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Abstract

In recent years, stem cell therapy has been applied to the treatment of many diseases. Stem cells are extensively researched for
their potential to replace diseased tissues in conditions such as degenerative diseases, tumors, trauma, and others, collectively known
as regenerative therapy. However, as age advances, the number and quality of stem cells decreases; by the age of 50, a person has less
than 3% of the stem cells they had at birth. Although stem cells can be preserved in vitro for long periods of time, their activity after
cryopreservation and recovery does not reach the level expected under current technological conditions. Therefore, it is particularly
important to find a more suitable freezing method. In this paper, we present a novel method for freezing stem cells that ensures high
cellular activity after recovery. In this study we validate a combinational approach of using two permeating cryoprotective agents, at
lower than normal concentrations resulting in higher recovery post cryopreservation of human mesenchymal stem cells.
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Introduction

Stem cells are undifferentiated cells that are capable of self-re-
newal, regeneration, and differentiation into specific cell types to
regenerate and repair damaged tissues. In recent years, stem cell
therapy has become increasingly popular. Stem cells and the vesi-
cles they secrete play an indispensable role in the treatment of hu-
man diseases, attracting significant interest in basic experiments,
clinical trials, and clinical applications. The therapeutic effect of
stem cells has been demonstrated in diabetes, osteoarthritis, liver
cirrhosis, Crohn’s disease, and other diseases [1-6].

Stem cells fall into two main categories: embryonic stem cells
(ESCs), which are derived from cell masses within blastocysts, and

adult stem cells, which are found in adult tissues [7]. Regardless of
the source, cryopreservation of stem cells is necessary to ensure
long-term viability.

Cryopreservation is currently the most effective method of
stem cell preservation. Stem cells are cryopreserved at tempera-
tures below -140°C after isolation. To ensure survival during cryo-
preservation, it is necessary to use specific reagents, including di-
methyl sulfoxide (DMSO), sucrose, and ethylene glycol (EG), which
is considered less toxic than DMSO and maintains cell pluripotency
better than propylene glycol or glycerol. Additionally, it is essen-
tial to freeze/thaw the cells under controlled conditions to ensure
their viability after thawing [8]. Cell freezing cryoprotectants can

@ @ This work is licensed under Creative Commons Attribution 4.0 License | AJBSR.MS.ID.002926. 137


WWW.biomedgrid.com
WWW.biomedgrid.com
https://dx.doi.org/10.34297/AJBSR.2024.21.002926
https://dx.doi.org/10.34297/AJBSR.2024.21.002926

Am ] Biomed Sci & Res

be divided into two main groups, penetrating and non- penetrat-
ing. Penetrating agents include DMSO, glycerin, ethylene glycol and
propylene glycol, which can prevent the damaging effect of water
from forming ice crystals by penetrates cell membranes, making it
easier for the intracellular water to be replaced by cryoprotectants
that promote vitrification [9,10]. Non- penetrating agents are mac-
romolecular compounds such as sucrose, polyethylene glycol and
so on, which cannot penetrate into the cell by absorbing extracellu-
lar water due to the osmotic gradient created, but they can also in-
duce vitrification extracellularly to a lesser extent [10]. Both types
of cryoprotectants are potentially toxic to cell viability when used
at higher concentrations [11].

The most conventional freezing method involves mixing 90%
FBS with 10% DMSO, followed by slow freezing and storage in liq-
uid nitrogen. However, the cell recovery rate obtained using con-
ventional cryoprotectants has gradually failed to meet researchers’
requirements and is being replaced, necessitating the development
of new or improved techniques for more effective stem cell therapy
applications. In this paper, we introduce a cryoprotectant combi-
nation strategy for mesenchymal stem cells , involving the mixture
of DMSO and EG with 2% serial sucrose dilution of the cryopro-
tectants after thawing, which results in a much higher cell recovery
rate after thawing. We believe the combination of lower than nor-
mal cryoprotectants and added in a stepwise manner will result in
less damage to the cells after freezing and result in higher recovery
post cryopreservation.

Methods
Stem Cell Sources and Culture Methods

Human mesenchymal stem cells were derived from cells isolat-
ed from umbilical cords collected from screened donors after safe
delivery of infants after social and medical consent was completed
by the mother as per defined protocols. A consent for research pro-
tocol was submitted and approved by the University of California
Irvine Institutional Review Board (IRB) committee. Collected spec-
imens were washed three times with phosphate-buffered saline
(PBS) and cut into 1-cubic-millimeter tissue blocks, which were
then inoculated into cell culture flasks containing Dulbecco’s modi-
fied Eagle’s medium (DMEM) supplemented with 10% fetal bovine
serum (FBS) in a humidified environment of 5% CO2 and 95% air
at 37°C [12]. Tissue culture media (50%) were replaced every 2-3
days as per published protocols. When cells reached 80-90% con-
fluency in tissue culture, they were passaged with 0.25% trypsin
and split into new culture plates and culture media. Groups of um-
bilical cords derived MSC stem cells were cultured for multiple pas-
sages in tissue culture using previously defined protocols. Viability
was assessed after each passage using FDA/PI [13].

Freezing Methods

After normal in vitro culture at 37C, the cells were collected and
allocated into groups of approximately 10,000 human MSC stem
cells per vial were placed in different cryoprotectant groups:

1. 1MDMSO,
2. Combination of 0.75 M DMS0/0.75 M EG,
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3. Combination of 0.5 M DMS0/0.5 M EG, and
4. No cryoprotectant.

The cryoprotectant mixed was added to labelled vials in a step-
wise manner following previously published methods of adding
the cryoprotectant solution in a stepwise manner until the final
dose was achieved [14,15] The vials containing the MSC cells were
frozen using a modified cryopreservation protocol where the vials
from each group were supercooled to -8oC for a period of 10 min-
utes, manually nucleated using an external supercooled rod and
after time for the release of the latent heat of fusion, slow cooled
frozen to -40°C at 0.75°C/min, after which and the vials were then
immersed in liquid nitrogen for long-term storage (-1960C) [10].
Vials were stored for periods of 1-3 months before thawing and
post thawing assessment of recovery and viability.

Cell Recovery and Viability Assays

After a period of time in long term storage in liquid nitrogen,
the frozen vials were rapidly thawed in a water bath at 37°C for
approximately 50 seconds, to the ice ball stage, and then placed in
an ice bath before the cryoprotectant was slowly removed using the
difference in permeability between extracellular fluid and intracel-
lular water, and DMSO and EG were slowly removed using a step-
wise dilution method. After washing the frozen thawed cells were
collected and examined by FDA/PI cell viability assay [13].

Statistical analysis

Quantitative values were presented as mean * standard de-
viation. Statistical analysis was conducted using SPSS Statistics
software. A t-test was used to compare differences between the
treatment and the control groups at specific time points. For cate-
gorical data, the Chi-Square test was employed to assess differenc-
es between groups. A value of p<0.05 was considered statistically
significant.

Results

This study focused on the cryopreservation of among the four
groups of human MSC cells, using a lower than normal concentra-
tions and a combination of two permeating cryoprotectants, DMSO
and EG. The groups were compared to control group of cells that
were frozen using the same freezing protocol without the addition
of any cryoprotectants. The final cell viability was determined im-
mediately after thawing and removal of the cryoprotectant which
was performed using stepwise methods using sucrose from a series
of 6 separate vials of cells from each group was 67.9+2.2%(mean
+/- SEM) in group A, 80.4+6.7 in group B, 50.2 + 4.7 in group C, and
dropped significantly to 3.3+1.2 in group D, the group of cells that
were frozen and thawed without any cryoprotectant (Figure 1). The
cell recovery rate of group B was significantly higher compared to
the other three groups (P < 0.01, ANOVA).

Frozen/thawed MSC cells were then collected and then re-
turned back to tissue culture for an additional period of 48 hours
before reassessment of the cell viability. After 48 hours of post cryo-
preservation culture, viability was maintained in groups A, B and
C, however, the cells cultured from Group D were not recovered for
analysis (n =ns).
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Figure 1: MSC cell viability index of stem cells in each group of cryoprotectants and the control. “***” indicates adjusted p < 0.001.

Discussion

Stem cells can be extracted from blood, bone marrow, umbilical
cords and adipose tissue [16,17], but cryopreservation is necessary
for long-lasting banking and use in the future. In cryopreservation,
cryoprotectants are an important part of the freezing solution.
Cryoprotectants can be categorized into penetrating and non- pen-
etrating types, and the main difference between them is their ability
to penetrate cells [10]. DMSO and EG are representatives of osmotic
cryoprotectants, of which DMSO is considered to be the most pre-
ferred cytoprotectant in penetrating vitrification cryopreservation
solution, with an typical concentration of 10% W/V [18].

Currently, DMSO and EG as cryoprotectants have been applied
to stem cells, hepatocytes, pancreatic islets and germ cells [10,19-
23]. Our previous studies on pancreatic islet have shown that al-
though DMSO and EG have excellent effects in islet cryopreserva-
tion, the high concentrations that maintain their inhibition of ice
crystal formation make them inevitably toxic, and slow cooling and
vitrification help to mitigate toxicity [24]. However, as the concen-
tration of DMSO decreases, its cytotoxicity gradually diminishes,
but so does its protective effect on the cells. Conversely, high DMSO
concentration can lead to excessive cytotoxicity [25]. These factors
result in decreased cell activity after recovery.

Cryoprotectant options

Even with the most optimal cryoprotectant, a decrease in cell
viability after thawing is inevitable. Consequently, researchers have
been searching for new cryoprotectants to mitigate this decrease.
Both penetrating and non-penetrating cryoprotectants have some
degree of toxicity. However, non-penetrating cryoprotectants are
generally considered less toxic, while penetrating cryoprotectants
show a superior cryoprotective effect [26]. Valentin, et al. demon-

strated that penetrating cryoprotectants retained epithelial cell
viability better than non-penetrating ones by cryopreservation of
thymus tissue samples [27]. The same phenomenon was observed
by Rose, et al. through cryopreservation of frog spermatozoa [28].
For penetrating cryoprotectants (mainly DMSO), cytotoxicity is the
most northern point of criticism. To address the toxicity associated
with DMSO, efforts have been made to explore strategies that in-
volve reducing its concentration. A meta-analysis showed that de-
creasing the concentration of DMSO from 10% to 5% during deep
cryopreservation of autologous peripheral blood stem cells en-
hanced cell viability [29]. Sung, et al. found that the addition of 10%
ethylene glycol to 5% DMSO + 50% FBS significantly improved the
viability rate during cryopreservation of human embryonic stem
cells [30]. Katkov, et al. demonstrated that during cryopreservation
of induced pluripotent stem cells, EG was significantly less toxic
than DMSO [31]. DMSO can be completely replaced. Arutyunyan, et
al. achieved good cryopreservation using 1.5 M EG and 20% glycer-
ol without using DMSO [32]. Some researchers have replaced DMSO
entirely with other cryoprotectants [33], however, their efficiency
still requires further evaluation.

Based on the above research, in this paper, we used a combi-
nation of DMSO and EG as cryoprotectants to achieve a higher re-
covery rate compared to the traditional DMSO cryopreservation
method. Our results are consistent with previous reports that a
cryoprotectant based on 0.75 M DMS0/0.75 M EG results in better
activity of the recovered cells.

Temperature Control During Cryopreservation

Donaldson, et al. demonstrated that increasing the cooling rate
from 1 degree Celsius to 10 degrees Celsius per minute significantly
reduced the recovery rate of human cord blood [34]. Djuwantono,
et al. compared rapid freezing with slow freezing in CD34" enu-
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meration of human cord blood mononuclear cells and found that
although rapid freezing resulted in higher cellular activity, their
CD34 expression was lower than that of the slow freezing group
[35]. This led to the suggestion that rapid freezing may induce cell
differentiation. Therefore, in our experiments, we chose to freeze at
0.5-1.0°C/min to -40°C and then place in liquid nitrogen to preserve
stem cell function.

Conclusions

We have introduced an innovative stem cell freezing method
that preserves high activity and function of stem cells upon recov-
ery, surpassing the efficacy of traditional cryoprotectants. This ad-
vancement promises enhanced therapeutic outcomes from these
cells. Next steps are to further study these beneficial effects of this
observation that a combination of using two permeating cryo-
protectants that have been used solely in the past. The results of
these initial studies could provide improved methods to freeze and
thawed human MSC. Further studies will focus on continued efforts
to better under the beneficial effects of using a combination of two
permeating cryoprotectants to allow improved recovery of frozen
thawed human MSC.
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