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ABSTRACT

Background: Recent advances in stem cell technologies have rekindled an interest in the
use of cell therapies to treat patients with Parkinson’s disease. Although the transplanta-
tion of dopaminergic mesencephalic human fetal brain tissue has previously been reported
in the treatment of patients with Parkinson’s disease, this method is limited by the avail-
ability of tissue obtained from each human embryo. Objective: Our study aimed to isolate,
culture, proliferate, and differentiate dopaminergic neurons from human neuroepithelial
stem cells obtained from embryo reduction procedures performed in multifetal pregnan-
cies following in vitro fertilization. Materials and Methods: A total of 201 human embryos
were dissected for isolation and culture of neuroepithelial stem cells for proliferation and
differentiation into dopaminergic neurons. All embryos were obtained from embryo reduc-
tion procedures performed in multifetal pregnancies after in vitro fertilization treatments.
Results: Human neuroepithelial stem cells were isolated and cultured from embryos from
6.0 to 8.0 weeks. Neuroepithelial stem cells were successfully isolated, proliferated, and
differentiated into dopaminergic neurons. The cells adhered to the surfaces of cell cul-
ture plates after 2 days and could be proliferated and differentiated into neurons within 4
days. Cultured cells expressed the dopaminergic marker tyrosine hydroxylase after 6 days,
suggesting that these cells were successfully differentiated into dopaminergic neurons.
Conclusion: The successful isolation, culture, proliferation, and differentiation of human
dopaminergic neurons from embryo reductions performed for multifetal pregnancies after
in vitro fertilization suggests that this pathway may serve as a potential source of cell ther-
apy materials for use in the treatment of Parkinson’s disease.

Keywords: Parkinson's disease, human neuroepithelial stem cells, dopaminergic neuron, in vitro fer-
tilization

1. BACKGROUND

Parkinson’s disease (PD) is among the most commonly occurring neuro-
degenerative disorders characterized by the loss of dopamine-producing
neurons. PD is characterized by symptoms such as tremor; muscle stiffness;
slowing of movement; impaired posture and balance; loss of automatic move-
ment; and changes in speech and writing. To date, no cure exists for PD,
although medications and surgery can help reduce symptoms (1). Over the
last 20 years, several molecular, genetic, and stem cell therapeutic approach-
es have been developed to counteract or slow PD progression (1). Dopami-
nergic neuronal precursors derived from human fetal mesencephalic (FM)
cells, embryonic stem cells, or induced pluripotent stem (iPS) cells and trans-
planted into the putamen can lead to the generation of mature dopaminergic
neurons, which can ameliorate disease-induced motor impairments (2). By
1979, intracerebral grafts derived from FM tissue, which is rich in dopami-
nergic neuroblasts, were reported to ameliorate the symptoms of a rat model
of PD (3). Clinical studies have been performed using human FM tissue since
the late 1980s, providing valuable insight into the basic principles underlying
cell therapy in PD (4). These studies demonstrated that human embryonic
dopaminergic neurons transplanted into patients with PD could survive (5),
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produce dopamine, and form synapses with host neu-
rons (6), indicating that dopaminergic grafts could be-
come functionally integrated into the host brain. Some
patients who received FM tissue transplants no longer
required medication after grafting. However, 15%—57%
of patients in the treatment groups from two clinical
studies developed graft-induced dyskinesia (5, 7). These
contrasting outcomes in response to the transplantation
of FM tissue indicate that although this approach can
be effective in some PD cases, this technique requires
improvements with regard to the preparation of donor
tissue and modulating the immune response (8). These
findings also highlighted the potential for human FM
tissue transplantation to treat patients with PD; how-
ever, the clinical application of transplantation therapy
was hindered by two main issues. First, the collection
of human fetal tissue can be difficult, requiring the ac-
curate identification of embryonic age and the isolation
of the ventral mesencephalon containing dopaminergic
neurons, and can result in adverse effects when implant-
ed into the brains of patients with PD. Second, and the
most important, is the question of whether using tissue
obtained from dead, aborted human fetuses for trans-
plantation into patients with PD to ameliorate severe
motor symptoms is ethically and morally justified (2).

In Vietnam, assisted reproductive technologies have
been developed over the last 20 years. To date, Viet-
namese law has not banned multiple embryo transfers
during the process of in vitro fertilization, and the rate
of multiple pregnancies remains high. In cases with 3 or
more developing embryos, physicians routinely perform
pregnancy reductions to avoid obstetric complications
in women, such as premature births or low birth weights,
in addition to non-medical problems, such as the emo-
tional or financial difficulties of raising more than one
or two infants (9, 10). Embryo reduction is typically per-
formed at 6-8 weeks of gestational age (11). Embryonic
tissues obtained from reductions have a known and ac-
curate age, are aseptic, and are still alive.

2. OBJECTIVE

With the goal of identifying a reliable source of dopa-
minergic neurons for the treatment of patients with PD,
we performed this study to determine whether dopami-
nergic neurons can be differentiated from isolated and
proliferated neuroepithelial stem cells obtained from
embryo reductions following in vitro fertilization.

3. MATERIAL AND METHODS

Embryo selection

A total of 201 embryos were collected 6.0-8.0 weeks
after embryo transfer during the process of embryo
reduction for multifetal pregnancies following in vitro
fertilization from October 2014 to April 2016. Embryos
were obtained with maternal consent from three cen-
ters: Reproductive Health and Tissue Engineering Cen-
ter of Hanoi Medical University Hospital, Reproductive
Health Center of Postal Hospital, and Reproductive
Health Center of Hanoi Obstetrics and Gynecology
Hospital. The accurate identification of embryo age was
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determined based on the date of embryo transfer, corre-
sponding to 6.0-8.0 weeks.

Cell suspension preparation

The embryos were collected using a follicle aspiration
needle. Neural tubes containing neuroepithelial stem
cells were identified as the segments above the liver. The
dissection of neural tube segments was performed under
an inverted microscope under sterile conditions. Neu-
ral tube segments were incubated with 1.2 IU dispase
at 37 °C for 3 minutes, followed by incubation in 0.05%
trypsin-EDTA for 3 minutes, and washing three times
with Dulbecco’s modified Eagle medium (DMEM)/F12
(1:1). The pieces of tissues were placed in a 5-ml tube
containing DMEM/F12 and passed through a pipette
tip 20 times to lyse the cell suspension. The suspension
was filtered through a 70-pm membrane to obtain single
cells and small cell aggregates. A small volume of the cell
suspension was stained with trypan blue (10 pl of trypan
blue combined with 10 pl cell suspension) to identify the
cell survival rate. Cell numbers were counted using a
Neubauer counting chamber.

Cell culture

The isolated cells were cultured on 6-well plates at a
cell density of 2-2.2 x 104/cm2 in DMEM (Invitrogen,
Carlsbad, CA) and F12 (DMEM/F12; 1:1) supplemented
with 10% fetal bovine serum, 100 mg/ml transferrin, 25
ng/ml insulin, 20 nM progesterone, 62 mM putrescine,
30 nM selenite, 20 ng/ml epidermal growth factor, fibro-
blast growth factor-2 (Sigma), 100 UI/ml penicillin, 100
pg/ml streptomycin, and 0.25 pg/ml amphotericin B at
37 °C in a humidified atmosphere of 5% CO2 and 95%
air. The medium was replaced every 2 days. After cul-
turing for 7-10 days, the cells were harvested for iden-
tification by Giemsa staining, Cajal silver staining, im-
munocytochemistry staining, and transmission electron
microscope (TEM) characterization.

Cajal silver staining

The cells were fixed in a fixative solution for 24 hours.
After washing with water, the cells were transferred into
1.5% silver nitrate solution for 4 days at room tempera-
ture. The cells were washed in water for 1 minute and
incubated in 1% pyrogallic acid for 1 day at 37 °C. The
cells were then washed in water for 5 minutes and de-
hydrated through 95% and 100% alcohol before being
cleared in xylene.

Transmission electron microscope preparation

Cells were fixed in 1 mm tissue blocks in 2.5% glutar-
aldehyde/cacodylate in 0.1 M phosphate buffer (PB, pH
7.2-7.4) overnight. After fixation, the cells were washed
in 0.1 M cacodylate three times, post-fixed in 1% osmi-
um tetroxide in 0.1 M PB for 2 hours at room tempera-
ture, and washed in 0.1 M cacodylate three times. The
samples were dehydrated in a graded series of 50%, 70%,
95%, and 100% ethanol for 2 x 15 minutes for each step,
followed by incubation in 100% propylene oxide for 2
x 15 minutes. Cells were embedded in epoxy overnight
and in beam capsules at 60 °C for 48 hours. Sections were
cut into 30-40-nm-thick slices and collected onto a grid,
which was stained with uranyl acetate for 10 minutes
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and lead citrate for 5 minutes. The sections were dried
sections and observed under TEM (JEOL JEM 1010).

Immunocytochemistry staining

Cells were rehydrated in 0.1 M phosphate-buffered
saline (PBS) for 30 minutes, treated with sodium ci-
trate buffer (pH 6.0) at 95 °C for 15 minutes, and cooled
to room temperature for 30 minutes. Cells were then
washed in PBS and blocked with blocking solution (0.2
M PB, 0.05 M NaCl, and 0.3% Triton X-100) containing
5% normal goat serum for 2 hours at room temperature.
Cells were incubated overnight at 4 °C in primary anti-
serum diluted in blocking solution without goat serum.
Antisera included anti-tyrosine hydroxylase (1:750; cat-
alog # ab-112; Abcam) and anti-vimentin (1:300; catalog
# ab 92745; Abcam). Cells were washed with PBS for 2
hours and incubated with goat anti-rabbit Alexa Fluor
546 (1:200; Invitrogen) in blocking solution for 2 hours
at room temperature. Cells were washed in 0.1 M PBS
for 2 hours, counterstained with Sytox (1:10000; Invitro-
gen), mounted in Fluoromount G, and coverslipped for
analysis using fluorescent microscopy.

Ethical issues

Embryos were considered discarded biological prod-
ucts and were collected with maternal agreement, and
appropriate written consent was obtained. The study
was approved by the Ethics Committee of Hanoi Medi-
cal University.

4. RESULTS

The ages of 201 human embryos were determined
based on the date of embryo transfer, ranging from 6.0
to 8.0 weeks old, including 6 embryos at 6.0 weeks, 36
embryos at 6.5 weeks, 95 embryos at 7.0 weeks, 28 em-
bryos at 7.5 weeks, and 36 embryos at 8.0 weeks (Figure
1). The embryos were removed as small pieces. Figure 1
shows the total number of embryos received from em-
bryo reductions performed for multifetal pregnancies
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Figure 1. Isolation of neuroepithelial stem cells from human
embryos. A: The number of embryos received, dissected, and
from which stem cells were isolated at 6.0, 6.5, 7.0, 7.5, and
8.0 weeks. B: The average number of cells isolated from a
single embryo (mean % SEM) at 6.5, 7.0, and 7.5 weeks. C: The
percentage of viable cells after isolation.
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Figure 2. Proliferation and differentiation of neuroepithelial
stem cells. A: Cell adhesion on the culture plate at day 2.

B: Neuronal polarization initiated at day 4. C and D: Cells
proliferated and differentiated at day 6 (C) and day 9 (D). Arrows
in B: branches from the cell body.

following in vitro fertilization, in addition to the num-
bers of embryos that were successfully dissected and
isolated at 6.0, 6.5, 7.0, 7.5, and 8.0 weeks after embryo
transfer (Figure 1A)., We were unable to successfully
isolate neuroepithelial stem cells from embryos at 6.0
weeks or 8.0 weeks, due to the embryos being too small
or due to the initial formation of the spine. The aver-
age cell numbers isolated from each embryo at 6.5, 7.0,
and 7.5 weeks were 0.96 + 0.14 x 105, 1.02 + 0.17 x 105,
and 1.08 + 0.20 x 105, respectively (Figure 1B). No sig-
nificant difference in the numbers of cells isolated was
observed between these three stages. Using trypan blue
staining, we determined that 84.7% - 86.1% of isolated
cells survived (Figure 1C). Therefore, human neuroepi-
thelial stem cells were successfully isolated from embry-
o0s 6.5-7.5 weeks after embryo transfer.

To examine whether these neuroepithelial stem cells
could proliferate and differentiate, we cultured them in
DMEM/F12 supplemented medium (see methods). At
day 2, the stem cells adhered to the culture plate without
neuronal polarization (Figure 2A). At day 4, neuronal
polarization was initiated, and branches from the cell
body resembling neurites were visible (12) (Figure 2B).
The neurites continued to elongate on days 6 and 9 (Fig-
ure 2C and 2D).

To test if cultured cells at days 6 and 7 could be charac-
terized as neural cells, the cells were stained with vimen-
tin antibody and Cajal silver stain. All cells were posi-
tive for vimentin antibody staining Cajal silver staining
at day 7 (Figure 3A and 3B), suggesting that these cells
were neural cells. Interestingly, at day 8, some cells ap-
peared positive for tyrosine hydroxylase (TH) antibody
staining, which is a marker of dopaminergic neurons
(Figure 3C and 3D), indicating that some of the cultured
cells differentiated into dopaminergic neurons.

To evaluate whether the cultured cells continually dif-
ferentiated into dopaminergic neurons, we calculated
the average numbers of cells expressing TH in each well
(2.2 cm diameter). In the 6.5-week group, the numbers
of TH-positive cells were 15.9 + 4.8, 40.7 + 17.9, and
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Figure 3. Neuroepithelial stem cells differentiated into
dopaminergic neurons. A: Cultured cells were visualized using
an anti-vimentin antibody at day 6 (red). B: Cells were positive
for Cajal silver staining at day 7 (brown). C and D: Some cells
were positively stained with anti-tyrosine hydroxylase (TH)
antibody at day 8 (red).

105.4 + 10.7 at days 5, 7, and 10, respectively. In the 7.0-
week group, these numbers were 18.4 + 5.7, 44.7 + 15.9,
and 114.7 + 16.4, respectively. The respective numbers
of TH-positive cells in the 7.5-week group were 17.4 +
5.6,38.2 + 15.5, and 111.8 + 14.4. Significant differences
in the numbers of TH-positive cells between the three
groups were observed at days 7 and 10 (Figure 4).

We assessed the morphological characteristics of cul-
tured cells at day 10 by TEM. At day 10, some cells still
possessed the morphological characteristics of neural
stem cells, with irregularly shaped nuclei that frequent-
ly showed deep indentations in the nuclear membrane
and one or two nucleoli (Figure 5A). Many cells had dif-
ferentiated into neurons, with branches (Figure 5B and
C) and myelinated axons (Figure 5D). These findings
demonstrated that human neuroepithelial stem cells
were successfully isolated from the embryos obtained
from multifetal pregnancy reductions and that the iso-
lated stem cells were able to proliferate and differentiat-
ed into dopaminergic neurons.

5. DISCUSSION

The brain is considered an immune-privileged site,
making it relatively permissive for immune reactions,
which could contribute to the success of cell therapy in
the brain (13). The replacement of dopaminergic cells in
patients with PD using transplantation was examined
several decades ago, but this transplantation of dopami-
nergic cells has yet to be developed into a clinically com-
petitive treatment. Dopaminergic cells for therapy can
be derived from human FM tissue, neural stem cells, or
iPS cells. However, neural stem cells used for transplan-
tation can also differentiate into other cell types, such
as astrocytes and oligodendrocytes, in addition to dopa-
minergic neurons (14). Moreover, the acquisition and in
vitro expansion of neural stem cells to obtain a sufficient
number of donor cells can be difficult (8). In cell thera-
py approaches using iPS cells, tumorigenesis has been
reported as a major problem. Tumor formation was at-
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Figure 4. Cultured cells continually differentiated into
dopaminergic neurons. The numbers of tyrosine hydroxylase
(TH)-positive cells at days 5, 7, and 10 in the 6.5-, 7.0-, and 7.5-
week groups. *: P < 0.05; data represent the mean * SEM.

T

Figure 5. Cultured cells at day 10 expressed the morphological
characteristics of neural stem cells and neurons. A: Neural
stem cells; white arrows: indentations; red arrows: nucleoli.

B: Neurites protruded from the cell body (yellow arrow),
rough endoplasmic reticulum (*). C and D: Cultured cells have
branches (* in C) and myelinated axons (* in D).

tributed to residual immature cells present in the graft
with high proliferation activity. Residual iPS donor cells
can cause teratoma formation in the brain; however, re-
cent improvements in induction technology have mini-
mized this problem (15, 16). However, even if the cells
are appropriately differentiated into a neural linage, the
risk of neural overgrowth among immature proliferative
neural cells remains. Therefore, the preparation of the
donor cells from iPS cells requires tight control of the
cell phenotype and maturation. Hargus et al indicated
that PD patient iPS cell-derived dopaminergic neurons
survived at high numbers, showed arborization, and
mediated functional effects in an animal model of PD,
including reduced amphetamine- and apomorphine-in-
duced rotation asymmetry; however, only a few dopa-
minergic neurons projected into the host striatum at
16 weeks after transplantation (15). However, both the
efficient differentiation of human iPS cells into dopami-
nergic neurons and the behavioral functionality of do-
paminergic neurons derived from human iP$S cells have
yet to be demonstrated in clinical trials. Cell therapy for
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patients with PD using donor cells obtained from the
mesencephalon of aborted embryos represents the most
common type of transplant performed in the clinic, first
described in the late 1980s. A large number of studies
have established that fetal dopaminergic neurons can
survive and grow following intrastriatal transplantation
into the brains of patients with PD patient. The stron-
gest evidence that human fetal dopaminergic grafts can
give rise to clinically competitive improvements comes
from two patients who were subjected to the bilateral
intrastriatal transplantation of human FM tissue (17,
18). The motor improvements observed in both patients
were sustained for up to 18 years after grafting, includ-
ing more than 10 years after the withdrawal of dopami-
nergic medication (17, 18). However, several challeng-
es must be overcome when using fetal dopaminergic
neurons obtained from the mesencephalon of aborted
human embryos, including [1] the identification of the
accurate embryo age; [2] the difficulty identifying the
fetus in embryo abortions; [3] and non-living embryos
obtained from drug-derived abortions.

Embryo reductions are frequently performed in mul-
tifetal pregnancies following in vitro fertilization treat-
ments. In Vietnam, no laws limit the number of embryos
that can be used in each transfer, and in vitro fertiliza-
tion patients are typically implanted with 2-4 embry-
os. Therefore, multiple pregnancies sometimes occur.
Women carrying three or more fetuses are at risk of de-
veloping various problems, including a greatly increased
risk of premature delivery, which can be detrimental
to the health and survival of the fetuses. In addition,
non-medical challenges are associated with multiple
pregnancies, such as the parents’ emotional or financial
readiness to care for multiple infants. Thus, multifetal
pregnancy reductions have been advocated as a method
for reducing these risks (9, 10, 19). Embryonic products
derived from multifetal pregnancy reductions represent
an excellent source for the isolation of neural stem cells,
as post-isolation cells from these procedures are associ-
ated with high survival rates, and their aseptic acquisi-
tion makes them suitable for proliferation. We collected
embryos from multifetal pregnancy reductions to exam-
ine the ability to isolate and culture these neural stem
cells into dopaminergic neurons. The survival rate of
the stem cells obtained in this study was approximately
85%, with no specimens infected with fungal infections.
Although dopaminergic neurons have been identified in
FM tissue, the embryos obtained from multifetal preg-
nancy reductions are typically not intact, making the
exact localization of the middle brain difficult. Thus, we
collected multiple neural segments. The 6-week-old em-
bryo was too small to be able to distinguish the neural
tube in embryos obtained from embryo reduction pro-
cedures. By contrast, in 8-week-old embryos, the spine
had begun to form (data not shown), preventing neural
tube isolation. In embryos 6.5-7.5 weeks old, the neural
tube could be identified. The accurate identification of
the neural tube facilitated the isolation of neuroepithe-
lial stem cells, which were successfully cultured, prolif-
erated, and differentiated into dopaminergic neurons in
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our study. Consistent with our study, Wictorin et al also
used dissociated ventral mesencephalons obtained from
6—8-week-old human embryos for transplantation into
the brain of a PD rat model (20).

In our study, the culture time varied depending on the
embryo. Most cells adhere to the culture plate after 2
days. Although many stem cells proliferate and differen-
tiate gradually, neurites were observed protruding from
the cell body after 4 days, and myelinated axons formed,
demonstrating that these cells could develop a neuronal
morphology, although some cells retained the morpho-
logical characteristics of neural stem cells, characterized
by deep indentations in irregularly shaped nuclei (21).
Immunocytochemical staining using TH antibodies re-
vealed that some neurons were TH-positive, suggesting
that the neural stem cells successfully differentiated into
dopaminergic neurons. Thus, the cells expressed both
the morphological and functional characteristics of do-
paminergic neurons after 68 days in culture. Banker et
al also reported that rodent brain—derived isolated neu-
rons displayed in vitro neuronal polarity after 7 days (22,
23). However, these neurons displayed several minor
neurites as early as day 1 after being plated in culture,
compared with the appearance of neurites on day 2-3
in our study. This difference may be due to differences in
the species or timing of cell isolation. After 7-10 days of
culture, the cells began to spread out and fill the culture
plate and could be used for cryopreservation or grafting.

6. CONCLUSION

In summary, this study demonstrated that neuroep-
ithelial stem cells obtained 6.5-7.5-week-old embryos
obtained through embryo reduction procedures per-
formed in multifetal pregnancies after in vitro fertiliza-
tion could be isolated, cultured, proliferated, and differ-
entiated into human dopaminergic neurons. This is the
first report describing the use of embryo reduction—de-
rived products in cultures to develop a dopaminergic
neuronal source for use in cell therapy for patients with
PD, which opens a new avenue for the use of embryo
reduction—derived products as a cellular source for the
treatment of patients with PD. The development of hu-
man embryo reduction—derived dopaminergic neurons
can be exploited in cell therapy approaches in animal
models of PD.
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