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Introducere
Medicina regenerativa bazata pe metodologia terapiei celulare si a ingineriei

tisulare este un domeniu multidisciplinar in curs de dezvoltare, care implica biologie,
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medicina si manipulare genetica. Acest tip de terapie are ca SCOpP mentinerea, restaurarea
sau sporirea functiei tesuturilor si organelor, ajutand astfel la tratatmentul unor boli
umane cu severitate variabild, de la situatii cronice la cele care pun viata in pericol. Tn
bolile care evolueaza cu compromiterea functiei tesuturilor sau organelor, cercetarea
celulelor stem promite sa ne ofere o cale eficienta spre terapia regenerativa. Totusi,
aplicarea acestor cercetari in tratamentul bolilor umane nu este posibild fara o
cunoastere aprofundati a proprietatilor biologice a tuturor tipurilor de celule stem. Tn
contextul unei anumite boli, trebuie hotarat in primul rand care este cel mai bun tip de
celuld stem, cea embrionara sau de tip adult. Este de asemenea necesar sa identificim o
sursa de celule stem care sa fie accesibile in numar mare §i sa nu genereze preocupari
etice.

Tesutul placentar suscita un mare interes drept sursa de celule pentru medicina
regenerativa datorita plasticitagii fenotipice a multor din tipurile de celule izolate din
acest tesut. Mai mult, placenta, care este implicatd in mentinerea tolerantei fetale,
contine celule care prezinta proprietati imunomodulatoare. Ambele aceste caracteristici
s-ar putea dovedi folositoare pentru viitoare aplicatii clinice bazate pe terapia celulara.
Tesutul placentar este usor accesibil, poate fi procurat fara proceduri invazive, iar
utilizarea sa nu provoaca dezbateri de natura etica.

Celulele stem mezenchimale (MSC) sunt distribuite variabil in corpul uman, fiind
identificate pentru prima datd in maduva osoasa adulta. Ele sunt o populatie rara la acest
nivel si numarul lor scade semnificativ odata cu varsta. MSC sunt relativ pugine si in
sangele periferic al adultului, sangele cordonului ombilical, precum si in sangele si
organele fetale (ficat, maduva osoasa, rinichi). Totusi, probele tisulare fetale sunt greu
de obtinut, iar sangele cordonului ombilical la termen este o sursa slaba de MSC. MSC
sunt multipotente si pot fi induse sa se diferentieze in os, cartilaj, adipocite, muschi si
endoteliu daca aceste celule sunt cultivate in conditii speciale permisive. Dat fiind
faptul cda MSC au caracteristici imunologice unice, care pot suprima proliferarea
limfocitelor in vitro si pot prelungi supravietuirea grefelor in vivo, este favorizata
persistenta lor Tntr-un mediu xenogenic. Prin capacitatea lor de diferentiere multipla si a

proprietatilor imunoreglatoare, MSC promit mult ca un posibil agent terapeutic.



Teza contine rezultatele unui studiu de cercetare fundamentala, efectuat in vitro

asupra celulelor provenite din placenta umana si sangele cordonului ombilical, derulat

pe o perioada cumulata de 4 ani (intre 2008 si 2011), ale carui obiective principale au

fost:
1)

2)

3)

4)

5)

izolarea si cultivarea celulelor cu proprietati stem, de tip mezechimal, din
diverse structuri ale placentei obtinute din sarcini la termen cu evolutie
normala;

analiza genetica si fenotipica a celulelor placentare pentru a stabili daca sunt
stem sau nu, iar apoi pentru a determina potentialitatea lor;

evaluarea capacitatii de diferentiere a celulelor stem in hepatocite dupa
adaugarea la mediul de culturda a unor factori inductori specifici, prin
evidentierea genetica si fenotipica a markerilor hepatocitari maturi si imaturi;
testarea plasticitatii celulelor stem prin incercarea de a modifica linia de
diferentiere cu ajutorul unor substante biologic active adaugate la mediul de
cultura,

testarea capacitatii de orientare spre linie cardiomiocitara in cazul celulelor

stem mezenchimale din placenta.

Alegerea lotului de femei gravide incluse in studiu s-a facut pe baza de

voluntariat, dupa o prealabild examinare a istoricului medical general si a evolutiei

sarcinii. Ele au fost pe deplin informate asupra naturii si scopului studiilor care se vor

efectua asupra placentei si au consimtit in cunostinta de cauza semnand un formular tip.

Lotul a cuprins doar cinci gravide, numarul de celule obtinut fiind suficient pentru toate

experimentele efectuate.

Partea de sinteza bibliografica, intitulata Stadiul actual al cunoasterii, cuprinde o

descriere detaliatd a conceptului de celula stem, cu accent asupra celei de tip

mezenchimal si a progreselor referitoare la celulele stem placentare, urmata de metodele

curente de utilizare a diferitelor tipuri de celule stem in regenerarea hepatica si

miocardica.

e Capitolul 1 - Celule stem - generalitati

- Prezinta o sinteza obiectiva a cunostintelor referitoare la definitia, proprietatile si



tipurile de celule stem (embrionare, germinale, fetale, din cordonul ombilical, de tip
adult), subcapitolul 1.3 cuprinzdnd o descriere a celulelor stem mezenchimale
(localizare, proprietati, utilizari). Este discutat si rolul celulelor stem Th medicina
regenerativa, precum si unele efecte negative pe care le-ar putea avea utilizarea
celulelor stem mezenchimale.

e Capitolul 2 — Celule stem placentare

- Prezinta mai intai cateva notiuni de baza referitoare la structura si compartimentele
placentei, iar apoi sunt descrise tipurile de celule stem placentare, proprietatile lor si
studiile preclinice Tn care au fost implicate (boli cardiace, vasculare, AVC, fibroza
hepatica, boala Parkinson).

e Capitolul 3 — Celule stem in regenerarea hepatica

- Este descrisa rezumativ structura de baza a ficatului, urmata de studiul celor trei
tipuri importante de celule care sunt utilizate Tn terapia bolilor hepatice, si anume
hepatocitele mature, celulele ovale si celulele stem exogene.

e Capitolul 4 — Celulele stem in regenerarea miocardica

- Sunt descrise tipurile de celule utilizate Tn repararea miocardului lezat in cadrul
bolii coronariene (celule stem embrionare, pluripotente induse, cardiace rezidente,

derivate din maduva osoasa, mioblaste scheletale).

Cea de-a doua parte a tezei, intitulata Contributia personala, cuprinde cele cinci

etape importante ale studiului prezentate in capitolele 2-6, primul referindu-se la ipoteza
de lucru/obiective, iar ultimul contine concluziile generale ale tezei. Fiecare portiune a
studiului (capitol) este structurata in cinci parti (subcapitole), si anume (1) introducere,
(2) ipoteza de lucru/obiective, (3) material si metoda, (4) rezultate si (5) discutii.

e Capitolul 2 — Izolarea si cultivarea celulelor stem placentare

Tn acest studiu este realizata mai intai izolarea celulelor cu proprietati stem, de tip
mezechimal, din diverse structuri ale placentei obtinute din sarcini la termen (pe cale
naturald sau prin cezariana) cu evolutie normalda, dupa obtinerea consimtamantului
avizat de la gravide si evaluarea minutioasa a sarcinii si a placentei. Componentele

placentare utilizate, dupa care sunt denumite si celulele corespunzitoare, sunt: 1)



Portiunea mezenchimald a membranei amniotice — celule mezenchimale amniotice
(MAM); 2) Epiteliul amniotic — celule epiteliale amniotice (MAE); 3) Placa coriala cu
sau fara vilozitati — celule mezenchimale coriale (MC). Izolarea se efectueaza prin
procesare mecanicd urmata de digestie enzimaticd. Aceasta din urma este variabild din
punct de vedere al enzimelor folosite, concentratia lor, durata reactiei si numarul
etapelor de digestie, toti acesti parametri fiind adaptati tipului de celule stem care
trebuie izolate. Dupa izolare sunt testate numeroase conditii de cultivare in vitro a
celulelor din cele trei compartimente placentare mentionate anterior n vederea
expansiondrii lor intr-o cantitate suficienta studierii §i caracterizarii.

e Capitolul 3 Caracterizarea fenotipica si genetica a celulelor stem placentare

Sunt analizate cele trei tipuri de celule placentare recoltate anterior pentru a stabili
in primul rand daca sunt stem sau nu, iar apoi pentru a determina potentialitatea lor. Ele
sunt testate la nivel genetic prin RT-PCR atat pentru expresia genelor de
pluripotentialitate (Oct-3/4, SSEA-4, Sox2, Nanog), cat si a celor intalnite in celule
mezenchimale (CD105, CD29) si in celule stem de tip adult unipotente. De asemenea,
este verificatd prezenta sau absenta proteinelor codificate de aceste molecule prin
intermediul imunofluorescentei. Aceste tehnici sunt utilizate si pentru evaluarea
tipurilor de molecule HLA prezente pe celule, iar tipizarea HLA verificd fenotipul fetal
sau matern al lor.

e Capitolul 4 Evaluarea capacitatii de diferengiere a celulelor stem placentare —

diferentiere osoasa

In scopul testirii diferentierii osoase celulele au fost cultivate ntr-un mediu
special, imbogatit in substante chimice necesare pentru cresterea si functionarea
osteoblastelor (PromoCell). Diferentierea este atestata prin aparitia de gene si proteine
caracteristice celulelor osoase (osteocalcina, osteopontind, osteonectina), precum si prin
producerea de matrice proteica (colagen tip I) si depunerea de cristale de calciu in
mediu (coloratia Alizarin Red).

e Capitolul 5. Diferentierea in vitro a celulelor stem placentare spre celule
hepatice




A fost evaluata capacitatea de diferentiere a celulelor stem placentare in hepatocite
prin adaugarea la mediul de cultura a unor factori inductori specifici (HGF si
oncostatina M) in doua etape succesive. Celulele coriale cultivate pe colagen au evoluat
cel mai bine. Procesul de diferentiere si nivelul pana la care ajunge acesta a fost
monitorizat prin evidentierea genetica si fenotipica a markerilor hepatocitari maturi si
imaturi (CK18, a-fetoproteina, ol-antitripsina, albumina, citocromul P450, lipaza
hepatica). Plasticitatea crescutd a celulelor stem placentare a fost dovedita prin
modificarea liniei de diferentiere cu ajutorul unor substante biologic active adaugate la
mediul de cultura (hepatic — 0sos, neuronal — hepatic si pancreatic — hepatic).

e Capitolul 6. Diferentierea in vitro a celulelor stem placentare spre celule

miocardice
A fost testatd aceastd capacitate in cazul celulelor mezenchimale din placentd,
utilizand 5-azacitidina drept substanta inductoare. Neavand posibilitatea de accentuare a
cardiomiogenezei prin coculturi cu linii celulare miocardice sau cu tesut cardiac de la
modele animale, s-au utilizat diverse tipuri de substrat si stimularea electrica artificiala a
celulelor. Un rol important I-au avut laminina si colagenul metalizat cu nanoparticule
de aur, care au stimulat proliferarea si diferentierea celulelor. Pentru a evalua rezultatele
s-au folosit atat markeri genetici si proteici (GATA-4, Nkx2.5, troponina T, ANP, Tbx5,
Baf60c), precum si morfologia, reorganizarea sarcomerica a filamentelor de actina, rata
de proliferare si viabilitatea celulelor.
Rezultate
Celulele placentare sunt izolate prin protocoale simple si specifice, cu evitarea
contaminarii cu alte tipuri de celule, iar stocarea lor pe perioade de cégiva ani nu le
influenteaza viabilitatea si proprietatile. Ele se comporta foarte bine in culturi, necesita
un mediu standard cu ser fetal (fara substrate complexe si factori biologici), au
proliferare rapida si pot fi expansionate in vitro timp indelungat, cu pastrarea stabilitagii
genetice si a starii nediferentiate.
Celulele din placenta exprima atat markeri de pluripotenta (Oct-4, Nanog, Rex-1 si
SSEA-4) si de celule mezenchimale (CD90, CD105, CD29 si vimentina), cat si unele

molecule caracteristice celulelor mai mature (ex. GFAP). Aceste constatari plaseaza



celulele pe un loc special in ierarhia dezvoltarii, si anume un intermediar intre celulele
stem embrionare multipotente si cele de tip adult, cu capacitate de diferentiere mai
limitata. Toate celulele evaluate prezinta absenta completa a antigenului de clasa II de
tip HLA-DR, nu doar o confirmare a statusului lor imunoprivilegiat, ci si 0 necesitate
mai recentd a definirii celulelor stem mezenchimale. Riscul de a da nastere la diverse
tumori benigne sau maligne (teratom, teratocarcinom) dupa transplantare este foarte
redus, sau chiar absent (nu exprima telomeraza).

Celulele placentare se pot diferentia in linii de natura mezenchimala (ex. osoasa),
dar poseda o plasticitate impresionanta, prin posibilitatea orientarii spre linii
endodermale (ex. hepatica). Capacitatea de diferentiere este variabila si depinde de tipul
de celuld stem utilizata, linia dorita (ex. celulele coriale sunt mai eficiente pentru
generarea de hepatocite, dar MAM si MAE pentru cardiomiocite), substratul (ex.
colagen metalizat la cardiogeneza, Matrigel la osteogeneza) si factorii biologici din
mediu (ex. PromoCell pentru osteoblaste).

Celulele stem pot fi diferentiate pana la nivelul unor celule hepatocit-like partial
maturizate, insa care nu exprima albumina si nu indeplinesc toate functiile unor celule
hepatice adeviarate. De asemenea, au fost obtinute printr-un protocol destul de simplu
celule care se apropie foarte mult de cardiomiocite, in special ca genotip si unele
proteine esentiale, dar care totusi nu sunt complet functionale, lipsindu-le capacitatea de

contractie.
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Introduction

Regenerative medicine based on cell therapy and tissue engineering is a

multidisciplinary evolving field, which implicates biology, medicine and genetic
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manipulation. This type of therapy is used in order to maintain, restore or enhance the
function of tissues and organs, thus aiding in the treatment of various human diseases,
from chronic situations to life threatening ones. In the case of diseases which
compromise tissue or organ function, stem cell research promises to offer us an efficient
way towards regenerative therapy. However, the application of this research in treating
human diseases is not possible without a thorough knowledge of the biological
properties of all types of stem cells. In the context of a certain disease, the best type of
stem cells must first be decided, namely embryonic or adult. It is also necessary to
identify an easily available source of a large number of stem cells, which doesn’t raise
any ethical concerns.

The placental tissue represents a very interesting source of cells for regenerative
medicine, due to the phenotypical plasticity of many cell types isolated from this tissue.
Moreover, the placenta, being involved in fetal tolerance, contains cells capable of
immune modulation. Both these features may prove useful for future cell based clinical
applications. The placental tissue is readily available, without invasive procedures, and
its use isn’t the subject of any ethical debate.

Mesenchymal stem cells (MSC) can be found all over the human body, but they
were identified for the first time in the bone marrow. They are a rare population in this
location and their number decreases significantly with age. MSCs are relatively few in
adult peripheral blood, umbilical cord blood, and in fetal blood and organs (liver, bone
marrow, kidneys). However, fetal tissue samples are difficult to obtain and term cord
blood is a poor source of MSCs. The MSCs are multipotent and can be induced to
differentiate into bone, cartilage, muscle and endothelium if cultured in special
permissive conditions. Given the unique immune features of MSCs, which can suppress
lymphocyte proliferation in vitro and extend graft survival in vivo, their persistence in a
xenogenic environment is favored. MSCs hold a great promise in therapy because of
their wide differentiation capacity and their immunoregulatory properties.

The thesis contains the results of an in vitro basic research study involving cells
from the human placenta and umbilical cord blood. This study was performed over a

period of 4 years (2008-2011) and its main goals were:
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1) isolation and culture of mesenchymal stem-like cells from various components
of the human term placenta from pregnancies with normal evolution;

2) genetic and phenotypic analysis of placental cells in order to establish their
stemness and their potential,

3) evaluation of the stem cells’ capacity to differentiate into hepatocytes after
adding specific induction factors to the culture medium, by testing mature and
immature hepatocyte markers;

4) test the plasticity of stem cells by trying to change the differentiation lineage
using biologically active substances added to the culture medium;

5) test the capacity of cardiomyocyte differentiation in placental mesenchymal
stem cells.

The women were included in this study on a voluntary basis, after a preliminary
examination of their general medical and pregnancy records. They were fully briefed on
the nature and purpose of the experiments that were to be conducted on the placenta and
they agreed by signing a typical consent form. Our study group had placentas from only
five pregnant women, the number of cells being sufficient for all the procedures.

The theoretical synthetic part, entitled Current knowledge status, is a detailed

description of the stem cell concept, especially the mesenchymal type, and the advances
regarding placental stem cells, followed by the current uses of various types of stem
cells in hepatic and myocardial regeneration.

e Chapter 1 - Stem cells — general issues

- Presents an objective summary of the knowledge regarding the definition,
properties and types of stem cells (embryonic, germinal, fetal, umbilical and adult),
subchapter 1.3 describing mesenchymal stem cells (location, features, uses).
Moreover, the role of stem cells in regenerative medicine and certain negative
aspects of mesenchymal stem cells are discussed.

e Chapter 2 — Placental stem cells

- Presents basic information on the structure and components of the placenta,
followed by a description of the types of placental stem cells, their properties and the

related preclinical studies concerning cardiovascular diseases, stroke, liver fibrosis
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and Parkinson’s disease.

e Chapter 3 — Stem cells in liver regeneration

- Describes the liver’s histological structure and the three main types of cells used in
the treatment of liver diseases, namely mature hepatocytes, oval cells and exogenous
stem cells.

e Chapter 4 — Stem cells in myocardial regeneration

- Describes the types of cells used for repairing the injured myocardium due to
coronary disease (embryonic stem cells, induced pluripotent stem cells, resident

cardiac stem cells, bone marrow derived and skeletal myoblasts).

The second part of the thesis, entitled Personal contribution, contains the five

main steps of our study presented in chapters 2 to 6, while the first one describes the
goals and the last one, the conclusions. Every part of the study (chapter) is divided into
five subchapters, namely (1) introduction, (2) study hypothesis/objectives, (3) materials
and methods, (4) results and (5) discussion.

e Chapter 2 — Isolation and culture of placental stem cells

At first, this study deals with the isolation of mesenchymal stem-like cells from
various structures of placentas from term pregnancies (both natural and cesarean
section) with normal evolution. They are harvested after informed consent from the
women and a thorough evaluation of the placenta. The tissue components and their
corresponding cell types are as follows: 1) Mesenchymal part of the amniotic membrane
— mesenchymal amniotic cells (MAM); 2) Amniotic epithelium — amniotic membrane
epithelial cells (MAE); 3) Chorionic plate with or without villi — mesenchymal
chorionic cells (MC). The isolation procedure usually has two steps, mechanical
processing and enzymatic digestion. The latter step is variable (enzymes used, their
concentration, the duration and number of digestion stages), its parameters adjusted to
the type of cells being isolated. Afterwards, many in vitro culture conditions are tested
for all the three aforementioned types in order to expand them to a sufficient amount for
study and characterization.

e Chapter 3 — Phenotypic and genetic characterization of placental stem cells
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The three types of placental cells that were previously harvested are analyzed in
order to establish whether they are stem or not, and their potential. They are tested on a
genetic level using RT-PCR for the expression of both pluripotentiality genes (Oct-3/4,
SSEA-4, Sox2, Nanog) and genes found in mesenchymal (CD105, CD29) and adult
stem cells. The presence of proteins encoded by these genes was assessed using
immunofluorescence. These techniques are also used for evaluating HLA molecules on
the surface of these cells, while HLA typing checks their fetal or maternal phenotype.

e Chapter 4 — Evaluation of the differentiation potential of placental stem cells —

bone differentiation

In order to test the possibility of bone differentiation, the cells were cultured in a
special medium, enriched in various chemical substances required for the growth and
proper function of osteoblasts (PromoCell). The presence of differentiation was
confirmed by the expression of genes and proteins typical for bone cells (osteocalcin,
osteopontin, osteonectin), the production of protein matrix (type | collagen) and
deposition of calcium crystals in the medium (alizarin red stain).

e Chapter 5 — In vitro differentiation of placental stem cells towards liver cells

The capacity of placental stem cells to differentiate along a hepatocyte lineage
was tested by adding specific inductive factors (HGF and oncostatin M) to the medium
in two stages. The chorionic cells cultured on collagen were the best choice in this case.
The differentiation process was monitored by highlighting mature and immature
hepatocyte markers, such as CK18, a-fetoprotein, al-antitrypsin, albumin, cytochrome
P450 and hepatic lipase. The wide plasticity of placental stem cells was proved by
changing the lineage with active biological factors added to the culture medium (hepatic
— bone, neuronal — hepatic and pancreatic — hepatic).

e Chapter 6 — In vitro differentiation of placental stem cells towards myocardial

cells

This type of differentiation was tested in the case of placental stem cells using
azacytidine as an inductor. Not being able to stimulate cardiomyogenesis with
myocardial cell lines in co-culture or with cardiac tissue from animal models, we tried

various types of extracellular matrix-type substrates and artificial electric stimulation of
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the cells. Laminin and gold coated collagen nanofibers were very effective, enhancing
the proliferation and differentiation of cells. The results were evaluated using genetic
and protein markers (GATA-4, Nkx2.5, troponin T, ANP, Tbx5, Baf60c), and also the
morphology, sarcomeric organization of actin filaments, proliferation rate and viability
of cells.

Results

Placental cells can be isolated using simple and specific protocols, avoiding
contamination with other types of cells, and storing them in liquid nitrogen for a few
years doesn’t alter their viability and properties. They behave very well in culture,
require a standard simple medium with fetal serum (without complex substrates and
biological factors), proliferate quickly and can be expanded in vitro for a long time,
preserving their genetic stability and undifferentiated status.

Placental cells express not only markers of pluripotence (Oct-4, Nanog, Rex-1 and
SSEA-4), but also of mesenchymal cells (CD90, CD105, CD29 and vimentin) and of
more mature cells (e.g. GFAP). These findings place our cells on a special position on
the development hierarchy, namely somewhere between multipotent embryonic stem
cells and adult stem cells with limited differentiation capacity. All cells lack the class Il
HLA-DR antigen, this fact representing both a confirmation of their immunoprivileged
status and a newly established requirement for the definition of mesenchymal stem
cells. The risk of various benign or malignant tumors (teratomas, teratocarcinomas)
after transplantation is almost nonexistent (the cells do not express telomerase).

Placental cells can be differentiated towards mesenchymal lineages (e.g. bone), but
they possess an impressive plasticity, including orientation to endodermal structures
(like the hepatocytes). The differentiation potential is variable and depends on the type
of stem cell, the target lineage (e.g. chorionic cells are more effective for generation of
hepatocytes, while MAM and MAE are better for myocardial cells), the substrate (e.g.
gold coated collagen for cardiogenesis, Matrigel for osteogenesis) and the biologic
factors from the medium (PromoCell for osteoblasts).

The stem cells can be differentiated until the stage of partially mature hepatocyte-
like cells which do not express albumin and don’t have all the functional properties of

true liver cells. Moreover, using a relatively simple protocol, we obtained cells which
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come pretty close to myocardial cells, especially as genotype and some essential
proteins, but which are not completely functional, lacking the basic property of

contractility.
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