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ABSTRACT
Stem cells from human exfoliated deciduous teeth (SHED) or dental pulp stem cells (DPSCs) from
permanent teeth are considered promising sources of mesenchymal stem cells. It requires a less
invasive technique to isolate stem cells fromexfoliated or permanent teeth. Hence this study aimed
to identify the present status of research on the regenerative potential of SHED/DPSCs in Malaysia.
The results indicate that only 60 articles were published in regenerative medicine fromMalaysia till
5th July 2019. Only 16 tertiary institutes and four industries/clinics were involved in these studies.
A poor pattern of collaboration has also been identified. Outcomes of this study have emphasized
the conduction of more research on the regenerative potential of SHED/DPSCs, and active collab-
oration among the tertiary institutes and industries for successful translation of these cells from
bench side to bedside.
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INTRODUCTION
Chronic disease and disability are becoming more
prevalent worldwide with a rapid increase in life
expectancy1,2. A similar scenario is observed in
Malaysia. In the last 55 years, Malaysian people’s life
expectancy increased substantially from 54.3 years to
74.75 years3,4. Meanwhile, the prevalence of several
degenerative and non-communicable diseases like
acute myocardial infarction, stroke, diabetes, spinal
cord injuries, Alzheimer’s disease, Parkinson’s dis-
ease, among others, also increased gradually3. Cell-
based regenerative therapy has shown its potential
in treating these non-communicable or degenerative
diseases. Embryonic stem cells (ESCs) and induced
pluripotent stem cells (iPSCs) are considered the best
sources of stem cells as they have pluripotency. How-
ever, the ethical concern over the use of ESCs 5, and
donors’ fear towards the invasive techniques and/or
donor site morbidity during collection of tissues for
iPSCs generation limiting the clinical uses of these
cells6,7.
The multipotent adult or post-natal mesenchymal
stem cells (MSCs) have also received surging inter-
est in the last two decades especially because of their
immunomodulatory properties8,9. Among different
sources of MSCs, isolation of dental pulp stem cells
from human exfoliated deciduous teeth (SHED) and
permanent teeth (DPSCs) are less invasive and pose
no risk to the donors10,11.

DPSCs have drawn considerable attention just after
their discovery by Gronthos et al. in the year 2000 12,
and several researches have been reported their po-
tential to differentiate into different types of cell lin-
eages such as cardiomyocytes, beta cells, hepatocytes,
neuronal cells etc.10,13–16. Their MSCs like char-
acteristics and immunomodulatory properties have
also been acknowledged by several researchers11,17.
Furthermore, SHED/DPSCs originate from the neu-
ral ectoderm that could provide additional bene-
fits during tissue regeneration by promoting cru-
cial neural innervation18,19. Besides, the higher os-
teogenic and chondrogenic differentiation potential
of SHED/DPSCs could provide additional benefits
during skeletal tissue regeneration20. Because of
these properties, SHED/DPSCs could be great sources
of autologous or allogeneic stem cells for regenerative
therapy.
However, there is a lack of information on the status
of SHED/DPSCs based research in Malaysia. Hence,
in this study, we have attempted to identify the
number of articles published on the SHED and/or
DPSCs based researches in Malaysia. Besides, we
have tried to determine the specific fields of stud-
ies conducted using SHED/DPSCs and collaborations
(national and international) among the researchers
working on these stem cells from different institutes
in Malaysia.

METHODS
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Literature search strategy
This systematic review was reported according to the
recommendations of the Preferred Reporting Items
for Systematic Reviews andMeta-analyses (PRISMA)
Statement21. To achieve this study’s goal, we con-
ducted a comprehensive electronic literature search
using PubMed and Scopus databases from their in-
ception to 5 July 2019. The following search terms
were used for PubMed and Scopus databases: den-
tal pulp stem cells [Title/Abstract] OR stem cells from
human extracted deciduous teeth [Title/Abstract] OR
stem cells fromhuman exfoliated deciduous teeth [Ti-
tle/Abstract]) ANDMalaysia [Affiliation].

Literature selection and data extraction
Included studies have to satisfy all of the following
inclusion criteria: (1) original research, (2) dental
pulp stem cell source is human only, (3) at least one
co-author of a manuscript is affiliated to one of the
Malaysian institute or organization.
Based on the criteria mentioned above, two investi-
gators independently reviewed each eligible literature
and independently extracted the data. Any disagree-
ments between these two investigators were resolved
by consensus through a third investigator. The fol-
lowing data were extracted from each study: the last
name of the first author, year of publication, study
type, source of the cells, and specific field of study, af-
filiated institutes, and types of collaboration.

Data analysis
Following the data extraction, the number of articles
contributed to each field of regenerativemedicine, the
total number of articles contributed by the individual
organization and their pattern of collaboration (na-
tional/ international) were identified.

RESULTS
Search Results
The final selection process is shown in Figure 1.
Briefly, a total of 120 articles were initially retrieved
(Supplementary 1 and 2). After the removal of dupli-
cates, 77 articles remained. Of which, 10 reviews and
2 errata were removed after reviewed the titles and ab-
stracts. The remaining 65 articles were retrieved for
full-text assessment. After reviewing the full-text, 5
articles were further removed as the source of den-
tal pulp stem cells was non-human. Finally, 60 arti-
cles were included in this study (Figure 1). It has been
observed that studies on the regenerative potential of
SHED/DPSCs started publishing from 2009 only in
Malaysia.

Area of studies
Analysis of data has revealed that researches con-
ducted in Malaysia using SHED/DPSCs from hu-
man sources cover 17 fields, namely morphol-
ogy/proliferation, immunomodulation, neuronal dif-
ferentiation, material compatibility, osteogenesis,
thrombopoiesis, angiogenesis, alopecia, tissue re-
modelling, dentinogenesis, cardiogenesis, chondro-
genesis, hepatocyte differentiation, islets regenera-
tion, notch signaling, reprogramming, cementoblast
differentiation. Out of 17 fields, studies on morphol-
ogy/proliferation (28.3%) and material compatibility
(21.7%) contributed half of all the studies, followed
by studies on neuronal differentiation (15%) and im-
munomodulation (10%). While, other major fields
of regenerative medicine such as angiogenesis, car-
diogenesis, hepatocyte differentiation, islets like dif-
ferentiation, thrombopoiesis, tissue remodeling, and
reprogramming received very little consideration and
contributed one article each (Figure 2).

Organizations involvedand their patternof
collaboration
From the further analysis, it has been found that
only 16 individual tertiary institutions (University,
University College, or medical college), three indus-
tries, and one clinic were involved in dental pulp
stem cell-based regenerative studies during the men-
tioned period of time. Among all the identified in-
stitutes/organizations, only 9 have published papers
with international collaboration. Surprisingly, two
institutes, namely UMP and Sunway, have no national
collaborative publication but international. Further-
more, except university of Malaya (UM), Univer-
siti Sains Malaysia (USM), and Universiti Kebansaan
Malaysia (UKM) number of total articles contributed
by the institutes or organizations was equal to the
number of articles published through either national
or international collaboration (Figure 3). Out of 60
articles, almost 17% of articles [USM (8.33%), UM
(5%), and UKM (3.33%)] were published without any
collaboration.

DISCUSSION
In the last two decades, numerous studies have been
conducted to reveal the regenerative potential of
MSCs. Despite sharing the characteristics of MSCs,
needing less invasive techniques to isolate, and hav-
ing a large donor pool SHED/DPSCs received very lit-
tle attention in the field of regenerative medicine11.
In this study, we were able to identify only 60 arti-
cles published in the field of regenerative medicine
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Figure 1: Summary of systemic search and screening of articles for inclusion in this study (Data collected
till 5th July 2019).

Figure 2: Area of studies covered by the researches on the regenerative potential of dental pulp stem cells
from human exfoliated deciduous teeth (SHED) and permanent teeth (DPSCs) in Malaysia.
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Figure 3: Organizations involved in dental pulp stem cell-based regenerative studies and their pattern of
collaborations (UM, University of Malaya; USM, Universiti Sains Malaysia; IIUM, International Islamic Uni-
versity Malaysia; Hygiea, Hygieia Therapeutics Sdn Bhd; UKM, Universiti Kebangsaan Malaysia; Stempeu-
tics, Stempeutics Research Malaysia Sdn. Bhd.; Sunway, Sunway University; MAHSA, MAHSA University;
UiTM,University TechnologyMara; Taylors, Taylors University; AUCMS, AllianzeUniversity College ofMed-
ical Sciences; UPM,UniversityPutraMalaysia;Monash,MonashUniversity; AIMST,AIMSTUniversity; UTAR,
Universiti Tunku Abdul Rahman; LUC, Lincoln University College; UMT, University Malaysia Terengganu;
WIPRO, WIPROManufacturing Services Sdn Bhd; MMMC, Melaka-Manipal Medical College).

using SHED/DPSCs from Malaysia. The use of
SHED/DPSCs in a clinical trial is also very poor
worldwide. As per the information on https://clinic
altrials.gov/ (retrieved on 14 July 2020), out of 1063
registered clinical trials using MSCs only 21 are being
contributed by SHED/DPSCs. While, out of eight reg-
istered clinical trials using MSCs in Malaysia, none is
on SHED/DPSCs (Supplementary 3).
Lack of awareness of people, including dentists
and researchers, about the regenerative potential of
SHED/DPSCs might cause less attention by the sci-
entific community. Poor knowledge on stem cells

and their potential uses in dentistry among dental
graduates in Saudi Arabia has been recently pub-
lished22. Another study conducted in Nigeria also re-
ported that the majority (60.3%) of the dentists had
poor knowledge of stem cells’ potential in regener-
ative dentistry23. Whereas, in India, only 53.9% of
dental professionals found to have awareness about
the regenerative potential of stem cells from the dental
origin24. In contrast, about 81.5% of Malaysian med-
ical students were aware of umbilical cord stem cells
compared to stem cells from other sources25. This
could be linked to the commercialized banking of um-
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bilical cord stem cells over the last decades all over the
world, includingMalaysia. Therefore, it can be postu-
lated that the lack of knowledge and awareness about
the regenerative potential of SHED/DPSCs among the
health practitioners could be one of the major causes
behind its being unpopular in the scientific commu-
nity.
Interestingly, studies conducted on the interest and
attitude towards the use of stem cells in regenera-
tive therapy received a highly positive response from
the dentists in South Africa (73%) and nursing stu-
dents in USM (76.1%) 26,27. As, several in vitro and
in vivo studies have shown the regenerative poten-
tial of SHED/DPSCs (to cure or improve the con-
dition of diseases, such as type 1 diabetes, neuro-
logical diseases, immunodeficiency diseases, and dis-
eases of bone and cartilages)10,13–16,28, researchers
should take the initiatives to explore the potential of
SHED/DPSCs. Dentists or physicians are needed to
explain the potential of SHED/DPSCs to the patients
to make them aware of their presence.
Involvement of the tertiary institutes and stem cell
industries in Malaysia in SHED/DPSCs based re-
searches is also very low. This also could be linked
to the lack of awareness and availability of funding as
well. A poor pattern of collaboration identified in this
study indicates the inefficient technology and knowl-
edge transfer among the researchers from the differ-
ent institutes within the country and abroad.
There are several limitations in this study. Firstly,
we have collected the information from two databases
only. Besides that, information on the funding
body and first and corresponding authors were not
recorded in this study that has affected to find the real
nature of the collaborations. These should be consid-
ered in future studies to understand better and draw
a proper conclusion.

CONCLUSION
Based on the result of this current study, it can be
concluded that a very small number of researches on
the regenerative potential of SHED/DPSCs have been
conducted in different universities and research orga-
nizations in Malaysia. Most of the organizations have
shown a poor pattern of collaboration that indicates
a lack of communication among the experienced and
skilled personnel of this field resides in Malaysia. The
pattern of international collaboration was also very
poor in this field. Studies on the regenerative poten-
tial of SHED/DPSCs are needed to be more empha-
sized.
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