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How has dental pulp stem cells isolation
been conducted? A scoping review

Abstract: The objective of this study was to realize a scoping review the
literature in order to identify the profile of DPSCs isolation and analyze
the possible risk factors that could change the native behavior of these
cells. An initial search was conducted using the following MeSH terms:
“(dental pulp stem cell [MeSH])”; “(dental pulp [MeSH])” AND “(stem
cell [MeSH])”; “(“dental pulp stem cell” [MeSH]”)”. The electronic search
was done without date restriction up to and including April 2014,
in PubMed, Scopus, Scielo and ISI Web of Knowledge databases. Studies
were submitted to inclusion and exclusion criteria and 222 articles
were included. Data showed that over the past 15 years many studies
have been conducted using DPSCs. However this is the first systematic
review regarding the isolation of stem cell, and more specifically of
dental pulp stem cells. The isolation of dental pulp stem cells showed
great variability, hampering the development of standard protocols to
achieve in vitro dental pulp stem cells with similar characteristics. This
scoping review combined, for the first time, the methodologies used for
dental pulp stem isolation, highlighting the most frequently used.
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Introduction

Currently, mesenchymal stem cells (MSCs) are commonly investigated
for their contribution in the advance of fields such as cell therapy, tissue
engineering and molecular biology, optimizing new treatment alternatives
for common worldwide diseases.! In 2000, Gronthos and collaborators
identified MSCs in the pulp of permanent teeth, which were named dental
pulp stem cells (DPSCs).2 This discovery provided an important source of
stem cells, since DPSCs can be obtained by a minimally invasive process:*
from teeth extracted due to orthodontic reasons, periodontal disease or caries*
Furthermore, DPSCs have shown high proliferative capacity, maintaining
the potential of self-renewal and differentiation into multiple cell lineages.

Several studies have considered DPSCs an appropriate cell model
for various applications in different health-related fields. Since the
knowledge about DPSCs is advancing rapidly towards the final goal
of clinical application, some concerns, such as stem cell isolation, seem
to be relegated to basic science background. Despite the use of DPSCs
in the last 17 years and the cells” promising future, there is a gap in the
literature concerning their isolation. Frequently, authors report inconsistent
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methodologies with missing information, thus the
search for standardized protocols to achieve in
vitro DPSCs isolation with consistent characteristics
is hampered, possibly influencing the results of the
evaluated outcomes. Thus, the aim of this study was
to review the literature to identify the profile of DPSCs
isolation and analyze the possible risk factors that
could change the inherent behavior of these cells.

Materials and Methods

Review study questions

In the literature, how has the isolation of DPSCs
been conducted?

Is there a published standardized protocol for
DPSCs isolation?

Inclusion and exclusion criteria

The inclusion criteria for article assessment was
presenting the methodology of stem cell isolation from
dental pulp of human permanent teeth. Exclusion
criteria are described in Figure 1.

Search strategy

The electronic search was conducted without
initial date restriction up to and including April
2014 in PubMed, Scopus, Scielo and ISI Web of
Knowledge databases. An initial search was
conducted, without language restrictions, using
the following MeSH terms: “(dental pulp stem cell
[MeSH])”; “(dental pulp [MeSH])” AND “(stem cell
[MeSH])”; “(“dental pulp stem cell” [MeSH]")".

All references were managed in the EndNote
X7 software (Thomson Reuters, New York,
NY, US). Initially, duplicate references were
excluded. Then, two reviewers (CPF and EGZC)
independently screened titles, abstracts and
study methodologies based on the inclusion and
exclusion criteria. Selected studies were compared
and in case of disagreement, a consensus was
reached by discussion. When a consensus was not
achieved, a third reviewer decided if the article
should be included (FN). This systematic review
followed the PRISMA statements®, with some
adjustments (Figure 1).

Databases used
e Pubmed

Records identified through databases
searching (n=3,126)

* Scopus
¢ Scielo
e Web of Science

Duplicate records excluded

Y

(n=1,539)

Records remaining after 1st
screening (n=1,587)

Studies excluded after full
text reading

\/

Records excluded by titles and
abstracts (n=440)
* Reviews (n=283)

* No human cells (h=240%)
* No pulp (n=141)*
e Other issues (n=139)*

Records remaining after 1st
screening (n=1,587)

* Congress summary (n=50)
* Patents (n=>50)
* Book section (n=24)

* Isolation technique no
described (n=131%)

* Human pulp cells, but not
stem (n=118)*
« SHEDs (n=96)*

A

* Hypothesis (n=13)

e Editorial (n=9)

* Letter to the editor (n=6)
* News (n=2)

* Protocol (n=1)

* Language (n=69)*
* Not found (n=32)

Studies included in the systematic
review (n=222)

e Withdrawn (n=1)
* Interview (n=1)

* Exclusion reasons (a study could have fulfilled more than one criterion)

Figure 1. Flow diagram of study selection. Risk of bias considering aspects reported in the material and method section.
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Data extraction and quality assessment

Data to be submitted to descriptive analysis
were extracted and tabulated independently by two
reviewers (CPF and LCdaR). Disagreements were
discussed until a consensus was reached, and when
a consensus was not obtained, a third reviewer was
consulted (FN).

Risk of bias in included studies

Studies risk of bias was evaluated according to the
presence (yes, Y) or absence (no, N) of description of
the parameters presented in Figure 2. It was established
that up to 30% of Ys represented high risk of bias,
from 31 to 65% represented medium risk, and above
65% was low risk of bias.

Resulis

Descriptive analysis

The electronic search provided 3,126 articles.
From those, 1,539 were duplicated and therefore,
removed. A total of 1,587 articles were included for
title, abstract and methodology screening. From
those, 222 were included for full text analysis (Figure 1).

Of the included studies, 100% described the enzyme
type. The second item most frequently mentioned by the
authors was the medium used for DPSCs in vitro culture.
However, the size of fragments in the explant technique,
and cell filtration in the enzymatic and/or mechanical
technique were the most neglected items (Table 1).

100% 7
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The three main techniques described in the
literature to isolate DPSCs are explant, enzymatic
and mechanical, or in some cases the association
between the latter two methodologies. Among the
selected articles for this systematic review, 56.3%
conducted the enzymatic technique® followed by 33.5%
that applied an association between the enzymatic
and mechanical techniques’. The less frequent
isolation techniques were the explant,® 9.8%, and
the mechanical methodology,® 0.5%.

Twenty different combinations of enzymes were
used in the enzymatic technique for DPSCs isolation.
Collagenase type I associated with dispase was
the most frequently used,""'? in second place was
collagenase type I alone.” Ten different enzyme
combinations were used in less than 5% of the selected
articles (Table 2).

Table 1. Distribution according to the presence or absence
of important aspects of DPSCs isolation.

Yes No
n % n %
12 545 10 455
200 100 O 0

Enzyme concentration (enzymatic fechnique) 116 90.6 12 9.4

Variable

Size of explant fragments

Enzyme type

Enzyme concentration (association technique) 67 89.3 8 10.7
212 95 10 5.0
Cell filtration 106 47.75 116 52.25
Serum 195 87.8 27 12.2
179 90. 20 10

Culture medium

Supplementation (serum excluded)

Type of enzymes - Concentration of Mechanical Concentration of
enzymatic enzymes - enzymatic instrument - enzymes - association
technique/assciation technique  association technique  technique

technique

80%
60%
40%
20%

Filtering Fragments size Medium culture Serum Medium

suplementation

Figure 2. Risk of bias considering aspects reported in the material and method section.
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Table 2. Distribution according to the type of enzymes used
for DPSCs isolation with the enzymatic technique or in the
association of the enzymatic and mechanical techniques.

Variable n %
Collagenase type | and dispase* 111 54.4
Collagenase type | 35 17.2
Collagenase and dispase* 14 6.9
Collagenase* 9 4.4
Collagenase type | and dispase type Il 8 3.9
Trypsin S 2.5
Collagenase type | and collagenase type |l 4 2.0
Collagenase type IA 2 1.0
Collagenase type Il 2 1.0
Dispase type | 1 1.0
Collagenase type A 1 1.0
Collagenase type IA and dispase* 1 1.0
Collagenase type Il and dispase type | 1 1.0
Collagenase and dispase type II* 1 1.0
Collagenase/DNAse 1 1.0
Collagenase type | and DNAse 1 1.0
Trypsin and collagenase 1 1.0
Collagenase Blend type H 1 1.0
Collagenase type |, collagenase type |, 1 1.0
termolisina

Not described types of enzymes used 3 1.5
Total 203 100.00

*The type of collagenase and/or dispase was not described.

An important variable in the explant technique
is the size of tissue fragments. Although studies
reported up to five different sizes, all mentioned
sectioning the tissue into small pieces. About 18%
did not state the precise dimension and 45.5% did
not mention the size of the fragments.

In the mechanical technique, either alone or in
combination with the enzymatic technique, a filtration
step is usually performed. Of the included studies,
69.8% used a 70 um filter, 10.4% used a 100 pum filter
and 10.4% used a 40 um filter. Furthermore, 9.4% of
the studies that mentioned filtration did not described
the filter pore size.

Ninety-five percent of the studies described
19 different mediums used for DPSCs in vitro
culture (Table 1). The most commonly used
was a-MEM,*? followed by DMEM"" (Table 3).

4 Braz. Oral Res. 2017;31:e87

Table 3. Distribution according to the types of medium used
for culturing DPSCs.

Variable n %
a-MEM 114 52.3
DMEM 46 21,10
DMEM/F12 9 4.1
DMEM-KO 7 3.2
Low glucose DMEM 7 3.2
MEM 7 3.2
MSCM 5 2.3
Mega Cell 5 2.3
MCM 3 1.4
A-DMEM 2 0.9
DMEM/Ham’sF12 2 0.9
EBM2 2 0.9
MCDB-201 2 0.9
MEM-Earle 2 0.9
BME 1 0.5
High-glucose DMEM 1 0.5
Low glucose DMEM and MCDB-201 1 0.5
NH stem cell expansion 1 0.5
Phenol red free L-DMEM 1 0.5
Total 218 100.0

o-MEM: a-minimum essential medium; DMEM: Dulbecco’s
modified Eagle’s medium; DMEM/F12: Dulbecco’s modified Eagle’s
medium/F12; DMEM-KO: Dulbecco’s modified Eagle’s medium —
knock-out; MEM: minimum essential medium; MSCM: mesenchymal
stem cell medium; MCM: mesencult complete médium; A-DMEM:
advanced Dulbecco’s modified Eagle’S medium; DMEM/
Ham'sF12: Dulbecco’s modified Eagle’s medium/Ham's F12; EBM2:
endothelial cell basal medium 2; MEM-Earle: minimum essential
medium-earle; BME: basal medium eagle; NH stem cell expansion:
nonhematopoietic stem cell expansion.

The in vitro supplementation of DPSCs is also
an important issue. Of the studies included, 90%
mentioned the use of supplementation, other
than serum (Table 1). The most commonly used
serum was fetal bovine serum (FBS), followed by
fetal calf serum (FCS), human serum and FCS in
association with FBS. The vast majority of studies
supplemented the culture medium with two,
three or four components, other than serum. The
most cited ones were penicillin and streptomycin,
accounting for more than 50% of all compounds
used for supplementation (Table 4).



Table 4. Distribution according to the supplementation used
in DPSCs culture medium preparation (some studies used more
than one culture medium).

Variable n %
Penicilin 157 26.0
Streptomicin 151 25.0
L -glutamine 61 10.1
L-ascorbic acid 40 6.6
2P-ascorbic acid 28 4.5
Glutamine 18 3.0
Amphotericin 16 2.6
AA 14 2.3
Dexamethasone 13 2.1
Fungizone 12 2.0
Gentamicin 11 1.8
PDGF 9 1.5
Glutamax 9 1.5
EGF 9 1.5
Antibiotics 7 1.2
Insulin 7 1.2
Selenium 7 1.2
Transferrin 7 1.2
hPDGF BB 3 0.5
LA-BSA 3 0.5
Glucose 3 0.5
BFGF 2 0.3
BSA 2 0.3
hLIF 2 0.3
Clarithromycin 2 0.3
CDLC 2 0.3
Kanamycin 2 0.3
Vitamin C 2 0.3
IGF 1 0.2
B-ME 1 0.2
Ciprofloxacin 1 0.2
Sodium pyruvate 1 0.2
Hepes 1 0.2
Mesenchymal cell growth supplement 1 0.2
Total 605 100.0

AA: antibiotic antimycotic solution; PDGF: platelet-derived
growth factor; EGF: epidermal growth factor; hPDGF BB: human
recombinant platelet-derived growth factor; LA-BSA: linoleic acid-
bovine serum albumin; bFGF: basic fibroblast growth factor; BSA:
bovine serum albumin; hLIF: human leukemia inhibitor factor;
CDLC: chemically defined lipid concentrate; IGF: insulin-like
growth factor; 3-ME: -mercaptoethanol.
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Risk of Bias

Of the 222 studies included in this review,
only 9.3% described the instrument used for the
mechanical dissociation in the combined technique,
representing a high risk of bias. Information about
the filtration process and fragment size of the explant
was mentioned respectively in 47.8 and 54.6% of all
studies; both items showed medium risk of bias. All
studies described the type of enzyme used, indicating
a low risk of bias for this variable. The enzyme
concentration was described in 89.3 and 90.6% of the
studies applying the combined methodology and
the enzymatic techniques, respectively. The culture
medium (95.1%), serum (87.8%) and the medium
supplementation (90.0%) were considered as low risk
of bias (Figure 2).

Discussion

Over the past 17 years, many studies have been
conducted using DPSCs. However, there is still a gap
in the literature concerning a standardized protocol
for DPSC isolation. This is the first time that the vast
literature regarding DPSCs isolation methodology
has been summarized in a rigorous and replicable
manner (Figure 3).

Itis important to highlight that the data presented in
this article are based on frequency analysis of various
factors of the DPSCs isolation. One can argue that a
better evaluation would be done by looking at the
outcomes of the articles, rather than the frequency of
the isolation techniques used. However, itis well known
that negative results are not always published, which
could lead to seriously biased results. In addition, few
studies included in this scoping review were strictly
methodological, with the purpose of evaluating DPSCs
isolation. Most of them performed cell isolation and
culture for secondary purposes. Therefore, if DPSCs
isolation was described in the methodology section of
studies and secondary evaluations were conducted,
we can accept that the isolation process succeeded. In
this scenario, the frequency of variables would be the
most accurate data to be evaluated.

The DPSCs isolation process has evolved
overtime and currently it can be done using two
main techniques: explant'®*? and enzymatic;'** the
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Dental Pulp Tissue

U

Enzymatic Technique

U

Collagenase type | and dispase

U

Concentration: 3 mg/mL + 4mg/mL

U

Cell filtration: 70 um

U

a-MEM + penicillin + streptomycin
+ glutamine + FBS

U

DPSCs Isolation

Figure 3. Flowchart summarizing the principal results obtained
from this systematic review, highlighting the most commonly
used steps for DPSCs isolation.

association between the enzymatic technique and the
use of mechanical devices to intensify cell dissociation
has also been used.”

Our findings revealed that 56.3% of the included
studies applied the enzymatic technique, and 33.5%
associated this methodology with the mechanical cell
dissociation step. The enzymatic technique consists of
removing DPSCs from dental pulp by using enzymes,
suchas collagenase, dispase'® and trypsin,* to dissociate
cells from each other and from its extracellular matrix,
and obtain a heterogeneous singularized cell suspension.
However, this process can cause cell damage and induce
cell death if not done properly.?

All evaluated articles in our study described the
enzyme used for DPSCs dissociation. Only five families
of enzymes were mentioned: collagenase, dispase,

6 Braz. Oral Res. 2017;31:e87

trypsin, thermolysin and DNAase. Twenty different
enzyme combinations were described; the most
frequently mentioned was collagenase type I/dispase,
and the second was collagenase type I alone. Some
studies did not specify the enzyme subtype, informing
only the family of the enzyme. Since the dental pulp is
a connective tissue and its extracellular matrix contains
collagen as a major component,* the common use of
collagenase and dispase, two proteolytic enzymes
that degrade collagen, is highly justified.??

In addition, the concentrations of the enzymes in
the most commonly used combination (collagenase
type I/dispase) were not standardized within studies,
with up to eight different values. This high variability
in concentrations was also observed for collagenase,
collagenase type I and collagenase/dispase. This
lack of standardization of the type of enzyme and its
concentration could compromise DPSCs survival and
function, and therefore hamper stem cell isolation.

After enzymatic disaggregation, the tissue
suspension is commonly filtered through a Falcon
cell strainer.”” This process is done to remove any
cell clump,® and the filter pore size can be selected
according to cell type. Our data showed that studies
used filters with pore size of 40, 70 and 100 pm.

Similar to the enzymatic methodology, the
explant technique is able to isolate cells that can
differentiate into multiple lineages.” This technique
is based on the outgrowth of cells from small tissue
fragments, and it allows the isolation of a relatively
pure population of pulp stem cells.”” However,
a heterogeneous population of cells, achieved
with the enzymatic technique, is needed in some
cell-based therapy approaches, since it can endure
various environmental signals within the tissue®.

The explant methodology is more cost-effective
than the enzymatic technique.* However, only 99% of
the authors used this technique. This might be related
to the long time needed to conduct this method, since
cells need from 1 to 2 weeks to migrate from the pulp
tissue. Lizier and collaborators developed a cell culture
method that preserves DPSCs viability for longer
periods, minimizing the slow proliferation rate."® The
methodology is based on the explant technique, and it
consists in transferring tissue fragments to a different
plate every time the desired cell density is achieved.



It allows the de novo cell migration to a new plate, enabling
the achievement of larger amounts of pulp stem cells.”®

Few studies have compared the enzymatic and
explant techniques for DPSCs isolation.?*7! In a
well-designed study, Hilkens and collaborators showed
that cells isolated by the enzymatic or the explant
techniques had the same proliferating rate and colony
formation capacity, and could successfully differentiate
into adipogenic, chrondrogenic and osteogenic cell
types, indicating that both isolation methodologies
could be applied to obtain suitable autologous DPSCs.”

One particular aspect of the explant technique is
the size of tissue fragments. According to our results
fragment dimensions are not standardized, since 45.5%
of the articles did not provide this information and 18.2%
only mentioned that tissue fragments were small. The
relevance of the explant size in the successful isolation
of DPSCs has been poorly explored in the literature.
Verdugo et al.”? compared two sizes of explants from
bone tissue, and observed that the size of explants
did not influence osteoblast outgrowth. Nevertheless,
this finding should be considered with caution, since
cells from different sources can behave differently.
In general, the explant should not be excessively small
as it can compromise its attachment to the bottom of
the culture plate, affecting cell outgrowth. On the other
hand, if the explant is too large it can compromise the
diffusion of metabolites and nutrients between the
culture medium and the explant.

Another aspect is determining the adequate culture
medium and its supplements, which will enable
the in vitro culture of the isolated cells.?* Our data
showed that nearly 95% of the articles described the
culture medium used for DPSCs (Table 1), indicating
a very low risk of bias and therefore highlighting the
relevance of this factor. Nineteen different types of
culture medium were cited. Of these, a-MEM, DMEM
and DMEM/F12 were the most used (Table 3). It
is therefore observed that the literature is limited
concerning the ideal medium for DPSCs isolation.

Ninety percent of the articles included information
concerning cell culture medium supplementation.
Specifically in relation to serum, 87.8% of the articles
cited its use, with FBS and FCS being the most
recommended ones. This is probably due to the
widespread use of FBS in published studies on
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DPSCs culture.?** However, serum from animal
source can present disadvantages such as risks of
infections and immunological reactions. Indeed,
mesenchymal stem cells have been reported to express
N-glycolylneuraminic acid (Neu5Gc) xenoantigen that
humans are unable to synthesize, indicating that cells
uptake them from the culture media components. The
human serum contains natural antibodies against
Neu5Gc xenoantigen and their binding could lead
to an immune response by antibody-dependent
cell-mediated cytotoxicity mechanisms. In addition,
the monocyte-derived macrophages could
increase phagocytosis of mesenchymal stem cells
cultured in animal serum. These processes could
influence the survival and efficacy of the transplanted
cells in clinical applications.*>* Thus, alternative
supplements have been investigated. Serum-free media
have been continuously tested for stem cell culture;
however, so far, the literature indicates that these
media do not adequately support DPSCs proliferation
and differentiation.”* The growth of DPSCs with a
small percentage of serum enriched with epidermal
growth factor (EGF) and platelet-derived growth factor
(PDGF) could represent a valid perspective.***° Various
human blood derivatives have been proposed as
alternatives to animal serum for stem cell culture.
These include autologous or allogenic human serum,*
human plasma,” and human platelet lysates and their
released factors.* Pisciolaro and collaborators showed
that autologous human serum induces higher CFUs
capacity, higher degree of mineralization and less cell
damage in DPSCs cells then FBS and allogenic human
serum.”® Pisciotta and collaborators showed that
human serum is an appropriate alternative for
FCS, enhancing DPSC proliferation rate and
improving in vitro differentiation, and when implanted
in immunocompromised rats these cells can restore
critical size bone defects.”” Chen and collaborators
showed that when 5% of human platelet lysate
was incorporated in normal culture medium the
proliferation and mineralization rates were enhanced *
Although the literature refers to human platelets
as a substitute for FBS, some articles used them in
association with FBS, more likely as supplement.
The risk of bias analysis of several variables of
interest allowed us to estimate the quality of the
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included studies. In general, we found that studies
showed low risk of bias for most variables of interest.

In conclusion, over the years, many studies have
been conducted using DPSCs. However, this is the first
scoping review regarding the isolation of DPSCs. The
methodology for DPSCsisolation showed great variability,
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