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Introduction: Induced pluripotent stem cells (iPSCs) can be generated from different source of cells with different efficiencies. Two DNA
methyltransferases DNMT1 and DNMT3A have been shown to regulate epigenetically the gene expression involved in cell viability and
reprogramming. L-ascorbic acid (L-AA) is a chemical factor that can accelerate reprogramming. Here, we sought to investigate the effect of L-AA
on DNMT1 and DNMT3A expressions. Materials and Methods: First, mouse embryonic fibroblasts at passage 3 were cultured in the presence of
10 pug/ml L-AA days for 5 days. Then, DNMT1 and DNMT3A expressions were determined using real-time PCR at days 3 and 5. Results: It was
showed that L-AA could enhance DNMT-1 expression which involve in cell viability and decrease the DNMT3A which involve in cell
differentiation. Conclusion: The results therefore suggest a new insight into L-AA mechanism impact on reprogramming process.
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Introduction

Induced pluripotent stem cells (iPSCs) can be generated from
different sources of cells using a defined combination of
transcription factors (1). However, the efficiency of iPSC
generation from mouse fibroblasts even using four Yamanaka's
factors, i.e. OCT4, SOX2, c-MYC and KLF4 (OSKM) is about 1%
of the starting population (2). There are many unknown
chemicals and epigenetic factors can enhance the efficiency of
somatic cell reprogramming.

L-AA is a chemical factor which can accelerate reprograming
of the human and mouse cells (3). The studies showed that this
role of L-ascorbic acid (L-AA) in enhancing reprogramming
efficiency is unrelated to its antioxidant activity (3, 4). L-AA
enhances stemness marker gene expression and thus regulate the
cell senescence in an unclear way. This anti-aging effect of L-AA
may be promoted by epigenetic mechanism that proceed the
further changes.

DNA methylation is an epigenetic modification which can
regulate the cell cycle and stem cell differentiation (5). To obtain
successful nuclear reprogramming DNA methylation patterns
should be modified at the sites of the promoters of genes such as
pluripotency genes and genes specified for differentiation in reverse
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manner. The partially reprogramming will be achieved if loss of
DNA methylation is not obtained (6). Studies on DNA methylation
during the reprogramming process has been shown that DNA
methyltransferases activities alter during reprogramming (6).

DNMT1 and DNMT3A are two kinds of DNA
methyltransferases essential for stem cell differentiation during
embryonic development(7). The studies showed that in knockout
mice without Dnmt3A, blastocyst stage embryos were survived
but could not differentiate into mesoderm and died several weeks
after birth (8, 9). While, in contrast deletion of DNMT1 resulted
in rapid cell death in human embryonic stem cells (7). This
finding showed the DNMT1 can play an anti-aging role.
Moreover, it has been shown that silencing the Dnmt3 expression
can enhance reprogramming into induced pluripotent stem (iPS)
cells by an ectopic expression of the OSKM factors (10). In
another study, nuclear reprogramming of mouse embryonic
fibroblasts (MEF) was achieved in the absence of Dnmt3A (11).
However, it has not been resolved whether de novo DNA
methylation is important or might even be essential for nuclear
reprogramming of somatic cells to a pluripotent state.

In this study, we sought to investigate the impact of L-AA in
of Dnmtl and Dnmt3a expression and therefore its effect on
enhancing reprogramming.
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Figurel. (A) the explant culture of mouse embryonic fibroblast cells 3 days after placing the mouse embryonic pieces into T75 flasks at passage 0
(PO). (B) The MEEF cells at passage 3 (P3). (C) The MEF cells 5 days after exposing the cells with L-AA. Scale bars A= 250um, B and C=100pm
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Figure 2. The Gene expression levels of Dnmtl and Dnmt3A in MEF
cells cultured in MEF media in the presence of L-AA at days 1, 3

Materials and Methods

Cell Culture

Mouse embryonic fibroblasts (MEFs) were isolated form13.5-
day embryos. After washing the embryos with PBS, placental
and all innards were removed. Then, the embryos were minced
with a razor blade and incubated in trypsin/EDTA. After 30
minutes, the trypsin was inactivated in MEF media (DMEM 10%
FBS) and the cellular suspension was transferred to T75 flask.
The cells incubated for 5 days and then the medium was
exchanged every two days. The cells at passage 3 (10*cells) were
cultured in each well of 6-well plates in MEF media +50ug/ml of
L-AA (Sigma Aldrich) for 5 days. The cells with similar
concentration cultured in MEF media were considered as a

control group.

RNA extraction and cDNA synthesis

To extract total RNA, the cells were washed twice with PBS and
then were subjected to vigorous pipetting in 1 ml RNX-plus
(Cinnagen). Then, the total RNA concentration was measured
by means of NanoDrop 2000 instrument (Wilmington, USA) at
260/280nm. The RNA quality was assessed by loading them on
agarose gel 2% and staining them with ethidium bromide. The
sharp bands of 18S and 28S without any smear showed the high
quality of RNA. To synthesize cDNA, by using of random
primer, 11 pl of total mRNA (200ng/pl) was subjected to reverse
transcription into first-strand cDNA by RevertAid First Strand
cDNA Synthesis Kit (Thermo Scientific) according to
manufacturer's protocol described previously.

mRNA quantitation by real-time PCR

Real-time PCR for Dnmtl and Dnmt3A genes was set up on
Termocicler Rotor-Gene™6000 Corbett Research (Australia) by
using of the SYBR Premix Ex Taq II kit (Takara). For
synchronization the differences in the total RNA volume of each
reaction, we used B-actin as an endogenous control.

Primer pairs for Dnmtl, Dnmt3A and -actin were designed by
using of primer express software. The primer sequences were
listed in table 1.

Real-time PCR was performed on 1 yL ¢cDNA templates
using 0.4 uL pairs of primer (200 nM, and 2 uL of the SYBR®
Green II Master Mix in 10 pL of final reaction volume. The
condition of real-time PCR for each cycle for p-actin, Dnmtl,
Dnmt3A genes was 5 seconds at 95°C, 15 seconds at 60°C, and
20 seconds at 72°C. The amplification cycle number was
adjusted at 45 cycles. The emission of fluorescent from each
sample tube in threshold line was considered as the threshold
cycle (Cy).
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Table S1. List of used primers used in real-time PCR. Tm values for all primers were about 60°C

Genes Forward sequence 5'--> 3' Reverse sequence 5'--> 3' Product size (bp)
Dnmtl ACA CCG TTC CCG TTC AG TCA TCC ACA GCA TCC TCA G 154
Dnmit3A  GAG CAC GGC AGA ATA GC AAC ACC CTT TCC ATT TCA G 146
B-actin CTT CTT GGG TAT GGA ATCCTG GTG TTG GCA TAGAGGTCT TTA C 95
Statistical Analysis the studies showed that L-AA can improve iPSCs generation

The efficiency and Ct of each reaction were achieved from
LinReg software (12) and the results were analyzed using
REST 2009 software based on Pfaffl method. The equation used
for analysis is as follows:

(E target)ACttargn (Mean normal—Mean sample)

(E )ACt ref(Mean normal—-Mean sample)
ref

Where, R shows the relative expression ratio of Dnmtl and
Dnmt3A in MEFs cultured in the presence of L-AA in
comparison to control group, E implies to real-time PCR
efficiencies, and ACt refers the Ct difference between MEFs
cultured in the presence of L-AA against MEFs cultured in
MEF media. The statistical significance of expression ratios
was determined using randomization tests and Taylor
algorithm was used to calculate the standard errors. (13-15).

Results

Cell culture

The cells were isolated using explant culture (Figure 1A, B) and
then exposed to L-AA for 5 days (Figure 1C). After 5 days, the
cells were seemed to become shorter and less elongated. This
morphology change is maybe because of the initiation of
dedifferentiation in MEF cells.

Real-time PCR for Dnmt1 and Dnmt3A
In this study, we performed real-time PCR on cDNA
synthesized from mRNA extraction of the MEF cells cultured
in MEF media in the present and absent of L-AA at days 3 and
5. Figure 2 shows the average gene expression of Dnmtl and
Dnmt3A in test samples compared with the control group.

We found both Dnmtl and Dnmt3A were expressed in
MEFs. At day 3, the expression of Dnmtl was upregulated in
the presence of L-AA by mean a factor of 2.37, while the
expression of Dnmt3a downregulated in the presence of L-AA
by a mean factor of 2.337. The results showed that the
expression of Dnmtl increased by a mean factor of 2.5 and
Dnmt3A decreased by a mean factor of 2.414 at day 5.

L-AA is a component showed many anti-aging, anti-cancer
effects and abundant in our daily diet. During iPSC Generation
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efficiency by alleviation of the senescence roadblock (3). L-AA
anti-aging activity promoted by some unclear ways seems to be
irrelevant to its antioxidant function. L-AA promotes gene
expression during reprogramming and thus induce iPSC
generation. It is possible that L-AA promotes epigenetic
modifications such as DNA methylation and demethylation. For
example a study showed that, L-AA is a cofactor in reaction with
histone demethylases and HIF (hypoxia-inducible factor) prolyl
hydroxylases (16), and can influence reprogramming by
modulating the expression and activity of these proteins.
Expression of Nanog, an important pluripotent transcription
factor, is modulated by histone demethylases (17). Hence, L-AA
might accelerate the reprogramming by facilitating histone
demethylation or even DNA methylation in the site of some gene
promoter. During nuclear reprogramming, DNA methylation
patterns should be altered. DNA methylation de novo in
mammals is mediated by Dnmtl and Dnmt3A and their action is
necessary for development (18). The studies have shown that
DNMT3 induced differentiation of human embryonic stem cells
and knockdown of this DNA methyltransferase promotes
reprogramming of the cells into induced pluripotent stem (iPS)
cells by introducing the OSKM factors. In a study, nuclear
reprogramming of MEF was accelerated with deletion of Dnmt3A
gene (11). While, in contrast knockout of DNMT1 resulted in
rapid cell death in human embryonic stem cells [6]. This finding
showed the DNMT1 can play an anti-aging role while DNMT3A
induces differentiation of stem cells has a crucial role for
imprinting in development (19). These findings are consistent
with the results of enhanced expression of Dnmtl and reduced
expression of Dnmt3A in the presence of L-AA.

Conclusion

The findings confirm that the L-AA could modify the
expression of DNA methyltransferses which might accelerate
the cell reprogramming. These results are important for
clarification of the pathways through which L-AA can enhance
reprogramming the cells into iPSCs. Collectively, these results
indicate that DNMT3A and DNMT1 might act as an inhibitor
and accelerator of iPS reprogramming, but verifying this
conclusion need further research.
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