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ABSTRACT

Introduction: The extract of pluripotent stem cells induces dedifferentiation of somatic cells
with restricted plasticity.

Methods: In this study, we used the extract of human embryonic stem cells (hESC) to
dedifferentiate adipose tissue-derived stem cells (ADSCs) and examined the impact of this
reprogramming event on the dopaminergic differentiation of the cells. For this purpose,
cytoplasmic extract of ESCs was prepared by repeated freezing and thawing cycles. The
plasma membrane of hADSCs was reversibly permeabilized by streptolysin O (SLO), exposed
to hESC extract, and resealed by a CaCl2-containing medium.

Results: As revealed by qPCR analysis, expression of OCT4, SOX2, NANOG, LIN28A, and
KLF4 mRNAs were downregulated in the ADSCs one week after extract incubation, while all
mRNAs except for KLF4 were upregulated at the end of the second week. For dopaminergic
differentiation, control and reprogrammed ADSCs were induced by a serum-free neurobasal
medium containing B27 and a cocktail of sonic hedgehog (SHH), basic fibroblast growth factor
(bFGF), fibroblastic growth factor 8 (FGF8), and brain-derived neurotrophic factor (BDNF)
for 12 days. After differentiation, the expression levels of some neuronal and dopaminergic-
related genes, including PAX6, NESTIN, NEFL, GLI1, LMXBI, EN1, NURRI, and TH,
significantly increased in the reprogrammed ADSCs compared to the control group. On
the whole, two weeks after reprogramming by ESC extract, ADSCs showed an improved
dopaminergic differentiation potential.

Conclusion: These findings suggest that the cytoplasmic extract of hESCs contains some
regulatory factors which induce the expression of pluripotency-associated markers in somatic
cells and that the exposure to ESC extract may serve as a simple and rapid strategy to enhance
the plasticity of somatic stem cells for cell replacement therapy purposes.
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o hADSCs have emerged as a valuable candidate for transplantation therapy of neurodegenerative diseases.

o Several studies have documented dopaminergic dedifferentiation of hADSCs.

o Implementing ADSCs towards a more pluripotent state using different strategies like somatic cell nuclear transfer

Plain Language Summary

The extract of pluripotent stem cells induces dedifferentiation of somatic cells with restricted plasticity. In this study, we used the
extract of hESC to dedifferentiate ADSCs and examined the impact of this reprogramming event on the dopaminergic differentiation of

the cells. Cytoplasmic extract of ESCs was prepared by repeated freezing and thawing cycles. These cells express several neuron-
specific genes, secrete several factors associated with neuroprotection, and exhibit differentiation into neural and glial
cells in vitro. In recent years, several studies have documented dopaminergic differentiation of hADSCs.

1. Introduction

uman adipose tissue-derived stem cells

(hADSCs) have emerged as a valuable

candidate for transplantation therapy of

neurodegenerative diseases. These cells

express several neuron-specific genes

(Soheilifar, Javeri, Amini, & Taha, 2018),
secrete several factors associated with neuroprotection
(Lattanzi et al., 2011; Ribeiro et al., 2015), and exhibit
differentiation into neural and glial cells in vitro (Feng
et al., 2014; Han, Zhang, Song, Liu, Zou, Piao, H., &
Liu, 2014; Safford et al., 2002). In recent years, several
studies have documented dopaminergic differentiation of
hADSCs (Boroujeni, Gardaneh, Shahriari, Aliaghaei,
& Hasani, 2017; Faghih, Javeri, Amini, & Taha, 2019;
Marei et al., 2018; Singh et al., 2017; Soheilifar et al.,
2018) which raises the hope of using these cells for the
treatment of Parkinson disease. In our recent work, we
successfully induced differentiation of hADSCs to dopa-
minergic neurons by a growth factor cocktail consisting
of sonic hedgehog (SHH), basic fibroblast growth factor
(bFGF), fibroblastic growth factor 8 (FGFS), and brain-
derived neurotrophic factor (BDNF). In that study, TH
protein was expressed by a significant proportion of the
differentiated cells, and the cells released a detectable
amount of dopamine in response to KCl depolarization
(Soheilifar et al., 2018). Also, the differentiated ADSCs
expressed GIRK2 but not CALB1, which probably indi-
cates the development of A9-type dopaminergic neurons
in our culture settings.

The latter finding is significant for cell therapy of Par-
kinson disease, where the A9 dopaminergic neurons are
the most affected cells (Damier, Hirsch, Agid, & Gray-

biel, 1999), and replenishing them is a critical determin-
ing factor for the restoration of patients’ motor function
(Grealish et al., 2010). However, for transplantation
therapy purposes, it is essential to develop highly effi-
cient techniques to generate a more purified population of
dopaminergic neurons. One solution may be reprogram-
ming the ADSCs towards a more pluripotent state us-
ing different strategies like somatic cell nuclear transfer
(Wakayama, Perry, Zuccotti, Johnson, & Yanagimachi,
1998; Wilmut, Schnicke, McWhir, Kind, & Campbell,
1997), fusion with pluripotent stem cells (Cowan, Atien-
za, Melton, & Eggan, 2005; Tada, Takahama, Abe, Na-
katsuji, & Tada, 2001), coculture with embryonic stem
cells (ESCs) (Bahmani, Taha, & Javeri, 2014), ectopic
expression of defined ESC-specific transcription factors
(Takahashi et al., 2007; Takahashi & Yamanaka, 2006),
and treatment with the extract of pluripotent cells (Bru et
al., 2008; Neri et al., 2007; Rajasingh et al., 2008; Salehi,
Foroutan, Javeri, & Taha, 2017; Taranger et al., 2005;
Zhan et al., 2010).

Increasing evidence indicates that transient uptake of
regulatory factors from the nuclear or cytoplasmic ex-
tracts of fertilized eggs or ESCs reprograms the nuclear
function of somatic cells toward pluripotency (Miyamo-
to et al., 2007; Taranger et al., 2005; Zhan et al., 2010).
For this reprogramming event, somatic cells should be
reversibly permeabilized and exposed to a cell-free ex-
tract of pluripotent cells. This approach has been used
to promote morphology, gene expression profile, and
growth properties of ESCs in porcine fibroblasts (Miya-
moto et al., 2007), NIH3T3 cells (Taranger et al., 2005),
and primary rabbit corneal epithelial cells (Zhan et al.,
2010). We recently demonstrated that the cytoplasmic
extract of mouse ESCs could dedifferentiate hADSCs
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and induce a considerable alteration in the expression of
several ESC-associated genes (Salehi et al., 2017).

Despite several studies on the dedifferentiation of so-
matic cells by the cell-free extracts of pluripotent stem
cells (Bru et al., 2008; Neri et al., 2007; Rajasingh et al.,
2008; Salehi et al., 2017; Taranger et al., 2005; Zhan et
al., 2010), few studies have been conducted on the redif-
ferentiation of this kind of reprogrammed cells (Rajas-
ingh et al., 2008). In the present study, we experienced the
reprogramming of hADSCs by the cytoplasmic extract of
hESCs and examined the capability of the reprogrammed
cells for differentiation into dopaminergic neurons.

2. Materials and Methods
Culture of human ESCs and human ADSCs

Human ESC line Royan H5 (RSCB0022, Royan Stem
Cell Bank, Royan Institute, Tehran, Iran) was cultured
on the mitomycin C-inactivated mouse embryonic fi-
broblasts (MEFs). A medium consisting of DMEM/F12
(Gibco), 15% KnockOutTM serum replacement (KoSR,
Gibco, Life Technologies, USA), 2 mM L-glutamine
(Gibco), 0.1 mM non-essential amino acids (Sigma-
Aldrich), 0.1 mM 2-B-mercaptoethanol (2p-ME, Sigma-
Aldrich) and 4 ng/mL basic fibroblast growth factor
(bFGF) was used to maintain pluripotency of the ESCs
and replaced with fresh medium every day.

Subcutaneous abdominal adipose tissue samples were
obtained under informed consent from 40 to 50 years old
healthy women (n=5) undergoing elective abdominoplasty
in Erphan Hospital, Tehran, Iran. The study was approved
by the Ethics Committee of the National Institute of Ge-
netic Engineering and Biotechnology (7-8-93/NIGEB).

Adipose tissue-derived stem cells (ADSCs) were iso-
lated and cultured as described previously (Faghih,
Javeri, & Taha, 2017). In brief, adipose tissue samples
were digested enzymatically by 2 mg/mL collagenase
I (Thermo Fisher Scientific, Massachusetts, USA) in
phosphate-buffered saline (PBS) containing 2% bovine
serum albumin (BSA). After centrifugation, the stro-
mal vascular fraction was resuspended and cultured in
a growth medium containing Dulbecco’s Modified Ea-
gle’s Medium (DMEM), 20% fetal bovine serum (FBS)
and 1% penicillin and streptomycin (all from Gibco,
Thermo Fisher Scientific). The culture medium was re-
newed daily, and the cells were passaged when expanded
to 80%-90% confluency.
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2.2. Cell extract preparation

Cytoplasmic extract of Royan H1 cells was prepared as
described previously for Royan B1 ESCs (Salehi et al.,
2017). In brief, the ESCs were isolated from the MEF
feeder layer and washed twice with Ca2+, Mg2+-free
PBS. After centrifugation, the cells were resuspended
in a pre-cold solution consisting of PBS, 1 mM dithio-
threitol (DTT), 0.1 mM phenylmethylsulfonyl fluoride
(PMSF, Sigma), and 0.1 mM protease inhibitor cocktail
(Sigma) and then placed for 1 h on ice. Next, multiple
cycles of freezing in liquid nitrogen and thawing in a
water bath were used to lyse the cells, and the cell lysate
was centrifuged at 13000 rpm. Afterward, ESC extracts
were stored in liquid nitrogen. Before reprogramming
the ADSCs, the protein concentration of the extract was
measured and adjusted to 2 mg/mL.

Permeabilization and reprogramming of the AD-
SCs

The fourth-passaged ADSCs were isolated by trypsin-
ization and washed in cold Dulbecco’s phosphate-buff-
ered saline (DPBS) three times. Then, 5x105 cells were
resuspended in 500 pL ice-cold DPBS and incubated at
37°C for 2 min. Then, 500 ng/mL streptolysin O (SLO,
Sigma) was added, and the cell suspension was incu-
bated for 50 min in a 37°C water bath with occasional
agitation. Afterward, the tube was placed on ice, 500 pL
cold DPBS was added, and the cells were centrifuged at
1000 rpm for 5 min at 4°C.

The permeabilized ADSCs were suspended in 500 uL.
of the ESC extract with an ATP-regenerating system (1
mM ATP, 10 mM creatine phosphate, 25 pg/mL creatine
kinase, 100 uM GTP, and 1 mM of each nucleotide tri-
phosphate; all from Sigma) and incubated at 37°C with
occasional agitation for 1 h. Then, the content of the tube
was transferred to culture plates with a 2 mM CaCl2-
containing growth medium to reseal the plasma mem-
branes. The next day, the culture medium was renewed,
and the reprogrammed cells were cultured for one or two
additional weeks (Ext-one week ADSCs and Ext-two
weeks ADSCs). The ADSCs, which underwent the same
procedure except for incubation in the ADSC extract,
were used as the control cells (Cont-ADSCs).

Dopaminergic differentiation of the ADSCs

The control and reprogrammed ADSCs were seeded at
a density of 5x104 cells/mL in 0.1% gelatin-coated tis-
sue culture plates. The next day, the growth medium was
replaced with a dopaminergic induction medium consist-
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Table 1. Primer sets used for gene analysis by RT-PCR and quantitative real-time PCR
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Gene Forward Reverse Size Accession Number
OCT4A GATGTGGTCCGAGTGTGGTT AAGGGACCGAGGAGTACAGT 202 NM_002701
NANOG GAAGCATCCGACTGTAAAGAATC TGGTGGAAGAATCAGGGCTGT 169 NM_024865
SOX2 AGAACCCCAAGATGCACAACT TCCTTCTTCATGAGCGTCTTG 184 NM_003106
KLF4 ATTACCAAGAGCTCATGCCACC GTGTGCCTTGAGATGGGAACT 158 NM-004235
LIN28 TTCCATGTGCAGCTTACTCT CAGCAGTTTGCAGGTGGC 228 NM_024674
PAX6 TAGCGAAAAGCAACAGATGGG CTCCTTCCTGTTGCTGGCA 155 NM_000280.3
NES ACCTCAAGATGTCCCTCAGC TCAGGACTGGGAGCAAAGATC 186 NM_006617
NEFL CTATGCAGGACACGATCAAC TTCCAAGAGTTTCCTGTAAGC 146 NM_006158
EN1 GCTATCCTACTTATGGGCTCA CTCGTTCTTCTTCTTCTTCAGC 154 NM_001426
GLI1 CAATGAGAAGCCGTATGTATGTA GTAGAAATGGATGGTGCCCG 162 NM_005269
LMXB1 TCACACACGCAGCAGCAGAA GCAAACAAGACTACCAACAGC 133 NM_002316.4
NURR1 ACTATTCCAGGTTCCAGGCGA TATGCTAATCGAAGGACAAACAGT 211 NM_006186
TH CAGTTCTCGCAGGACATTGG TTCACCTCCCCGTTCTGCTTA 122 NM_000360
B2M TCCAGCGTACTCCAAAGATTCA GTCAACTTCAATGTCGGATGGAT 113 NM_004048
GAPDH CAAATGAGCCCCAGCCTTCT TCACCATCTTCCAGGAGCGA 116 NM_002046

ing of neurobasal™ medium (Gibco), 0.5% B27 supple-
ment (50%, Gibco), 250 ng/mL SHH, 100 ng/mL FGFS,
and 50 ng/mL bFGF (all three growth factors from Sig-
ma-Aldrich, St. Louis, USA). Half of the differentiation
medium was renewed every three days. On day 9 of dif-
ferentiation, the medium was supplemented with 50 ng/
mL BDNF (Sigma-Aldrich), and the cells were cultured
for four additional days.

Gene expression analysis

High pure RNA isolation kit (Roche) and cDNA syn-
thesis kit (Fermentas) were used for total RNA extrac-
tion and reverse transcription into cDNA, respectively.
PCR amplification on the cDNA templates was done
by Taq DNA Polymerase 2x Master Mix Red (Ampli-
gon A/S, Denmark) and selective primers described in
Table 1. B2 microglobulin (B2M) and (Glyceraldehyde-
3-Phosphate Dehydrogenase) GAPDH were used as the
internal control genes. The PCR products were detected
on 2% agarose gel.

The expression levels of some genes associated with
pluripotency or dopaminergic differentiation were quan-

tified by real-time PCR (qPCR). The qPCR experiments
were performed using RealQ PCR Master (Ampliqon
A/S, Denmark) with Green dye, primers described in
Table 1, and four biologic replicates of each group on a
Rotor-GeneTM 6000 (Corbett Research, Qiagen) real-
time analyzer. B2M and GAPDH were used as internal
reference genes to normalize the quantitative data. The
data were quantified using REST 2009 (Relative Expres-
sion Software Tool, Qiagen) based on Pair Wise Fixed
Reallocation Randomization Test®.

3. Results

Human ADSCs showing the capability of differ-
entiation into dopaminergic neurons

Undifferentiated ADSCs exhibited a fibroblast-like mor-
phology. We previously characterized the ADSCs based
on the expression of mesenchymal stem cell markers and
the capability of the cells for adipogenic and osteogenic
differentiation (Faghih et al., 2017; Salehi et al., 2017,
Soheilifar et al., 2018). After exposure to the dopaminer-
gic induction medium, the ADSCs gradually developed a
neuron-like appearance (Figure 1A-D). The differentiated
cells expressed NES, NSE, NEFL, GLI1, LMXBI, ENI,
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Figure 1. Differentiation of human adipose-derived stem cells (hADSCs) into dopaminergic neurons

A) Fourth-passaged ADSCs just before dopaminergic induction, B-D) The differentiating ADSCs on days 3, 6, and 12 after exposing to
dopaminergic induction medium, E) The expression of some neural and dopaminergic-related genes in the differentiated ADSCs, F)
The expression of TH protein in the differentiated ADSCs.

Figure 2. Phase contrast images of the control and reprogrammed human adipose tissue-derived stem cells (hADSCs)

A) Fourth-passaged ADSCs, B to D) 24 hours, 4 days and one week after reprogramming of the ADSCs with Human Embryonic Stem
Cells (hESC) extract.
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Figure 3. Quantitative real-time PCR analysis for the expression of some pluripotency genes in the control and reprogrammed
adipose tissue-derived stem cells (ADSCs)

The expression level of each gene in the control ADSCs (indicated by the red line) has been assumed to be 1, and its expression in the

reprogrammed ADSCs has been compared to that. White and black bars, respectively, show the ADSCs 1 week and 2 weeks after treat-
ment with hESC extract. The qPCR experiments were performed with four biologic replicates of each group.

* P<0.05; ** P<0.01; *** P<0.001 (pair wise fixed reallocation randomization test® performed by REST 2009 software).

Figure 4. Quantitative real-time PCR analysis for the expression of some neural and dopaminergic-related genes in the differ-
entiated control and reprogrammed Adipose Tissue-Derived Stem Cells (ADSCs)

The expression level of each gene in the differentiated control ADSCs (indicated by the red line) has been assumed to be 1, and its
expression in the differentiated reprogrammed ADSCs was compared to that. White and black bars, respectively, show the ADSCs,
which were differentiated 1 week and 2 weeks after treatment with ESC extract. The qPCR experiments were performed with four
biologic replicates of each group.

* P<0.05; ** P<0.01; *** P<0.001 (pair wise fixed reallocation randomization test® performed by REST 2009 software).
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PITX3, NURRI1, DDC, TH, VMAT, and GIRK2 mRNAs
(Figure 1E). The expression of TH protein was also deter-
mined by western blot analysis (Figure 1F).

Treatment of hADSCs with the ESC extract pro-
moting colony formation

The fourth-passaged ADSCs had a fibroblast-like
morphology (Figure 1A). Within 1 week after exposure
to ESC extract, some colonies were developed in the
ADSC cultures (Figure 2B-D). Colony formation was
rarely observed in the control or SLO-treated ADSCs.

Treatment of hADSCs with ESC extract and the
expression levels of pluripotency genes

As revealed by qPCR analysis, the expression levels of
OCT4A, SOX2, NANOG, LIN28A, and KLF4 mRNAs
were downregulated in the Ext-one week ADSCs com-
pared to the Cont-ADSCs by mean factors of 0.539,
0.578, 0.586, 0.687 and 0.668, respectively. Two weeks
after reprogramming, the expression of KLF4 further
downregulated and reached 0.273 of the Cont-ADSCs,
while the expression of OCT4A, SOX2, NANOG, and
LIN28A increased by 2.62, 2, 1.55, and 3.16 folds, re-
spectively (Figure 3).

Treatment with ESC extract improving dopami-
nergic differentiation of hADSCs

The qPCR analysis showed that the expression levels
of PAX6 and NEFL were upregulated in the differenti-
ated Ext-one week ADSCs compared to the differenti-
ated Cont-ADSCs by mean factors of 2.05 and 3.84, re-
spectively, while the expression of NES did not change
significantly. The expression of PAX6, NES, and NEFL
mRNAs in the differentiated Ext-two weeks ADSCs was
2.14, 1.95, and 6.08 folds higher than the differentiated
Cont-ADSCs, respectively. Moreover, the expression lev-
els of dopaminergic-associated genes of GLI1, LMXBI,
EN1, NURRI1, and TH, in the differentiated Ext-one week
ADSCs were 1.33, 1.94, 2.25, 4.1, and 1.44 folds, and in
the differentiated Ext-two weeks ADSCs were 1.45, 1.97,
5.85, 4.29, and 1.77 folds higher than the differentiated
Cont-ADSCs, respectively. As a whole, Ext-two weeks
ADSCs showed an improved dopaminergic differentia-
tion potential than the other groups (Figure 4).

4. Discussion

Up to now, several studies have reported the differentia-
tion of hADSCs into dopaminergic neurons (Boroujeni et
al., 2017; Marei et al., 2018; Singh et al., 2017) and the
applicability of the ADSCs for the treatment of Parkinson

March, April 2022 Volume 13, Number 2

disease (Chi et al., 2018; Choi et al., 2015). We previous-
ly used a growth factor cocktail consisting of SHH, bFGF,
FGFS8, and BDNF to conduct differentiation of hADSCs
toward dopamine-secreting neurons in vitro (Faghih et al.,
2019; Soheilifar et al., 2018). Although these reports are
promising, techniques to enhance the plasticity of the AD-
SCs can improve their therapeutic outcome. Reprogram-
ming ADSCs towards a more pluripotent state may be
an effective strategy. ESC-specific transcription factors,
chromatin remodelers, and small RNAs are three impor-
tant components of ESC extract which may be involved in
this reprogramming event (Taranger et al., 2005).

Previously, Taranger et al. (2005) showed that the
extract of undifferentiated embryonic carcinoma cells
(ECCs) or ESCs could induce dedifferentiation of so-
matic cells with restricted plasticity. Based on this ex-
periment, the ESC extracts induced a biphasic wave of
OCT4 mRNA and protein expression in 3T3 cells. The
first wave, which was detectable one hour after incuba-
tion in ESC extracts and persisted for less than 48 h, re-
sulted from the uptake of limited amounts of short-lived
OCT4 protein from the extract. However, the second
long-lasting wave of OCT4 detected 72 h after extract
removal was due to RNA polymerase II-mediated tran-
scriptional and translational activity of the reprogrammed
cells. In the current study, hESC extract was used for re-
programming of hADSCs. Here, we did not assess the
expression of OCT4 and other pluripotency genes soon
after extract incubation. However, as revealed by qgPCR
analysis, expressions of OCT4A, SOX2, NANOG, and
LIN28A mRNAs were downregulated one week but up-
regulated two weeks after treatment of the ADSCs with
ESC extract (Voutsadakis, 2015). OCT4, SOX2, and
NANOG are three key transcription factors that regulate
the self-renewal of ESCs (Mitsui et al., 2003; Nichols et
al., 1998) and interact with the other transcription factors
like KLF4, c-MYC, and LIN28 to maintain pluripotency
feature. Our findings demonstrated that more than one
week is required to activate the endogenous pluripotency
network of the reprogrammed ADSCs and even more
time for the transcriptional and translational activation
of some genes like KLF4.

The reprogrammed ADSC formed several colonies
during the first week after exposure to ESC extract. This
finding confirms the presence of cell populations with
high proliferative capacity. Since cell proliferation and
differentiation have a significant inverse relationship,
colony formation can also indicate the reprogramming
of the ADSCs toward a more dedifferentiated state
(Ruijtenberg & van den Heuvel, 2016).

Dedifferentiation by ESC extract may improve the
capability of the ADSCs for directed differentiation. To
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examine this idea, we induced dopaminergic differentia-
tion of the reprogrammed ADSCs using our previously
established protocol, i.e., 12-day culture in the serum-
free neurobasal medium with a dopaminergic growth
factor cocktail (Faghih et al., 2019). Based on the gPCR
analysis, reprogramming of the ADSCs by ESC ex-
tract upregulated the expression of some neuronal and
dopaminergic-associated genes, including PAX6, NES,
NEFL, GLI1, LMXBI1, EN1, NURRI, and TH. Also, the
ADSCs that were differentiated two weeks after repro-
gramming with ESC extract showed a more noticeable
increase in dopaminergic gene expression.

In a study by Han et al. (Han, Sachdev, & Sidhu, 2010),
human fetal fibroblasts were reprogrammed using an
ESC extract with 30-35 mg/mL protein content. Here
we applied an ESC extract with 2 mg/mL protein con-
centration and did not investigate whether the extracts
with higher protein concentrations can affect the dura-
tion and degree of ADSC reprogramming. Also, it is im-
portant to address the impact of ESC extracts with higher
protein contents on the differentiation potential of the
ADSC:s as well as other mesenchymal stem cell sources.

In conclusion, the findings of the present study dem-
onstrate that the cytoplasmic extract of ESCs contains
some regulatory factors which induce the expression of
pluripotency-associated markers in hADSCs and that the
exposure to ESC extract may serve as a simple and rapid
strategy to improve the plasticity of somatic and adult
stem cells for cell replacement therapy purposes.
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