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Abstract

Background: The purpose of the current study was to present an overview of different types of stem-cells and their
application for treatment different degenerative disorders with specific focus on ongoing clinical trials.

Methods: For the purpose of the current narrative review article, a comprehensive search was carried out on the ex-
isting literature in Google Scholar, PubMed and Scopus using the keywords: stem-cell (fetal and mesenchymal), regen-
erative. Relevant articles published from 1957 to 2013 are extracted and presented.

Results: During the past decades, different types of stem-cells (including adult and fetal) have been used for treatment
of a wide range of immunologic (Severe Combined Immunodeficiency, Di George syndrome), neurologic (Parkinson’s
disease, Huntington Chorea, Cerebral Palsy), musculoskeletal (ALS), and cardiovascular diseases (heart failure and car-
diomyopathies) as well as chronic and acute ulcers, and diabetes.

Conclusion: The results of our study demonstrated that during the past decades, stem-cell technology has been ap-
plied for treatment of a wide range of degenerative disorders with considerable success. The current ongoing clinical
trials clearly demonstrate a great potential and a promising future for the technology in terms of offering curative
treatment for a wide range of hitherto-incurable diseases.
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Introduction

Stem cells are undifferentiated cells with the po-
tential of proliferation, regeneration, and trans-
formation into differentiated cells, which results in
tissue production. It is demonstrated that their
plasticity or potency is hierarchical which ranges
from totipotent (capability of differentiation into
all cell types) to pluripotent (capability of differen-
tiation into cells which are placed in fetal layers),
multipotent (capability of differentiation into cells
of specific categories in fetal layers), and unipotent
(capability of differentiation into only one type of
cell) (1).
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Stem cells can broadly be classified into three dif-
ferent categories based on the time they are iso-
lated during ontogenesis: embryonic, fetal and
adult stem-cells ( 2). Embryonic stem cells (ESC)
can be isolated from the inner cell mass of the
embryo in pre-implantation phase. It is notewor-
thy, however, that safety concerns in terms of tu-
morigenicity of ES cells are quite intense. Adult
stem cells can be found in almost all adult tissues
and have been the focus of great interest in terms
of their therapeutic potential for degenerative dis-
otders in the recent years. Adult stem cells can be
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also generally classified into two different catego-
ries: multi-potent and unipotent. Multi-potent
stem cells, themselves, are categorized into-
hematopoietic stem cells (HSCs) which differenti-
ate into blood cells and mesenchymal stem cells
(MSCs) that give rise to bone, fat, cartilage and
muscle (3).

Application of fetal stem cells for therapeutic pur-
poses is a novel and promising treatment option
in different fields of medicine. Fetal stem-cells can
be derived either from the fetus itself or support-
ive extra embryonic structures (not from fetal
origin) such as umbilical cord blood (UCB), amni-
otic fluid (AF), Wharton’s jelly, amniotic mem-
brane andplacenta which are all disposed follow-
ing birth. These types of stem-cells are greatly fa-
vored for transplantation purposes because of
their being extra embryonic, containing of a con-
siderable volume of tissue mass, and possibility of
easy access for future uses. Moreover, their har-
vesting is not hindered by ethical concerns and
legal limitations which other types of stem-cells
are faced with (4).

The primitive origin, potential for differentiation,
and no reported risk of tumorigenicity make fetal
stem cells an attractive option for treatment of
different degenerative medical conditions. Howev-
er, considering the novelty of the technology, there
exist little evidence regarding different aspects of
the potentials and risks involved in their applica-
tion. Therefore, to address the current scarcity of
literature this review article aims to shed more light
on the characteristics of fetal stem cells as well as
their extraction methods and the opportunity they
provide for treatment of different degenerative
diseases.

Fetal tissues stem cells

Fetal stem cells can be harvested from fetal blood
and bone marrow tissues as well as other fetal or-
gans such as the liver and kidney. Fetal stem cells
are generally classified into two major categories:
Hematopoietic Stem Cell (HSC) and Mesenchy-
mal Stem Cells (MSC). Both fetal HSCs and MSCs
are considered advantageous over their adult
counterparts because of their superior intrinsic
homing and engraftment, greater multipotentiality
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and lower immunogenicity. Moreover, application
of fetal stem cells is less ethically controversial in
comparison with embryonic stem cells and they
have demonstrated superior differentiation poten-
tials in compared to adult stem cells (5).

Fetal Mesenchymal stem cells (MSC)
Mesenchymal stem cells (MSC) are multipotent
non-hematopoietic cells capable of differentiation
into different mesenchymal lineages, including
adipose tissue, bone, cartilage, muscle, stromaland
also nerve cells both in vitro and in vivo. They
were first identified in adult bone marrow where
they constitute approximately 0.001-0.01% of to-
tal nucleated cells. Fetal MSCs can be isolated
from fetal blood, liver and bone marrow (6), as
well as kidney (7), pancreas (8) and lung (9). MSCs
are formed in the fetal blood from early gestation
time (first trimester) when they constitute approx-
imately 0.4 per cent of total nucleated cells. It is
demonstrated, however, that the numbers of
MSCs decline to very low levels after 13 weeks of
gestation (6). MSCs which are derived from fetal
bone marrow also decline with age to the extent
that one MSC is found among 10000 in mid-
trimester compared with one MSC per 250 000
cells in adult marrow (10).

It is demonstrated that adult MSCs show in-
creased immunosuppressive characteristics by the
mechanism of decreasing alloreactivity as well as
contribution to formation of cytotoxic lympho-
cytes (in vitro). The immunosuppressive potentials
of the first trimester fetal MSC are lower although
may be induced with interferon (INF y). Adult
and fetal MSCs differ in their expression of alloan-
tigens despite the fact that they both express HLA
class 1. In adult MSCs, however, intracellular de-
posits of HLLA class Ilare present as well and cell
surface expression which may be facilitated by the
application of INF y to the cells. Fetal MSCs, on
the other hand, contain no intracellular HLLA class
IT and require seven days of INF y exposure for
de novo synthesis of it and consequent cell sut-
face expression. However, neither fetal nor adult
MSC appear to be inherently immunogenic as
lymphocytes are incapable of recognizing them

(11).
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Hematopoietic or endothelial differentiation asso-
ciated markers are not expressed by MSCs. How-
ever, according to their site of derivation there
might be some differences in expression of extra-
cellular matrix protein. Fetal MSCs are demon-
strated to be CD45-, CD34-, CD14-, CD31- and
vWT negative. Moreover, many different adhesion
molecules including CD44, VCAM-1 and CD29
are expressed by them and they are uniformly pos-
itive for intracellular markers such as fibronectin,
laminin, vimentin and for mesenchymal markers
such as SH2, SH3 and SH4 when they are in their
undifferentiated state (5, 0).

In contrast to adult bone marrow MSCs, first-tri-
mester fetal blood, liver and bone marrow MSCs
express baseline levels of the pluripotency stem
cell markers such as Oct-4, Nanog, Rex-1, SSEA-
3, SSEA-4, Tra-1-60 and Tra-1-81. It is demon-
strated that regardless of their tissue of origin,
first-trimester fetal MSCs regenerate themselves in
a faster pace in culture in comparison with adult
MSCsand undergo aging process later while main-
taining their phenotype. In addition, it is demon-
strated that fetal MSCs, generally, possess longer
telomeres, have greater telomerase activity and
express more human telomerase reverse transcrip-
tase (12).

MSCs cells express a2, a4 and a531 integrin pro-
file which renders them superior in terms of hom-
ing and engraftment, and therefore, demonstrate
significantly higher binding potential to their re-
spective extracellular matrix ligands in comparison
with adult MSCs (3). In terms of cell surface
markers, significant differences have been demon-
strated among fetal-tissue cells. For instance, fetal
lung tissue has a higher level of CD34"/CD45
cells compared to bone marrow, spleen and liver.
Moreover, there exist differences among the cells
in regards with to differentiation capacity. For in-
stance, MSCs derived from fetal liver during the
first and second trimester demonstrate a reduced
osteogenic differentiation potential in comparison
with the first-trimester fetal blood as well as with
second-trimester spleen, lung and bone marrow
MSCs. This might be due to a reduction in the
number of osteogenic progenitors (13). These
findings cumulatively indicate a considerable de-
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gree of heterogeneity among different fetal stem
cell population.

Fetal Hematopoietic Stem cells (HSCs)

HSCs are multi-potent stem cells that perform
their functional haematopoiesis by generation of
all hematopoietic lineages throughout fetal and
adult life. During ontogeny, hematopoiesis accures
in the yolk sac and then are transferred to spleen
and liver to eventually located in the bone marrow
(14). HSC originates from haemangioblasts, which
is suggested to be the common precursor for
blood and endothelial cells. Fetal HSC can be ob-
tained from blood, liver and bone marrow. Be-
cause of cells migration from the fetal liver to fetal
bone marrow, the number of circulating HSCs
increases from the first trimester to reach a peak
in the second trimester 7z utero. These cells are
characterized by CD34 and CD45 markers which
they present on their surfaces. Moreover, the
number of CD38- and HLA-Dr-cells within the
CD34Cpopulation is demonstrated to be higher in
early fetal blood which indicates that these cells
are more primitive and may have greater potential
than HSC circulating later in ontogeny (5). It is
also demonstrated that first-trimester fetal blood
contains greater propottions of primitive CD34"
cells in comparison with term gestation blood (15).

Extraembrionic stem cells

Umbilical cord blood stem cells: Umbilical
cord blood (UCB) has been advocated as a rich
source of hemopoietic stem cells (HSCs) as well as
mesenchymal stem cells (MSC). Hemopoietic and
progenitor stem cells produce more effective he-
mopoiesis (in term of their treatment potential),
both for malignant and non-malignant disorders
(16). Approximately, 1% of the mononuclear cord
blood cells express the CD34 antigen which is
demonstrated to be the most important marker
for hemopoietic stem cells. In spite of the fact
that HSCs from cord blood have been success-
fully expanded ex vivo prior to transplantation pro-
cedure, because of their relatively limited capacity
for homing and engraftment, they have generally
exhibited limited long-term engrafting potential

-
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Similar to the cord blood MSCs, HSC derived
from cord blood also express neural proteins
which enables them to differentiate into neural
cells (17) rendering them suitablefor treatment of
neurological disorders (18). The second major cell
population of cord blood is UCB-MSCs although
its frequency is too low (16). UCB-derived MSC,
however, have the potential to support the in- vi-
vo expansion of HSCs and function as an acces-
sory cell mass for engraftment (19).Cord blood
stem cells, which express baseline levels of ES cell
markers such as Oct-4, Nanog and SSEA-4, have
also been reported (Zhao et al. 2006). Subpopula-
tions of CXCR4+, CD133+, CD34+, Lin2- and
CD45 - cells were also isolated and enriched using
a two-stage isolation approach. These cells have
been described as very small embryonic-like
(VSEL) stem cells because they are only 3-5 mm
in diameter (20).

Wharton’s jelly stem cells: These stroma cells
can be isolated from the mucoid connective tissue
surrounding the two arteries and the single vein of
the umbilical cord. MSCs derived from Wharton’s
jelly can express a typical pattern of mesenchymal
(not hematopoietic) markers and can differentiate
into adipocytes, osteogenic and chondrogenic cells
cardiomyocytes, neurons and glia (19) and dopa-
minergic neurons (21).

Amniotic membrane stem cells: Amniotic
membrane is derived from the epiblast by day 8,
and is consisted of three layers: inner epithelial
layer, which is formed of epithelial cells, termed
amniotic epithelial cells (AEC), an acellular base-
ment membrane in the middle, and an outer layer
juxtaposed to the chorion consisting of mesenchy-
mal cells called amniotic membrane mesenchymal
stromal cells (AM-MSC). Amniotic epithelial cells
are known to have unique characteristics, such as
low-level expression of major histocompatibility
complex antigens, and lower restricted differentia-
tion potency. The differentiation of the AEC to
the neural lineage is well documented and ex-
plained.

These cells express various stem cell surface mark-
ers, which are usually found on pluripotent stem
cells such as embryonic stem cells. It is notewor-
thy that in the culture, AE cells can differentiate

b
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into all cell types from three germ layers (22).
However, it should be noted that these amnion
stem cells, in contrast to human ESCs, do not lead
to formation of teratomaszz vivo (at least for the
10-week period of monitoring) (23).

The outer layer of amniotic membrane has re-
cently been demonstrated to be a rich source for
MSCs.In vitro, it is demonstrated that these cells
are plastic-adherent, spindle-shaped cells which
can produce fibroblast colony-forming units and
display a specific pattern of cell surface antigens.
Although they do not express the hematopoietic
markers, they express different levels of CD90,
CD73, CD105, CD29, CD44, CD49d, CD49e,
CD56, and CD166.These cells are capable of dif-
ferentiation into several cell lineages such as neu-
rogenic, osteogenic, chondrogenic, and adipogenic
cells (24).

Placenta stem cells: The placenta provides an
ample and valuable source of stem cells with dif-
ferent potencies. The expression of
CD105/endoglin/SH-2 as well as many other
MSC markers—including SH-3, SH-4, and a num-
ber of integrins and matrix receptors on placenta
derived MC, along with a fibroblastoid morphol-
ogy, plastic-adherance nature, and mesodermal
differentiation capabilities, is highly suggestive
that these cells are similar to MSCs from the bone
marrow. It should be noted that in addition to
MSC martkers, three cell surface markers—SSEA-
4, TRA-1-61, and TRA-1-80—found only in ESCs
and embryonic germ cells, are also found on Pla-
centa MC (25).

Amniotic fluid (AF) stem cells: The population
of cells in AF is heterogeneous which originate
from all three germ layers and are consisted of
different partially differentiated cell types with
progenitor characteristics. These cells are mainly
epithelial which are derived from either the devel-
oping fetus or the inner surface of the amniotic
membrane. The cellular composition changes of
AF changes during gestation coincide with matu-
ration of the fetus (4).

Various types of stem cells have been isolated and
characterized from amniotic fluid. These cells in-
clude those found before 12" weeks of gestation
which express the hematopoietic marker CD34

19



Iran J Public Health, Vol. 44, Supple. No.2, Aug 2015, pp.16-26

(26) and mesenchymal features. Multipotent mes-
enchymal stem cell which can be isolated from AF
show the ability to proliferate 7z vitro more rapidly
in comparison with fetal and adult cells. In spite
of their high proliferation rate, these cells are of
normal karyotype when expanded  vitro and are
not tumogenic . vivo (27).

About 1 per cent of the cells present in second-
trimester amniotic fluid are c-kit-positive (CD117)
cells. They can be cultured without feeders, dou-
ble in 36 h, are not tumorigenic, and possess long
telomeres and maintain a normal karyotype for
more than 250 population doublings. Human AFS
cells, in culture, are positive for ES cell (e.g. Oct-4,
Nanog and SSEA-4) and mesenchymal cell mark-
ers such as CD90, CD105, CD 73 as well as sev-
eral adhesion molecules (28).

Fetal tissue stem-cell transplantation proce-
dures

Fetal tissue can be provided following spontane-
ous abortion, stillbirth, or surgery for ectopic
pregnancy in obstetrics and gynecology depart-
ments. Such tissue may also be derived from elec-
tive abortions. The fetal tissue obtained may be
processed and utilized for transplantation in the
form of a cell suspension, which is usually injected
intravenously or intraperitoneally. It can be trans-
planted into predefined implantation sites in sur-
gery as well (29).

After obtaining the tissue, it is necessary to accu-
rate define and implement all procedures and re-
sources in a quality management and assurance
system including extensive validation, process
control and documentation (30, 31). Accordingly,
MSCs categorized as advanced therapy medicinal
products (ATMPs) by the European Medicines
Agency (EMEA) must undergo a manufacturing
process in compliance with the current Good
Manufacturing Practices (cGMP) as a quality as-
surance system in order to meet the sterility, safety,
potency, quality, and all of preset specifications
required (31).

Moreover, for regulation of cell-based products, a
risk-based approach is taken by the FDA to in
two classes: minimally manipulated (cryopreserva-
tion, thawing, density gradient isolation, washing,
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and dilution) and effectively or optimally manipu-
lated (ex vivo expansion and genetic modification).
For minimally manipulated production, it is neces-
sary that the process follows the current Good
Tissue Practice (cGTP) guidelines. On the other
hand, for optimally process, cell manufacturing
need to also follow the cGMP guidelines in addi-
tion to cGTP (32). cGMP includes all stem cell
manufacturing requirements such as organization,
facilities, machines and instruments, man power
and staff, standard operating procedures (SOPs),
environmental control and monitoring, equipment
maintenance, supplements and reagents, process
controls, validation, labeling and tracking design
and control, storage requirements, documentation
and records, non-conformances and complaints
management, risk management, reporting and re-
viewing, audit plan, education and training (33, 34).
It is noteworthy however, that labeling, coding,
and traceability system must be implemented in
the cGMP facility (35).

Clinical applications of stem-cell therapy
Stem-cell therapy has been utilized for treatment of
different disease. In hematologic disorders, this
technique has been used as a curative intervention
for different types of post-radiation leucemia,
aplastic anemia with quite favorable outcomes (36-
49). Moreover, several types of impariments of the
immune system have been successfully treated with
the use of stem-cell technology. Severe Combined
Immunodeficiency  for instance, which s
characterised with a genetic impairment in B-cells
and T-cells, has been successfully treated by stem-
cell transplantation of liver-derived fetal stem cells of
8 weeks embrio. In several different studies, similatly,
favoralbe outcomes are reported from application of
stem-cell technology using a suspen-sion of cells
extracted from liver or thymus fetal tissue (8, 9, 10
weeks) with different number of cells (6+10°, 9¥107)
which not only resulted in improvement in the
function of the immune cells, but also contributed
to antibody production and secretion.

Di George syndrome is a genetic disorder causing
malfunction of immune-related T-cell function
which leads to recurrent eposiodes of infection.
Several studies have demonstrated that transplant-

Available at:  http://ijph.tums.ac.ir




Razi et al.: Transplantation of Fetal Stem Cells: a New Horizon for Treatment ...

ation of stem-cell harvested form 13 to 16 weeks
fetus can result in significant improvement in T-
cell function (50-54).

Stem-cell therapy has also been applied for
treatment of different degenerative neurological
disorders such as Parkinson’s disease. Parkinson is
a progressive impediment of CNS which is
charcterized by destruction of mesencephalic
dopaminergic neurons via an obscure mechanism
which results in motor malfanction. From 1993,
utilization of stem-cell technology has been the
focus of manyclinical trials desinged for treatment
of Parkinson’s disease in animal studies (55, 50).
Subsequently, several studies have been carried
out with the primary objective of treatment of
Parkinson’s disease using fetal mesensephalic
dopaminergic neurons with different degrees of
favorable therapuetic outcomes such as reported
significant improvements in tremor and diskenisia.
Moreover, findings of imaging techniques have
demonstreated persistent fetal graft in the
recepient which further supports the success of
the procedure. Currently, different ongoing
clinical trials are investigating the effectiveness of
stem-cell technologyfor treatment of neurological
disorders (57-75). Huntington Chorea is another
field where therapeutic application of stem-cell
transplantation is being investigated (76-78).
Cerebral Palsy (CP) has also been the focus of
great attention in terms of application of olfactory
ensheating and neural progenitor cells in children
suffering form the disease. In this procedure,
stem-cells were injected into the lateral ventricles
of the patients and significant motor development
followed after the first month of the intervention.
By the end of the first year, gross motor, fine
motor, and cognitive function of the intervention
group signifiantly improved without any reported
side effect.

Stem-cell transplantation is also applied for
treatment of Hereditory Cerebral Atrophy. In
several studied, stem-cells were extracted from
cerebellum of 8-10 weeks fetus and were
subsequently implanted in dentate nuclei of the
patients using stereotactic procedure. In 3, 6, 12
and 24 months follow up, significant improve-
ments were observed in an slowly increasing rate
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(79). In head truma, stem-cells extracted from
neurons and hematopoetic tissues are used in
patients with low Glasgow Coma Scale. The
results indicated 2.5times superior outcomes in
patients who undervent the procedure in compa-
rison with the control group.

ALS is yet another musculoskeletal disorder in
which application of stem-cells is studied with the
use of the spinal cord derived cells using microin-
jection method (a phase 1 study). The therapeutic
outcome of this procedure is still under
investigation (80, 81).

Moreover, transplantation of another type of
neural stem-cells (fetal olfactory ensheating glia) is
utilized for treatment of patients with spinal cord
injuries. In these patients, considerable improvem-
ent in sensory function was reported 14 months
after the first injection (82). Pigmentosa Retinitis
is a hereditary degenerative disease which leads to
severe visual defects as a result of progressive
degeneration of the rod phosphoreceptor cells in
retina. Therapeutic potential of application ofof
fetal stem-cells is investigated for treatment of the
condition which following confirmation of safety,
the efficacy is under investigation (83). In several
other occular disorders such as macular dystrophy,
the effectiveness of stem-cell transplantation is
also under investigation.

In heart failure, application of a cell suspension
derived from the fetus is investigated with some
considerable improvements in Exercise Tolerance
Test (84). Further studies are being carried out to
demonstrate neomyogenesis in cardimyopathies
with heart failure presentation.

The application of fetalliver-derived stem-cells are
also studied in diabetes and its safety is
demonstrated (85).

The effectiveness of stem-cell therapy for treatment
of chronic and acute ulcers are also investigated. In a
phase 1 safety study, these cells were used for
treatment of leg ulcer where fetal cells are used in
the form of fetal biological bandage. No side effects
are reported form application of stem-cells for
treatment of any type of wulcer. In genetic
investigations, the presence of these cells in
fibroblasts of the ulcer is reported (84).
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Osteogenesis Imperfecta is another field where
stem-cell therapy is applied in both prenatal and
postnatal patients. In these patients, Mesenchymal
stem-cell suspension have demonstrated favorable
clinical outcomes (86).

Ethical considerations

Ethical issues (Including plagiarism, informed
consent, misconduct, data fabrication and/or fal-
sification, double publication and/or submission,
redundancy, etc.) have been completely observed
by the authors.

Conclusion

As discussed in details, transplantation of fetal
stem-cells can be considered as one of the most
representative benchmarks of the progress made
in the field of stem-cell therapy considering the
significant attainments and low level of contro-
versy surrounding the issue. It is expected that, in
the future, in countries where there exist no ethi-
cal and legal challenges to stem-cell therapy such
as Iran, this novel treatment option will flourish
and there is the possibility that technology will be
widely used for treatment of different diseases.
Obviously, this necessitates financial and technical
for ongoing research. In this regard, selection of
patients in certain stages of the disease when the
intervention is most likely to be effective is of ut-
most importance.

Acknowledgements

The authors declare that there is no conflict of
interests.

References

1. Larijani B, Esfahani EN, Amini P, Nikbin B,
Alimoghaddam K, Amiri S, Malekzadeh R,
Yazdi NM, Ghodsi M, Dowlati Y (2012). Stem
cell therapy in treatment of different diseases.
Acta Med Iran, 50:79-96.

22

10.

11.

12.

13.

Marcus AJ, Woodbury D (2008). Fetal stem cells
from extra-embryonic tissues: do not discard. |
Cell Mol Med, 12:730-742.

Abdulrazzak H, Moschidou D, Jones G, Guillot
PV (2010). Biological characteristics of stem
cells from  foetal, cord blood and
extraembryonic tissues. | R Soc Interface, 7:S689-
S706.

Pappa KI, Anagnou NP (2009). Novel sources of
fetal stem cells: where do they fit on the
developmental continuum? Regen Med, 4:423-33

O'Donoghue K, Fisk NM (2004). Fetal stem cells.
Best Pract Res Clin Gastroenterol, 18:853-875.

Campagnoli C, Roberts 1A, Kumar S, Bennett
PR, Bellantuono 1, Fisk NM (2001).
Identification of mesenchymal stem/progenitor
cells in human first-trimester fetal blood, liver,
and bone marrow. Blood, 98:2396-2402.

Al-Awqati Q, Oliver JA (2002). Stem cells in the
kidney. Kidney Int, 61:387-395.

Hu Y, Liao L, Wang Q, Ma L, Ma G, Jiang X,
Zhao RC (2003). Isolation and identification of
mesenchymal stem cells from human fetal
pancreas. | Lab Clin Med, 141:342-349.

Fan CG, Tang FW, Zhang Q]J, Lu SH, Liu HY,
Zhao ZM, Liu B, Han ZB, Han ZC (2005).
Characterization and neural differentiation of
fetal lung mesenchymal stem cells. Ce//
Transplant, 14:311-321.

Guillot PV, O'Donoghue K, Kurata H, Fisk NM
(2006) Fetal stem cells: betwixt and between.
Semin Reprod Med, 340-347.

Gotherstrom C, West A, Liden ], Uzunel M,
Lahesmaa R, Le Blanc K (2005). Difference in
gene expression between human fetal liver and
adult bone marrow mesenchymal stem cells.
Haematologica, 90:1017-1026.

Guillot PV, Gotherstrom C, Chan ], Kurata H,
Fisk NM (2007). Human First-Trimester Fetal
MSC Express Pluripotency Markers and Grow
Faster and Have Longer Telomeres ThanAdult
MSC. Stem Cells, 25:646-654.

Noort W, Scherjon S, Kleijburg-Van Der Keur C,
Kruisselbrink A, Van Bezooijen R, Beekhuizen
W, Willemze R, Kanhai H, Fibbe W (2003).
Mesenchymal stem cells in human second-
trimester bone marrow, liver, lung, and spleen
exhibit a similar immunophenotype but a
heterogeneous  multilineage  differentiation
potential. Haematologica, 88:845-852.

Available at:

http://ijph.tums.ac.ir



14.

15.

16.

17.

18.

19.

20.

21.

22. Miki T, Strom SC (2006).

23.

Razi et al.: Transplantation of Fetal Stem Cells: a New Horizon for Treatment ...

Huss R (2000). Isolation of Primary and
Immortalized CD34— Hematopoietic and
Mesenchymal Stem Cells from Various
Sources. Stem Cells, 18:1-9.

Tocci A, Roberts IA, Kumar S, Bennett PR, Fisk
NM (2003). CD34+ cells from first-trimester
fetal blood are enriched in primitive
hemopoietic progenitors. Awm | Obstet Gynecol,
188:1002-1010.

Broxmeyer HE, Srour E, Orschell C, Ingram DA,
Cooper S, Plett PA, Mead LE, Yoder MC
(2006). Cord Blood Stem and Progenitor Cells.
Methods Engymol, 419:439-473.

Forraz N, McGuckin CP (2011). The umbilical
cord: a rich and ethical stem cell source to
advance regenerative medicine. Cel/ Proliferat,
44:60-69.

Sanberg PR, Willing AE, Garbuzova-Davis S,
Saporta S, Liu G, Sanberg CD, Bickford PC,
Klasko SK, El-Badri NS (2005). Umbilical
Cord Blood-Detived Stem Cells and Brain
Repair. Ann N'Y Acad Sci, 1049:67-83.

Wang HS, Hung SC, Peng ST, Huang CC, Wei
HM, Guo Y], Fu YS, Lai MC, Chen CC (2004).
Mesenchymal stem cells in the Wharton's jelly
of the human umbilical cord. Sten cells, 22:1330-
1337.

Kucia M, Halasa M, Wysoczynski M, Baskiewicz-
Masiuk M, Moldenhawer S, Zuba-Surma E,
Czajka R, Wojakowski W, Machalinski B,
Ratajczak M (2007). Morphological and
molecular characterization of novel population
of CXCR4&plus; SSEA-4&plus; Oct-4&plus;
very small embryonic-like cells purifiedfrom
human  cord  blood—preliminary  report.
Leukemia, 21:297-303.

Fu YS, Cheng YC, Lin MYA, Cheng H, Chu PM,
Chou SC, Shih YH, Ko MH, Sung MS (2000).
Conversion of human umbilical cord
mesenchymal stem cells in Wharton's jelly to
dopaminergic  neurons invitro:  potential
therapeutic application for Parkinsonism. Stew
cells, 24:115-124.

Amnion-derived
pluripotent/multipotent stem cells. Szem cell
reviews, 2:133-141.

Tlancheran S, Michalska A, Peh G, Wallace EM,
Pera M, Manuelpillai U (2007). Stem cells
derived from human fetal membranes display

Available at: http://ijph.tums.ac.ir

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

multilineage differentiation potential. Bio/ Re-
prod, 77:577-588.

Insausti CL, Blanquer M, Garcfa-Hernandez AM,
Castellanos G, Moraleda JM (2014). Amniotic
membrane-derived stem cells: immunomodula-
tory  properties and  potential  clinical
application. Stem Cells Cloning, 7:53.

Yen BL, Huang HI, Chien CC, Jui HY, Ko BS,
Yao M, Shun CT, Yen M, L.ee MC, Chen YC
(2005). Isolation of multipotentcells from
human term placenta. Szemz Cells, 23:3-9.

Torricelli F, Brizzi L., Bernabei P, Gheri G, Di
Lollo S, Nutini L, Lisi E, Di Tommaso M,

Cariati E  (1992).  Identification  of
hematopoietic progenitor cells in human
amniotic fluid before the 12th weekof

gestation. I7al | Anat Embrye, 98:119-126.

Sessarego N, Parodi A, Podesta M, Benvenuto F,
Mogni M, Raviolo V, Lituania M, Kunkl A,
Fetlazzo G, Bricarelli FD (2008). Multipotent
mesenchymal stromal cells from amniotic fluid:
solid perspectives for clinical application.
Haematologica, 93:339-346.

De Coppi P, Bartsch G, Siddiqui MM, Xu T,
Santos CC, Perin L, Mostoslavsky G, Serre AC,
Snyder EY, Yoo JJ (2007). Isolation of
amnioticstem cell lines with potential for
therapy. Nat Biotechnol, 25:100-1006.

Ishii T, Eto K (2014). Fetal stem cell
transplantation: Past, present, and future. World
] Stem Cells, 6:404.

Cuende N, Izeta A (2010). Clinical translation of
stem cell therapies: a bridgeable gap. Cel/ Stem
Cell, 6:508-512.

Fekete N, Rojewski MT, First D, Kreja L,
Ignatius A, Dausend J, Schrezenmeier H
(2012). GMP-compliant isolation and large-
scale expansion of bone marrow-derived MSC.
PloS One, 7:43255.

Burger S (2003). Current regulatory issues in cell
and tissue therapy. Cytotherapy, 5:289-298.

Karumbayaram S, Lee P, Azghadi SF, Cooper
AR, Patterson M, Kohn DB, Pyle A, Clark A,
Byrne ], Zack JA (2012). From skin biopsy to
neurons through a pluripotent intermediate
under good manufacturing practice protocols.
Stem Cells Trans! Med, 1:36-43.

Larijani B, Aghayan H-R, Goodarzi P, Arjmand B
(2015). GMP-Grade Human Fetal Liver-

23



35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

24

Iran J Public Health, Vol. 44, Supple. No.2, Aug 2015, pp.16-26

Derived Mesenchymal Stem Cells for Clinical
Transplantation. Methods Mol Bio/, 1283:123-36
Aghayan HR, Mahdavi-Mazdeh M, Goodarzi P,
Arjmand B, Emami-Razavi SH (2010). Coding
and traceability in Iran. Cel/ Tissue Bank, 11:397-

400.

Thomas ED, Lochte HL, Jr., Lu WC, Ferrebee
JW  (1957). Intravenous infusion of bone
marrow in patientsreceiving radiation and
chemotherapy. N Eng/ | Med, 257:491-6.

Tavian M, Peault B (2005). Embryonic
development of the human hematopoietic
system. Int | Dev Biol, 49:243-50.

Scott RB, Matthias JQ, Constandoulakism,
Kayhe, Lucas PF, Whiteside JD (1961)
Hypoplastic anaemia treated by tranfusion of
foetal haemopoietic cells. Br Med ], 2:1385-8.

Ye GY (1983). [Fetal liver transfusion (FLT) in
the treatment of aplastic anemia|. Zhonghuna Nei
Ke Za Zhi, 22:71-3.

Lou FD, Liu HC, Wang YZ (1985). [Short-term
and multiple fetal liver transplantations for the
treatment of aplastic anemia: report of 15
cases|. Zhonghua Nei Ke Za Zhi, 24:65-7, 124.

Fine A (1994). Human fetal tissue research:
practice, prospects, and policy. Cel/ Transplant,
3:113-45.

Kansal V, Sood SK, Batra AK, Adhar G, Malviya
AK, Kucheria K, Balakrishnan K (1979). Fetal
liver transplantation in aplastic anemia. Acta
Huaematol, 62:128-36.

Kochupillai V, Sharma S, Francis S, Mehra NK,
Nanu A, Kalra V, Menon PS, Bhargava M
(1985. (Bone marrow reconstitution following
human fetal liver infusion (FLI) in sixteen
severe aplastic anemia patients. Prog Clin Bio/
Res, 193:251-65.

Kochupillai V, Sharma S, Francis S, Nanu A,
Mathew S, Bhatia P, Dua H, Kumar L,
Aggarwal S, Singh S, et al. (1987). Fetal liver
infusion in aplastic anaemia. Thymus, 10:95-102.

Bhargava M, Karak AK, Sharma S, Kochupillai V
(1987). Bone marrow recovery following fetal
liver infusion (FLI) in aplastic anaemia:
morphological studies. Thymus, 10:103-8.

Izzi T, Polchi P, Galimberti M, Delfini C, Moretti
L, Porcellini A, Manna A, Sparaventi G,
Giardini C, Angelucci E, et al. (1985). Fetal
liver transplant in aplastic anemia and acute
leukemia. Prog Clin Bio/ Res, 193:237-49.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Lucarelli G, Izzi T, DelfiniC, Grilli G (1978).
Fetal liver transplantation in severe aplastic
anemia. Haematologica, 63:93-4.

Lucarelli G, 1zzi T, Porcellini A, Delfini C (1979).
Infusion of fetal liver cells in aplastic anemia.
Haematol Blood Transfus, 24:167-70.

Gale RP (1985). Fetal liver transplantation in
hematologic disorders. Prog Clin  Bio/ Res,
193:293-7.

August CS, Rosen FS, Filler RM, Janeway CA,
Markowski B, Kay HE (1968). Implantation of
a foetal thymus, restoring immunological
competence in a patient with thymic aplasia
(Digeorge's syndrome). Lancet, 2:1210-1.

Cleveland WW, Fogel BJ, Brown WT, Kay HE
(1968). Foetal thymic transplant in a case of
Digeorge's syndrome. Lancet, 2:1211-4.

Pahwa R, Pahwa S, Good RA, Incefy GS,
O'Reilly RJ (1977). Rationale for combined use
of fetal liver and thymus for immunological
reconstitution in patients with variants of
severe combined immunodeficiency. Proc Nat/
Acad Sei U S A, 74:3002-5.

Hisashita ] HTMT, Kimata H, Suchiro Y, Hosoi
S, Mayumi M, Shinomiya K, and Mikawa H
(1987). [A case of DiGeorge syndrome in
which fetal thymus transplant was engrafted]
(in Japanese). | Jpn Pediatr Soc, 91:374.

Higuchi S YYNNAI, Tsuchiya H, Nunoi Y,
Matsukane I, Goto Y, Sakaguchi M, Takagi K,
Takamura M, Udaka K (1991). |Therapeutic
efficacy of engraftmento of thymus hormone
and irradiated fetal thymus in a male infant case
of  combined  immunodeficiency  with
predominant T-cell defect] (in Japanese). Pedjatr
Japan, 32:851-858.

Ek S, Ringden O, Markling L, Westgren M (1993.
( Cryopreservation of fetal stem cells. Bone
Marrow Transplant, 11 Suppl 1:123.

Ek S, Westgren M, Pschera H, Seiger A,
Sundstrom E, Bui TH, Ringden O (1994).
Screening of fetal stem cells for infection and
cytogenetic abnormalities. Fetal/ Diagn Ther, 9
(6):357-61.

Jiang NJ TZ, Zhang F, Li S, Jiang D (1987).
Human foetal brain transplant trials in the
treatment of Parkinsonism. Acta Acad Med,
14:77.

Freed CR, Greene PE, Breeze RE, Tsai WY,
DuMouchel W, Kao R, Dillon S, Winfield H,

Available at:

http://ijph.tums.ac.ir



59.

60.

61.

62.

63.

64.

65.

66.

Razi et al.: Transplantation of Fetal Stem Cells: a New Horizon for Treatment ...

Culver S, Trojanowski JQ, Eidelberg D, Fahn S
(2001).  Transplantaton  of  embryonic
dopamine neurons for severe Parkinson's
disease. N Engl | Med, 344:710-9.

Lopez-Lozano JJ, Bravo G, Brera B, Dargallo ],
Salmean J, Uria |, Insausti J, Millan I (1995).
Long-term follow-up in 10 Parkinson's disease
patients subjected to fetal brain grafting into a
cavity in the caudate nucleus: the Clinica Puerta
de Hierro experience. CPH Neural Tra-
nsplantation Group. Transplant Proc, 27:1395-
400.

Freed CR, Breeze RE, Rosenberg NL, Schneck
SA, Kriek E, Qi JX, Lone T, Zhang YB, Snyder
JA, Wells TH, et al. (1992). Survival of
implanted fetal dopamine cells and neurologic
improvement 12 to 46 months after
transplantation for Parkinson's disease. N Eng/
J Med, 327 (22):1549-55.

Nakamura T, Dhawan V, Chaly T, Fukuda M, Ma
Y, Breeze R, Greene P, Fahn S, Freed C,
Eidelberg D (2001). Blinded positron emission
tomography  study of dopamine cell
implantation for Parkinson's disease. _Awn
Neurol, 50:181-7.

Ma Y, Feigin A, Dhawan V, Fukuda M, Shi Q,
Greene P, Breeze R, Fahn S, Freed C,
Eidelberg D (2002). Dyskinesia after fetal cell
transplantation for parkinsonism: a PET study.
Ann Neurol, 52:628-34.

Spencer DD, Robbins RJ, Naftolin F, Marek KL,
Vollmer T, Leranth C , Roth RH, Price LH,
Gjedde A, Bunney BS, et al. (1992). Unilateral
transplantation of human fetal mesencephalic
tissue into the caudate nucleus of patients with
Parkinson's disease. N Eng/ | Med, 327:1541-8.

Blagodatskii MD, Sufianov AA, Larionov SN,
Kibort RV, Seminskii I, Manokhin PA (1994).
[The transplantation of embryonic nerve tissue
in syringomyelia: initial clinical experience]. Zj
Vopr Neirokhir It N N Burdenko:27-9.

Olanow CW, Goetz CG, Kordower JH, Stoessl
AJ, Sossi V, Brin MF, Shannon KM, Nauert
GM, Perl DP, Godbold J, Freeman TB (2003).
A double-blind controlled trial of bilateral fetal
nigral transplantation in Parkinson's disease.
Ann Neurol, 54:403-14.

Kordower JH, Freeman TB, Snow B]J,
Vingerhoets FJ, Mufson EJ, Sanberg PR,
HauserRA, Smith DA, Nauert GM, Per]l DP, et

Available at: http://ijph.tums.ac.ir

67.

68.

69.

70.

71.

72.

73.

74.

al. (1995). Neuropathological evidence of graft
survival and striatal reinnervation after the
transplantation of fetal mesencephalic tissue in
a patient with Parkinson's disease. N Eng/ |
Med, 332:1118-24.

Kordower]H, Rosenstein JM, Collier TJ, Burke
MA, Chen EY, Li JM, Martel L, Levey AE,
Mufson EJ, Freeman TB, Olanow CW (1996).
Functional fetal nigral grafts in a patient with
Parkinson's  disease: chemoanatomic, ult-
rastructural, and metabolic studies. | Comp
Neurol, 370:203-30.

Madrazo 1, Leon V, Torres C, Aguilera MC,
Varela G, Alvarez F, Fraga A, Drucker-Colin R,
Ostrosky F, Skurovich M, et al. (1988).
Transplantation of fetal substantia nigra and
adrenal medulla to the caudate nucleus in two
patients with Parkinson's disease. N Eng/ | Med,
318:51.

Ben R, Ji-Chang F, Yao-Dong B, Yie-Jian L, Yi-
Fang Z (1991). Transplantation of cultured
fetal adrenal medullary tissue into the brain of
Parkinsonian. Acta Nenrochir Supp! (Wien), 52:42-
4.

Jones D (1992). Halifax hospital first in Canada to
proceed  with  controversial  fetal-tissue
transplant. CAMAJ, 146:389-91.

Molina H, Quinones-Molina R, Munoz J, Alvarez
L, Alaminos A, Ortega I, Ohye C, Macias R,
Piedra J, Gonzalez C, et al. (1994).
Neurotransplantation in Parkinson's disease:
from open microsurgery to bilateral stereotactic
approach: first  clinical  trial  using
microelectrode recording technique. Stereotact
Funct Neurosurg, 62:204-8.

Peschanski M, Defer G, N'Guyen JP, Ricolfi F,
Monfort JC, Remy P, Geny C, Samson Y,
Hantraye P, Jeny R, et al. (1994). Bilateral
motor improvement and alteration of L-dopa
effect in two patients with Parkinson's disease
following intrastriatal transplantation of foetal
ventral mesencephalon. Brain, 117 ( Pt 3):487-
99.

Zabek M, Mazurowski W, Dymecki ],
Stelmachow J, Gawur B, Trautsolt W, Zawada
E  (1992). |Transplantation  of  fetal
dopaminergic cells in Parkinson disease]. Newro/
Neurochir Pol, Suppl 1:13-9.

Marsala |, Zigova T, Badonic T, Fercakova A,
Chavko M,  Orendacova ]  (1992).

25



75.

76.

7.

78.

79.

80.

81.

26

Iran J Public Health, Vol. 44, Supple. No.2, Aug 2015, pp.16-26

[Neurotransplantation, critical analysis and
perspectives|. Bratis/ Lek Listy, 93:111-22.

Lopez-Lozano JJ, Brera B (1993). Neural
transplants in Parkinson's disease. CPH Neural
Transplantation ~ Group.  Transplant  Proc,
25:1005-11.

Barker RA, Mason SL, Harrower TP et al. (2013).
The long-termsafety and efficacy of bilateral
transplantation of human fetal striatal tissue in
patients with mild to moderate Huntington's
disease. | Newurol Neurosurg Psychiatry, 84:657-65.

Gallina P, Paganini M, Lombardini L et al. (2010).
Human striatal neuroblasts develop and build a
striatal-like  structure into the brain of
Huntington's disease patients after transplanta-
tion. Exp Neurol, 222:30-41.

Rosser AE, Barker RA, Harrower T, Watts C,
Farrington M, Ho AK, Burnstein RM, Menon
DK, Gillard JH, Pickard J, Dunnett SB (2002).
Unilateral transplantation of human primary
fetal tissue in four patients with Huntington's
disease: NEST-UK safety report ISRCTN no
36485475. | Neurol Nenrosurg Psychiatr, 73:678-
85.

Tian ZM, Chen T, Zhong N, Li ZC, Yin F, Liu S
(2009). Clinical study of transplantation of
neural stem cells in therapy of inherited
cerebellar atrophy. Bejing Da Xue Xue Bao,
41:456-8.

Riley J, Federici T, Polak M, Kelly C, Glass ],
Raore B, Taub ], Kesner V, Feldman EL,
Boulis NM (2012). Intraspinal stem cell
transplantation in amyotrophic lateral sclerosis:
a phase I safety trial, technical note, and lumbar
safety ~outcomes.  Neurosurgery, 71:405-16;
discussion 416.

Glass JD, Boulis NM, Johe K, Rutkove SB,
Federici T, Polak M, Kelly C, Feldman EL

82.

83.

84.

85.

86.

(2012). Lumbarintraspinal injection of neural
stem cells in patients with amyotrophic lateral
sclerosis: results of a phase I trial in 12 patients.
Stem Cells, 30:1144-51.

Wu J, Sun T, Ye C, Yao J, Zhu B, He H (2012).
Clinical observation of fetal olfactory
ensheathing glia transplantation (OEGT) in
patients with complete chronic spinal cord
injury. Cell Transplant, 21 Suppl 1:533-7.

Das T, del Cerro M, Jalali S, Rao VS, Gullapalli
VK, Little C, Loreto DA, Sharma S, Sreedharan
A, del Cerro C, Rao GN (1999).
Thetransplantation of human fetal neuroretinal
cells in advanced retinitis pigmentosa patients:
results of a long-term safety study. Exp Newrol,
157:58-68.

Ramelet AA, Hirt-Burri N, Raffoul W, Scaletta C,
Pioletti DP, Offord E, Mansourian R,
Applegate LA (2009). Chronic wound healing
by fetal cell therapy may be explained by
differential gene profiling observed in fetal
versus old skin cells. Exp Gerontol, 44:208-18.

Ghodsi M, Heshmat R, Amoli M, Keshtkar AA,
Arjmand B, Aghayan H, Hosseini P, Sharifi
AM, Larijani B (2012). The effect of fetal liver-
derived cell suspension allotransplantation on
patients with diabetes: first year of follow-up.
Acta Med Iran, 50:541-6.

Gotherstrom C, Westgren M, Shaw SW, Astrom
E, Biswas A, Byers PH, Mattar CN, Graham
GE, Taslimi |, Ewald U, Fisk NM, Yeoh AE,
Lin JL, Cheng PJ, Choolani M, Le Blanc K,
Chan JK (2014). Pre- and postnatal
transplantation of fetal mesenchymal stem cells
in osteogenesis Imperfecta: a two-center
experience. Stem Cells Trans/ Med, 3:255-64.

Available at:

http://ijph.tums.ac.ir



