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ABSTRACT

Objective: Dental pulp stem cells (DPSC) are the subjects of new and emerging fields of clinically
applied biotechnology. However, much remains unknown regarding the most effective and
appropriate methods for isolation, expansion and culture techniques for DPSC. To address these
deficiencies, the primary objective of this study was to evaluate any effects of the major,
commercially available cell culture media on DPSC phenotypes, such as growth, viability and
biomarker expression.

Methods: This Institutional Review Board (IRB) approved study involved previously collected and
cryopreserved DPSC isolates that were identified, thawed and cultured for this study (n=16). Each
DPSC isolate was plated into 96-well assays under each of the experimental conditions (DMEM,
DMEM:F12, RPMI, alpha-MEM) to determine any effects on cellular growth and viability. RNA was
extracted from all DPSC isolates under the optimal growth conditions for screening using qPCR
primers specific for DPSC biomarkers, such as Sox-2, Oct-4 and NANOG.
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Results: Comparison of the standard DPSC cell culture media alpha-MEM to DMEM revealed
differential results. Comparison of alpha-MEM to DMEM:F12 revealed no change among some
DPSCs (n=3), decreased viability (n=8) or increased viability (n=5) - similar to the comparisons with
RMPI demonstrating no change (n=5), decreased viability (n=6) or increased viability (n=5). Further
analysis revealed that DPSC with low viability (<50%) in alpha-MEM responded positively to one or
more of the culture media alternatives, while virtually none of DPSC with high viability (>50%)
responded to any of the other experimental conditions. Screening of mMRNA using gPCR revealed
most DPSC isolates continued to express one or more of the pluripotent stem cell biomarkers (Oct4,
Sox2, Nestin, NANOG), but no clear pattern of growth with the optimal media type correlated with

viability.

Conclusions: These results demonstrated that many DPSC isolates responded positively to one or
more of these media, including DMEM, DMEM:F12, RPMI when viability was <50% using the
standard DPSC culture media alpha-MEM, but not when viability was >50%. These findings may be
broadly applicable and add significantly to the evidence regarding the potential culturing methods
that may be employed in various ex vivo and in vitro DPSC studies.

Keywords: Dental pulp stem cell; growth; viability; biomarkers.

1. INTRODUCTION

Dental pulp stem cells (DPSC) are pluripotent
mesenchymal stem cells found in the interior of
the “pulp chamber” within healthy intact teeth
[1,2]. DPSCs may have many different and
distinct functions within their microenvironment,
such as the maintenance of pulp homeostasis
and injury repair - including the formation of
dentin by osteoblast-like progenitors [3,4].
Recent discoveries have demonstrated that
these functions may be controlled, in part, by
responses to complex sets of growth factors and
scaffolds composed of extracellular matrix (ECM)
proteins [5-7].

Evidence has emerged that DPSC may be
capable of biological regeneration and tissue
repair and are therefore the subject of intense
research into these new and emerging fields of
clinically applied oral and craniofacial
biotechnology [8,9]. For example, much progress
has been made in the field of periodontal
ligament-derived mesenchymal stromal cells,
which have been propagated ex vivo to
regenerate and repair the periodontal attachment
apparatus degradation induced by chronic
disease and inflammation via bone grafting [10,
11]. Other research has demonstrated significant
progress in DPSC use in neuronal and central
nervous system (CNS) repair and regeneration,
as well as retinal regeneration [12,13]. In fact,
many studies now suggest that DPSCs may be
useful in many types of biologic tissue repair and
regeneration that are not restricted to the
orofacial or craniofacial complex [14,15].

However, despite the progress made in recent
years to demonstrate these  potential

applications, much remains unknown regarding
the most effective and appropriate methods for
isolation, expansion and culture techniques for
DPSC [16,17]. In addition, it is not known
whether viability and regenerative potential vary
exclusively by DPSC phenotypes or biomarker
expression or if it is these characteristics
combined with isolation and culturing methods
that determine therapeutic potential [18,19]. New
studies are continuing to reveal new insights into
culturing methods that modulate DPSC
responsiveness and regeneration potential [20-
22].

Studies from this group have evaluated aspects
of DPSC viability and survival, including
biomarkers and the effects of cryopreservation
[23-26]. In addition, the various responses of
DPSC to specific growth factors, such as
vascular endothelial growth factor (VEGF), bone
morphogenic protein (BMP) and transforming
growth factor (TGF) have also been explored
[27-30]. However, most researchers utilize a
standard base media alpha-MEM when
performing these studies [31-33]. Unfortunately,
no systematic or side-by-side growth media
studies have been conducted to determine if the
commercially available growth media chosen has
any significant effects on the viability, growth or
other characteristics of DPSC.

To address these deficiencies, the primary
objective of this study is to evaluate any effects
of the major, commercially available cell culture
medias (Dulbecco’s Modified Eagle’s Medium or
DMEM, DMEM:F12, Roswell Park Memorial
Institute or RPMI, and alpha-MEM) on DPSC
phenotypes, such as growth, viability and
expression of pluripotent stem cell biomarkers.




2. METHODS
2.1 Human Subjects

This study involved a retrospective analysis of
previously collected dental pulp stem cell (DPSC)
isolates from an existing biomedical repository,
as previously described [31]. The protocol and
procedures for this study were reviewed and
subsequently approved by the Institutional
Review Board (IRB) from the University of
Nevada, Las Vegas (UNLV) under Protocol
#171612-1 “Retrospective Analysis of Dental
Pulp Stem Cells (DPSC) from the UNLV School
of Dental Medicine (SDM) Pediatric and Clinical
Population” on February 21, 2021.

2.2 Original Protocol

In brief, the original study protocol for the
isolation of DPSC isolates was also reviewed
and approved by the UNLV IRB and Office for
the Protection of Research Subjects (OPRS)
under Protocol-OPRS#0907-3148 “Isolation of
Non-Embryonic Stem Cells from Dental Pulp” on
February 5, 2010. Inclusion criteria included
voluntary participation.

Briefly, patients scheduled for routine extractions
of premolars or third molars (“wisdom teeth”) as
part of their Orthodontic therapy were asked to
participate. The extracted teeth were sectioned
at the cementum-enamel junction (CEJ) and the
exposed dental pulp was extracted using an
endodontic broach for placement into sterile 1X
phosphate buffered saline (PBS) for transfer to a
biomedical laboratory. DPSC isolates were
processed using the direct outgrowth method, as
previously described [24-26]. Extracted RNA,
which was isolated from each DPSC isolate, was
screened for stem cell markers CD90 and
CD105, as well as the absence of CD45 in
accordance with the guidelines specified by the
International Society for Cellular Therapy (ISCT),
as previously described [24,25]. Expression of
additional mesenchymal stem cell biomarkers
(Sox-2, Oct-4 and NANOG) was also confirmed.
Cells were passed for a minimum of ten (n=10)
passages prior to cryopreservation in 10%
dimethyl sulfoxide (DMSO)-containing media with
Fetal Bovine Serum (FBS).

2.3 Cell Culture
For the current study, several previously

collected and cryopreserved DPSC isolates were
thawed and cultured for this study, n=18. In brief,
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each sample was thawed on ice, centrifuged at
2,100 x relative centrifugal force (RCF) for five
minutes at room temperature and the DMSO-
containing supernatant was removed prior to
resuspension into each of the cell culture
(experimental) conditions. In brief, each DPSC
isolate was plated into 96-well assays under
each of the experimental conditions, which
included Dulbecco’s Modified Eagle’s Medium or
DMEM, DMEM:Nutrient Mixture F12, Roswell
Park Memorial Institute or RPMI, alpha-Minimum
Essential Media or MEM (supplemented with
10% FBS and 1% Penicillin-Streptomycin) all
from Gibco (Waltham, MA), to determine any
effects on cellular growth and viability.

2.4 Proliferation and Viability Assays

All DPSC isolates were plated at 1.2 x 10°
cells/mL in 96-well tissue culture treated flat
bottom Corning Costar assay plates (Corning,
NY) and allowed to proliferate in a biosafety level
(BSL)-2 incubator at 37°C supplemented with 5%
CO2. Cell viability was determined with the
Trypan Blue exclusion assay using a BioRad
TC20 automated cell counter. Absolute numbers
and relative percentages of live cells were
determined and exported into Microsoft Excel
(Redmond, WA) for analysis.

Proliferation assays were fixed at 24 hours (one
day), 48 hours (two days) or 72 hours (three
days) with 10% formalin and processed using
Gentian Violet 1% w/v alcoholic solution from
RICCA Chemical Company (Arlington, TX).
Assays plates were processed using a BioTek
ELx808 microplate reader (Winooski, VT) at
630 nm and absorbance readings were
exported into Microsoft Excel (Redmond, WA) for
analysis.

2.5 RNA Extraction

Extraction of RNA from each DPSC isolate under
each of the experimental conditions (DMEM,
DMEM:F12, RPMI, and alpha-MEM was
performed using the phenol:chloroform extraction
method and the TriZol Reagent from
ThermoFisher Scientific (Fair Lawn, NJ), as
previously described [25,26,34]. RNA purity and
guantification was measured using absorbance
readings at A260nm and A280 nm with a
NanoDrop  spectrophotometer also  from
ThermoFisher Scientific. All samples were found
to have A260:A280 ratios greater than or equal
to 1.65, which is suitable for quantification using
polymerase chain reaction (QPCR).



2.6 qPCR Screening
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To determine if culturing media affects biomarker expression, RNA was screened using qPCR. In
brief, samples were processed using the One-Step Reverse Transcription Kit from ThermoFisher
Scientific. A Mastercycler gradient thermal cycler from Eppendorf (Hamburg, Germany) was used to
facilitate reverse transcription for 30 minutes at 47°C. gPCR screening was then performed using
reactions of 20 uL and the SYBR Green Master Mix from ThermoFisher Scientific. Each reaction
contained 12.5 uL of ABsolute SYBR green, 7.5 uL of nuclease-free water, 1.75 uL of forward primer,
1.75 uL of reverse primer, and 1.5 uL of sample diluted to 1.0 ng/uL. Reactions included enzyme
activation at 95°C for 15 minutes and 40 cycles consisting of denaturation at 95°C for 15 seconds,
annealing at the primer pair-specific temperature for 30 seconds, and a final extension at 72°C for 30

seconds.

GAPDH control primers

GAPDH forward: 5’ ATCTTCCAGGAGCGAGATCC-3"; 20 nt, 55% GC, Tm 66°C
GAPDH reverse: 5’ ACCACTGACACGTTGGCAGT-3"; 20 nt, 55% GC, Tm 70°C

Optimal Tm: 61°C

Oct-4 forward: 5'-TGGAGAAGGAGAAGCTGGAGCAAAA-3"; 25 nt: 48% GC; Tm 70 °C
Oct4 reverse: 5'-GGCAGATGGTCGTTTGGCTGAATA-3"; 24 nt; 50% GC; Tm 70 °C

Optimal Tm: 71 °C

Sox2 forward: 5'-ATGGGCTCTGTGGTCAAGTC-3"; 20 nt: 55% GC; Tm 67 °C
Sox2 reverse: 5'-CCCTCCCAATTCCCTTGTAT-5"; 20 nt; 50% GC; Tm 64 °C

Optimal Tm: 65 °C

NANOG forward: 5'-GCTGAGATGCCTCACACGGAG-3"; 21 nt; 62% GC; Tm 71 °C
NANOG reverse: 5-TCTGTTTCTTGACTGGGACCTTGTC-3"; 25 nt: 48%GC; Tm 69 °C

Optimal Tm: 70 °C

2.7 Statistical Analysis

Data regarding viability (0-100%) and growth or
proliferation (630 nm absorbance) was measured
by instrumentation and presented on the
appropriate  measurement scale. These data
were imported into Microsoft Excel (Redmond,
WA) and differences between experimental
conditions were measured using two-tailed
Student's t-tests, which are appropriate for
parametric analysis of continuous data. Any
statistically significant differences were verified
using Analysis of Variance (ANOVA) due to the
possibility of error involved with analysis of
multiple two-way t-tests. Significance levels were
set at alpha (1) = 0.05.

3. RESULTS

This retrospective analysis identified sixteen
(n=16) cryopreserved DPSC isolates that were
isolated between 2011 and 2015 (Table 1). Their
baseline growth rates had been previously
established, which was previously categorized as
rapid doubling time or DT (1-2 days),
intermediate doubling time or iDT (4-6 days), or
slow doubling time or sDT (10 - 14 days).
Baseline viability prior to cryopreservation and
upon thawing averaged 28.8%, ranging between
17.6% to 49.3%. Analysis of total RNA isolated

from the DPSCs for mesenchymal stem cell
(MSC) biomarkers revealed all DPSC isolates
expressed Nestin, while the majority of DPSCs
also expressed NANOG. Half of the DPSCs also
continued to express both Sox-2 and Oct-4.

To evaluate the effect of alternative commercially
available cell culture media on the growth and
viability of DPSC isolates, all DPSC isolates were
split between alpha-MEM and Dulbecco’s
Modified Eagle’s Medium or DMEM, DMEM with
Ham’s F12 or DMEM:F12 and Roswell Park
Memorial Institute or RPMI. For example, all
DPSC isolates were cultured in alpha-MEM and
viability was compared with DMEM (Fig. 1). This
analysis revealed that although several DPSCs
did not exhibit any significant change in viability
(-3% to +3%), at least three DPSCs (dpsc-
17322, dpsc-3882, dpsc-9894)  exhibited
significant decreases in cell viability, ranging
from - 8% to -28%. In addition, at least six
DPSCs exhibited significant increases in cell
viability, ranging from +6% to +25% (dpsc-11836,
dpsc-5423, dpsc-9765, dpsc-8604, dpsc-8124,
dpsc-4595).

Next, all DPSC isolates were cultured in alpha-
MEM and viability was compared with another
commercially available media, DMEM:F12 (Fig.
2). This analysis revealed that although some



DPSCs did not exhibit any significant change in
viability (-2% to +4%), at least eight DPSCs
(dpsc-7089, dpsc-3924, dpsc-5423, dpsc-11418,
dpsc-3882, dpsc-5423, dpsc-17322, dpsc-8604)
exhibited significant decreases in cell viability,
ranging from - 8% to -26%. Furthermore, at least
five DPSCs exhibited significant increases in cell
viability, ranging from +5% to +29% (dpsc-11836,
dpsc-11750, dpsc-4595, dpsc-9765, dpsc-5653).

Finally, all DPSC isolates were cultured in alpha-
MEM and viability was compared with the
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commercially available media RPMI (Fig. 3). This
analysis revealed that although some DPSCs did
not exhibit any significant change in viability (-2%
to +2%), at least six DPSCs (dpsc-17322, dpsc-
3882, dpsc-7089, dpsc-3924, dpsc-11418, dpsc-
8604) exhibited significant decreases in cell
viability, ranging from - 6% to -21%. Furthermore,
at least five DPSCs exhibited significant
increases in cell viability, ranging from +8% to
+23% (dpsc-8124, dpsc-5423, dpsc-9765, dpsc-
5653, dpsc-4595).

dpsc-17322
dpsc-3882 —

dpsc-5653
dpsc-3924
dpsc-5243
dpsc-7089
dpsc-11418
dpsc-9500
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Fig. 1. Comparison of DPSC viability with alpha-MEM versus DMEM. Several DPSCs (n=7) did
not exhibit any significant change in viability (-3% to +3%), but at least three (n=3) DPSCs
exhibited decreased cell viability (-8% to -25%) and six (n=6) DPSCs exhibited increased cell
viability (+6% to +25%)
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Fig. 2. Comparison of DPSC viability with alpha-MEM versus DMEM:F12. Some DPSCs (n=3)

did not exhibit any significant change in viability (-2% to +4%), but at least three (n=8) DPSCs

exhibited decreased cell viability (-8% to -26%) and five (n=5) DPSCs exhibited increased cell
viability (+5% to +29%)
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Table 1. Baseline characteristics of DPSC isolates

Year Rate Line Days Viability (%) Sox-2 Oct-4 NANOG Nestin
2011 slow (sDT) dpsc-11750 13.1 37.9 Nestin
2011 slow (sDT) dpsc-11836 12.9 24.7 Nestin
2011 slow (sDT) dpsc-17322 10.6 39.1 NANOG Nestin
2011 slow (sDT) dpsc-11418 10.2 17.6 Nestin
2011 rapid (rDT) dpsc-3924 1.9 21.6 Sox-2 Oct4 NANOG Nestin
2012 rapid (rDT) dpsc-5653 2.1 31 Sox-2 Oct4 NANOG Nestin
2012 rapid (rDT) dpsc-3882 2.6 31 Sox-2 Oct4 NANOG Nestin
2012 rapid (rDT) dpsc-7089 1.9 20.33 Sox-2 Oct4 NANOG Nestin
2013 rapid (rDT) dpsc-9765 2.3 25.9 Sox-2 Oct4 NANOG Nestin
2013 slow (sDT) dpsc-9500 10.4 20.7 Nestin
2013 intermediate (iDT) dpsc-9894 5.1 25.6 Sox-2 Oct4 NANOG Nestin
2014 rapid (rDT) dpsc-5423 2.2 231 Sox-2 Oct4 NANOG Nestin
2014 intermediate (iDT) dpsc-8604 5.5 28.7 Sox-2 Oct4 NANOG Nestin
2014 slow (sDT) dpsc-8124 5.9 49.3 NANOG Nestin
2015 slow (sDT) dpsc-4595 11.2 30.7 Nestin
2015 intermediate (iDT) dpsc-5243 4.2 33.7 Oct4 Nestin
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Fig. 3. Comparison of DPSC viability with alpha-MEM versus RPMI. Some DPSCs (n=5) did not
exhibit any significant change in viability (-2% to +2%), but at least six (h=6) DPSCs exhibited
decreased cell viability (-6% to -21%) and five (n=5) DPSCs exhibited increased cell viability
(+8% to +23%)

Due to the observation that several DPSC
isolates exhibited increased viability with one or
more commercially available media alternatives,
viability for all DPSCs in standard alpha-MEM
media were plotted against the change in viability
with the alternative media (DMEM, DMEM:F12,
RPMI) (Fig. 4). This analysis demonstrated that
for DPSCs with viability less than 50% (ranging
between 28% and 49%), one or more alternative
media substitutes induced significant increases
in DPSC viability with only two minor exception
(dpsc-5423 in DMEM:F12, dpsc-8604 in
DMEM:F12 and RPMI). Interestingly, for DPSCs
with viability greater than 50% (ranging between
50% and 66%), almost all of the alternative
media substitutes induced significant decreases
in DPSC viability with the exception of dpsc-
8124, which increased viability in all three
alternatives. However, no associations were
found between viability, media responsiveness
and DPSC biomarker expression.

4. DISCUSSION

The primary goal of this study was to evaluate
any effects of the major, commercially available
cell culture media (Dulbecco’s Modified Eagle’s
Medium or DMEM, DMEM:F12, Roswell Park
Memorial Institute or RPMI, and alpha-MEM) on
DPSC phenotypes, such as growth and viability.
The results of this study demonstrated that many
DPSC isolates responded positively to one or
more of these media, including DMEM,
DMEM:F12, RPMI, - as well as the standard

DPSC culture media alpha-MEM. These findings
add significantly to the evidence regarding the
potential culturing methods that may be routinely
employed in various ex vivo and in vitro DPSC
studies [17,20,35].

These findings also suggest that DPSC with
viability lower than 50% in alpha-MEM may
actually respond positively to alternative culture
media, findings that support other studies
exploring alternative media to determine if cell-
specific responses could be observed [36-38].
Interestingly, these findings also demonstrated
that DPSCs with viability greater than 50% using
alpha-MEM may not respond necessarily
positively to alternative media, suggesting some
form of media testing for DPSC to separate those
DPSC isolates with low viabilty may
subsequently provide significant improvements in
DPSC viability for future use - a goal of many
recent studies and research efforts [39,40].

As more DPSC-related studies progress,
standardized (and alternative) methods for DPSC
culture and expansion are needed and any
protocols or methods that provide significant
improvement in DPSC viability or growth may
prove invaluable [40-42]. Other recent studies
have provided tips and tricks for improving stem
cell viability, although many of the most recent
techniques have involved methods to reduce or
avoid the use of feeder layers and to improve
feeder-free monocultures [43,44]. Since most of
these major commercially available media
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Fig. 4. Comparison of DPSC viability in alternative media plotted against viability in alpha-
MEM. This analysis demonstrated that DPSCs with viability less than 50%, almost all of the
alternative media induced increased viability. DPSCs with viability in alpha-MEM greater than
50% exhibited decreased DPSC viability in alternative media, with the exception of one DPSC
(dpsc-8124)

contain similar constituents but at different ratios
or concentrations, it will be necessary to further
investigate these differences to determine the
functional mechanisms associated with these
observations.

For example, the most commonly used DPSC
culturing media alpha-MEM contains minimal
essential nutrients including glucose and amino
acids - although it is also known to contain non-
essential amino acids, sodium pyruvate, lipoic
acid, vitamin B12, biotin, and ascorbic acid
[45,46]. In contrast, DMEM has been developed
to provide the minimum essential nutrients
(glucose, amino acids and nucleotides) but has
been modified to include higher levels of
glutamine, glucose, sodium pyruvate and sodium
bicarbonate to act as the most broadly suitable
media for adherent cell culture - and has been
recently demonstrated to improve cell viability
and proliferative capacity in other stem cell
models, which may be of particular relevance to
DPSC isolates with lower Vviability [47-49].
Interestingly, some of the DPSCs responded to
DMEM:F12, which was originally designed to
facilitate hepatocyte and prostate epithelial cell
growth using increased levels of choline, inositol,
putrescine and specific amino acids and has
recently been used to culture other types of stem
cell isolates and may therefore be particularly
useful for DPSC isolates, such as those identified
with lower viability [50-52]. Finally, the response

of some DPSCs to RMPI-1640, which contains
biotin, vitamin B12, and PABA (not found in any
other commercially available media), suggests
that some metabolic pathways active within
those DPSCs may respond preferentially to
these components as has been observed in
some studies of mesenchymal stromal cells and
blood-derived stem cell progenitors [53,54].

Although these findings are significant and may
help to improve viability and survival among
DPSC isolates that are not responsive to
traditional alpha-MEM media, there are some
limitations of this study that should be
considered. First, this is a retrospective study of
previously isolated DPSCs that have been
cryopreserved and thawed after significant time
intervals. The responses of fresh and recently
isolated DPSCs may be significantly different and
it is hoped that future studies in this area will
incorporate these parameters for further
comparison and analysis. In addition, the
financial and other limitations of this study did not
allow for comparisons of larger groups of DPSCs
from other research groups that may have been
isolated from different areas, such as stem cells
from exfoliated teeth (SHED), stem cells from the
apical papilla (SCAP), periodontal ligament stem
cells (PDLSC), and dental follicle stem cells
(DFSC) [55]. As many research studies of this
nature have explored DPSC phenotype and
behavior in culture, future research in this area



might evaluate if these alternative media
substitutions also provide increased viability and
survival among these sub-populations of DPSCs
[56,57].

5. CONCLUSIONS

The results of this study demonstrated that many
DPSC isolates responded positively to one or
more of these media, including DMEM,
DMEM:F12, RPMI when viability was low using
the standard DPSC culture media alpha-MEM.
These findings may be broadly applicable and
add significantly to the evidence regarding the
potential culturing methods that may be
employed in various ex vivo and in vitro DPSC
studies These results strongly support the
hypothesis that differential growth media
screening may be necessary to ensure the
highest viability and growth potential for all DPSC
isolates.
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