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Rezumat

Utilizarea celulelor stem pentru regenerarea si repararea
tesuturilor deteriorate a fost de interes pentru comunitati
stiintifice si profesionisti timp de cateva decenii. Studiile de
translatie in cercetarile de medicina regenerativa au scopul
de a facilita transferul cunostintelor stiintifice de baza ce tin
de biologia celulelor stem in optiuni terapeutice posibile. Ce-
lulele stem au un potential promitator pentru aplicarea aces-
tora In repararea sau regenerarea organelor si tesuturilor.
Totusi, rata de supravietuire a celulelor stem transplantate
nu a fost una optima si varia in functie de metodele de livrare
si tipul celulelor. Unul dintre mecanismele de transplantare
care au esuat este reactia imuna a gazdei impotriva celulelor
stem livrate. In cadrul acestei analize se vor discuta datele
disponibile in literatura despre sursele de celule stem, imu-
nogenitatea diferitor tipuri de celule stem si liniile lor des-
cendente, precum si potentialele strategii de imbunatatire a
supravietuirii si eficacitatea transplantarii celulelor stem in
medicina regenerativa.

Cuvinte-cheie: regenerare, regenerare, celule stem, CSM,
hESC, CMH-I, HLA, reactie imuna.
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Abstract

Using stem cells to regenerate and repair damaged tissue
has been a focus of the scientific communities and medical
professionals for the last couple of decades. Translational
studies in regenerative medicine research are intended to fa-
cilitate the transfer of the basic science knowledge of stem cell
biology into potential therapeutic options. Stem cells have a
promising potential for application in repair or regeneration
of organs and tissues. However, the survival rate of the trans-
planted stem cells has not been optimal and varies depending
on the delivery methods and type of cells. One of the mecha-
nisms of the failed transplantations is the host’s immune re-
action against the delivered stem cells. In this review, we will
discuss the available data in the literature on sources of stem
cells, the immunogenicity of different types of stem cells and
their progeny lineages, and the potential strategies to improve
the survival and the efficacy of the stem cells transplantation
in regenerative medicine.

Key words: regeneration, stem cell, MSC, ESC, MHC-I, HLA, im-
mune reaction.
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Introducere

Grefarea celulelor stem (CS) in tesutul gazda este de impor-
tanta majora pentru medicina regenerativa. Importanta trans-
plantarii efective este sporita pentru organele si tesuturile cu
potential de regenerare limitat, asa ca neuronii sau muschii
cardiaci. In cazuri de transplantare autologi cind sursa de
CS este pacientul, sau geamanul genetic monozigot (identic)
al pacientului, procesul este singenic si, cu exceptia cazurilor
cand gemenii sunt discordanti din cauza unor factori ai siste-
mului imun [1], reactia imuna practic nu are loc [2]. Totusi, co-
lectarea si introducerea celulelor stem autologe este un proces
indelungat, limitat in timp si complicat [3, 4], iar prevalenta
gemenilor printre populatia generala este mica (1/30 in SUA)
[5] si mult mai mica in cazul gemenilor monozigoti. Transplan-
tarea CS de la o sursa genetic non-identica este numita alogena
si efectul terapeutic al acesteia adesea rezulta in respingerea
imuna a celulelor transplantate de catre tesuturile gazda.

Respingerea imund alogena dupa terapia cu celule stem
este mediata de catre raspunsurile imune dependente de ce-
lulele T [6] activate de complexul major de histocompatibilita-
te de gradul I (CMH-I) intr-o serie de evenimente moleculare.
Administrarea imunosupresoarelor poate elimina raspunsul
imun dupa terapia cu celule stem, dar nu este o optiune sigura
si realizabila in cazul pacientilor cu boli cronice din cauza ris-
cului inalt de efecte adverse [7], inclusiv proliferarea si supra-
vietuirea celulelor stem transplantate [8]. Unele celule stem
terapeutice, asa ca celulele stem hematopoietice (CSH) sau
celulele stem mezenchimale (CSM), sunt mai favorabile dato-
ritd raspunsului imun redus al gazdelor, desi efectele de lunga
durata nu sunt confirmate pentru bolile cronice si diferite cai
de administrare si micromedii pot duce la imunogenitate vari-
abila in functie de CSM in particularitate [9].

Se dezvolta noi strategii de a induce toleranta imuna pe di-
ferite linii de CS si In aceasta analiza se va prezenta un sumar
al raspunsurilor imune in terapia cu celule stem (TCS) si datele
de imunogenitate a trei cele mai studiate linii de celule stem
pentru transplantare regenerativa: celule stem embrionare
umane (hESC), CSM si celule stem pluripotente induse (CSP1i).

Complexul Major de Histocompatibilitate

Toate celulele mamifere manifesta agenti MHC de suprafata
care le permite sa discrimineze intre particule straine in circu-
lare si propriile produse ale metabolismului celular. La oameni
MHC este codificat pentru genele locate pe locusul antigenului
leucocitar uman (HLA) si este format din molecule de clasa 1
(MHC-I) si clasa 2 (MHC-II). intregul locus HLA contine cca 4Mb
pe bratul scurt al cromozomului 6 (6p21.3), care este divizat In
regiune ce corespund genotipurilor specifice HLA. Fiecare regi-
une contine un numar mare de gene combindnd sase gene care
codeaza pentru MHC-], 12 pentru MHC-II, 45 gene tip HLA si
peste 200 de gene care codeaza proteine sau nu [10]. Cele 21
gene HLA de baza in aceste locusuri sunt extrem de polimorfe
si diversitatea lor alelica este catalogata in baza de date a Insti-
tutului European de Bioinformatica si curatoriata de proiectul
international ImMunoGeneTics (IMGT - http://www.ebi.ac.uk/
ipd/imgt/hla/) [11]. Catre luna iunie 2014 au fost Inregistra-
te peste 11000 alele HLA (8976 pentru clasa [ si 2870 pentru
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Introduction

The engraftment of transplanted stem cells (SCs) into the
host tissue, even if only transiently, is likely to be an important
factor for regenerative medicine. The importance of effective
transplantation is increased for organs and tissues with lim-
ited regenerative potential, such as neurons and cardiac mus-
cle. In cases of autologous transplantation in which the source
of SCs is the patient, or the patient’s genetically monozygotic
(identical) twin, the process is called syngeneic and, unless
the twins are discordant for some immune system factors
[1], the immune reaction virtually never occurs [2]. However,
collection and induction of autologous stem cells is a lengthy,
time-constrained, and complicated process [3, 4], and the
prevalence of twins among general population is in the single
digit range (1/30 in the US) [5], much less of genetically mono-
zygotic twins, which is only 4 per thousand births. Transplan-
tation of SCs from a genetically non-identical source is termed
allogeneic, and the therapeutic effect oftentimes results in im-
mune rejection of the transplanted cells by the host tissues,
and potentially attack of the host by the transplanted cells, a
pathology known as graft-versus-host disease.

Allogeneic immune rejection after cell therapy is mediat-
ed by T cell-dependent immune responses [6] activated by
the major histocompatibility complex I (MHC-I) in a chain of
molecular events. Administration of immunosuppressants can
eliminate the immune response after stem cell therapy, but it is
not a safe and feasible option in patients with chronic disease
because of high risk of side effects [7], including the prolifer-
ation and survival of transplanted cells [8]. Some of the ther-
apeutic stem cells, such as hematopoietic stem cells (HSC) or
mesenchymal stem cells (MSCs) are more favorable due to the
reduced immune response in hosts, although their long-term
effects are not confirmed in chronic diseases, and different
routes of administration and microenvironments can lead to
varying immunogenicity, particularly, of MSCs [9].

New strategies are developing to induce the immune tol-
erance to different stem cell lines and, in this review, we will
present a summary on the immune response in stem cell ther-
apy (SCT) and the data on immunogenicity of three most stud-
ied stem cell lines for regenerative transplantation: human
embryonic stem cells (hESCs), MSCs, and inducible pluripotent
stem cells (iPSCs).

Major Histocompatibility Complex

All mammalian cells express surface MHC antigens that
allow them to discriminate between the foreign circulating
particles and their own products of cell metabolism. In hu-
mans, the MHC is coded for by genes located on the human
leukocyte antigen (HLA) locus, and consists of class I (MHC-I)
and class 2 (MHC-II) molecules. The entire HLA locus covers
about ~4 million bases (Mb) on the shortarm of chromosome
6 (6p21.3), which is subdivided into regions corresponding
to specific HLA genotypes. Each region contains a large num-
ber of genes combining six genes coding for MHC-I, 12 for
MHC-II, 45 HLA-like genes, and over 200 protein-coding and
noncoding genes [10]. The 21 core HLA genes in these loci are
highly polymorphic and their allelic diversity is catalogued



clasa II), fiecare cu un ID unic dintr-o nomenclatura actualizata
in 2010. Genele HLA-A, HLA-B si HLA-C codifica pentru protei-
nele MHC-], iar genele HLA-DR, HLA-DQ, HLA-DP codifica pen-
tru antigenele de legare a peptidelor de clasa MHC-II (Fig. 1,
pag. 57). Genele care codifica pentru MHC de clasa III sunt clasa-
te in aceeasi regiune genomica. Totusi, aceasta clasa nu partici-
pa la prezentarea peptidelor catre receptorii celulelor T (RCT),
dar mai curand codificd pentru cativa factori de semnalizare si
regulatori de transcriere, componenti ai complimentului si cito-
kine implicate in raspunsul imun adaptativ [12]. Pe 1anga mole-
culele MHC clasice, un numar de complexe diverse indeplinesc
functii specifice ale tesuturilor. Spre exemplu, izoforma alelica
HLA-G este exprimata in celulele placentare si protejeaza fatul,
care contine antigeni parentali, de celulele materne citotoxice
[13, 14] pe langa toleranta materna care se dezvolta in perioada
de preimplantare [15, 16].

Precum se vede in prezentarea schematica din Fig. 1, pag. 57
MHC-I consta dintr-un trimer transmembranar kDa de lanturi
grele a si un lant usor non-transmembranar 12 kDa 32-microglo-
bulin (f2M). MHC-II consta dintr-un dimer din doua lanturi a & {3
transmembranar de clasa II. Celulele T care formeaza grupul de
diferentiere 8 (CD8+) co-receptor pe suprafata recunoaste pepti-
dele legate de complexul MHC clasa I siil prezinta la TCR pe celule-
le nucleate, In timp ce cele cu co-receptor CD4+ legat de complexul
MHC de clasa II activeaza RCT pe celulele prezentatoare de anti-
gen (APC), ambele activari declanseaza cascade de semnalizare ce
duc spre activarea celulelor T citotoxice (Tc) sau celulelor T ajuta-
toare de catre MHC de clasa I si clasa II, respectiv (Fig. 2, pag. 56).

Celulele Tc activate prolifereaza si se diferentiaza in lim-
focite T citotoxice efectoare (LTC), care sunt capabile sa lize-
ze orice celule care au peptide initial prezentate de molecula
MHC-I. O secventa de evenimente similara are loc cu activarea
Th, cu exceptia faptului ca moleculele MHC-II sunt initial pre-
zente doar pe APC specializate, inclusiv celulele B si macrofa-
gele activate. Acapararea unei peptide straine de catre APC-uri
duce la recunoasterea peptidei prin TCR si eliberarea de cito-
kine care activeaza exponential in continuare celulele Tc si B,
in cele din urma initiind mecanismul de raspuns adaptativ si
umoral mediat celular.

Compatibilitatea imuna a celulelor donatorului si ale gaz-
dei este evaluata de reactia limfocitara mixta (MLR), in cadrul
careia subseturi de limfocite de la donator si de la gazda sunt
amestecate in vitro [17]. Supravietuirea, proliferarea si secre-
tia de citokine poate fi masurata calitativ si cantitativ pentru a
estima magnitudinea raspunsului imun. MLR este de aseme-
nea o metoda preferata pentru testarea celulelor modulate ale
sistemului imunitar (MSC modificate genetic), caz in care celu-
lele modificate servesc drept donator si addugarea suspensiei
de limfocite va dezvalui un posibil raspuns imun in vivo.

Pe langa imunosupresie, care blocheaza complet raspunsul
imun fatd de un antigen strain, metodele mai avansate de evi-
tare a respingerii post-transplantare includ modificarea geno-
mica functionala a lantului greu o sau a genelor $2M 1n celulele
stem. Cateva grupuri au raportat schimbari pozitive in studii
pe animale in cadrul carora doborarea antigenilor HLA in hESC
a dus la ignoranta celulelor T si lipsa raspunsului imun de la
soarecii gazda [18].
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within the European Bioinformatics Institute database and
curated by an international project InMunoGeneTics (IMGT -
http://www.ebi.ac.uk/ipd/imgt/hla/) [11]. As of June 2014,
there were recorded more than 11,000 HLA alleles (8976 for
class I, and 2870 for class II), each with unique ID under a
new nomenclature updated in 2010. The human leucocyte
antigens (HLA), HLA-A, HLA-B, and HLA-C genes code for the
MHC-I proteins, and HLA-DR, HLA-DQ, HLA-DP genes code
for peptide-binding proteins of the MHC-II class, which col-
lectively present the bound peptides to the T-cell receptor
(TCR) (Fig. 1, pag. 57). The genes coding for MHC class III are
mapped to the same genomic region, however, this class does
not participate in peptide presentation to the TCR, but rather
encode for several signaling factors and transcription regula-
tors, components of the complement system, and cytokines
involved in the adaptive immune response [12]. In addition
to the classical MHC molecules, a number of diverse complex-
es perform tissue specific functions. For example, the HLA-G
allelic isoform is expressed in placental cells and protect the
fetus containing paternal antigens from maternal circulating
cytotoxic cells [13, 14], in addition to the maternal tolerance
that is developed during the pre-implantation period [15,
16].

As schematically presented in Fig. 1 (pag. 57), the MHC-I
consists of a transmembrane 40 kDa trimer of heavy class I
a-chains and a non-transmembrane 12 kDa [32-microglobulin
(B2M) light chain. The MHC-II consists of a dimer of two trans-
membrane class Il a & 8 chains. T-cells that express the cluster
of differentiation 8 (CD8+) co-receptor on their surface, recog-
nize the peptides bound to MHC class I complex and present
it to TCR on the nucleated cells, while those with CD4+ co-re-
ceptor bound to the MHC class Il complex activate the TCR on
the antigen-presenting cells (APCs), both activations trigger
signaling cascades leading to the cytotoxic T-cell (Tc) or helper
T-cell (Th) activation by MHC class I and II respectively (Fig. 2,
pag. 56).

Activated Tc cells proliferate and differentiate into effec-
tor cytotoxic T lymphocytes (CTL), which are capable of lys-
ing any cells that have the peptide initially presented by the
MHC-I molecule. A similar sequence of events occurs with Th
activation, except that the MHC-II molecules are present only
on specialized APCs, including activated B-cells and macro-
phages. Engulfment of a foreign peptide by APCs leads to the
recognition of the peptide by the TCR and the release of cy-
tokines that further exponentially activate the Tc and B cells,
ultimately, initiating the cell-mediated adaptive and humoral
defense response mechanism.

The immune compatibility of the donor and host cells is as-
sessed by the mixed lymphocyte reaction (MLR), in which the
subsets of lymphocytes from both donor and host are mixed
in vitro [17]. The survival, proliferation, and secretion of cyto-
kines can be measured qualitatively and quantitatively in or-
der to estimate the magnitude of the immune response. MLR
is also a method of choice for testing the immune-modulated
cells (i.e. genetically modified MSCs), in which case the modi-
fied cells serve as donor, and addition of lymphocytes suspen-
sion will reveal a potential immune response in vivo.
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Celulele stem embrionare umane

Din punctul de vedere a tolerantei imune, pentru pacient
a doua cea mai buna variantd, dupa transplantarea autologd,
ar fi hESC, considerata "privilegiata imun”. hESC au o stare
pluripotentd, imortala si nediferentiata si pot fi ghidate spre
angajamente catre filiatii de celule specifice. Totusi, aplicarea
practica a hESC este complicata din motive stiintifice, legale si
etice ce tin de sursa si aplicarea acestor celule [19]. Abilitatea
de a se auto-renova si a se diferentia in toate tipurile de celule
din corp 1i confera hESC un potential terapeutic enorm si un
oarecare progres in aplicarea acestora in practica medicala a
fost recent raportat odata ce US Food and Drug Administration
(FDA) a aprobat studiile clinice [20, 21].

Principalele surse de hESC sunt embrioanele, placenta si
sangele din cordonul ombilical (UCB), prima fiind limitata le-
gal pentru studii In SUA cu exceptia rezervelor de linii de celule
existente, colectate anterior, iar utilizarea placentei si a UCB
inca mai provoaca discutii de ordin etic in randurile a cca 40%
din respondentii din SUA [22]. Mentinerea acestor celule in
stare nediferentiata si diferentiere predestinata ghidata spre
filiatie specifica este o problema atat tehnica, cat si stiintifica
[23]. In pofida controverselor etice existente si a regulamen-
telor stranse ale multor tari, UCB poate fi "depozitat” in pes-
te 130 de repertorii de singe ombelical in peste 30 de tari In
intreaga lume, permitand pacientilor sa-si pastreze UCB-ul
nou-nascutilor lor sau sa-l1 doneze pentru uz public [24]. Mis-
perceperea si lipsa de cunostinte despre scopul si posibilitatile
UCB 1n mase ar trebui abordata pentru a evita asteptarile ne-
informate fata de mostrele depozitate [25].

Din punct de vedere clinic UCB este o sursa buna pentru
unele celule descendente derivate, asa ca HSC, care sunt deja
folosite cu succes in practica clinica pentru transplantarea
alogend, in mod primar in randul copiilor si in absenta unui
donator compatibil de maduva osoasa [26]. Pe 1anga aceasta,
tesutul cordonului ombilical este considerat o sursa buna de
MSC mai primitiva sau mai putin diferentiatd, ceea ce demon-
streaza un bun potential pentru dezvoltare spre un tratament
clinic acceptabil. Totusi, o singura doza colectata de la un do-
nator este, de obicei, insuficienta pentru aplicarea terapeutica
in cazul unui pacient [27].

Imunogenitatea hESC si Celulele Pluripotente
Derivative

Literatura existentd despre imunogenitatea celulelor stem
si celulele pluripotente derivative ale acestora este controver-
sata. Consensul este ca hESC nediferentiate exprima un nivel
scazut de MHC-I de suprafatd, un nivel minim sau neglijabil de
MHC-II si cativa antigeni specifici etapelor (SSEA3, SSEA4) pe
langa careva glicoproteine (TRA-1-60, TRA-1-81) si factor de
transcriere OCT4 [28]. Totusi contradictiile apar in cazul hESC
stimulate si diferentiate. Li et al. [29] raporteaza ca atat hESC
nediferentiate cat si diferentiate nu ilicita un raspuns imun la
soarecii imunocompetenti. Mai mult decat atat, pe langa tole-
ranta imunogend, hESC au inhibat local activitatea celulelor T
fara a afecta abilitatea acestora de a raspunde la antigeni stra-
ini. In acelasi timp, Grinemmo et al. [30] au depistat o crestere
la nivelul MHC-I in raspuns la interferonul y (IFN-y) fara a afec-
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Aside from immunosuppression, which completely blunts
the immune response to a foreign antigen, the more advanced
approaches in avoiding rejection of transplanted cells include
the genomic functional modification of either heavy a-chain or
B2M genes in the transplanted stem cells. Several groups have
reported positive effects in animal studies in which knock-
down of HLA antigens in hESCs resulted in an attenuated im-
mune response by the host mice [18].

Human embryonic stem cells

From the immune tolerance point of view, for a patient, the
next best choice after autologous transplantation would be the
hESCs, which are believed to be “immune-privileged”. hESCs
are pluripotent, immortal in the undifferentiated state, and
can be guided into specific lineage-cell commitments. How-
ever, the practical application of hESCs is complicated due to
scientific, legal, and ethical issues in sourcing and application
of these cells [19]. With their ability to undergo self-renewal
and to differentiate into all cell types in the body, hESCs have
a great therapeutic potential and some progress in bringing
them into medical practice have been recently reported as
first-in-human US Food and Drug Administration (FDA) ap-
proved clinical trials [20, 21].

The main sources of hESC are embryos, placenta, and the
umbilical cord blood (UCB), the first being legally restricted
for research in the US, with the exception of existing, previ-
ously collected cell lines. The use of placenta and UCB are still
raising ethical concerns in about 40% of the US respondents
[22]. Maintenance and expansion of these cells in an undiffer-
entiated state, and directed fate-restricted differentiation into
specific lineages is both a technical and scientific challenge
[23]. Despite the existing ethical controversies and tight reg-
ulation by the governments of many countries, the UCB can
be “banked” in over 130 private and public cord blood repos-
itories in more than 30 countries around the world, allowing
parents to store their newborn’s UCB or to donate it for public
use [24]. The existing misperception and lack of knowledge
about the purpose and possibilities of UCB among the public
may need to be addressed in order to avoid uninformed expec-
tations from the deposited sample [25].

From the clinical point of view, UCB is also a good source for
some important derivative progeny cells such as HSCs, which
are already successfully used in clinical practice for allogene-
ic transplantation, primarily to children and in the absence of
compatible bone marrow donor [26]. In addition, the umbilical
cord tissue is considered a good source for more “primitive” or
less differentiated MSCs, which show a good potential of being
developed into clinically acceptable treatment. However, a sin-
gle dose collected from one donor is usually insufficient for a
therapeutic application in a patient [27].

Immunogenicity of hESCs and Derivative Pluripotent
Cells

The existing literature on immunogenicity of stem cells
and their derivative pluripotent cells is somewhat controver-
sial. The consensus is that the undifferentiated hESCs express
a low level of cell surface MHC-1, a minimal or negligible level



ta nivelul scazut al HC-IIin hESC. Nivelul inductiei MCH-I a fost
comparabil cu cel al fibroblastelor umane alogene, dar mult
mai scazut decat cel indus de celulele dendritice alogene, ceea
ce poate fi explicat prin faptul ca atat hESC, cat si fibroblastele
au un nivel constitutiv de MCH-I scazut, dar le lipseste antige-
nul MHC-II. Totusi, un al treilea grup [31] a raportat ca nivelul
MHC-I creste in corpurile embrionare la prima etapa de dife-
rentiere si aceasta se exprima mult mai mult in teratome. Pe
langa discutiile despre nivelul de inducere a MHC-I, Robertson
et al. [32] a atribuit toleranta hESC nivelului inalt al expresiei
factorului de crestere transformator beta (TGF-f3), care are un
efect potent antiinflamator.

Activarea MHC-I poate avea loc drept rezultat al diferentie-
rii spontane sau in anumite conditii specifice mediului de cres-
tere care includ factori de crestere [33]. Expunerea hESC dife-
rentiate si nediferentiate la IFN-y declanseaza inducerea inze-
cita a expresiei MHC-I in vitro fara a afecta nivelul de MHC-II
semnificativ [31]. In final, complexul MHC-I activat poate duce
spre respingerea imuna in urma transplantarii spre gazda. Mai
mult decat atat, celulele intr-o populatie cu aspecte fiziologice
aproape niciodata nu functioneaza in unison, ceea ce inseamna
ca 1n orice hESC nediferentiatd poate exista un anumit numar
de celule la diferite etape de diferentiere, ceea ce poate declan-
sa un raspuns imun daca a avut loc activarea MHC-I. Identifi-
carea citokinelor inflamatorii si a cdilor de chemokine in faza
inflamatorie timpurie a furnizat tinte care pot fi modificate
pentru a diminua imunogenitatea tesutului transplantat. Spre
exemplu, directionarea imunogenitatea mediata de comple-
ment 1n tesuturile derivate din ESC poate ameliora raspunsul
imun initial fata de transplantul de tesut si imbunatati supra-
vietuirea tesutului transplantat [34].

Imunogenitatea hESC si filiatia lor derivativa in terapia cu
celule stem umane (SCT) ramane a fi investigatd, considerand
faptul ca studiile pe animale in vitro si in vivo la soareci sau
mamifere nu intotdeauna se transfera perfect [35, 36].

Celule Stem Mezenchimale

Descoperite in anii 1960 si initial recoltate din populatia de
celule ale maduvei osoase [37] (de aici al doilea nume "celule
stromale ale maduvei osoase”), MSC au devenit una dintre cele
mai accesibile si practice surse pentru celulele stem multipo-
tente care ar putea genera un numar mare de tesuturi [38].
Datorita interpretarilor diverse ale profilurilor MSC in ultimii
ani, Societatea Internationald pentru Terapie celulara a stabi-
lit criteriile minimale pentru definirea MSC, specificand lista
marcherilor de suprafata care trebuie sa fie prezenti (CD105,
CD73, CD90) sau absenti (CD45, CD34, CD14, CD11b, CD79q,
CD19, si HLA-DR) pe langa cerintele de aderare in conditiile
de cultura celulara si de a fi capabile de a se diferentia in oste-
oblaste, adipocite si condroblaste in vitro [39].

MSC sunt de obicei recoltate din maduva osoasa. Pe langa
aceasta, MSC are putea fi recoltate din lichidul amniotic, sange
si UCB, pulpa dentara si alte tesuturi si compartimente biolo-
gice [40], dar abundenta lor si cantitatea totala se considera de
a descreste dramatic cu varsta [41]. Pentru aplicarea in SCT si
cercetare, MSC pot fi extinse in vitro utilizand medii imboga-
tite cu factori de crestere sau este nevoie de plasma derivata
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of MHC-II, and several differentiation stage-specific antigens
(SSEA3, SSEA4) along with some glycoproteins (TRA-1-60,
TRA-1-81) and OCT4 transcription factor [28]. However the
disagreement arises in cases of stimulated and differentiated
hESCs. Li et al. [29] reported that both undifferentiated and
differentiated hESCs do not elicit immune response in immu-
nocompetent mice. Moreover, in addition to the immunogenic
tolerance, hESCs locally inhibited the T-cell activity, without
affecting their ability to respond to foreign antigens. At the
same time, Grinemmo et al. [30] detected an increase in MHC-I
level in response to interferon y (IFN-y) without affecting the
low level of MHC-II in hESCs. The level of MHC-I induction
was comparable to that of the allogeneic human fibroblast,
but much lower than the one induced by allogeneic dendrit-
ic cells, which may be explained by the fact that both hESCs
and fibroblast have a very low constitutive level of MHC-I, but
lack MHC-II antigen. And yet a third group [31] reported that
the MHC-I level increases in embryonic bodies as a first stage
of differentiation, and it is expressed much higher in terato-
mas. In addition to the discussions on MHC-I level of induction,
Robertson et al. [32] attributed the hESCs tolerance to the high
level of transforming growth factor beta (TGF-f3) expression,
which has a potent immunosuppressive effect.

Activation of MHC-I may occur as a result of spontaneous
differentiation or under specific growth media conditions
that include growth factors [33]. Exposure of both differen-
tiated and undifferentiated hESCs to IFN-y triggers at least a
10-fold induction of MHC-I expression in vitro without affect-
ing significantly the level of MHC-II [31]. Ultimately, the acti-
vated MHC-I complex may lead to an immune rejection upon
transplantation into the host. Moreover, cells in a population
under physiological conditions almost never function in uni-
son, meaning that in any undifferentiated hESCs there may
be certain number of cells at different stages of spontaneous
differentiation, which may trigger an immune response if the
MHC-I activation occurred. Identification of the inflammatory
cytokines and chemokine pathways in the early immune phase
have provided targets that can be modified to diminish the im-
munogenicity of the transplanted tissue. For example, target-
ing the complement-mediated immunogenicity in ESC-derived
tissue can ameliorate the early immune response to ESC-de-
rived tissue transplantation and improve the survival of the
transplanted tissue [34].

The immunogenicity of hESCs and their derivative lineages
in human stem cell therapy (SCT) remains to be investigated,
considering that in vitro and in vivo animal studies in mice or
in mammals do not always translate seamlessly [35, 36].

Mesenchymal Stem Cells

Discovered in 1960s and initially harvested from bone
marrow cell population [37] (hence, a second name “marrow
stromal cells”), MSCs became one of the most accessible and
practical sources for multipotent stem cells that could give rise
to a large number of tissues [38]. Due to diverse interpreta-
tions of the MSC profiles in the recent years, the International
Society for Cellular Therapy established the minimal criteria
for definition of MSCs specifying the list of surface markers
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din sange bogata in plachete [42]. In ultimii ani securitatea si
eficacitatea MSC au fost puse la dezbatere in baza rezultatelor
discutabile ale aplicarii MSC in fazele initiale ale testarilor cli-
nice [43].

MSC sunt prezente in maduva osoasa, dar populatia acesto-
ra reprezinta aproximativ 0.01% din totalul celulelor nucleate
ale maduvei [44], desi din punct de vedere practic, la moment
MSC din maduva osoasa sunt cea mai buna sursa pentru tran-
splantarea autoloaga singenica dupa expansiunea lor ex vivo
[45]. Pentru o aplicare imediata MSC imunotolerante, "de pe
raft”, ar fi o sursa ideald pentru medicina regenerativa si modi-
ficarea MSC 1n celule non-imunogene sau imunotolerante este
scopul principal al domeniului SCT.

Asemanator cu hESC, MSC umane exprima MHC-I si nu ex-
prima MHC-II si moleculele cosimulatoare B7 si ligand CD40
[40]. MSC au o afinitate inalta de a lega limfocite T activate care
sunt CD4+ si CD8+ si inhiba activ proliferarea celulelor T prin
eliminarea citokinelor, asa ca factorul de crestere al hepatoci-
telor umane recombinante (rhHGF) si rhTGF-B1 [46]. Secretia
factorilor de crestere, a citokinelor si a moleculelor bioactive
de catre MSC presteaza adaptarea celulelor transplantate la
micromediu (plasticitate terapeuticd) prin semnalizare para-
crind si autocrina [47].

In pofida similarititii cu hESC si presupusul privilegiu imun
al MSC, experimentele in vitro au demonstrat ca MSC diferenti-
ate intr-un fenotip cardiac sau vascular vor exprima atat MHC
I cat si II si vor deveni imunogene [48]. Studiile pe animale
au demonstrat rezultate mixte. in unele studii, supravietuirea
MSC injectate este neglijabila si se considera ca celulele sunt
eliminate ca rezultat al raspunsului imun al recipientului [48],
in timp ce studii pe animale mai extinse sugereaza ca MSC alo-
gene pot supravietui, engrafa si diferentia in tesuturile gazdei
[49]. Imunogenitatea MSC in regenerarea cardiaca este acum
studiata Intr-un studiu clinic randomizat al tratamentelor MSC
alogene vs. autologe la pacientii cu insuficienta cardiaca [50].
Luand in considerare abundenta surselor pentru MSC si abili-
tatea lor de a se extinde in vitro, modularea imunogenitatii lor
poate avansa imens domeniul medicinii regenerative.

Celule Stem Pluripotente Induse

Descoperite mai putin de un deceniu in urmg, celulele stem
pluripotente induse (iPSC) sunt celule adulte genetic repro-
gramate (de-diferentiate) intr-o stare embrionard, manifesta-
te In exprimarea unui sir de markeri. Reprogramarea consta
in transductia retrovirala a unui grup de gene care codifica
pentru factori de pluripotenta (0CT4, SOX2, C-Myc, KLF4) [51]
si sursa de iPSC sunt de obicei celule somatic autologe adulte
recoltate din maduva osoasa sau sangele pacientului. Aceste
celule demonstreaza un fenotip pluripotent, similar cu cel din
ESC, dar nu au problemele si controversele legale si etice aso-
ciate cu celulele embrionare [52]. Succesul tehnic in reprogra-
marea celulelor somatice singenice specifice pacientului a spo-
rit speranta cd nu mai trebuie sa ne ingrijoram despre raspun-
sul imun asa cum o ficeam in cazul celulelor stem embrionare
[53]. Drept dezavantaj, studiile recente au demonstrat ca unele
din celulele diferentiate din iPSC sunt foarte imunogene [54],
iar tipul celulelor diferentiate, calea de administrare a celule-
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that need to be present (CD105, CD73, CD90) or absent (CD45,
CD34, CD14, CD11b, CD79«, CD19, and HLA-DR), in addition
to the requirements to adhere to cell culture surfaces, and to
be capable of differentiating into osteoblasts, adipocytes, and
chondroblasts in vitro [39].

MSCs are mainly harvested from the bone marrow. In ad-
dition, MSCs could be harvested from amniotic fluid, blood
and UCB, dental pulp, and other tissues and biological com-
partments [40], but their abundance and replicative capacity
is believed to decrease with increasing age of the donor [41].
For application in SCT and research, MSCs can be expanded in
vitro using media enriched with growth factors or blood-de-
rived platelet rich plasma is required [42]. In recent years, the
safety and efficacy of MSCs has been debated based on conten-
tious results of application of MSCs in early phases of clinical
trials [43].

MSCs are present in bone marrow, but their population rep-
resents approximately 0.01% of the total nucleated marrow
cells [44], although from a practical point of view, so far the
bone marrow derived MSCs are the best source for autologous
syngeneic transplantation after their expansion ex vivo [45].
For an immediate application, the “off-shelf”, immunotolerant
MSCs would be an ideal source for regenerative medicine, and
the modification of MSCs into non-immunogenic or immuno-
tolerant cells is a significant priority in the field of SCT.

Similar to hESC, human MSCs express MHC-I, and don’t ex-
press MHC-II or co-stimulatory molecules B7 and CD40 ligand
[40]. MSCs have a high affinity to bind activated T lympho-
cytes that are CD4+ and CD8+, and actively inhibit T-cell pro-
liferation by releasing cytokines, such as recombinant human
hepatocyte growth factor (hHGF) and hTGF-f31 [46]. Secretion
by MSCs of growth factors, cytokines, and bioactive molecules
renders the adaptation of transplanted cells to the microen-
vironment (therapeutic plasticity) via autocrine and paracrine
signaling[47].

Despite the similarity to hESCs and presumed immune-priv-
ilege of MSCs, in vitro experiments have demonstrated that
MSCs differentiated into a cardiac or vascular phenotype will
express both MHC I and II and become immunogenic [48]. An-
imal studies have shown mixed results so far. In some studies,
the survival of the injected MSCs are negligible and it is thought
that the cells are eliminated as a result of the recipient’s im-
mune response [48], while larger animal studies suggest that
allogeneic MSCs can survive, engraft and differentiate in the
host’s tissue [49]. The immunogenicity of MSCs in cardiac re-
generation is currently being studied in a randomized clinical
trial of allogeneic vs. autologous MSCs treatment in patients
with heart failure [50]. Considering the abundance of sources
for MSCs and their ability to be expanded in vitro, modulation
of their immunogenicity may advance immensely the field of
regenerative medicine.

Induced Pluripotent Stem Cells

Discovered less than a decade ago, the induced pluripotent
stem cells (iPSCs) are genetically reprogrammed (de-differ-
entiated) adult cells into an “embryonic-like” state, manifest-
ed in expression of a number of primitive stem cell markers.



lor si chimerismul in gazda joaca un rol important in imunoge-
nitatea celulelor provenite din iPSC. Indiferent de problemele
tehnice si efectele adverse posibile, utilizarea iPSC devine mai
atractiva deoarece aceste celule au demonstrat potentialul de
a fi diferentiate in cardiomiocite [55] si utilizate la repararea
tesutului cardiac. Mai mult decat atat, o noua aplicare intere-
santa a cardiomiocitelor din iPSC este sub forma tesutului car-
diac artificial (EHT) [56], ca parte a mansetelor EHT venoase
(VEHTCs) 1n care cardiomiocitele formeaza un syncytium car-
diac si dezvolta un ritm de batai intrinsec [57].

Problemele curente si promisiunile de viitor

Imunogenitatea si supravietuirea celulelor stem transplan-
tate: Pe cat mai bine intelegem cascadele inflamatorii impli-
cate 1n reactiile imune fata de celula stem livrata, cu atat mai
eficient putem utiliza inventiile vizate pentru a ameliora ras-
punsul imun la celulele implantate si pentru a imbunatati su-
pravietuirea acestora. Spre exemplu, expresia predominanta
de repetitie a glicoproteinei A (GARP) pe MSC le permite sa
inhibe raspunsurile celulelor T in vitro si este o noua tinta po-
tentialda pentru imbunatatirea supravietuirii MSC si eficacitatii
terapeutice [58].

Afectiuni maligne ca rezultat al complicatiilor terapiei cu ce-
lule stem: Printre efecte adverse si complicatii, formarea tera-
tomelor sileucemia sunt pericole reale ale SCT si mai cu seama
aplicabile in cazul filiatiilor de celule cu caracteristici pluripo-
tente, asa ca ESC si iPSC [59]. Imbunititirea metodelor de izo-
lare si manipulare a celulelor stem, inclusiv o alternativa mai
sigura a transformarii genetice virale, poate reduce riscurile si
este un domeniu de interes in lumea celulelor stem.

Supravietuirea celulelor: Pe langa aspectele imune, retine-
rea celulelor injectate in miocard este de asemenea un lucru
dificil. Unele metode noi demonstreaza un potential de depa-
sire a acestui obstacol la animalele cercetate prin aplicarea
adaptoarelor de scara nanometrica pentru livrarea celulelor
stem in tesutul cardiac [60]. Spre exemplu, raportata recent,
aplicarea ESC a soarecilor sub forma de "gel nanomatrix in-
capsulat si injectabil” compus din peptide amfofile cu ligand
adeziv de celule Arg-Gly-Asp-Ser a demonstrat retentie si en-
grafare satisfacatoare 14 saptiamani post-transplantare [61].
Utilizarea nanotehnologiilor a deschis un nou capitol in inte-
legerea biologiei celulelor stem si poate spori posibilitatile de
supravietuire si diferentiere ghidata in vivo [62].

Aplicari noi: Diferentierea ESC in cardiomiocite "ritmice”
este printre cele mai impresionante succese ale medicinii
regenerative, luand in considerare povara clinica si sociala a
bolilor cardiovasculare care au fost cauza principala a morta-
litatii in ultimele decenii [63]. Aplicarea acestor cardiomiocite
in repararea tesutului cardiac este testata activ [61], impreuna
cu incercarile de a utiliza cardiomiocitele "in afara inimii”, in
biosintezarea ex vivo a VEHTC, pompa contractiilor vasculare
prin venele profunde [57]. Aplicarea practica a acestor pompe
venoase inca trebuie dezvoltatd, dar drept scop potential, ast-
fel de pompe venoase pot deveni o alegere salvatoare pentru
pacientii cu insuficientd cronica a valvelor venelor profunde
(CDVI), cand majoritatea patologiilor reprezinta lipsa de capa-
citate de a propulsa sangele inapoi spre inima.
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The reprogramming consists of retroviral transduction of a
group of genes coding for pluripotency factors (OCT4, SOX2,
C-Myc, KLF4) [51] and the source of iPSCs are usually adult
autologous somatic cells harvested from patient’s bone mar-
row or blood. iPSCs show a pluripotent phenotype, similar to
that of ESCs, but don’t have the legal and ethical controversies
associated with embryonic cells [52]. Technical advancement
in reprogramming of patient-specific syngeneic somatic cells
has reduced concerns about the immunogenic responses that
are likely to limit the use of hESCs [53]. As a downside, recent
studies have demonstrated that some of the differentiated
cells from iPSCs are highly immunogenic [54], and the type of
differentiated cells, the route of administration of the cells, and
the chimerism in the host plays an important role in the immu-
nogenicity of the iPSC-derived cells. Regardless of the techni-
cal challenges and potential adverse effects, the use of iPSCs
becomes more attractive as these cells showed the potential to
be differentiated into cardiomyocytes [55] and used in cardiac
tissue repair. Moreover, an interesting novel application of the
iPSC-derived cardiomyocytes in the form of engineered heart
tissue (EHT) [56] as a part of venous EHT cuffs in which the
cardiomyocytes form a cardiac syncytium and develop an in-
trinsic beating rhythm [57].

Current challenges and future promises

Immunogenicity and survival of the transplanted stem cells:
As we further understand the immune responses to trans-
planted stem cells, we can use targeted interventions to ame-
liorate the immune response to implanted cells, and improve
their survival. For example, glycoprotein A repetitions pre-
dominant (GARP) expression on MSCs enables them to inhibit
T cell responses in vitro, and is potentially a new target for im-
proving the MSCs survival and therapeutic efficacy [58].

Malignancies as a complication of stem cell therapy: Among
the adverse events and complications, teratoma formation and
leukemia are a real threat of SCT and most applicable to the
cell lines with pluripotent characteristics such as ESCs and iP-
SCs [59]. Improvements in methods of isolation and manipu-
lation of stem cells, including a safer alternative to the viral
genomic transformation, can reduce these risks and is an area
of active interest in the stem cell world.

Cell survival: Aside from immunological aspects, the re-
tention of injected cells into myocardium is also a difficult
endeavor, particularly because of its highly contractile na-
ture. Some novel methods show a potential for overcoming
this hurdle in animal models by applying nanoscale adapt-
ers for delivering the stem cells into cardiac tissue [60]. For
example, a recently reported application of mouse ESC “en-
capsulated in injectable nanomatrix gel” composed of pep-
tide amphophiles with Arg-Gly-Asp-Ser (RGDS) cell adhesive
ligand showed an improved retention and engraftment 14
weeks post-transplantation [61]. The use of nanotechnolo-
gy has opened a new chapter in understanding the biology
of stem cells and can enhance the possibilities of directed in
vivo differentiation and survival [62].

Novel applications: Differentiation of ESC into “beating”
cardiomyocytes is among the most impressive achievements
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Perspectivele pentru medicina regenerativa si aplicarea
SC par foarte promitatoare, dar aplicarea sigura si efectiva a
tehnologiilor sale va necesita o intelegere mai profunda a pro-
ceselor imune si a regulilor acestora in celulele stem, precum
si selectarea corecta si directionata a donatorilor si a recipi-
entilor.

Acronime si abrevieri:

CS —celule stem

MHC - major histocompatibility complex (complex major de
histocompatibilitate)

HLA - human leukocyte antigen (antigen leucocitar uman)
HSCs - hematopoietic stem cells (celule stem hematopoietice)
MSCs - mesenchymal stem cells (Celule stem mezenchimale)
hESCs - human embryonic stem cells (Celule stem embrionare
umane)

iPSCs - induced pluripotent stem cells (celule stem pluripo-
tente induse)

IMGT - ImMunoGeneTics (numele proiectului international
din cadrul Institutului European de Bioninformatica)

TCR - T-cell receptor (receptorii celulelor T)

[32M - beta-2 microglobulin

APC - antigen presenting cells (celule prezentatoare de anti-
gen)

CD8 (other CDs) - cluster of differentiation (grup de diferen-
tiere)

Tc and Th - Celule T citotoxice si ajutatoare (helper)

CTL - cytotoxic T lymphocytes (limfocitele T citotoxice)

MLR - mixed lymphocytes reaction (reactie de limfocite mix-

ta)
FDA - Food and Drug Administration (agentie de reglementa-
re SUA)

UCB - umbilical cord blood (sangele din cordonul ombilical)
IFN-vy - interferon gamma

TGF-f - transforming growth factor beta (factor de crestere
transformator beta)

rhHGF - recombinant human hepatocyte growth factor (facto-
rul de crestere a hepatocitelor umane recombinante)

SCT - stem cell therapy (terapia cu celule stem)

OCT4 - octamer-binding transcription factor 4 (factor de tran-
scriere octamer de legare 4)

SOX2 - SRY(sex determining region Y)-box 2

C-Myc - V-myc avian myelocytomatosis viral

KLF4 - Kruppel-like factor 4

GARP - glycoprotein A repetitions predominant

SSEA (3&4) - stage specific embryonic antigen

EHT - engineered heart tissue (tesut cardiac artificial)
VEHTCs - venous EHT cuffs (mansete EHT venoase)
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of regenerative medicine, considering the clinical and social
burden of cardiovascular diseases being a lead cause of mor-
tality for the past several decades [63]. Application of ESC-de-
rived cardiomyocytes in repair of cardiac tissue is being active-
ly tested [61], along with attempts to use the cardiomyocytes
“outside of the heart”, to create contractile vascular pumps to
aid venous or lymphatic flow [57]. The later approach is in
early stages of development, but it holds promise to become
a life-saving choice for patients with chronic deep vein valve
insufficiency (CDVI), in which the major pathology is failure to
pump the blood back to the heart.

The prospects for the regenerative medicine and applica-
tion of SCs look very promising, but effective and safe applica-
tion of this technology will require a deeper understanding of
the immune processes and their regulation in stem cells, along
with proper and targeted selection of donors and recipients.
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Tc and Th - cytotoxic and helper T-cells, respectively
TGF-f - transforming growth factor beta
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