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Abbreviations

Introduction: This study evaluated possible stem cells origin during regenerative endodontic procedure, whether from surviving 
dental pulp stem cells within disinfected root canals walls or from stem cells of apical tissues or they act synergistically. 

CD: Cluster of Differentiation; qRT-PCR: Quantitative Reverse 
Transcription-Polymerase Chain Reaction; EDTA: Ethylene Di-
amine Tetra-Acetic Acid

It is generally agreed that pulpal regeneration is applicable for 
avulsed immature teeth with open apices after replantation [7-9]. 
Shifting apexification to apexogenesis even for non-vital pulps with 
apical periodontitis or abscess was found to be clinically applica-
ble. According to the American Association of Endodontics [10], 
regenerative endodontics used the concept of tissue engineering 
to restore the root canals to a healthy state allowing for continued 
development of the root and surrounding tissues. Tissue engineer-
ing involves the identification of progenitor cells capable of tissue 

Methods: Immature necrotic permanent single rooted-teeth (n = 30) of patients (n = 24) 7-18 years old were divided into two groups 
according to presence or absence of apical radiolucency: group A with apical radiolucency and group B with healthy periodontium. 
After informed consent, two-sessions regenerative endodontic protocol was implemented. First session root canals were disinfected 
using 1.5% NaOCl irrigate and Bimix medicament for 3 weeks. Second session root canals were irrigated using 17% EDTA followed by 
a final saline rinse. Saline samples were collected from disinfected root canals using sterile paper points. Periodontium was apically 
stimulated using hand files until bleeding reached the cementoenamel junction for the assumed stem cells delivery. Blood samples 
were collected from root canals using sterile paper points. The expression of specific mesenchymal stem cell gene markers; CD105 
and CD73 was assessed using 2-step qRT-PCR relative to infected root canals. Mann-Whitney U test was used for comparison. Statisti-
cal significance was set at “p ≤ 0.05”. 

Results: In group A, the fold increase for CD105 and CD73 in saline samples were 19.6% and 7.6%, respectively, while the fold in-
crease in blood samples were 26.6% and 17.8% with statistically significant difference, P-value < 0.001. Same trend was observed in 
group B, the fold increase for CD105 and CD73 in saline samples were 20.2% and 8%, respectively, while the fold increase in blood 
samples were 26.2% and 17.6% with statistically significant difference, P-value < 0.001. 

Introduction

The developing dentition is at risk for pulpal necrosis because 
of trauma and developmental dental anomalies such as dens evagi-
nates. Management of tooth with open apex is very challenging due 
to various factors. These are thin dentinal walls liable to fracture, 
lack of minor apical constriction essential for optimum obturation 
and unfavorable crown-root ratio for restorative purpose [1]. Ev-
ery effort is done to avoid loss of an immature permanent tooth 
in young patients with mixed dentition leading to loss of function, 
malocclusion, and inadequate maxillofacial development [2,3]. 
Traditionally, immature necrotic permanent teeth were managed 
by apexification using calcium hydroxide dressing for long time 

[4]. Unfortunately, the remaining dentin thickness of apexificated 
tooth is thin and fragile, suffering adverse effects of long-term cal-
cium hydroxide application such as dentin embrittlement [5]. Oth-
ers managed immature necrotic teeth through single visit mineral 
trioxide aggregate artificial barrier against which obturation mate-
rial can be compacted [6]. These traditional treatment modalities 
neither reinforced root either vertically or laterally, nor regained 
neural or vascular supply. 
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Several studies assumed the presence of stem cells based on 
monitoring clinical and radiographic outcome of regenerative end-
odontic procedure [25-27]. All these studies did not decide whether 
stem cells arose from apical tissues (SCAP) or disinfected root canal 
walls (HDPSCs). Hence, there was a knowledge gap in verifying the 
actual source of mesenchymal stem cells in regenerative endodon-
tic treatment during management of immature necrotic permanent 
dentition. This study investigated the origin of mesenchymal stem 
cells whether from SCAP or HDPSCs during management of imma-
ture necrotic permanent teeth with/without apical radiolucency. 
The expression of CD105 and CD73 gene markers were evaluated; 
being a dependent measure of the relative presence of stem cells 
using 2-step qRT-PCR. 

This clinical study was conducted with approval of ethics com-
mittee of Faculty of Oral and Dental Medicine, Cairo University. 
An informed consent was formulated to include the aim of study, 
sequence of steps, benefits and risks, and probable prognosis of 
regenerative process. All data of the participants were stored se-
curely in locked files in areas with limited access to ensure patients 
confidentiality. The exclusion criteria were; patients who received 
systemic antibiotic within 3 months prior to seeking treatment, 
systemic diseases that would interfere with healing, teeth with ra-
diographic signs of external or internal resorption, and finally root 

Material and Methods

regeneration when seeded in biodegradable scaffolds and exposed 
to morphogenic signals [11]. Pulp revascularization procedures 
have been advocated in immature teeth for decades, the foundation 
of regenerative endodontic procedures was established by Nygaard 
- Ostby in the 1960s, whereas the first case of regeneration of a per-
manent immature tooth with necrotic pulp and apical periodontitis 
was published in 2001 by Iwaya., et al [12].

Recently, several case reports showed superior outcome of tis-
sue engineering strategy in managing immature teeth with necrotic 
pulps [13-15]. Tissue engineering tetrad includes stem cells, signal-
ing molecules, appropriate scaffold, and finally conductive environ-
ment for proper regeneration of vital tissues. To date, four types 
of human dental stem cells have been isolated; Dental Pulp Stem 
Cells (DPSCs) [16], Stem cells from Human Exfoliated Deciduous 
(SHED) teeth [17], Stem Cells from Apical Papillae (SCAP) [18], and 
Periodontal Ligament Stem Cells (PDLSCs) [19]. Among them, all 
except SHED originate from permanent teeth. Signaling molecules 
regulate the division or specialization of stem cells to the desirable 
cell type, and mediate key cellular events in tissue regeneration in-
cluding cell proliferation, differentiation, and matrix synthesis [20]. 
Dentin acts as a reservoir of signaling molecules [21]. Scaffold is a 
three-dimensional structure; which supports cells organization and 
vascularization. several published case reports induced bleeding in-
side the disinfected pulp canal space using different armamentari-
um such as, K File, endodontic explorer and sterile needle gauge to 
create blood clot scaffold and deliver stem cells from apical tissues 
[13-15,22-24].

Patient Recruitment 

fracture. The patient or his/ her parents was informed verbally 
about this modern treatment approach and its possible risks such 
as pain, swelling, sinus tract development, tooth discoloration, 
tooth fracture as well as treatment failure. They were also in-
formed about possible shift in treatment plan from regenerative 
endodontics to traditional modalities such as apexification or sur-
gical endodontics upon failure of the initiated regenerative treat-
ment, and parental consent was obtained. 

Twenty-four patients with thirty teeth were recruited from 
outpatient clinic of Department of Pedodontics and Endodontics, 
Faculty of Oral and dental medicine, Cairo University. Inclusion 
criteria were; patient age ranging between 7 and 18 years, medi-
cally free, the offending teeth were necrotic immature permanent 
maxillary or mandibular single rooted with open apices. The par-
ticipants of this study were divided into two groups according to 
apical condition radiographically; group A with apical radiolu-
cency (n = 12 patients with 15 teeth) and group B with healthy 
periodontium (n = 12 patients with 15 teeth). 

Regenerative Procedure and Sample Collection 

All patients were anesthetized, either through infiltration 
in case of maxillary teeth or mental nerve block in case of man-
dibular teeth. Rubber dam was applied; and access was prepared, 
where restorative diagnosis confirmed the initial clinical diagno-
sis of pulp necrosis. Root canals were irrigated with 5 ml saline 
rinse and single sterile paper point was placed till middle third 
of root canal estimated working length. The saline soaked paper 
points were immediately placed into RNA isolation lysis buffer 
(Bio Basic Inc. Markham, Ontario, Canada) to be sent to biochem-
istry laboratory in Faculty of Medicine, Cairo university for stan-
dardizing the calibrator (untreated samples). Root canals were 
copiously irrigated using 10 ml 1.5% sodium hypochlorite NaOCl 
delivered using 28 Gauge safety Steri Irrigation Tips (DiaDent 
Group International, Burnaby, BC, Canada) inserted 3 mm below 
cementoenamel junction. Working length was determined using 
electronic apex locator Root ZX II (J. Morita USA, Irvine, Califor-
nia) and confirmed radiographically using parallel technique with 
receptor holding device. Canals were irrigated again with 10 ml 1. 
5% NaOCl, which was delivered 2 mm coronal to apical canal ter-
minus. The irrigate hydro-dynamically agitated with EndoActiva-
tor (DENTSPLY MAILLEFER, Baillagues, Switzerland) device using 
blue tips 2 mm short of working length for 60 seconds. Root canals 
were lightly instrumented using rotary Ni- TiProtaper Universal 
files (# F3, F4) and finally dried with sterile paper points. Bimex; a 
mixture of ciprofloxacin 500 mg (European Egyptian Pharm. Ind. 
Alexandria, Egypt) and Metronidazole 500 mg (Sanofi-Aventis, 
Cairo, Egypt), was applied inside the root canals. Initially, tablets 
of both antibiotics were smashed using mortar and pestle and 
mixed with Isocaine 3% plain anesthesia to form a creamy mix. 
Bimex was applied inside root canal using Micro-Apical Placement 
system (MAP System, ProduitsDentaires SA, Vevey, Switzerland) 
and endodontic pluggers. The depth of penetration was controlled 
short of the working length using stoppers attached to pluggers to 
prevent medicament extrusion apically, Cotton pellet was placed 
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inside pulp chamber and access cavity was sealed using light cured 
Fuji IX (Fuji II LC; GC Corp, Sydney, Australia). 

All patients returned asymptomatic after 23.7 days ± 2.5 days 
(21-29 days). The offending teeth were anesthetized with Isocaine 
3% plain anesthesia (Mepivacaine HCl, 4 NOVOCOL PHARMACEUTI-
CAL, Ontario, Canada) followed by rubber dam application. Access 
was reopened and Bimex was removed using 20 ml 1.5% NaOCl, 
mechanically agitated using Endo Activator. Root canal dentin was 
conditioned using 20 ml 17% EDTA applied 3 mm coronal to apical 
terminus via Steri Irrigation Tips for 2 minutes. This was followed 
by final saline rinse 5 ml. A single sterile paper point was placed into 
the canal till 2 mm short of working length, pressed against root 
canal dentin and allowed to absorb the saline for 2 minutes. The 
paper points were inspected under magnification using eye loupes 
3.5X to ensure that they did not catch blood from apical tissues [28]. 
The saline soaked paper points were immediately placed into RNA 
isolation lysis buffer (Bio Basic Inc., Markham, Ontario, Canada) to 
be sent to biochemistry laboratory in Faculty of Medicine, Cairo 
university. Afterwards bleeding was evoked, as reported by Banch 
and Trope [13], by vertical strokes using K-File extending beyond 
the working length until bleeding was observed at cementoenamel 
junction. Blood was left for 3-5 minutes to allow clotting. Intracanal 
blood sample was taken using single sterile paper point inserted 2 
mm of working length and were immediately placed in RNA isola-
tion lysis buffer. The Eppendorfs for both saline and blood samples 
were coded with number per the key of participants, placed inside 
freezer until delivered within 5 hours to Biochemistry department 
to be stored in Ultra low freezer -80°C until investigation. 

Samples were removed from the ultra-low freezer. Total RNA 
was isolated using Qiagen tissue extraction kit (Qiagen, USA) ac-
cording to manufacturer’s instructions. Samples assembled inside 
the rack were lysed in lysis Buffer RLT. The lysate was centrifuged 
using cooling centrifuge and transferred into a new micro centri-
fuge tube. Buffer RW1 added to the RNeasy spin column and Cen-
trifuged. Then Buffer RPE was added to the RNeasy spin column 
and centrifuged to wash the spin column membrane. RNeasy spin 
column was placed in a new 1.5 ml collection tube. RNase-free wa-
ter, 30 - 50 μl, was added directly to the spin column membrane and 
centrifuged. 

RNA Isolation and 2-step Real-time Reverse-Transcription 

Polymerase Chain Reaction 

After RNA extraction, paper points were removed from the Ep-
pendorf’s and the elution transferred to new Eppendorf’s. The total 
RNA was used for cDNA conversion using high capacity cDNA re-
verse transcription kit (Fermentas, USA), it is an RNA dependent 
DNA polymerase that uses single stranded RNA as a template in the 
presence of a primer to synthesize a complementary DNA strand. 
First strand buffer provided preferred pH and ionic strength for re-
verse transcription. Deoxynucleotide triphosphate (dNTPs) dATP, 
dTTP, dGTP, dCTP were used for extension of primers. Three μl of 
random primers were added to the 10 μl of RNA which was dena-
tured for 5 minutes at 65°C in the thermal cycler. The RNA primer 
mixture was cooled to 4°C. The cDNA master mix was prepared per 
the kit instructions and was added, (Table 1). Total volume of the 

master mix was 19 μl for each sample. This was added to the 31 μl 
RNA-primer mixture resulting in 50 μl of cDNA. The last mixture 
was incubated in the programmed thermal cycler one hour at 37°C 
followed by inactivation of enzymes at 95°C for 10 minutes, and 
finally cooled at 4°C. 

Component Volume (total 19 μl)
First strand buffer 5 μl
10 mMdNTPs 2 μl
RNase inhibitor (40 U/μl) 1 μl
MMLV - RT enzyme (50 U/μl) 1 μl
DEPC-treated water 10 μl

Table 1: Components of cDNA master mix.

The cDNA templates were then used in real-time PCR reaction 
in presence of specific primers for the mesenchymal stem cell 
markers: cluster of differentiation 105 (CD105), cluster of differ-
entiation 73 (CD73). 

For each cDNA sample the following reagents and volumes 
were added (Table 2), with following running condition using Step 
One Plus real-time PCR device (Table 3). 

PCR reaction mix 
 component Volume

Forward Primer 1 μl
Reverse Primer 1 µl
Sybr green mix 12.5 μl
Cdna template 5 μl
RNAse free water 5.5 μl
Total volume 25 µl

Table 2: Master Mix preparation/sample.

Thermal cycling condition
Stage Temp. Time
Hold 50oC 2:00

One cycle
Denaturation 95oC 0:15
Annealing 60oC 1:00
Extension 72oC 1:00

40 cycles

Table 3: Real-time PCR cycles for quantitative gene  
expression using applied Biosystems Step  

One Real-Time PCR System. 

The experiment results report included the cycles thresholds 
(Ct) of calibrator, CD73, CD105 in addition to the endogenous con-
trol (GAPDH), which were used for calculating the relative quanti-
fication of both gene markers. 

The expression of the CD105 and CD73 genes were evaluat-
ed; being a dependent measure of the relative presence of stem 
cells. The Relative Quantification (RQ) or fold change of both gene 
markers in saline and blood samples was calculated using the fol-
lowing equation: 
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Correlation between groups showed that in saline samples the 
fold increase of CD73 in group A (7.6 ± 1.1) was slightly lower than 
in group B (8.0 ± 1.5), indicating lower fold increase of stem cells 
in the disinfected root canals of necrotic teeth with apical radiolu-
cencies (group A) as compared to absence of radiolucency (group 
B). On the other hand, in blood samples the fold increase of CD73 
was slightly higher in group A (17.8 ± 1.5) than group B (17.6 ± 
1.1), indicating more influx of stem cells from apical tissues for ne-
crotic teeth with apical radiolucencies (group A), as compared to 
absence of radiolucencies (group B). Statistically, however, there 
was no significant difference concerning the fold increase of CD73 
when comparing those detected inside disinfected root canal (P-
value 0.433) or when correlating those migrated by bleeding in-
duction from apical tissues (P-value 0.762) among the two groups, 
table 4. 

Though the absolute RQ values of saline and blood samples for 
CD73 were lower than CD105, the change and percentage change 
was more evident for CD73 than for CD105 via bleeding induction. 
In group A, the percentage change via bleeding induction was 36% 
for CD105 and 139% for CD73 relative to saline samples. Similar 
trend was observed for group B where, the percentage change by 
bleeding induction was 30.5% for CD105 versus 128% for CD73 
relative to saline samples. Comparing both groups, the percentage 
change for either CD105 or CD73 was more in group A compared 
to group B, with no statistical significance, (P-values 0.205, 0.481 
respectively). 

Results and Discussion

Δ Ct = Ct gene test - Ct endogenous control 

The whole 30 teeth of the 24 patients included in this study were 
subjected to quantitative assessment of gene expression CD105 and 
CD73 using 2-step qRT-PCR. 

Correlation between groups showed that in saline samples the 
fold increase of CD105 in group A (19 6 ± 1.7) was slightly lower 
than in group B (20.2 ± 2.0), indicating lower fold increase of stem 
cells in the disinfected root canals of necrotic teeth with apical ra-
diolucency’s (group A) as compared to absence of radiolucency 
(group B). On the other hand, in blood samples the fold increase 
of CD105 was slightly higher in group A (26.6 ± 3.2) than group B 
(26.2 ± 1.1), indicating more influx of stem cells from apical tissues 
for necrotic teeth with apical radiolucencies (group A), as compared 
to absence of radiolucencies (group B). Statistically, however, there 
was no significant difference concerning the fold increase of CD105 
when comparing those detected inside disinfected root canal (P-val-
ue 0.405) or when correlating those migrated by bleeding induction 
from apical tissues (P-value0.763) among the two groups (Table 4). 

Change and percentage change between saline and blood 
samples 

ΔΔCt = ΔCt sample1 - ΔCt calibrator

RQ = Relative quantification = 2-ΔΔCt 

The RQ is the fold change compared to the calibrator, which was 
infected root canal. 

Furthermore, the relative difference between RQ of blood sam-
ples and saline samples as well as percentage change were calcu-
lated. 

Within each group, Comparison of CD105 fold change in disin-
fected root canal space versus those migrated by bleeding induction 
revealed that the fold increase in blood samples was statistically 
significant higher than in saline samples (P-value < 0.001). 

CD105 

Group A Group B
P-value

Marker Mean SD Mean SD
CD105 Blood 26. 6 3. 2 26. 2 1. 1 P1 < 0. 001* 

P2 = 0. 405
Saline 19. 6 1. 7 20. 2 2. 0 P3 = 0. 763

% Change 36 30. 5 P4 = 0. 205
CD73 Blood 17. 8 1. 5 17. 6 1. 1 P1 < 0. 001* 

P2 = 0. 433
Saline 7. 6 1. 1 8. 0 1. 5 P3 = 0. 762

% Change 139 128 P4 = 0. 481

Table 4: Descriptive statistics and test of significance comparing 
change and % change of CD markers in the two groups.

* Statistically significant difference

P1 comparing between blood and saline in the same group

P2 comparing between saline in group A and B

 P3 comparing between blood in group A and B

P4 comparing between % changes in group A and B.

Within each group, Comparison of CD73 fold change in disin-
fected root canal space versus those migrated by bleeding induc-
tion revealed that the fold increase in blood was statistically sig-
nificant higher than in saline samples (P-value < 0.001). 

CD73 

Discussion

Several studies assumed the presence of stem cells based on 
monitoring the success of clinical and radiographic outcome of 
regenerative endodontic procedure [25-27]. However, they did 
not study the origin of these cells. Only one study quantitatively 
assessed the locally delivered mesenchymal stem cells from peri-
articular tissues into root canal space [30]. In the current study, 
saline samples were used as a representative measure for the 
residing stem cells inside disinfected pulp canal space and blood 
samples as a representative measure for stem cells form apical tis-
sues. 

Quantitative assessment of mesenchymal stem cells was con-
ducted using molecular biology techniques, through investigating 
the gene expression of CD73 and CD105 using 2-step qRT-PCR; 
as a dependent measure of the relative presence of mesenchymal 
stem cells as stated by the Society of Cellular Therapy in a popula-
tion of cells [28-31].The present study selected 2-step qRT- PCR 
due to its superior sensitivity, good reproducibility, and wide dy-
namic quantification range [32]. All patients participated in the 
current study were subjected to quantitative assessment of the 
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Twenty-four patients with thirty teeth had been included in the 
study. The mean ± standard deviation values of age for all patients 
in the study were 11.1 ± 3.2 years with a minimum of 7.0 years and 
a maximum of 18.0 years of age [34]. Group A showed a statistically 
significant higher mean age value than Group B. This statistically 
significant difference mostly is attributed to apical bone resorption 
which is a characteristic feature of long standing apical diseases 
confirmed through dental history from patient. Several other stud-
ies showed a lower mean age value [26] may be due to ungrouping 
and pulp necrosis which was the only inclusion criteria used. 

The findings of the current study showed the existence of both 
gene markers CD105 and CD73 in both groups with and without 
radiolucencies as well as in both saline and blood samples, however, 
with variable RQ values [28-31].

gene expression of CD105 and CD73 to monitor the impact of apical 
condition on concentration of mesenchymal stem cells through di-
viding our patients into two groups [33], to decide whether a series 
of inflammatory and immunological responses apically in group A 
adversely influenced the tissue engineering outcome. 

Presence of both gene markers CD105 and CD73 in saline sam-
ples in both groups supported the hypothesis of mesenchymal stem 
cells residence inside disinfected pulp canal space, irrespective to 
apical condition. One study found that hypoxia has no effect on stem 
cells proliferation, but it evoked the up-regulation of genes specific 
for osteogenic differentiation, neuronal differentiation and angio-
genesis [35]. These cells are mostly dental pulp stem cells embed-
derd inside dentin matrix and retained their vitality despite hypox-
ia in group B or apical pathosis in group A. 

The slightly non-significant lower concentration of both gene 
markers in saline samples in cases with apical radiolucencies 
(group A) may be attributed to longer standing pulp necrosis rela-
tive to cases with intact periodontium (group B), which might have 
adversely influenced the concentration of viable dental pulp stem 
cells inside root canals. 

Blood samples in both groups revealed increased expression of 
both gene markers compared to the corresponding saline samples, 
where the fold change for CD105 increased by 36% in group A and 
30.5% in group B with no statistically significant difference (P-value 
0.205) while fold change for CD73 increased by 139% in group A 
and 128% in group B, also with no statistical significance (P-value 
0.481). This confirmed the influx of cells from periarticular tissues 
containing mRNA transcripts encoding mesenchymal stem cell 
marker genes into disinfected pulp canal space via bleeding induc-
tion, irrespective to apical condition [28].

The slightly non-significant higher concentration of both gene 
markers in blood samples in cases with apical radiolucencies 
(group A) may be due to activation of healing of apical lesions after 
optimum root canal disinfection as one study showed activation of 
mesenchymal stem cells markers in healing apical lesions relative 
to the healthy control group [31].

It was noted that the absolute values for CD73 were lower than 
CD105 for both saline and blood samples. Similar trend was re-
vealed by other study who didn’t even find CD73 gene marker in 
their saline samples [28].

Under the limitations of this study, the following conclusions 
could be drawn: 

Conclusion
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1. 2-step qRT-PCR proved to be a valid method for deter-
mining mesenchymal stem cells origin during regenera-
tive endodontic procedure. 

2. The mesenchymal stem cells participating in pulp regen-
eration originate from both disinfected pulp canal space 
(HDPSCs) and the apical tissues (SCAP). 

We acknowledge dr. Laila Rashed for her help during the prac-
tical molecular biology part of this work. 

Acknowledgements

There is not any financial interest or any conflict of interest. 

Conflict of Interest

1. Bogen G and Chandler N. “Vital pulp therapy”. In: Ingle J, Bak-
land L, Craig J, editors. Endodontics, 6th ed. BC Decker Inc 
(2008): 1310-1330. 

2. Wilkinson KL., et al. “Fracture resistance of simulated im-
mature teeth filled with resilon, gutta-percha, or composite”. 
Journal of Endodontics 33.4 (2007): 480-483. 

3. Cvek M. “Prognosis of luxated non-vital maxillary incisors 
treated with calcium hydroxide and filled with gutta-percha: 
a retrospective clinical study”. Endodontics and Dental Trau-
matology 8.2 (1992): 45-55. 

4. Rafter M. “Apexification: a review”. Dental Traumatology 21.1 
(2005): 1-8. 

5. Andreasen JO., et al. “Long-term calcium hydroxide as a root 
canal dressing may increase the risk of root fracture”. Dental 
Traumatology 18.3 (2002): 134-137. 

6. Witherspoon DE., et al “Retrospective analysis of open apex 
teeth obturated with mineral trioxide aggregate”. Journal of 
Endodontics 34.11 (2008): 1171-1176. 

7. Kling M., et al. “Rate and predictability of pulp revasculariza-
tion in therapeutically reimplanted permanent incisors”. End-
odontics and Dental Traumatology 2.3 (1986): 83-89. 

8. Cvek M., et al. “Effect of topical application of doxycycline on 
pulp revascularization and periodontal healing in reimplant-
ed monkey incisors”. Endodontics and Dental Traumatology 
6.4 (1990): 170-176. 

9. Laureys W., et al. “The Critical Apical Diameter to Obtain Re-
generation of the Pulp Tissue after Tooth Transplantation, 
Replantation, or Regenerative Endodontic Treatment”. Jour-
nal of Endodontics 39.6 (2013): 759-763. 

10. American Association of Endodontics. “Regenerative End-
odontics”. Chicago (2014). 

11. Langer R and Vacanti JP. “Tissue engineering”. Science 260. 
5110 (1993): 920-926. 

09

Citation: Nagwa K Roshdy., et al. “Determination of Mesenchymal Stem Cell Origin during Bleeding-Induced Regenerative Endodontic Procedure Using 
2-Step Real-Time Reverse-Transcription Polymerase Chain Reaction (qRT-PCR)”.  Acta Scientific Dental Sciences 2.6 (2018): 05-10.

Determination of Mesenchymal Stem Cell Origin during Bleeding-Induced Regenerative Endodontic Procedure Using 2-Step Real-Time 
Reverse-Transcription Polymerase Chain Reaction (qRT-PCR)

https://www.ncbi.nlm.nih.gov/pubmed/17368344
https://www.ncbi.nlm.nih.gov/pubmed/17368344
https://www.ncbi.nlm.nih.gov/pubmed/17368344
https://www.ncbi.nlm.nih.gov/pubmed/1521505
https://www.ncbi.nlm.nih.gov/pubmed/1521505
https://www.ncbi.nlm.nih.gov/pubmed/1521505
https://www.ncbi.nlm.nih.gov/pubmed/1521505
https://www.ncbi.nlm.nih.gov/pubmed/15660748
https://www.ncbi.nlm.nih.gov/pubmed/15660748
https://www.ncbi.nlm.nih.gov/pubmed/12110105
https://www.ncbi.nlm.nih.gov/pubmed/12110105
https://www.ncbi.nlm.nih.gov/pubmed/12110105
https://www.ncbi.nlm.nih.gov/pubmed/18793914
https://www.ncbi.nlm.nih.gov/pubmed/18793914
https://www.ncbi.nlm.nih.gov/pubmed/18793914
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-9657.1986.tb00132.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-9657.1986.tb00132.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-9657.1986.tb00132.x
https://www.ncbi.nlm.nih.gov/pubmed/1723382
https://www.ncbi.nlm.nih.gov/pubmed/1723382
https://www.ncbi.nlm.nih.gov/pubmed/1723382
https://www.ncbi.nlm.nih.gov/pubmed/1723382
https://www.ncbi.nlm.nih.gov/pubmed/23683275
https://www.ncbi.nlm.nih.gov/pubmed/23683275
https://www.ncbi.nlm.nih.gov/pubmed/23683275
https://www.ncbi.nlm.nih.gov/pubmed/23683275
https://www.aae.org/specialty/clinical-resources/regenerative-endodontics/
https://www.aae.org/specialty/clinical-resources/regenerative-endodontics/
https://www.ncbi.nlm.nih.gov/pubmed/8493529
https://www.ncbi.nlm.nih.gov/pubmed/8493529


Volume 2 Issue 6 June 2018
© All rights are reserved by Nagwa K Roshdy., et al.

12. Iwaya S., et al. “Revascularization of an immature permanent 
tooth with apical periodontitis and sinus tract”. Dental Trauma-
tology 17.4 (2001): 185-187. 

13. Banchs F and Trope M. “Revascularization of Immature Perma-
nent Teeth with Apical Periodontitis: New Treatment Proto-
col?”. International Endodontic Journal 30.4 (2004): 196- 200. 

14. Thibodeau B and Trope M. “Pulp Revascularization of a Necrot-
ic Infected Immature Permanent Tooth: Case Report and Re-
view of the Literature”. Pediatric Dentistry 29.1 (2007): 47-50. 

15. Petrino J., et al. “Challenges in Regenerative Endodontics: A 
Case Series”. Journal of Endodontics 36.3 (2010): 536-541. 

16. Gronthos S., et al. “Postnatal human dental pulp stem cells (DP-
SCs) in vitro and in vivo”. Proceedings of the National Academy 
of Sciences of the United States of America 97.25 (2000): 13625-
13630. 

17. Miura M., et al. “SHED: stem cells from human exfoliated de-
ciduous teeth”. Proceedings of the National Academy of Sciences 
of the United States of America 100.10 (2003): 5807-5812. 

18. Sonoyama W., et al. “Characterization of the apical papilla and 
its residing stem cells from human immature permanent teeth: 
a pilot study”. Journal of Endodontics 34.2 (2008): 166-171. 

19. Seo BM., et al. “Investigation of multipotent postnatal stem 
cells from human periodontal ligament”. Lancet 364. 9429 
(2004): 149-155. 

20. Smith AJ and Smith G. “Solubilisation of TGF-B1 by dentin con-
ditioning agents”. Journal of Dental Research 77 (1998): 1034. 

21. Unda FJ., et al. “FGFs-1 and -2 and TGFB1 as inductive signals 
modulateing in vitro odontoblast differentiation”. Advances in 
Dental Research 15 (2001): 34-38. 

22. Cotti E., et al. “Regenerative Treatment of an Immature, Trau-
matized Tooth with Apical Periodontitis: Report of a Case”. 
Journal of Endodontics 34 ( 2008): 611-616. 

23. Cehreli Z., et al. “Regenerative Endodontic Treatment (Revas-
cularization) of Immature Necrotic Molars Medicated with 
Calcium Hydroxide: A Case Series”. Journal of Endodontics 37.9 
(2011): 1327-1330. 

24. Chen xu., et al. “Regenerative Endodontic Treatment of an Im-
mature Permanent Tooth at an Early Stage of Root Develop-
ment: A Case Report”. Journal of Endodontics 39.5 (2013): 719-
722. 

25. Saoud T., et al. “Clinical and Radiographic Outcomes of Trau-
matized Immature Permanent Necrotic Teeth after Revascular-
ization/Revitalization Therapy”. Journal of Endodontics 40.12 
(2014): 1946-1952.

26. Kahler B., et al. “Revascularization Outcomes: A Prospective 
Analysis of 16 Consecutive Cases”. Journal of Endodontics 40.3 
(2014): 333-338. 

27. Kumar H., et al. “Management of 2 Teeth Diagnosed with Dens 
Invaginatus with Regenerative Endodontics and Apexification 
in the Same Patient: A Case Report and Review”. Journal of End-
odontics 40.5 (2014): 725-731. 

28. Lovelace T., et al. “Evaluation of the Delivery of Mesenchymal 
Stem Cells into the Root Canal Space of Necrotic Immature 
Teeth after Clinical Regenerative Endodontic Procedure”. 
Journal of Endodontics 37.2 (2011): 133-138. 

29. Dominici M., et al. “Minimal criteria for defining multipo-
tent mesenchymal stromal cells: The International Society 
for Cellular Therapy position statement”. Cytotherapy 8.4 
(2006): 315-317. 

30. Ruparel N., et al. “Characterization of a Stem Cell of Apical 
Papilla Cell Line: Effect of Passage on Cellular Phenotype”. 
Journal of Endodontics 39.3 (2013): 357-363. 

31. Araujo-Pires C., et al. “Mesenchymal Stem Cells as Active Pro-
healing and Immunosuppressive Agents in Apical Environ-
ment: Evidence from Human and Experimental Apical Le-
sions”. Journal of Endodontics 40.10 (2014): 1560-1565. 

32. Woo SM., et al. “Combination of Mineral trioxide aggregate 
and platelet-rich fibrin promotes the odontoblastic differ-
entiation and mineralization of human dental pulp cells via 
BMP/Smad signaling pathway”. Journal of Endodontics 42.1 
(2016): 82-88. 

33. Jung I., et al. “Biologically Based Treatment Immature Per-
manent Teeth with Pulpal Necrosis: A Case Series”. Journal of 
Endodontics 34.7 (2008): 876-887. 

34. Nagata JY., et al. “Microbial Evaluation of Traumatized Teeth 
Treated with Triple Antibiotic Paste or Calcium Hydroxide 
with 2% Chlorhexidine Gel in Pulp Revascularization”. Jour-
nal of Endodontics 40.6 (2014): 78-83. 

35. Vanacker J., et al. “Hypoxia Modulates the Differentiation Po-
tential of Stem Cells of the Apical Papilla”. Journal of Endodon-
tics 40.9 (2014): 1410-1418.

10

Citation: Nagwa K Roshdy., et al. “Determination of Mesenchymal Stem Cell Origin during Bleeding-Induced Regenerative Endodontic Procedure Using 
2-Step Real-Time Reverse-Transcription Polymerase Chain Reaction (qRT-PCR)”.  Acta Scientific Dental Sciences 2.6 (2018): 05-10.

Determination of Mesenchymal Stem Cell Origin during Bleeding-Induced Regenerative Endodontic Procedure Using 2-Step Real-Time 
Reverse-Transcription Polymerase Chain Reaction (qRT-PCR)

https://www.ncbi.nlm.nih.gov/pubmed/11585146
https://www.ncbi.nlm.nih.gov/pubmed/11585146
https://www.ncbi.nlm.nih.gov/pubmed/11585146
https://www.ncbi.nlm.nih.gov/pubmed/15085044
https://www.ncbi.nlm.nih.gov/pubmed/15085044
https://www.ncbi.nlm.nih.gov/pubmed/15085044
https://www.ncbi.nlm.nih.gov/pubmed/18041512
https://www.ncbi.nlm.nih.gov/pubmed/18041512
https://www.ncbi.nlm.nih.gov/pubmed/18041512
https://www.ncbi.nlm.nih.gov/pubmed/20171379
https://www.ncbi.nlm.nih.gov/pubmed/20171379
https://www.ncbi.nlm.nih.gov/pubmed/11087820
https://www.ncbi.nlm.nih.gov/pubmed/11087820
https://www.ncbi.nlm.nih.gov/pubmed/11087820
https://www.ncbi.nlm.nih.gov/pubmed/11087820
https://www.ncbi.nlm.nih.gov/pubmed/12716973
https://www.ncbi.nlm.nih.gov/pubmed/12716973
https://www.ncbi.nlm.nih.gov/pubmed/12716973
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2714367/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2714367/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2714367/
https://www.ncbi.nlm.nih.gov/pubmed/15246727
https://www.ncbi.nlm.nih.gov/pubmed/15246727
https://www.ncbi.nlm.nih.gov/pubmed/15246727
https://www.ncbi.nlm.nih.gov/pubmed/12640736
https://www.ncbi.nlm.nih.gov/pubmed/12640736
https://www.ncbi.nlm.nih.gov/pubmed/12640736
https://www.ncbi.nlm.nih.gov/pubmed/18436046
https://www.ncbi.nlm.nih.gov/pubmed/18436046
https://www.ncbi.nlm.nih.gov/pubmed/18436046
https://www.ncbi.nlm.nih.gov/pubmed/21846559
https://www.ncbi.nlm.nih.gov/pubmed/21846559
https://www.ncbi.nlm.nih.gov/pubmed/21846559
https://www.ncbi.nlm.nih.gov/pubmed/21846559
https://www.ncbi.nlm.nih.gov/pubmed/23611399
https://www.ncbi.nlm.nih.gov/pubmed/23611399
https://www.ncbi.nlm.nih.gov/pubmed/23611399
https://www.ncbi.nlm.nih.gov/pubmed/23611399
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4451000/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4451000/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4451000/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4451000/
https://www.ncbi.nlm.nih.gov/pubmed/24565648
https://www.ncbi.nlm.nih.gov/pubmed/24565648
https://www.ncbi.nlm.nih.gov/pubmed/24565648
https://www.ncbi.nlm.nih.gov/pubmed/24767572
https://www.ncbi.nlm.nih.gov/pubmed/24767572
https://www.ncbi.nlm.nih.gov/pubmed/24767572
https://www.ncbi.nlm.nih.gov/pubmed/24767572
https://www.ncbi.nlm.nih.gov/pubmed/21238791
https://www.ncbi.nlm.nih.gov/pubmed/21238791
https://www.ncbi.nlm.nih.gov/pubmed/21238791
https://www.ncbi.nlm.nih.gov/pubmed/21238791
https://www.ncbi.nlm.nih.gov/pubmed/16923606
https://www.ncbi.nlm.nih.gov/pubmed/16923606
https://www.ncbi.nlm.nih.gov/pubmed/16923606
https://www.ncbi.nlm.nih.gov/pubmed/16923606
https://www.ncbi.nlm.nih.gov/pubmed/23402507
https://www.ncbi.nlm.nih.gov/pubmed/23402507
https://www.ncbi.nlm.nih.gov/pubmed/23402507
https://www.ncbi.nlm.nih.gov/pubmed/25260726
https://www.ncbi.nlm.nih.gov/pubmed/25260726
https://www.ncbi.nlm.nih.gov/pubmed/25260726
https://www.ncbi.nlm.nih.gov/pubmed/25260726
https://www.ncbi.nlm.nih.gov/pubmed/26364004
https://www.ncbi.nlm.nih.gov/pubmed/26364004
https://www.ncbi.nlm.nih.gov/pubmed/26364004
https://www.ncbi.nlm.nih.gov/pubmed/26364004
https://www.ncbi.nlm.nih.gov/pubmed/26364004
https://www.ncbi.nlm.nih.gov/pubmed/18571000
https://www.ncbi.nlm.nih.gov/pubmed/18571000
https://www.ncbi.nlm.nih.gov/pubmed/18571000
https://www.ncbi.nlm.nih.gov/pubmed/24862703
https://www.ncbi.nlm.nih.gov/pubmed/24862703
https://www.ncbi.nlm.nih.gov/pubmed/24862703
https://www.ncbi.nlm.nih.gov/pubmed/24862703
https://www.ncbi.nlm.nih.gov/pubmed/25146023
https://www.ncbi.nlm.nih.gov/pubmed/25146023
https://www.ncbi.nlm.nih.gov/pubmed/25146023

	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack

