specific to embryonic stem
cells, Oct-3/4, Rex-1, Nanog and SCF, as determined by PCR in the mRNA and in the proteins by
flow cytometry and immunofluorescence. In terms of class II histocompatibility molecules, cells
showed no expression of HLA-DRa involved in the pathogenesis of type I diabetes, its absence is
maintained during differentiation also. The absence of telomerase (W"TERT), a molecule present in
embryonic stem cells and malignant tumors, demonstrates that placental cells lack tumorigenic
potential when transplanted in vivo. Another finding that we expected, given that we are dealing with
mesenchymal stem cells, is the presence of transmembrane receptor gene CXCR4 molecule involved

in trafficking of normal stem cells in the body.

3™ Study - In vitro differentiation of placental stem cells into pancreatic and neuronal
progenitors

In the last part of the thesis we evaluated the differentiation capacity of placental stem cells,
by applying different protocols. This assumed the use of combinations of growth factors, medium

and substrate (Matrigel, chitosan, collagen or laminin).



In order to obtain pancreatic progenitors we applied a protocol in four steps, variations in
concentrations of glucose and adding in the final stage exendin-4 and nicotinamide, the most
potent inducers for B cell phenotype known today, being essential. We also looked at the behavior
of cells depending on the substrate used, the origin of cell line and stage of differentiation. In the
first stage cells showed a change from a mesenchymal phenotype an epithelioid one, and later they
detached from the culture vessel surface and formed islands of Langerhans-like cell aggregates.
Molecular analysis revealed the presence of mRNA, of two transcription factors essential for
pancreatic differentiation (Pdx1 and PAX4), and glucagon. At the protein level, insulin and
glucagon have been revealed by immunofluorescence in the last stage of the differentiation
protocol. This shows that stem cells isolated from the placenta are able to transform in vitro under
special conditions into cell island.

Intr-o etapa ulterioara, simuland in vitro conditiile din timpul embriogenezei, am reusit si
punem la punct un protocol prin care celulele stem placentare pot fi diferentiate in progenitori
comuni pancreatici si hepatici. Acest protocol de dubla diferentiere, plecand de la celule izolate de
la nivelul placentei, este primul de acest fel din literatura si sta la baza demersurilor facute de noi
in vederea obtinerii unui brevet de inventie.

In a later stage, simulating in vitro conditions during embryogenesis, we managed to obtain
a protocol to differentiate placental stem cells into pancreatic and liver progenitors . This dual
differentiation protocol, based on isolated cells from the placenta, is the first of its kind in the
literature and it underlying measures taken by us to obtain a patent.

An original experiment was the co-cultivation of placental cells with adult pancreatic cells.
Transient change of phenotype and gene expression suggests that cellular microenvironment into
which they are put influence their behavior in vivo when transplanted.

Differentiation to neuronal progenitors, the last stage of the present thesis, gave the best
results using trans-retinoic acid on a laminin substrate.

Change of morphology to cellular structures like neurons, with numerous extensions that
creates anastomosis and neurofilaments (NF) and glial fibrillar acidic protein (GFAP) expression,
show the ability of placental cells to give rise to neuronal and glial ectodermal progenitors.

All these experiments show that human placenta is an important source of stem cells that can
be used in future cell therapy of diseases considered as incurable today. This can be taken into
account by companies that store cord blood at birth,in order to harvest in the future other placental

structures containing stem like cells chorionic villi and amniotic membrane.



Originality and innovative contributions of the thesis

This study is the first in our country that has managed to isolate, cultivate, characterize and
differentiate of mesenchymal stem cells isolated from the placenta.

In order to achieve this, we have established protocols for reproducible isolation, specific for
each placental component, and have defined their optimal growing environment.

Regarding the characterization of single cells, they express classical markers of
pluripotentiality Oct 3/4, Sox2 and Nanog. In addition, we revealed the absence of expression of
HLA-DRao, a molecule involved in the pathogenesis of diabetes mellitus type L. Its absence, due to
the particular immunological properties of the placenta, necessary for the maternal acceptance of
the fetus makes the cells isolated by us to escape immune attack that leads to destruction of B cells
and the appearance Dz type I. Obtaining insulin-secreting cells from mesenchymal cells is also
important, being well known the modulator role of this type of immune cells. This is important in
cell therapy and transplantation in general and specifically in the treatment of autoimmune diseases

Another important property that results from molecular characterization is the absence of
hTERT, the enzyme that controls the length of telomers. Present in embryonic and tumor cells, it
causes uncontrolled cell proliferation. Absence of placental expression causes cells to be free of
risk of generating tumors following transplantation.

For the first time in literature we conducted an experiment by co-cultivation of placental stem
cells, to assess the cellular microenvironment influence the phenotype of transplanted cells.

Another experiment conducted for the first time in literature is to define a protocol for in
vitro obtaining of common pancreatic and liver progenitors from cells isolated from the placenta.

We also managed to obtain, for the first time in our country and among the few in the world,
glucagon-secreting cells. Neuronal differentiation has been achieved through an original
combination of growth factors and substrate, the progenitor cells obtained being a model to study
molecular events that control neuronal differentiation, and neurodegenerative diseases.

The experiments have shown that storage at -80 ° C cells does not influence proliferation and

differentiation capacity.

This study is the scientific basis for recommending future storage at birth of amniotic
and mesenchymal stem cells, with the placental blood. They can be used in cell therapy for

treatment of diseases considered today incurable.
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