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Abstract
Background: Stroke is second leading cause of death and third leading cause of disability worldwide with limited restorative treat-
ments. People with high blood pressure, high cholesterol, diabetes and those who smoke are at higher risk. Current treatment regi-
mens are holding limitations, hence alternative approaches are being developed. One such approach is transplantation of Dental Pulp 
Stem Cells. Dental pulp stem cells (DPSC’s) are the mesenchymal cells derived from a cranial neural crest which have a multipotent 
differentiation and self-renewal ability. Other than dental diseases, they are also useful for systemic diseases. DPSC’s have significant 
benefits like strong proliferation ability and can be cryopreserved without losing their differentiation capacity, easy to isolate with 
a less invasive procedure and also there will be no immune rejection. Due to these unique properties DPSC’s are an ideal source for 
Ischemic stroke. This review outlines the isolation and potential use of DPSC’s.
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Introduction

Stroke also called as Cerebrovascular accident, occurs when the 
blood supply to brain gets interrupted due to blockage of blood 
vessel that carries oxygen and nutrients to brain.

Types of strokes

•	 Ischemic stroke: This occurs due to blood clot that prevents 
oxygen and nutrients to brain. 

•	 Haemorrhagic stroke: This occurs when blood vessel rup-
tures.

•	 Transient Ischemic Attack (TIA): Blockage of blood to brain 
for a brief period of time.

The currently available therapeutic strategies for stroke are Re-
canalization, Thrombectomy, Thrombolysis but very less number 
of patients are qualifying for recanalization [1,2].

Thrombectomy is effective when performed within 24 hours 
post – stroke [3]. Thrombolysis is performed by intravenously ad-
ministered plasminogen activator which is applicable within short 
time frame of 4.5hours from symptomatic onset [4].

As neurological injury due to ischemic is largely irreversible, it 
is necessary to develop novel approaches to restore the neurologi-
cal functions by regeneration of neurons [5]. Cell based therapies 
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shows a therapeutic effect in patients affected by stroke and other 
neurological diseases. Extensive studies have suggested that DP-
SC’s are promising therapeutic option for ischemic stroke due to 
their strong proliferation ability [6].

Dental pulp stem cells 

DPSC’s are stem cells present in dental pulp derived from a cra-
nial neural crest lineage. They have 30% higher re-generative po-
tential than bone marrow-derived mesenchymal stem cells [7,8]. 
Worldwide many new protocols were evaluated for isolation of 
DPSC’s for therapeutic purposes [9]. Granthos., et al. were the first 
to isolate DPSC’s in 2000 [10].

Figure 1: Isolation and culture of dental pulp mesenchymal 
stem cells [11].

Properties of DPSC’s

•	 Multipotency

•	 Self-renewal capacity. 

•	 In vivo tissue regeneration capacity.

•	 High proliferation activity.

•	 Immunomodulation

•	 Expression of cell -surface markers.

Isolation of DPSC’s

Materials

Culture medium: - Alpha - minimum essential medium supple-
mented with 10% Foetal Bovine Serum, 100 U/ml Penicillin - G, 

100mg/ml Streptomycin, 0.25 mg/ml Fungizone. Phosphate -Buff-
ered saline [PBS], Collagenase Type - 1 = 3 mg/ ml, + Dispase - 4 
mg/ml, Tissue culture dishes/flasks, 70 μM cell strainer, Sterilized 
dental fissure bar on a high-speed hand piece, Forceps, Tweezer, 
Scalpel handle and a Blade.

Procedure

The isolation procedure is done under sterile condition, work-
ing with a biosafety laminar flow hood. The freshly extracted tooth 
is cleaned with PBS.

The surface debris and periodontal ligament were removed us-
ing a scalpel blade. The tooth is slowly cut at the Cemento-Enamel 
junction using a sterile fissure bur to reveal the pulp chamber. 

The contact point of the bur needs to be constantly irrigated 
with PBS to prevent over heating of Dental tissue. Pulp tissue is 
tenderly isolated from the crown and root and cut into little pieces 
with the guide of Scalpel cutting edge. 

The small pieces of pulp tissue are transferred into enzyme 
solution and digested for 1 hr at 37°C then the cells are passed 
through 70 μM strainer to obtain single cell suspensions. 

Single cell suspensions are centrifuged at 1200 rpm for 5 min at 
room temperature. Supernatants are carefully pipetted off and the 
pellet is re-suspended in 1 ml medium. 

The residual enzyme solution is washed out by Centrifuging and 
removing the supernatant.

Single cell suspension of DPSC’s are seeded on to 25 cm2 culture 
flask with culture medium and then incubated at 37°C in 5% CO2. 
The culture medium is changed every 3 days and cells are sub-cul-
tured at 70% confluence.

Colonies of DPSC’s can be seen after 10 to 14 days. After isola-
tion, the cells need to be examined for their sternness. 

This is done by confirming the expression of mesenchymal Phe-
notypic markers such as STRO -1, CD 73, CD90 and CD 105 and 
negative expression of hematopoietic markers such as CD45.

Further multipotent differentiation ability of cells needs to be 
confirmed by Adipogenic, Osteogenic and Neurogenic induction 
[12,13].
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Figure 2

Intra cerebral transplant of DPSC’s

Several studies have provided evidence that dental pulp stem 
cell transplantation have therapeutic effect in stroke [14]. Recent 
study has demonstrated that transplantation of CD31⁻/CD146⁻ 
Side population stem cells promote vasculogenesis and neurogen-
esis in an induced peri-infarct area and accelerated the functional 
recovery after transient middle cerebral artery occlusion [TMLAO] 
in adult male Sprague-Dawley rats [15]. 

The neurological functional improvement was observed in ro-
dents at 3 and 4 weeks after induced stroke in which DPSC’s are 
transplanted intracerebrally. 2.3% of originally transplanted DP-
SC’s had survived in rodent brain. These surviving DPSC’s were dif-
ferentiated into astrocytes and neurons in post ischemic brain [16].

This targeted migration of transplanted cells towards the isch-
emic border zone is mediated by SDF1 gradient [17]. These stud-
ies provided the first pre-clinical support for the use of DPSC’s in 
stroke therapy. 

Other studies have suggested that due to the capacity of DPSC’s 
to release neurotropic factor (Sugiyama., et al.) and anti - inflam-
matory molecule (Yamagata., et al.), they show neuro-protective 
effect. 

 Possible mechanisms

DPSC’s have the potential in enhancing neurogenesis. Previous 
studies have suggested that the integration of neuronally pre-dif-
ferentiated Human Dental Pulp Stem cells in to brain [18,19].

Similarly, studies showed the migration of grafted DPSC’s to 
infarct boundary zones and their differentiation to neurons and 
astrocytes in rat. DPSC’s also have been shown to exert immune-
modulatory properties by inhibition of T-lymphocyte proliferation 
[20]. 

Limitations

Though DPSC’s have higher proliferation rate, to acquire enough 
cells from isolation it takes months [21]. In spite of the fact that 
these pre-clinical examinations have demonstrated with respect to 
restorative capacities of DPSC’s, constrained clinical preliminaries 
have been distributed. Therefore, to verify the therapeutic ability 
of DPSC’s, large-scale clinical trials should be conducted.

Conclusion 

As shown in this review, previous studies have indicated that 
DPSC’s are useful in promoting neurological functional improve-
ment in Ischemic stroke and is very powerful tool in regenerative 
medicine. However, to understand the significance of DPSC’s mark-
edly and mechanisms underlying the therapeutic effects of DPSC’s 
it requires further research.
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