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Abstract 

Objectives: The present study established a non-contact coculture system in vitro, aiming to investigate 
the crosstalk between human dental pulp stem cells (hDPSCs) and human umbilical cord mesenchymal 
stem cells (hUCMSCs) on proliferation activity and osteogenic genes expression through paracrine. 
Materials and methods: The stemness of hDPSCs and hUCMSCs were identified by flow cytometric 
analysis and multipotential differentiation assays. With the help of transwell inserts, the non-contact 
coculture system in vitro was established between hDPSCs and hUCMSCs. EdU labeling analysis and 
Western Blot were used to detect the proliferation activity. The mRNA and protein levels of 
osteogenic genes were evaluated by RT-PCR and Western Blot. The expression of elements in 
Akt/mTOR signaling pathway were detected by Western Blot. 
Results: Both hDPSCs and hUCMSCs were positive to MSCs specific surface markers and had 
multi-differentiation potential. The proportion of EdU-positive cells increased and the expression of 
CDK6 and CYCLIN A were up-regulated in cocultured hDPSCs. Both prior coculture and persistent 
coculture improved mRNA and protein levels of osteogenic genes in hDPSCs. While in cocultured 
hUCMSCs, no statistical differences were observed on proliferation and osteogenesis. The 
phosphorylation of Akt and mTOR was up-regulated in cocultured hDPSCs. 
Conclusions: The crosstalk between hDPSCs and hUCMSCs in coculture system increased the 
proliferation activity and enhanced osteogenic genes expression in hDPSCs. Akt/mTOR signaling 
pathway might take part in the enhancing effects in both cell proliferation and gene expression. 

Key words: human dental pulp stem cells, human umbilical cord mesenchymal stem cells, proliferation, 
osteogenesis, crosstalk. 

Introduction 
As a common disease in adult, periodontitis, 

which is the inflammation of periodontal supporting 
tissues caused by local stimulation, can lead to the 
progressive destruction and loss of periodontium [1]. 
The ultimate goal of periodontal treatment is to 
achieve the regeneration of the lost tissues. The 
rapid-developing tissue engineering provides more 
approaches to realize the goal, among which the 
application of adult mesenchymal stem cells (MSCs) 

has become a hotspot [2]. As “seed cells”, MSCs 
possess the capacities of self-renewal and 
multi-lineage differentiation, and have the potential to 
rebuild tissues with the support of suitable scaffolds 
and signaling molecules [3]. Up to now, various kinds 
of MSCs from different sources have been studied by 
scholars. Among dental-derived MSCs, dental pulp 
stem cells (DPSCs), which are separated from dental 
pulp tissues, are proved to promote tissue reparation 
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and regeneration in both animal periodontal defect 
models [4-6] and human alveolar bone resorption 
cases [7]. However, the limited source of DPSCs 
makes it difficult to meet the requirements of cell 
quantity in a short time for regenerative treatment [8]. 
While among non-dental-derived stem cells, umbilical 
cord mesenchymal stem cells (UCMSCs), which come 
from Wharton’s jelly of umbilical cord, are abundant 
at cell source and exhibit a strong ability to proliferate 
[9], and were also applied in periodontal regeneration 
[10]. Nevertheless, a few studies indicated that the 
osteogenic differentiation potential of UCMSCs was 
not as strong as dental-derived stem cells, which 
might be a weakness in the application of UCMSCs 
for periodontal regeneration [11, 12]. Based on the 
above facts, it’s necessary to explore feasible methods 
to optimize the biological properties of existing stem 
cells for oral tissue engineering. 

Cells could secrete different factors to regulate 
the surrounding microenvironment and change 
features of cells nearby, and this phenomenon is 
called paracrine [13, 14]. Although the mechanism is 
not clear enough, several studies have proved that 
both DPSCs and UCMSCs are capable of altering 
biological behaviors of surrounding cells through 
paracrine. For example, UCMSCs could inhibit 
growth and promote apoptosis of HepG2 
hepatocellular carcinoma cells [15]; the viability and 
the secretion function were significantly increased in 
damaged mouse hepatocytes when they were indirect 
cocultured with UCMSCs [16]; UCMSCs could 
efficiently suppress the proliferation and cytotoxicity 
of T cells and B cells in vitro [17, 18]. As to DPSCs, 
some researches proved that they could affect 
biological characters of lymphocytes [19, 20] and 
Malassez cells [21] in coculture condition. In recent 
years, a few scholars found that the paracrine effects 
also existed among different kinds of stem cells, 
which meant that the proliferation or differentiation 
abilities of stem cells could be modified by other kinds 
of stem cells [22-26]. Since both DPSCs and UCMSCs 
were proved to have paracrine abilities, we 
speculated that there was crosstalk between these two 
kinds of stem cells, and the proliferation or 
differentiation ability of each other could be altered. 

With this in mind, we established a non-contact 
coculture system between human DPSCs (hDPSCs) 
and human UCMSCs (hUCMSCs) in vitro, to 
investigate the crosstalk between them on 
proliferation activity and osteogenic genes expression. 
The findings may provide new ideas to optimize 
characteristics of existing stem cells and offer 
guidelines for the application of stem cells in tissue 
engineering. 

Materials and Methods 
Isolation and culture of hDPSCs and 
hUCMSCs 

All the following procedures were approved by 
Ethics Committee of Shandong University. The 
hDPSCs were isolated and cultured according to 
previous study [27]. In brief, healthy third molars or 
premolars extracted for orthodontic reason were 
collected from several healthy voluntary donors 
(16-25 years old) in Stomatological Hospital of 
Shandong University. After separated from the split 
teeth, the dental pulp tissues were cut into small 
pieces (1mmx1mmx1mm) and digested in the 
solution containing 1.5 mg/ml collagenase I (Sigma) 
and 2 mg/ml dispase (Sigma) for 1 h at 37℃. Then the 
solution containing single cells was obtained by 
passing through a 70 μm strainer. The hUCMSCs 
were isolated from umbilical cords of several 
cesarean-delivered full-term neonates in Qilu 
Hospital of Shandong University. According to the 
previous study [9], umbilical cords were gently rinsed 
with phosphate-buffered saline (PBS) and cut into 
several short sections. After two umbilical arteries and 
one umbilical vein were removed, the gel 
mesenchymal tissue named Wharton’s jelly was 
separated and chopped, and digested in the solution 
containing 1 mg/ml collagenase I (Sigma) at 37℃ for 
8 h with gentle soft shaking. Then the single cells 
solution was obtained by passing through a 70 μm 
strainer. Both hDPSCs and hUCMSCs were seeded 
separately in 10 cm dishes with the complete culture 
medium containing Dulbecco’s Modified Eagle’s 
Medium/F12 (DMEM/F12, Hyclone), 10% fetal 
bovine serum (FBS) (BI), 100 U/ml penicillin G and 
0.1 mg/ml streptomycin (Beyotime) at 37℃ in 5% 
CO2 incubator. The medium was refreshed every 3 d. 
Cells at passages 3–6 were used for the following 
studies. 

Phenotyping analysis by flow cytometry 
The immunophenotype of hDPSCs and 

hUCMSCs were analyzed by flow cytometry at 
passages 3. Briefly, after being trypsinized and 
washed with PBS, cells were incubated with 
monoclonal antibodies conjugated with fluorescent 
dyes in the dark at 4 ℃ for 20 min. The following 
antibodies were used: CD90 FITC, CD44 PE, CD105 
PerCP-Cy, CD73 APC, PE-negative cocktail (CD34PE, 
CD11b PE, CD19 PE, CD45 PE and HLA-DR PE) [28, 
29]. Then the cells were washed with PBS and 
analyzed by flow cytometry (BD Biosciences). The 
results were analyzed by software FlowJo. 
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Multipotent differentiation assays 
The hDPSCs and hUCMSCs were seeded in 

6-well dishes at 1 × 10^5 cells/well and cultured in 
complete culture medium. When cells reached 90% 
confluence, the medium was changed to induced 
medium. For osteogenic differentiation assays, cells 
were exposed to osteogenic medium (DMEM/F12 
containing 10% FBS [BI], 100 U/ml penicillin G and 
0.1 mg/ml streptomycin [Beyotime], 10nmol/l 
dexamethasone [Solarbio], 10 mmol/l 
β-glycerophosphate [Biosharp], 50 mg/l ascorbic acid 
[Solarbio]) [6]. The medium was refreshed every 3 d. 
After 4 weeks, Alizarin Red staining (Sigma) was used 
to detect the formation of mineralized nodule. For 
adipogenic differentiation assays, cells were exposed 
to adipogenic medium (DMEM/F12 containing 10% 
FBS [BI], 100 U/ml penicillin G and 0.1 mg/ml 
streptomycin [Beyotime], 2 μmol/l dexamethasone 
[Solarbio], 0.2 mmol/l indomethacin [Sigma], 0.01g/l 
insulin [Sigma], 0.5 mmol/l isobutyl-methylxanthine 
[IBMX] [Sigma]) [30]. The medium was refreshed 
every 3 d. After 2 weeks, the cells were stained with 
oil red O (Cyagen). 

Establish the hDPSCs-hUCMSCs coculture 
system in vitro 

The coculture systems were established through 
6-well plate and 3 μm pore size transwell inserts 
(Corning) [21]. The hDPSCs were seeded in 6-well 
plate at the amount of 5×10 ^4 cells/well and the 
same quantity of hUCMSCs were seeded in the 
transwell inserts located in neighboring wells. After 
cells attached to the wall firmly (about 24 h), the 
transwell inserts with hUCMSCs were moved to the 
wells containing hDPSCs so that the 
hDPSCs-hUCMSCs coculture system was established, 
and the hDPSCs in this coculture system were 
regarded as coculture groups. In control groups, both 
plate wells and transwell inserts were seeded with 
hDPSCs. Another coculture system exchanged the 
position of hDPSCs and hUCMSCs, which meant 
hDPSCs were seeded in the transwell inserts and 
hUCMSCs were seeded in lower 6-well plate, so that 
the hUCMSCs in this coculture system were regarded 
as coculture groups. In control groups, both wells and 
transwell inserts were seeded with hUCMSCs. For 
convenience, aforementioned cells located in lower 
plates would be regarded as research objects in the 
following experiments. 

Analysis of proliferation activity 
After the coculture groups and the control 

groups were established, cells were cultured in the 
complete culture medium at 37℃in 5% CO2 for 3 d 
and 5 d. Then 5-ethynyl-2’-deoxyuridine (EdU) 

labeling [31] staining and Western Blot were used to 
analyze the proliferation activity. According to the 
instructions of EdU detection kit (Ribobio), cells were 
incubated with 50 μm EdU labeling medium at 37℃ 
for 2 h. After immobilization, staining with 
Apollo®567 solution and Hoechst33342 solution, cells 
were observed under the fluorescence microscope and 
more than 6 random fields per well were captured. 
Image-Pro Plus (IPP) was used to calculate the 
percentage of EdU-positive cells (identified by 
Apollo®567 staining) in total cells (identified by 
Hoechst33342 staining). The expression levels of 
CDK6 and CYCLIN A in hDPSCs and hUCMSCs were 
detected by Western Blot, and the procedures were 
mentioned in a later section. 

Analysis of osteogenic genes expression 
To study the effects of prior coculture on 

osteogenic differentiation of hDPSCs and hUCMSCs, 
the coculture groups and the control groups were 
established in 6-well plates, and all cells were cultured 
in the complete culture medium for 7 d. Subsequently, 
the transwell inserts were relieved, and all cells 
located in lower palate were induced in the osteogenic 
medium mentioned above for another 7 d. Then the 
osteogenesis related mRNAs including collagen type I 
(COL I), runt-related transcription factor 2 (RUNX2), 
osteocalcin (OCN), were analyzed by quantitative 
real-time PCR (QRT-PCR). The osteogenesis related 
proteins including COL I, RUNX2, and osteopontin 
(OPN) were analyzed by Western Blot. 

To study the effects of persistent coculture on 
osteogenic differentiation of hDPSCs and hUCMSCs, 
when the coculture groups and the control groups 
were established, all cells were exposed to the 
osteogenic medium directly. After 7 d and 14 d, the 
expression levels of aforementioned mRNA and 
proteins in hDPSCs and hUCMSCs were analyzed by 
QRT-PCR and Western Blot. 

Total protein isolation and Western Blot 
The cells were washed 3 times with ice-cold PBS 

and lysed with RIPA buffer (solarbio) containing 
phosphatase inhibitor on ice for 30 min. After 
ultrasonic lysis and centrifugation at 12 000 rpm at 4 
℃ for 15 min, the supernatant lysate with proteins 
was collected. Then proteins were separated by 
SDS–PAGE and transferred to polyvinylidene 
difluoride membranes. The membrane was blocked 
with 5% nonfat-dried milk solution at room 
temperature for 1 h and incubated with primary 
antibodies overnight at 4 ℃. The following primary 
antibodies were used: CDK6 (1:1000, CST), CYCLIN A 
(1:1000, CST), Akt (pan) (1:1000, CST), phospho-Akt 
(Thr308) (p-Akt) (1:1000 CST), mTOR (1:1000, CST), 
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phospho-mTOR (p-mTOR) (1:1000, CST), COL I 
(1:1000, abcam), Runx2 (1:1000, CST), OPN (1:1000, 
Santa), glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) (1:10000, Proteintech). Then the membrance 
was incubated with anti-rabbit or anti-mouse 
secondary antibody conjugated with horseradish 
peroxidase for 1 h at room temperature. Finally, the 
protein bands were detected by enhanced 
chemiluminescence (Millipore) and band intensities 
were analyzed by Image J software. 

Total RNA isolation and QRT-PCR 
Total RNA was isolated from cells by RNAios 

Plus reagent (Takara) according to the instructions. 
Total 1 μg RNA (in 10 μl reaction volume) was reverse 
transcribed to cDNA using PrimeScript ™ RT reagent 
Kit with gDNA Eraser (Takara). QRT-PCR was 
carried out in a reaction volume of 10 μl of SYBR® 
Premix Ex Taq™  (Takara) by Roche LightCycler® 
480II as follows: an initial denaturation at 95℃ for 30 
s, followed by 55 cycles of 95℃ for 5 s, 60℃ for 35 s, 
and extension at 72℃ for 1 min, finally at 40℃ for 30 s. 
The results were normalized against the internal 
control GAPDH and calculated by the 2-△△Ct method 
(△△Ct=(CT target–CT GAPDH) cocuture–(CT 
target–CT GAPDH) control). The expression levels of 
COL I, Runx2 and OCN were analyzed and primers 
used in this study were as follows:  
COL I forward 5’-GCTGATGATGCCAATGTGGTT-3’, 
COL I reverse 5’-CCAGTCAGAGTGGCACATCTTG-3’, 
Runx2 forward 5’-GTTTCACCTTGACCATAACCGT-3’, 
Runx2 reverse 5’-GGGACACCTACTCTCATACTGG-3’, 
OCN forward 5’- AATCCGGACTGTGACGAGTTG-3’, 
OCN reverse 5’- CAGCAGAGCGACACCCTAGAC-3’. 

Statistical analysis   
All experiments were performed independently 

and at least three times and all data were presented as 
mean± standard deviations. Independent-sample t 
tests or t’ tests were used to determine statistical 
differences between coculture and control values. The 
statistical analyses were conducted by SPSS 19.0 and 
differences at P < 0.05 were considered to be 
statistically significant. 

Results 
Isolation, culture and identification of hDPSCs 
and hUCMSCs 

Both hDPSCs and hUCMSCs were observed 
under phase contrast microscope. The shapes of 
hDPSCs were similar to fibroblasts which presented 
spindle-shaped morphology (Fig. 1A) and could form 
spiral arrangement (Fig. 1B). The hUCMSCs were 
fusiform or polygonal-shaped (Fig. 1C) and also 
tended to form spiral arrangement (Fig. 1D). For 

multipotent differentiation assays, mineralized 
nodules were detected as red nodules in both hDPSCs 
(Fig. 1E) and hUCMSCs (Fig. 1G) by Alizarin red 
staining after osteogenic induction, and lipid droplets 
were demonstrated as red drops in both hDPSCs (Fig. 
1F) and hUCMSCs (Fig. 1H) by oil red O staining after 
adipogenic induction. The results of flow cytometry 
indicated that both hDPSCs (Fig. 1I) and hUCMSCs 
(Fig.1J) were positive to MSCs specific surface 
markers (CD90, CD44, CD105, CD73), but negative to 
hematopoietic and endothelial cell-specific markers 
(CD34, CD11b, CD19, CD45, HLA-DR). These 
immunophenotype results confirmed hDPSCs and 
hUCMSCs as MSCs.  

Establish the hDPSCs -hUCMSCs coculture 
system in vitro 

The coculture groups and control groups were 
established as shown in figure 2. To study the impact 
of coculture system on hDPSCs, hDPSCs cocultured 
with hUCMSCs were regarded as coculture groups 
(Fig. 2A) and the hDPSCs cultured without hUCMSCs 
were regarded as control groups (Fig. 2B). To study 
the impact of coculture system on hUCMSCs, 
hUCMSCs cocultured with hDPSCs were regarded as 
coculture groups (Fig. 2C) and the hUCMSCs cultured 
without hDPSCs were regarded as control groups 
(Fig. 2D). 

Effects of coculture on the proliferation of 
hDPSCs and hUCMSCs 

After coculture for 3 d, the proliferation activity 
of hDPSCs and hUCMSCs were measured by EdU 
staining. For hDPSCs, the average percentage of 
EdU-positive cells in coculture groups revealed a 
statistically significant increase compared to control 
groups on 3d (Fig.3A, 3B) (P<0.05). Since 
EdU-positive staining represented DNA replication of 
cell cycle, it suggested that coculture system 
promoted hDPSCs to proliferate. While in hUCMSCs, 
the average percentages of EdU-positive cells were 
similar in coculture groups and control groups, and 
the difference was not statistically significant (Fig. 3C, 
3D) (P>0.05). The Western Blot bands and analysis of 
bands intensities after coculture for 3 d and 5 d were 
shown in Fig. 3E and Fig. 3F. The expression of CDK6 
and CYCLIN A of coculture groups was higher than 
that of control groups in hDPSCs (Fig. 3E) (P<0.01), 
which indicated the acceleration of cell cycle in 
cocultured hDPSCs. For hUCMSCs, there was little 
difference in the expression levels of CDK6 and 
CYCLIN A between the coculture groups and control 
groups (Fig.3F) (P>0.05). These results demonstrated 
that coculture for 3 d and 5 d could improve the 
proliferation activity of hDPSCs, but had little impact 
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on that of hUCMSCs. 

Effects of coculture on osteogenic genes 
expression in hDPSCs and hUCMSCs 

The detection results about effects of prior 
coculture on osteogenic differentiation were shown in 
Figure 4. For hDPSCs, the QRT-PCR results showed 
that mRNA of Col I, RUNX2 and OCN expressed more 
in coculture groups than in control groups, which had 
significant differences (Fig. 4A). For hUCMSCs, no 
statistical difference was observed in the mRNA 
expression of Col I, RUNX2 and OCN between 
coculture groups and control groups (Fig. 4B) 
(P>0.05). To further investigate, the expression of 

osteogenic proteins, including COLI, RUNX2 and 
OPN were detected by Western Blot, and the bands 
intensities were analyzed by Image J software. 
Various degrees of elevation on these proteins were 
evaluated in coculture groups compared with control 
groups in hDPSCs (Fig.4C, 4D), while the expression 
levels of these proteins showed little difference 
between coculture and control groups in hUCMSCs 
(Fig.4E, 4F). To sum up, our experiment results 
suggested that the prior hDPSCs-hUCMSCs coculture 
enhanced the expression of osteogenic mRNA and 
proteins in hDPSCs, but had little impact on the 
osteogenic differentiation of hUCMSCs. 

 

 
Figure 1. Culture and identification of hDPSCs and hUCMSCs. Cells were observed under phase contrast microscope. A.B. The hDPSCs (P3) presented 
spindle-shaped morphology and formed spiral arrangement. C.D. The hUCMSCs (P3) were fusiform or polygonal-shaped and formed spiral arrangement. E. 
Osteogenic differentiation of hDPSCs was demonstrated as red mineralized nodules by Alizarin red staining. F. Adipogenic differentiation of hDPSCs was 
demonstrated as red oil drops by oil red O staining. G. Osteogenic differentiation of hUCMSCs was demonstrated as red mineralized nodules by Alizarin red staining. 
H. Adipogenic differentiation of hUCMSCs was demonstrated as red oil drops by oil red O staining. I.J. Both hDPSCs (I) and hUCMSCs (J) were positive to MSC 
specific surface markers (CD90, CD44, CD105, CD73), but negative to hematopoietic and endothelial cell-specific markers (CD34, CD11b, CD19, CD45, HLA-DR). 
(The blue drops respected isotype control) 
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Figure 2. Establish the hDPSCs -hUCMSCs coculture system. The transwell coculture system was established in 6-well plate with same quantity of hDPSCs 
and hUCMSCs. To study the influence of coculture system on hDPSCs, hDPSCs in the coculture system were regarded as coculture groups (A), and hDPSCs without 
coctulture were regarded as control groups (B). To study the influence of coculture system on hUCMSCs, hUCMSCs cocultured with hDPSCs were regarded as 
coculture groups (C) and the hUCMSCs without coculture were regarded as control groups (D). 

 
The detection results about effects of persistent 

coculture on osteogenic differentiation were shown in 
Figure 5. For hDPSCs, it was found that the mRNA 
expression levels of Col I and RUNX2 in coculture 
groups were up-regulated after coculture for 7 and 14 
d, and OCN mRNA was up-regulated after coculture 
for 14 d (Fig. 5A, 5B). While in hUCMSCs, the mRNA 
of RUNX2 and OCN in coculture groups had no 
statistical difference with control groups on day 7 or 
14, and COLI mRNA reduced on day 14 (Fig. 5C, 5D). 
The results of Western Blot and intensities analysis 
were quite consistent with that of QRT-PCR, which 
meant that the hDPSCs-hUCMSCs coculture system 
promoted protein expressions of COLI, RUNX2 and 
OPN in hDPSCs on day 7 and 14 (Fig. 5E, 5F, 5G), but 
didn’t change the expression pattern of them in 
hUCMSCs (Fig. 5H, 5I, 5J). 

Effects of coculture on Akt/mTOR signaling 
pathway of hDPSCs  

Above results showed that the proliferation and 
osteogenic differentiation abilities of hDPSCs were 
enhanced in coculture system, but the mechanism was 
not clear. After hDPSCs were cocultured for 3 and 7 d, 
the expression of elements in Akt/mTOR signaling 
pathway were detected by Western Blot, including 
Akt, p-Akt(T308), mTOR, p-mTOR. As shown in Fig. 
6A, the expression of p-Akt and p-mTOR were 
up-regulated both on day 3 and 7. Intensities analysis 

results indicated that the phosphorylation degree of 
Akt and mTOR increased with the extension of 
coculture (Fig. 6B, 6C), which suggested Akt/mTOR 
signaling pathway was actived in cocultured hDPSCs. 

Discussion 
Communication between cells takes part in the 

regulation of cell biological behaviors [32]. Simply 
speaking, it includes direct communication under cell 
contact and indirect communication through 
chemical, physical or other signals without contact. 
Different mesenchymal stem cells have been proved 
to secrete paracrine factors (such as growth factors, 
cytokines, and hormones) to influence characteristics 
of other cells, which was regarded as a form of 
indirect communication [14]. Either hUCMSCs or 
hDPSCs had been proved to influence biological 
characteristics of tumor cells [15], somatic cells [16, 33, 
34] and immune cells [17, 18] through paracrine, but 
little was known about the crosstalk between these 
two kinds of stem cells. In this study, we established 
the non-contact coculture system in vitro with the help 
of transwell inserts to study the indirect 
communication between hDPSCs and hUCMSCs. The 
3μm pore size microporous membrane of transwell 
inserts could separate cells from upper and lower 
spaces, but allow small molecules to pass through 
freely. Compared with other methods of studying cell 
communication such as conditioned media [35] and 
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direct coculture [36], transwell inserts are more 
convenient to operate, making a more realistic 
simulation of cell communication environment, and 
could study the changes of two kinds of cells 
separately. It was the first time to explore the indirect 

communication between hDPSCs and hUCMSCs, and 
our experiment results indicated that these two kinds 
of stem cells indeed had crosstalk on proliferation and 
differentiation.  

 

 
Figure 3. Effects of coculture on the proliferation of hDPSCs and hUCMSCs A. EdU staining of hDPSCs in cocultured groups and control groups after 3 d. 
The nucleus of EdU-positive cells were identified by Apollo®567 staining and total cell’s nucleus were identified by Hoechst33342 staining. B. For hDPSCs, the average 
percentage of EdU-positive cells in control groups was 44.38±2.26%, while that in cocultured hDPSCs groups was 56.02±3.23%. C. EdU staining of hUCMSCs in 
cocultured groups and control groups after 3 d. D. For hUCMSCs, the average percentage of EdU-positive cells in control groups was 34.85±2.78%, while that in 
cocultured hUCMSCs was 34.76±2.54%. E. The expression of CDK6 and CYCLIN A in hDPSCs was detected by Western Blot after coculture for 3 d and 5 d. Grey 
value of protein bands in hDPSCs was measured based on three independent experiments. Data were normalized by GAPDH. F. The expression of CDK6 and 
CYCLIN A in hUCMSCs was detected by Western Blot after coculture for 3 d and 5 d. Grey value of protein bands in hUCMSCs was measured based on three 
independent experiments. Data were normalized by GAPDH. (*p<0.05, **p<0.01) 
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Figure 4. Effects of prior coculture for 7 d on osteogenic genes expression of hDPSCs and hUCMSCs. A. The expression of Col I, RUNX2 and OCN 
mRNA in prior cocultured and control hDPSCs. B. The expression of Col I, RUNX2 and OCN mRNA in prior cocultured and control hUCMSCs. C. The expression 
of Col I, OPN and RUNX2 proteins in prior cocultured and control hDPSCs. D. Grey value of protein bands in hDPSCs was measured based on three independent 
experiments. Data were normalized by GAPDH. E. The expression of Col I, OPN and RUNX2 proteins in prior cocultured and control hUCMSCs. F. Grey value of 
protein bands in hUCMSCs was measured based on three independent experiments. Data were normalized by GAPDH. (*p<0.05, **p<0.01) 

 
To detect the proliferation activity, EdU labeling 

analysis was used for it reflected the ability of DNA 
replication in cell cycle [31], and the results proved 
that higher proportion of hDPSCs engaged in DNA 
replication in cocultured group than in control group. 
At the same time, we detected the expression of CDK6 
and CYCLIN A by Western Blot, which were essential 
regulators of cell cycle progression. CDK6 was 
important for G1 phase progression and promoted 
G1/S transition in cell cycle [37], while CYCLIN A was 
involved in both S phase and the G2/M transition [38]. 
Western Blot results displayed that the expression 
levels of CDK6 and CYCLIN A were enhanced in 
cocultured hDPSCs, suggesting the process of cell 
cycle were accelerated. All above results indicated 

that paracrine factors secreted by hUCMSCs 
promoted proliferation of hDPSCs. This finding was 
similar with previous study, whose results proved 
that indirect coculture with hUCMSCs enhanced the 
proliferation ability of injured hepatocytes [16]. In the 
application of periodontal tissue engineering, the 
acquirement in amount of stem cells was quite urgent, 
and our study proved coculture with hUCMSCs to be 
a useful means to promote the expansion of hDPSCs 
in vitro. As to hUCMSCs, no obvious alteration in EdU 
labeling or CDK6 and CYCLIN A expression were 
observed between cocultured group and control 
group, which suggested the proliferation of 
hUCMSCs changed little when they were cocultured 
with hDPSCs for 3 to 5d.  
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Figure 5. Effects of persistent coculture for 7 d and 14 d on osteogenic genes expression of hDPSCs and hUCMSCs. A.B. The expression of Col I, 
RUNX2 and OCN mRNA in persistent cocultured and control hDPSCs after induction for 7 d and 14 d. C.D. The expression of Col I, RUNX2 and OCN mRNA in 
persistent cocultured and control hUCMSCs after induction for 7 d and 14 d. E. The expression of Col I, OPN and RUNX2 proteins in persistent cocultured and 
control hDPSCs after induction for 7 d and 14 d. F.G. Grey value of protein bands in hDPSCs after induction for 7 d and 14 d was measured based on three 
independent experiments. Data were normalized by GAPDH. H. The expression of Col I, OPN and RUNX2 proteins in persistent cocultured and control hUCMSCs 
after induction for 7 d and 14 d. I.J. Grey value of protein bands in hUCMSCs after induction for 7 d and 14 d was measured based on three independent experiments. 
Data were normalized by GAPDH.  (*p<0.05, **p<0.01) 

 
Figure 6. Effects of coculture on Akt/mTOR signaling pathway of hDPSCs. A. After coculture for 3 d and 7 d, the expression of Akt, p-Akt(T308), mTOR, 
and p-mTOR proteins was detected in hDPSCs. B.C. Phosphorylation degree of Akt and mTOR in hDPSCs after cococulture for 3 d and 7 d was measured based on 
three independent Western Blot results. (*p<0.05, **p<0.01) 

 
To explore the osteogenesis potential of hDPSCs 

and hUCMSCs, the expressions of related genes such 
as COLI, RUNX2, OCN and related proteins such as 
COLI, RUNX2, OPN were detected. Among these 
items, COL I is considered to be an early marker of 
osteoblast differentiation [39]; Runx2 is an 
osteogenesis specific transcription factor which can 
promote the expression of osteogenenic genes in 
MSCs [40-42]; OPN [43] and OCN [44] are important 
markers of mineralization. In order to investigate the 
paracrine pattern and effects on osteogenesis, we 
established two kinds of coculture system — the prior 
and persistent coculture system. In the prior coculture 
studies, hDPSCs and hUCMSCs were cocultured for 7 

d in complete culture medium, during which the 
paracrine factors released by cells could affect 
osteogenic differentiation potential of each other. 
After that, the coculture environment was removed 
and cells were induced in osteogenic medium for 
another 7 d. The detection results showed that prior 
coculture with hUCMSCs promoted the expression of 
osteogenic genes in hDPSCs effectively. While in 
persistent coculture studies, cells were exposed to 
coculture and osteogenic induction environment 
simultaneously, and we wondered whether cells 
would change their paracrine pattern or not when 
they were located in osteogenic medium. The final 
results showed that the contribution of hUCMSCs 
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paracrine to osteogenesis potential of hDPSCs didn’t 
disappear in osteogenic medium, which meant 
persistent coculture could promote the expression of 
osteogenic genes in hDPSCs as well. What’s more, 
with time prolonging, the expression level of 
osteogenic genes remained higher in cocultured 
hDPSCs than in control hDPSCs throughout the 
experiment time. These findings suggested that 
paracrine effects of hUCMSCs on osteogenesis 
potential of hDPSCs were persistent and relatively 
stable both in complete culture medium and 
osteogenic culture medium. In fact, some previous 
studies have proved the relationship between 
coculture and multi-differentiation ability among 
different stem cells. For example, human 
amnion-derived mesenchymal stem cells [26] and 
adipose-derived stromal cells [45] could promote 
osteogenic differentiation of bone marrow 
mesenchymal stem cells in coculture systems, 
periodontal ligament stem cells could enhance 
osteogenic gene expression in de-differentiated fat 
cells though paracrine [46], conditioned media from 
craniofacial bone marrow stem cells could influence 
mineralization of periodontal ligament stem cells [23] 
and so on. Our experiment was the first to identify 
that the paracrine of hUCMSCs enhanced 
osteogenesis potential of hDPSCs, and coculture was 
considered to be a practical method to promote 
osteogenesis of stem cells in tissue engineering. Turn 
attention to hUCMSCs, neither prior nor persistent 
coculture brought significant changes to the 
expression of COLI, RUNX2, OPN or OCN in 
hUCMSCs, which suggested that coculture with 
hDPSCs had little effects on osteogenesis of 
hUCMSCs under the aforementioned conditions. 

The mechanism of non-contact coculture system 
promoted hDPSCs to proliferate and express 
osteogenic gene could be complicated, for the 
paracrine factors secreted by hUCMSCs were not clear 
enough. In previous studies, the cytokines released in 
paracrine were various in kinds, and could activate 
different signaling pathways related with different 
biological characteristics in effector cells. For instance, 
UCMSCs inhibited growth and promoted apoptosis 
of HepG2 hepatocellular carcinoma cells by 
downregulating the mRNA and protein expression of 
α-fetoprotein (AFP), Bcl-2 and Survivin in HepG2 
cells [15]; UCMSCs suppressed proliferation and 
differentiation of B cell, which may be related with the 
change in phosphorylation pattern of Akt and p38 
pathways of B cell [18]; human amnion-derived 
mesenchymal stem cells promoted osteogenic 
differentiation of human bone marrow mesenchymal 
stem cells by influencing the ERK1/2 signaling 
pathway [26]. Our study found that the 

phosphorylations of Akt and mTOR were increased in 
hDPSCs after they were cocultured with hUCMSCs, 
and these effects were enhanced with the extension of 
coculture time. Since Akt/mTOR signaling pathway 
was proved to be related with proliferation [47-49] 
and osteogenic differentiation [50, 51] in many 
studies, we suggested that the change of Akt/mTOR 
signaling pathway was associated with the 
improvement of proliferation and differentiation in 
cocultured hDPSCs. Although the factors secreted by 
hUCMSCs need to be further studied, our 
experiments indicated that Akt/mTOR signaling 
pathway might take part in the regulation effects of 
hUCMSCs paracrine on hDPSCs. 

Remarkably, although results in this study 
showed that the coculture had little influence on 
proliferation and osteogenesis potential of hUCMSCs, 
it was worth noting that we didn’t deny the paracrine 
effects of hDPSCs on hUCMSCs, but stressed on the 
crosstalk between these two kinds of stem cells under 
certain coculture condition (the initial amount of 
hDPSCs and hUCMSCs was 1:1, and coculture time 
was 3 d, 5d, 7d or 14 d) in aspect of proliferation and 
osteogenesis potential. Since different coculture 
condition would change the amount of paracrine 
cyctokines and length of paracrine time [15, 26], the 
crosstalk between hDPSCs and hUCMSCs could be 
various in forms and effects. For further 
understading, more investigation and analysis were 
needed. 

The requirement in the amount and 
differentiation potential of seed cells in tissue 
engineering is still a problem for the application of 
adult stem cells [52]. Our studies found that 
hDPSCs-hUCMSCs coculture system could promote 
the proliferation and osteogenic genes expression in 
hDPSCs, provided hDPSCs and hUCMSCs with better 
abilities for the application in tissue engineering. Also, 
the non-contact coculture system could be used as an 
exploring method for the optimization of biological 
characteristics of seed cells. 

Conclusions 
This study demonstrated that the 

hDPSCs-hUCMSCs non-contact coculture system in 
vitro increased the proliferation activity and enhanced 
osteogenic genes expression in hDPSCs, while little 
effect was observed on that of hUCMSCs. Also, 
Akt/mTOR signaling pathway might take part in the 
enhancing effects of hDPSCs-hUCMSCs coculture 
system on hDPSCs. Our findings may provide new 
ideas to optimize the characteristics of hDPSCs and 
hUCMSCs in tissue engineering as seed cells, and 
offer guidelines for the application of stem cells in 
tissue regeneration. 
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