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Abstract

Background: Induced pluripotent stem cells (iPSCS) can be obtained
from autologous cells for therapeutic purposes. So, far, many studies
have been done to produce induced pluripotent cells by transferring
specific pluripotency genes using different methods. In this study,
pluripotency gene expression induced by external stresses was assessed
in cord blood mononuclear cells.

Methods: In this experimental study, mononuclear cells were isolated
from umbilical cord blood. Isolated cells were divided into three
groups. The first group had been exposed to HCL (pH 5.7) for 25
minutes and then transferred to the medium with normal pH. The
second group was triturated with hamilton syringe for 15 min (external
pressure), and the last group was considered the control group and did
not receive treatment. Then, total RNA was extracted on Day 7. Gene
expression of OCT4, SOX2, NANOG, REX1, and KLF4 was evaluated
using qRT-PCR.

Results: Gene expression of OCT4, NANOG, REX1, and KLF4 was
increased after exposure to acidic pH and external pressures in
comparison with control cells (P < 0.05). SOX2 gene expression was
decreased in cells exposed to acidic pH but increased by external
pressure.

Conclusions: Exposure of umbilical cord blood mononuclear cells to
acidic pH and external pressure lead to re-activation of pluripotency
genes in mature cells. These findings indicate that mature cells may be
reprogrammed with manipulation of environmental conditions.
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I ntroduction

The innovation of induced pluripotent stem cells (iPSCs)
by Yamanaka and Kazutoshi Takahashi in 2006 revolutionized
the field of stem cell biology.! For the first time, pluripotent
stem cells could be acquired not only from the inner cell mass
of the blastocyst-stage embryo but also from reprogramming
somatic adult tissue by enforced expression of Oct4, KIf4,
Sox2, and c-Myc (OKSM).2® While the potential applications
for human iPSCs are largely similar to human embryonic stem
cells, the ethical issues and immune rejections in
transplantations lead us to use non-autologous embryonic stem
cells.*iPSCs have the capacity to differentiate into different cell
lineages and even human organisms.® Therefore, iPSCs can
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ultimately be used for both disease modeling in vitro and the
production of cellular products in regenerative medicine.®

There are many methods for production of iPSCs,
categorized as either main techniques such as viral-integrating,
or non-integrating techniques which are presented for the
production of iPS cells.” The non-integrating reprogramming
techniques include both DNA (such as adenoviruses and
episomal plasmid vectors) and DNA-free (such as protein or
peptide-based delivery and mRNA or microRNA) techniques.®
Though these strategies have some advantages the primary
concern is their lack of efficiency. Retroviral integration causes
instability of genomes and increases the risk of tumorgenicity;
consequently, this method is not used in clinical settings.’®
Among physical stresses, hyperosmotic shock induced by high
glucose could lead to expression of pluripotency genes such as
KLF-4, SOX-2, Nanog and OCT-4.2° Such physical stress
could be applied in the form of external pressure as mentioned
by Obokata et al." In this research, to study the influence of
external stresses on pluripotency- genes expression,
mononuclear cells from cord blood were treated with acidic pH
and physical pressure.

Materials and Methods

This study was approved by ethical committee of Tarbiat
Modares University (52D/3695). Umbilical cord blood (UCB)
was obtained from Iranian Blood Transfusion Organization.
Mononuclear cells (MNCs) were isolated from UCB by Ficoll-
Paque PLUS (GE Healthcare) density gradient centrifugation.
Then, cells were cultured in Dullbeco Medium Eagrl’s
Modified (DMEM)/F12 supplemented with L-glutamine
(GIBCO), 12.5% inactivated Fetal Bovin Serum (FBS), 1%
non-essential amino acids (Sigma-Aldrich), 100 unit pg/ml
penicillin, 100 pg/ml streptomycin (GIBCO) and bFGF
(GIBCO) 20ng/ml.

MNCs were divided into 3 groups. The first group was the
control without any manipulation. The second group was
exposed to acidic pH (pH 5.7) for 25 min at 37°C. Then,
medium was exchanged with normal pH. The third group was
triturated with Hamilton syringe (gage 32) for 15 min by gentle
flushing. Flasks were incubated at 37°C for 7 days. The cells
were counted and stained by trypan blue.
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Table 1. Sequences of primers were used for quantitative RT- PCR
Genes Primer sequence

F 5'ggactgagagaaagaagagga -3’

sox2 R 5'-gaaaatcaggcgaagaataat -3’
F 5'-aatggtgtgacgcagggatg -3’
NANOG R 5'-tgcaccaggtctgagtgttc -3’
B-actin F 5"—gtcctctcccaagtccacac - 3"
R 5°-gggagaccaaaagccttcat - 3
REX1 F 5'—c’gggacgaggagtgttattac —’3'
R 5'-cgtgttgctttgcgacttg -3
Kifa F 5'-taccaagagctcatgccacc -3°

R: 5'- gcgaatttccatccacagec-3°
F: 5’-cgccgtatgagttctgtg -3*

OCT-4/POUSfL R: 5'-ggtgatcctcttctgcette -3¢

Total RNA was isolated with the Trizol (Invitrogen).
Reverse transcription was performed using cDNA synthesis kit
(Fermentase). The cDNA was subjected to qRT-PCR using
Power SYBR Green Master Mix (Applied Biosystems). B-actin
in each sample was quantified as an endogenous control. The
relative expression levels of OCT4, NANOG, REX1, KLF4
and SOX2 were calculated using the 2—AACt method. The
sequence of primers has been described in Tablel.

All tests were carried out in triplicate. Data means were
compared using one-way ANOVA. Statistical analyses were
performed by SPSS version 16.0 analytical software. Statistical
significance was defined at P < 0.05.

Results

Adherent cell clusters were observed in flasks containing
treated cells with acid and external pressure (Hamilton syringe)
after 5 days. (Figure 1 and Figure 2)

Figure 1. Forming of cell clusters under the acidic condition and pressure after
5 days. Magnification: 400X
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Figure 2. Formation of cell clusters under pressure after 5 days. Magnification:
400x

Quantitative analysis of OCT4 gene expression showed the
expression of this gene in cells exposed to acidic pH was
6.1+1.59 folds (P = 0.001), and in cells exposed to external
pressure it was 3.01+0.76 folds (P = 0.004) in comparison with
control group. (Figure 3)
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Figure 3. qRT-PCR gene expression analysis of OCT4 (A) exposed to acidic
condition; (B) external pressure.

Quantitative analysis of KLF4 gene expression showed the
expression of this gene in cells exposed to acidic conditions
was 3.9+1.14 folds (P = 0.01) and in cells exposed to external
pressure was 6.98+1.07 folds (P < 0.001) in comparison with
control group. (Figure 4)

Quantitative analysis of Nanog gene expression showed the
expression of this gene in cells exposed to acidic conditions
was 2.5+0.78 folds (P = 0.03) and in cells exposed to external
pressure was 7.5+1.56 folds (P = 0.004) in comparison with
control group. (Figure 5)
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Figure 4. qRT-PCR gene expression analysis of KLF4 (A) exposed to acidic
condition; (B) external pressure.
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Figure 5. qRT-PCR gene expression analysis of NANOG (A) exposed to acidic
condition; (B) external pressure.

Quantitative analysis of REX1 gene showed the expression
of this gene in cells exposed to acidic conditions was 5.06+2.13
folds (P = 0.01) and in cells exposed to external pressure was
2.40+0.79 folds (P = 0.01) in comparison with control group.
(Figure 6)
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Figure 6. qRT-PCR gene expression analysis of REX1 (A) exposed to acidic
condition; (B) external pressure.

Quantitative analysis of SOX2 gene showed the expression
of this gene in cells exposed to acidic conditions was
0.1928+0.093 fold (P < 0.001) and in cells exposed to external
pressure was 4.738+1.27 fold (P = 0.002) in comparison with
control group. (Figure 7)
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Figure 7. qRT-PCR gene expression analysis of SOX2 (A) exposed to acidic
condition; (B) external pressure.

Discussion

Despite the advantages for ESCs, there are several
limitations, such as ethical issues and immune rejections in
transplantations which are restricting the use of these cells in
curing diseases.® On this subject, in 2006 a major revolution
was achieved in iPSCs.” The potential use of iPSCs in
regenerative medicine and treatment of many disorders such as
genetic diseases receives the most attention.’**> MNCs include
monocytes, lymphocytes and a small number of progenitor
cells. Myeloid or erythroid progenitor cells are the desirable
cell type for reprogramming due to their completeness in the
genome and robust plasticity potential for cell fate
conversion.** A current study showed cord blood MNCs could
convert to iPSCs with high efficiency.® This study investigated
cell reprogramming genes through the expression of
pluripotency genes happened in mature cells under
environmental conditions. In 2014, Haruko Obakata'* surveyed
influence of difference levels of lethal stress on mouse CD45+
cells in mice. That study has showed that somatic cells latently
possess a surprising plasticity. This dynamic plasticity, the
ability to become pluripotent cells, emerges when cells are
transiently exposed to strong stimuli that they would not
normally experience in their living environments. In that study,
the cells were tested under different treatments. Among these
treatments, the most responsive were acidic pH (5.4-5.7) and
after that, it was particularly physical damage by rigorous
trituration and membrane perforation by Strepto-Lysin O.*
Acidic conditions were chosen similar to Obakata et al., but
trituration was a little different, physical damage was done by
Hamilton syringe (32gage). In Obakata’s study, using
quantitative polymerase chain reaction (QPCR) analysis, most
of the population expressed pluripotency genes but NANOG
and REX1 did not.™ In our study, gene expression of NANOG,
OCT4, REX1 and KLF4 were increased following treatment
with both external stresses. Expression of SOX2 gene in treated
cells with acidic pH was decreased but in treated cells with
pressure, SOX2 overexpression was observed. Down regulation
of SOX2 gene expression may be because of apoptosis process
induced in treated cells.’®
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Our study showed that we may use a combination of
different conditions to induce reprogramming in mature cells. It
is possible that the mechanism of activation of pluripotency
genes in cells under acidic condition is similar to the cells are
under hypoxic condition which medicated by HIF-2.1718
Further experiments are needed to determine precise
mechanism of pluripotency genes re-activation in somatic cells
induced with external stimulus.

We showed the ability of cord blood derived MNCs to
express high levels of pluripotency gene expression which are
transiently exposed to external chemical and physical stress.
Totally, our study showed the novel method to produce
transient pluripotency in  somatic cells by changing
environmental conditions instead of genetic manipulation.
Further investigations are needed to expand our results.
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