
1. Background
DNA methylation is an epigenetic process that involves 
addition of a methyl group (CH3) covalently to the 
carbon 5 of cytosine at CpG dinucleotides. Non-CpG 
methylation has also been observed in mammalian 
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Background: DNA methylation plays important roles in regulating various biological processes, including self-
renewal, differentiation and regenerative capacity of stem cells. Previous studies have demonstrated that lineage-specific 
differentiation of mesenchymal stem cells can be promoted using nontoxic chromatin-modifying drugs.
Objectives: Here we evaluated the impact of RG108, a known DNA methyltransferase inhibitor, on the expression of 
pluripotency genes in human adipose tissue-derived stem cells (hADSCs) and their proliferation and differentiation.
Materials and Methods: Human ADSCs were isolated by collagenase treatment and characterized. Then, ADSCs 
were treated with 5 µM RG108 for four days. The control and RG108-treated cells were analyzed for the cell cycle 
progression, apoptosis and the expression of pluripotency genes. Also, ADSCs were cultured in adipogenic and osteogenic 
differentiation media for three weeks and were assessed by Oil Red O and Alizarin Red S staining and qPCR analysis. 
Results: We showed that RG108 treatment increased proliferation of hADSCs and upregulated the expression of 
pluripotency-related genes. Additionally, RG108 had a positive impact on the differentiation capability of ADSCs. This 
was evident through elevated levels of Oil Red O staining in the RG108 treatment group. Also, qPCR analysis showed the 
upregulation of some adipogenic and osteogenic markers by RG108. 
Conclusion: These findings indicate that pretreatment with RG108 improves the differentiation potential of ADSCs, 
probably making these cells more beneficial for cell therapy applications. 
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cells, including embryonic stem cells (ESCs) and other 
somatic cells (1, 2). DNA methylation is a necessary 
process for mammalian development. It plays important 
roles in regulation of gene expression, transposon 
silencing, inactivation of X chromosome, silencing of 
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one allele of imprinted genes, cell specification, and 
maintenance of cellular identity (3-5). 
The pluripotent embryonic stem cells (ESCs) exhibit 
global hypomethylation, which is essential for 
activating the pluripotency network and maintaining 
a high level of plasticity until exposure to proper 
differentiation stimuli (4). Additionally, global DNA 
hypomethylation, along with the demethylation of 
genes associated with aging and pluripotency, occurs 
during reprogramming into induced pluripotent stem 
cells (iPSCs) (6, 7). Evidence also shows that changes 
in the pattern of DNA methylation play key roles in 
the self-renewal, differentiation and fate specification 
of adult stem cells (8). During differentiation, there is 
a global increase in DNA methylation, which silences 
pluripotency-associated genes and other genes related 
to non-specific cell type differentiation. Conversely, 
the loss of methylation in specific loci regulates gene 
expression in a cell type- and stage-specific manner 
(9). As shown, in vitro and in vivo aging of adult stem 
cells is associated with increased epigenetic alterations, 
including modifications in DNA methylation. These 
alterations can affect gene expression and fate 
specification but can be reversed by reprogramming 
factors during iPSC production (10).
Studies on the epigenetic control of stem cell differentia-
tion have revealed that lineage-specific differentiation 
of mesenchymal stem cells can be promoted using 
nontoxic chromatin-modifying drugs which alter 
the state of CpG methylation and histone acetylation 
(11). In the past decade, the use of small molecules 
has emerged as a novel strategy for reprogramming 
and transdifferentiation of somatic cells (12). Small 
molecules have the advantages of being cell-permeable 
and non-immunogenic (13). Moreover, they are relative-
ly cost-effective and can be conveniently synthesized, 
standardized, and used (14). 
To date, a wide range of small chemical compounds have 
been identified to target different signalling pathways, 
metabolic processes or epigenetic modifiers. Among 
the various small molecules that can epigenetically 
reprogram somatic cells, 5-azacytidine (5-aza), RG108 
and 3-deazaneplanocin A (DZNep) are known to reduce 
DNA methylation levels through inhibition of DNA 
methyltransferase (12).

2. Objective
In this study, our aim was to reprogram adipose 

tissue-derived stem cells (ADSCs) using RG108, a 
non-nucleoside inhibitor that blocks the active site of 
DNA methyltransferase (15). RG108 has been used to 
enhance reprogramming of human and mouse somatic 
cells, as well as to improve the generation of induced 
pluripotent stem cells (16). In 2018, Assis et al. (17) 
showed that RG108 induces genetic changes in human 
bone marrow-derived mesenchymal stem cells (hBM-
MSCs). 
In that study, RG108 reduced DNMT activity and 
decreased the overall methylation of DNA. As a result, 
the expression of NANOG and OCT4 was upregulated, 
while the viability of BM-MSCs remained unaffected. 
Similarly, we demonstrated here that treatment of 
hADSCs with RG108 upregulated the expression 
of some pluripotency-associated markers and also 
modified the adipogenic and osteogenic differentiation 
of human ADSCs. 

3. Materials and Methods

3.1. Isolation and Characterization of hADSCs 
Adipose tissue was harvested during elective 
abdominoplasty from women aged 40 to 50 at Erphan 
Hospital, Tehran, Iran. The study was approved by 
the Ethics Committee of the National Institute of 
Genetic Engineering and Biotechnology (IR.NIGEB.
EC.1400.2.26.C), and all donors provided their informed 
consent. The ADSCs were isolated and characterized 
as previously described (20). In brief, adipose tissue 
was minced and digested using 2 mg.mL-1 collagenase 
I (Thermo Fisher Scientific, Massachusetts, USA) 
in phosphate-buffered saline (PBS) with 2% bovine 
serum albumin. The stromal vascular fraction (SVF) 
was sedimented by centrifugation and resuspended in 
a growth medium consisted of Dulbecco’s Modified 
Eagles Medium (DMEM), 20% fetal bovine serum 
(FBS) and 1% penicillin and streptomycin (all from 
Gibco, Thermo Fisher Scientific). The cells were 
then plated in tissue culture flasks and passaged after 
reaching 80-90% confluence. 
To confirm the mesenchymal nature of the ADSCs, 
third-passage cells were fixed in 70% cold ethanol 
and immunostained with primary antibodies against 
CD73, CD90, CD105 and CD45 proteins (all from 
Abcam, Cambridge, UK). Subsequently, the cells 
were stained with fluorescein isothiocyanate (FITC)-
conjugated goat anti-mouse IgG (Sigma-Aldrich, St. 
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Louis, MO, USA). The cells were examined using a 
BD FACSCaliburTM (BD Biosciences) and analyz-
ed with FlowJo 7.6.1 (TreeStar Inc., Ashland, OR, 
USA).

3.2. RG108 Treatment of hADSCs
The fourth-passage hADSCs were seeded in tissue 
culture plates at a concentration of 104 cells. mL-1. 
The following day, the ADSCs were subjected to 
treatment with 5 µM RG108 for a duration of 4 days. 
Some untreated cells were considered as the control 
group.

3.3. Adipogenic and Osteogenic Differentiation of the 
ADSCs
The control and RG108-treated ADSCs were cultured 
in 0.1% gelatin-coated tissue culture plates at a 
density of 5x104 cells. mL-1. The following day, the 
growth medium was replaced either by adipogenic or 
osteogenic differentiation medium. The adipogenic 
medium consisted of DMEM, 10% FBS, 1 µM 
dexamethasone, 100 µM indomethacin, 5 µg. mL-1 
insulin and 500 µM isobutylmethylxanthine (IBMX). 
After three weeks of differentiation, Oil Red O 
staining was used to detect adipogenesis. To quantify 

intracellular lipid accumulation, after washing the 
unbounded dye, the stained lipid droplets were eluted 
by isopropanol for 10 min, and the optical density was 
measured on a microplate reader (BioTek Instrument) 
at an absorbance of 500 nm. The data obtained from 
four biologic replicates were analyzed using GraphPad 
Prism 8 (GraphPad Software Inc).  
For osteogenic differentiation, the cells were cultured 
in a medium consisted of DMEM, 10% FBS, 10-8 M 
dexamethasone, 10 mM glycerol phosphate, 3.7 g. 
L-1sodium bicarbonate and 0.05 g. L-1 ascorbic acid 
(all reagents were obtained from Sigma) for three 
weeks.  Then, Alizarin Red S staining was used to 
detect osteogenic differentiation. For quantification 
of staining degree, the dye was extracted using a 
solution of 10% acetic acid for 20 min. The cells were 
harvested by scraping, heated at 85 ºC for 10 min, 
cooled on ice for 5 min and centrifuged to remove 
any cell debris. Then, supernatant was neutralized 
with 10% ammonium hydroxide solution, and 
optical density was measured on a microplate 
reader (BioTek Instrument) at an absorbance of 405 
nm. The data obtained from four biologic replicates 
were analyzed using GraphPad Prism 8.

SizeReverseForwardTarget

1135’-GTCAACTTCAATGTCGGATGGAT-3’5’-TCCAGCGTACTCCAAAGATTCA-3’Β2M

1165’-TCACCATCTTCCAGGAGCGA-3’5’-CAAATGAGCCCCAGCCTTCT-3’GAPDH

2025’-AAGGGACCGAGGAGTACAGT-3’5’-GATGTGGTCCGAGTGTGGTT-3’OCT4

1695’-TGGTGGAAGAATCAGGGCTGT-3’5’-GAAGCATCCGACTGTAAAGAATC-3’NANOG

1845’-TCCTTCTTCATGAGCGTCTTG-3’5’-AGAACCCCAAGATGCACAACT-3’SOX2

1585’-GTGTGCCTTGAGATGGGAACT-3’5’-ATTACCAAGAGCTCATGCCACC-3’KLF4

2285’-CAGCAGTTTGCAGGTGGC-3’5’-TTCCATGTGCAGCTTACTCT-3’LIN28

1655’-CTT GAG TCG TGGTTT CCT GGT-3’5’-CATACC AGAGGAGACGGG ATT-3’ADIPOQ    

1625’-GGTTATGGTGCTCTTGACTTTC-3’5’-ATGAAAGAAGTAGGAGTGGGCT-3’FABP   

2005’-CAGAGGTGGCAGTGTCATCAT-3’5’-CAGAGTCAGATTACAGACCCC-3’ RUNX2    

1085’-CGCCTGGTAGTTGTTGTGAG-3’5’-TATCTTTGGTCTGGCCCCCA -3’ALP        

Table 1. Primers used for RT-PCR and quantitative real-time PCR.
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3.4. Cell Cycle Analysis by Flow Cytometry
To investigate the impact of RG108 on the cell cycle 
progression of hADSCs, the control and RG108-
treated cells were isolated by trypsin-EDTA, washed 
with cold PBS and fixed using 70% ethanol at 4 ºC 
overnight. The cells were then stained with propidium 
iodide (PI) staining solution containing 0.1% Triton 
X-100, 10 μg.L-1 PI, and 100 μg.L-1 DNase-free 
RNase A in phosphate-buffered saline for 30 min at 
room temperature. The analysis of DNA content was 
performed on a BD FACSCalibur™ flow cytometer 
(BD Biosciences), and the data were analyzed using 
FlowJo software (Tree Star Inc.). 

3.5. RT-PCR and qPCR Analyses
Total RNA of the cells was extracted using High 
Pure RNA Isolation Kit (Roche Applied Science, 
Germany). 1 µg of total RNA was transcribed into 
cDNA using cDNA Synthesis Kit (Thermo Fisher 
Scientific). cDNA samples were then subjected to 

PCR amplification with a panel of specific primers, 
as described in Table 1. The PCR products were size 
fractionated by electrophoresis on 2% agarose gel.
Quantitative assessment of gene expression was 
performed using the RealQ PCR Master (Ampliqon 
A/S, Denmark) with a green dye on a Rotor-GeneTM 
6000 (Corbett Research, Qiagen) real-time analyzer. 
Relative quantification was performed using REST 2009 
(Relative Expression Software Tool, Qiagen) based on 
the Pair Wise Fixed Reallocation Randomization Test® 
(Pfaffl et al. 2002). Four biological replicates of each 
group were included in the qPCR experiments, and 
β2 microglobulin (B2M) and GAPDH were used to 
normalize the quantitative data. 

4. Results

4.1. Characterization of hADSCs 
Based on flow cytometry analysis, the mesenchymal 
stem cell markers CD105, CD90 and CD73 were 

Figure 1. Characterization of hADSCs. A-D) Flowcytometry analysis on the fourth-passage 
hADSCs for the expression of hematopoietic marker CD45 and mesenchymal stem cell markers 
CD105, CD90 and CD73, respectively. E) The undifferentiated ADSCs. F) Oil Red O staining of 
hADSCs after three-week differentiation in adipogenic medium. G) Alizarin Red S staining of 
hADSCs after three-week differentiation in osteogenic medium.  

A) B) C) D)

E) F) G)
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Figure 2. Effect of RG108 on the cell cycle and apoptosis in hADSCs. A, B) Cell cycle analysis by 
flow cytometry on PI-stained ADSCs of the control and RG108 treatment groups, respectively. C, D) 
Annexin V/PI apoptosis assay on the control and RG108-treated ADSCs, respectively. 

Figure 3. Quantitative real-time PCR analysis for the expression of pluripotency associated 
genes in the control and RG108-treated hADSCs. Significant differences were indicated by P 
values (PairWise Fixed Reallocation Randomization Test® performed by REST 2009 software). 

A) B)

C) D)
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expressed in 99.6%, 99.7% and 99.5% of the fourth-
passage ADSCs, respectively. However, CD45 was 
only expressed in 1.72% of the cells (Fig. 1A -1D). 
The third-passage ADSCs showed a fibroblast-
like morphology (Fig. 1E). After three weeks of 
differentiation in adipogenic and osteogenic media, the 
cells showed positive staining for Oil Red O (Fig. 1F) 
and Alizarin Red S, respectively (Fig. 1G).  

4.2. Effects of RG108 on Proliferation and Apoptosis in 
Human ADSCs
Based on the cell cycle analysis by flow cytometry, the 
frequency of the S-phase and G2-phase subpopulations 
increased from 24.6% and 19.6% in the control group 
to 37.7% and 24.4% in the RG108 treatment group, 
respectively. In contrast, the frequency of G1-phase 
subpopulation decreased from 50.3% in the control 

Figure 4. Adipogenic differentiation of the control and RG108-treated ADSCs. A,B) Oil red O 
staining showed accumulation of intracellular lipid droplets in the three-week differentiated ADSCs of 
the control and RG108 treatment groups, respectively, and C,D) demonstrate higher magnification of the 
same groups. E) Quantifying the lipid accumulation by eluting the Oil Red O deposit with isopropanol 
and measuring the absorbance at 518 nm. F,G) QPCR analysis for the expression of ADIPOQ and FABP4 
in three-week differentiated ADSCs. *Significant differences were indicated by P values (PairWise Fixed 
Reallocation Randomization Test® performed by REST 2009 software).

A) B)

C) D)

E) F) G)
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36 Iran. J. Biotechnol. April 2024;22(2): e3863

group to 46.9% in the RG108 treatment group (Fig. 
2A). The Annexin V/PI apoptosis assay demonstrated 
that RG108 treatment of the ADSCs did not induce cell 
death through apoptosis (Fig. 2B).

4.3. The Impact of RG108 on the Expression of 
Pluripotency Genes in hADSCs
Treatment with 5 μM RG108 upregulated the expression 
of OCT4 by 28.6-fold (P=0.012), SOX2 by 2.7-fold 

(P<0.001), NANOG by 14.7-fold (P=0.009) and KLF4 
by 2.2-fold (P<0.001). The expression of LIN28 was 
not significantly different between the control and 
RG108 treatment groups (1.7-fold; P=0.062) (Fig. 3). 

4.4. The Effect of RG108 on Adipogenic Differentiation 
of hADSCs
The control and RG108-treated cells were cultured 
in adipogenic differentiation medium for a duration 

Figure 5. Osteogenic differentiation of the control and RG108-treated ADSCs. A-B) Alizarin Red S staining 
showed the extracellular calcium deposits in three-week differentiated ADSCs, and C-D) demonstrate higher 
magnification of the same groups. E) Quantifying the lipid accumulation by eluting the Alizarin Red S staining using 
10% acetic acid and measuring the absorbance at 570 nm. F ,G) QPCR analysis for the expression of ALP1 and RUNX 
in three-week differentiated ADSCs. *Significant differences were indicated by P values (PairWise Fixed Reallocation 
Randomization Test® performed by REST 2009 software).

A) B)

C) D)

E) F) G)

Asgharian R et al.



37Iran. J. Biotechnol. April 2024;22(2): e3863

of three weeks. Fat droplets appeared from day 3 
of the differentiation and gradually increased in 
size and quantity. Oil red O staining confirmed the 
accumulation of intracellular lipid droplets in three-
week differentiated cells (Fig. 4A-4D). Quantifying 
the staining degree showed that the lipid accumulation 
in the differentiated cells of 5 μM RG108 treatment 
group was significantly higher than the control group 
(Fig. 4E). 
QPCR analysis showed that the expression of 
ADIPOQ in three-week differentiated cells of RG108 
treatment group was 2.02-fold (P=0.025) higher than 
the control group (Fig. 4F). Also, the expression of 
FABP4 was upregulated by 2.27-fold (P=0.015) in the 
RG108 treatment group compared to the control group 
(Fig. 4G).

4.5. Osteogenic Differentiation of the ADSCs
After three weeks of osteogenic differentiation, the 
extracellular calcium deposits were confirmed by 
Alizarin Red S staining (Fig. 5A-5D). As depicted in 
Figure 5E, the staining degree of the differentiated cells 
in the RG108 treatment groups was not significantly 
different to the control group. Also, qPCR analysis 
indicated no significant difference in the expression of 
ALP1 gene between the control and RG108 treatment 
groups (Fig. 5F). However, RUNX gene expression 
exhibited an upregulation of 1.27-fold (P=0.005) in the 
RG108 treatment group compared to the control group 
(Fig. 5G). 

5. Discussion
Over the last decades, ADSCs have been identified 
as a promising candidate for regenerative medicine, 
mainly due to their secretion of numerous cytokines, 
chemokines and growth factors which induce 
angiogenesis, modulate immune responses and 
promote tissue repair (Kilroy, Foster et al. 2007, Zhao, 
Johnson et al. 2017). The undifferentiated ADSCs 
express several genes characteristic of all three germ 
layers and have the ability to transdifferentiate into 
various mesodermal, endodermal, and ectodermal cells 
under specific culture conditions (18-25). However, the 
differentiation potential of the ADSCs is more limited 
than pluripotent stem cells, including ESCs and iPSCs. 
This potential is further influenced by different factors, 
including the age, gender, and metabolic index of 
the donors (26). Furthermore, it has been shown that 

extended culture of MSCs induces cellular senescence, 
leading to diminished proliferation, differentiation and 
regenerative properties (27-30). So, different strategies 
to overcome senescence and to enhance the overall 
stemness and differentiation capability of MSCs are 
crucial for regenerative medicine. 
Senescence and exhaustion of MSCs happens as a 
result of increased epigenetic modifications (31) which 
results in the formation of senescence-associated 
heterochromatin foci (32), and particularly can be 
triggered by DNA methylation (33). Consequently, 
modifying the epigenetic landscape of the aging 
MSCs using various DNA methylation inhibitors can 
rejuvenate them for cell therapy purposes. Thus far, 
various factors have been investigated for this purpose, 
among them small chemical molecules, like RG108, 
hold great importance in this area. Previous studies have 
investigated the effects of RG108 on different types 
of stem cells, including porcine (33) and human BM-
MSCs (17, 34), as well as human periodontal ligament-
derived stem cells (35). These studies have demonstrated 
that RG108 reduces the global methylation of MSCs, 
leading to an increased expression of pluripotency-
related markers and reversal of the senescent phenotype. 
However, except for the last study, none of these 
investigations have focused on the impact of RG108 
on the differentiation potential of MSCs. In our current 
study, we aimed to examine the impact of RG108 on 
both the stemness and multipotential differentiation 
capability of hADSCs.  
According to qPCR analysis, treatment of hADSCs with 
5 μM RG108 resulted in a significant upregulation in the 
expression of pluripotency-associated genes, including 
OCT4, SOX2, NANOG and KLF4. This change in gene 
expression aligns with a previous study on BM-MSCs 
(Oh YS et al. 2015; Li Q et al. 2020), suggesting that 
it is likely caused by a decrease in methylation and 
hydroxymethylation levels at the regulatory elements of 
pluripotency genes. 
Recently, a study conducted by Li et al. (36) demons-
trated a feedback loop between DNMT1 and OCT4/
NANOG in MSCs. This study suggested that the 
proliferation of MSCs may be regulated by the opposing 
functions of DNMT1 and OCT4/NANOG; DNMT1 
inhibits proliferation (37), while OCT4 and NANOG 
promote it (38). Therefore, it is expected that RG108 
would enhance cell proliferation by inhibiting DNMT1 
and inducing pluripotency genes. Our findings support 
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this conclusion, as treating the ADSCs with RG108 
increased the frequency of the S-phase and G2-phase 
subpopulations. This is consistent with previous studies 
on BM-MSCs (17, 34, 39) but in contrast to previous 
reports on human prostate cancer cells (40) and human 
endometrial carcinoma cells (41). It seems that RG108 
affects normal stem cells and cancer cells differently.
As demonstrated previously, RG108 treatment of BM-
MSCs induced the expression of genes associated with 
anti-senescence and anti-apoptosis while decreased the 
expression of apoptosis-related genes (33, 34). Here 
we did not assess the expression of anti-apoptotic or 
pro-apoptotic genes but showed by the Annexin V/PI 
apoptosis assay that RG108 treatment did not induce 
apoptosis in hADSCs.
To investigate the impact of RG108 on the multipotential 
differentiation capability of hADSCs, the control and 
RG108-treated cells were cultured in adipogenic or 
osteogenic differentiation medium for three weeks. 
Our findings demonstrated that pretreatment with 5 
μM RG108 enhanced the adipogenic differentiation of 
hADSCs. This was confirmed by measuring the degree 
of Oil Red O staining of lipid droplets and analyzing 
the expression of the ADIPOQ and FABP4 genes in the 
differentiated cells. However, the impact of RG108 on 
the osteogenic differentiation of hADSCs was not as 
pronounced as its impact on adipogenesis, as revealed 
by Alizarin Red S staining of extracellular calcium 
deposits, as well as qPCR analysis for the expression 
of ALP1 and RUNX genes. A different concentration of 
RG108 may be more effective in promoting osteogenic 
differentiation. 

6. Conclusion
Our findings demonstrated that treatment of hADSCs 
with the DNA methyltransferase inhibitor, RG108, can 
alter their gene expression profile and improve their 
stemness and differentiation potential. These alterations 
suggest the possibility of enhancing the regenerative 
efficacy of the ADSCs simply by exposing them to non-
toxic small molecules that modify chromatin structure 
without genetic manipulation. 
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