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 Background: Periodontal ligament stem cells (PDLSCs) are promising seed cells for bone tissue engineering and periodontal 
regeneration applications. However, the mechanism underlying the osteogenic differentiation process remains 
largely unknown. Previous reports showed that prolactin-induced protein (PIP) was upregulated after PDLSCs 
osteogenic induction. However, few studies have reported on the function of PIP in osteogenic differentiation. 
The purpose of the present study was to investigate the effect of PIP on osteogenic differentiation of PDLSCs.

 Material/Methods: The expression pattern of PIP during PDLSCs osteogenic differentiation was detected and the effect of each 
component in the osteogenic induction medium on PIP was also tested by qRT-PCR. Then, the PIP knockdown 
cells were established using lentivirus. The knockdown efficiency was measured and the proliferation, apopto-
sis, and osteogenic differentiation ability were examined to determine the functional role of PIP on PDLSCs.

 Results: QRT-PCR showed that PIP was sustainedly upregulated during the osteogenic induction process and the phe-
nomenon was mainly caused by the stimulation of dexamethasone in the induction medium. CCK-8 and flow 
cytometer showed that knocking down PIP had no influence on proliferation and apoptosis of PDLSCs. ALP 
staining and activity, Alizarin Red staining, and western blot analysis demonstrated PIP knockdown enhanced 
the osteogenic differentiation and mineralization of PDLSCs.

 Conclusions: PIP was upregulated after osteogenic induction; however, PIP knockdown promoted PDLSCs osteogenic differ-
entiation. PIP might be a by-product of osteogenic induction, and downregulating of PIP might be a new tar-
get in bone tissue engineering applications.
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Background

Periodontium, including alveolar bone, gingiva, periodontal lig-
ament (PDL), and cementum, is the supporting tissue of the 
teeth and is essential for the preservation and function of 
teeth. The PDL tissue, which is located between the alveolar 
bone and cementum, plays an active role in maintaining peri-
odontal homeostasis [1-3]. Many factors, such as infections, 
trauma, orthodontic tooth movement, and systemic and ge-
netic diseases, can cause the destruction of periodontal tis-
sues and eventually lead to tooth loss [4-6]. The treatment of 
periodontal disease, especially the functional regeneration of 
alveolar bone and PDL tissue, is a major focus of oral regen-
erative medicine research [7,8].

In tissue engineering regenerative medicine, a recent research 
focus had been inoculation of cells with scaffold materials [9]. 
In this area, seed cells and the property of scaffolds are 2 ma-
jor concerns [10]. Periodontal ligament stem cells (PDLSCs), 
which are adult stem cells that can be easily obtained from 
PDL and have great potential to differentiate into multilin-
eage cells, have been extensively studied and are considered 
to be good seed cells for use in oral tissue engineering [11-14].

However, the specific regulatory mechanism of osteogenic dif-
ferentiation of periodontal ligament stem cells remains unclear. 
Over the years, although several studies reported the use of 
high-throughput methods to detect and analyze the expres-
sion changes between osteogenic differentiated and undiffer-
entiated PDLSCs, including mRNAs, microRNAs, long noncod-
ing RNAs, and circular RNAs [2,15-18], few of them did further 
research to elucidate the function of these differentially ex-
pressed molecules.

Prolactin-induced protein (PIP), which is also known as gross 
cystic disease fluid protein 15 (GCDFP-15), is a 17-kDa glyco-
protein that is usually secreted by many kinds of cells [19,20]. 
PIP expression has been widely reported in breast cancer stud-
ies and is one of the biomarkers in diagnosis of breast can-
cer [21]. Several studies have reported that PIP participates 
in various cell behaviors, including proliferation, invasion, 
and apoptosis [22-24]. PIP can be induced by several factors, 
such as prolactin, androgens, growth hormone, and glucocor-
ticoids [22,25,26]. A gene expression profile study of PDLSCs 
osteogenic differentiation reported that PIP was upregulated 
by more than 5-fold, which suggests that PIP has a functional 
role in this process [2]. It was also reported that PIP is an as-
partic-type protease of which the substrate is fibronectin [27]. 
Fibronectin is a principal component of the extracellular ma-
trix (ECM), and the property of ECM affects the differentia-
tion of stem cells through many mechanisms. For instance, 
ECM components bind to cell surfaces directly, ECM activates 
other functional molecules, and the stiffness of ECM also can 

affect cell fate [28]. Therefore, we speculated that PIP affects 
the osteogenic differentiation of PDLSCs through the man-
agement of ECM.

In the present study, we assessed PIP expression during os-
teogenic differentiation of PDLSCs, and established PIP knock-
down PDLSCs. We further detected the proliferation, apopto-
sis, and osteogenic differentiation of PDLSCs to investigate 
the functional role of PIP in PDLSCs.

Material	and	Methods

Primary	PDLSCs	Culture

The PDLSCs were isolated as previously described [13,14]. 
Briefly, premolars were collected from medical wastes of pa-
tients 12-25 years old with orthodontic extractions. Teeth with 
caries and periodontal disease were excluded. The periodontal 
ligament tissues were scraped off from the middle third of the 
tooth root and chopped. Collagenase type I (3 mg/mL, Sigma, 
USA) and dispase (4 mg/ml, Sigma, USA) were used to digest 
the tissues for 60 min at 37°C. Single-cell suspensions were 
obtained using a 70-µm cell strainer (BD Falcon). Cell suspen-
sions were seeded into culture dishes and cultured with com-
plete culture medium consisting of a-minimum essential me-
dium (a-MEM) (Corning, USA) supplemented with 10% fetal 
bovine serum (FBS) (Gibco, USA) at 37°C in 5% CO2. Cells at 
passages 3-6 were used.

Immunophenotype	Analysis

As described before [29], we used a BD Stemflow™ hMSC 
Analysis kit (BD Biosciences, USA). Briefly, after digestion and 
centrifugation, cells were incubated with CD90-FITC, CD105-
PerCP-Cy, CD73-APC, CD44-PE, PE-negative cocktail (CD34-PE, 
CD11b-PE, CD19-PE, CD45-PE, and HLA-DR-PE) antibodies in 
the dark at 4°C for 20 min, and the respective isotype control 
antibodies were used simultaneously as negative controls. The 
cells were then detected by flow cytometry (BD Biosciences, 
USA) and the results were analyzed using FlowJo software (ver-
sion 10.0.6, FlowJo LLC, Ashland, USA).

Multilineage	Differentiation

The multilineage differentiation capacities of cells were de-
tected as previously described [30,31], and cells were direct-
ed to osteogenic, adipogenic, and chondrocyte differentiation. 
Osteogenic induction medium contained a-MEM (Corning, 
USA) supplemented with 10% FBS (Gibco, USA), 10 nM dexa-
methasone (Dex) (Solarbio, China), 10 mM b-glycerophosphate 
(Solarbio, China), and 50 mg/L-ascorbic acid (Sigma, USA). 
Adipogenic medium was a-MEM (Corning, USA) containing 
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10% FBS (Gibco, USA), 2 μM Dex (Solarbio, China), 0.2 mM in-
domethacin (Sigma, USA), 0.01g/L insulin (Sigma, USA), and 
0.5 mM isobutyl-methylxanthine (Sigma, USA). The medium 
was refreshed every 3 days. Alizarin Red staining was used to 
detect the mineralized nodules after 3 weeks of osteogenic 
induction and oil red O staining was utilized to show the lip-
id droplets after 2 weeks of adipogenic induction. A particle 
culture method was applied for chondrocyte differentiation. 
The medium was a-MEM (Corning, USA) supplemented with 
10% FBS (Gibco, USA), 2 ng/mL transforming growth factor-b1 
(TGF-b1; R & D Systems, Minneapolis, MN, USA), 1×ITS+Premix 
(BD Biosciences, San Jose, CA, USA), 50 mg/mL L-ascorbic acid 
(Sigma Aldrich, St Louis, MO, USA), 100 mg/mL sodium pyru-
vate (Wako, Japan), 100 nM Dex (Solarbio, China), and 100 U/
mL penicillin/streptomycin. The medium was refreshed every 
3 days. After 4 weeks, Alcian Blue staining was used to detect 
the sulfated proteoglycans by paraffin sectioning.

Lentivirus Transfection

The recombinant lentivirus was constructed and produced by 
Shanghai GenePharma Company (Shanghai, China). The vector 
used for lentivirus transfection was LV3(H1/GFP&Puro). Short 
hairpin RNA (shRNA) targeting PIP mRNA was named shPIP and 
nontargeting negative control was named shNC. The PIP target 
sequence was: 5’-GCAAATTGCAGCCGTCGTT-3’ and the target se-
quence of negative control was: 5’-TTCTCCGAACGTGTCACGT-3’. 
PDLSCs were infected with recombinant lentivirus according 
to the manufacturer’s instructions. After 6 h of infection, the 
medium containing lentivirus (MOI=10) was refreshed to com-
plete culture medium. Knockdown efficiency of PIP was mea-
sured on gene transcription after 2 days and protein expres-
sion levels after 3 days.

Cell	Proliferation	Assay

The proliferation of cells was detected by Cell Counting Kit-
8 (CCK-8) (Dojindo Laboratories, Japan). Cells were plated in 
a 96-well plate at a density of 4×103 cells/well and incubat-
ed for 1, 2, 3, 4, 5, 6, and 7 days, respectively. At each time 
point, the medium was replaced with fresh medium supple-
mented with 10% CCK-8 solution and then incubated for an 
additional 3 h. The absorbance of the medium was measured 
using a microplate reader (SPECTROstar Nano; BMG Labtech, 
Germany) at 450 nm wavelength.

Cell	Cycle	Analysis

We plated 5×104 cells into 6-well plates. After 48 h of culture, 
cell cycle was detected using PI/RNase cell cycle analysis kit 
(Sungene Biotech, Tianjin, China) by flow cytometer (BD Accuri 
TM, USA) and analyzed by BD Accuri TM C6 Plus software.

Cell	Apoptosis	Assay

Cell apoptosis assay was performed as previously described [14]. 
We seeded 1×105 cells into 6-well plates. After reached 80-90% 
confluency, the cells were treated with 250 μM H2O2 for 4 h. 
Then, an Annexin V-APC/7-AAD staining kit (Sungene Biotech, 
China) was used to label cells. Cells were then detected by flow 
cytometer (BD Accuri TM, USA) and analyzed by BD Accuri TM 
C6 Plus software.

ALP	Staining	and	ALP	Activity	Assay

Alkaline phosphatase (ALP) activity assay kit (Nanjing Jiancheng 
Bioengineering Institute, China) was used to measure ALP ac-
tivity according to manufacturer’s instructions. The protein of 
each group was extracted and incubated with detection re-
agent for 15 min at 37°C. The absorbance at 520 nm wavelength 
was measured with a microplate reader (SPECTROstar Nano; 
BMG Labtech). ALP staining was achieved using an NBT/BCIP 
staining kit (Beyotime, China). Briefly, the cells after 14 days 
induction were stained with BCIP/NBT solution evade light.

RNA Isolation and Quantitative Real-time PCR (qRT-PCR) 
Analysis

Total RNA of cells was extracted using Trizol (Takara, Tokyo, 
Japan) method, and PrimeScript™ RT reagent kit with gDNA 
Eraser (Takara) was used to reverse-transcribe mRNA to cDNA. 
qRT-PCR assay was performed using the SYBR Green PCR Core 
kit (Takara). Primers for PIP were (forward: 5’-TAC TGC CTG CCT 
ATG TGA CG-3’, reverse: 5’-TCA GGG CAG ATG CCT AAT TC-3’), 
and GAPDH (forward: 5’-GCA CCG TCA AGG CTG AGA AC-3’, 
reverse: 5’-TGG TGA AGA CGC CAG TGG A-3’). The expression 
levels of mRNAs were calculated by the 2–DDCt method using 
GAPDH as an internal reference.

Protein	Extraction	and	Western	Blot	Analysis

Cells were lysed using RIPA lysis buffer (Solarbio, China) con-
taining 1% PMSF (Solarbio, China). The BCA Protein Assay kit 
(Solarbio, China) was used to measure the protein concentra-
tion. Proteins were separated by SDS-PAGE and then trans-
ferred to polyvinylidene difluoride membranes. After blocking 
with non-fat dry milk for 1 h, the membranes were incubat-
ed with primary antibodies at 4°C overnight and incubated 
with respective secondary antibodies. The following primary 
antibodies were used: PIP (1: 200, ab218480, abcam), CDK2 
(1: 1000, #2546, Cell Signaling Technology), CDK4 (1: 1000, 
#12790, Cell Signaling Technology), CDK6 (1: 1000, #3136, 
Cell Signaling Technology), Cyclin B1 (1: 1000, #12231, Cell 
Signaling Technology), ALP (1: 20000, ab108337, abcam), 
COL1A1 (1: 1000, #84336, Cell Signaling Technology), OCN 
(1: 500, ab93876, abcam), GAPDH (1: 20000, HRP-60004, 
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Proteintech). The protein bands were detected by enhanced 
chemiluminescence (Millipore, USA) under Amersham Imager 
600, and the intensities of the bands were analyzed by ImageJ 
software.

Statistical	analysis

All experiments were performed 3 times individually from 3 
samples and all data are presented as mean±standard de-
viations. The normal distribution was confirmed using SPSS 
Statistics 20 (IBM, Armonk, NY, USA). We used the t test, one-
way ANOVA, or Mann-Whitney U test to determine statistical 
differences between groups. Statistical analysis was performed 
using GraphPad Prism (version 6.01, GraphPad Software, La 
Jolla, CA, USA) and differences at P<0.05 were considered to 
be statistically significant.

Results

Identification of PDLSCs

Immunophenotype analysis showed that PDLSCs were posi-
tive for CD90, CD105, CD73, and CD44, and negative for CD34, 
CD11b, CD19, CD45, and HLA-DR (Figure 1A). Multilineage 
differentiation assay showed that PDLSCs could differentiate 
into osteoblasts, adipocytes, and chondrocytes (Figure 1B-1D). 

Therefore, PDLSCs were identified as multi-potent mesenchymal 
stem cells (MSCs) and were used in the following experiments.

PIP Expression During PDLSCs Osteogenic Differentiation

To understand the role of PIP in osteogenesis, qRT-PCR was 
used to detect the mRNA expression of PIP in osteo-differenti-
ated and undifferentiated PDLSCs on days 3, 7, 14, and 21 dur-
ing PDLSCs osteogenic differentiation. As shown in Figure 2A, 
at all time points, the PIP expression level of the osteogenic in-
duction group was higher than that of the non-induced group.

Since there are Dex, b-glycerophosphate, and ascorbic acid in 
the osteogenic induction system, we further explored which 
one mainly contributed to the expression change of PIP. After 
incubating cells with Dex, b-glycerophosphate, or ascorbic 
acid, respectively, for 7 days, we detected the expression of 
PIP and confirmed that the Dex group had the highest PIP lev-
el (Figure 2B).

Knockdown	Efficiency	of	PIP

The GFP expression under the microscope showed that more 
than 90% of the PDLSCs were successfully transfected with len-
tivirus in the shNC and shPIP groups (Figure 3A). The results of 
qRT-PCR and western blot analysis confirmed that the expres-
sion level of PIP was successfully knocked down (Figure 3B-3D).
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Figure 1.  Cultivation and identification of PDLSCs. (A) The immunophenotype analysis of PDLSCs. The detected markers included 
CD90-FITC, CD105-PerCP-Cy, CD73-APC, CD44-PE, and PE-negative cocktail (CD34-PE, CD11b-PE, CD19-PE, CD45-PE, and 
HLA-DR-PE). (B) Alizarin Red staining of PDLSCs after 3 weeks of osteogenic induction. (C) Oil red O staining of PDLSCs after 
2 weeks of adipogenic induction. (D) Alcian Blue staining of PDLSCs after 4 weeks of chondrogenic induction. (scale bar: 
100 μm).
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Knocking Down PIP Had no Influence on PDLSCs 
Proliferation

To explore the effects of PIP knockdown on cell growth, we 
used CCK-8 to compare the cell proliferation abilities between 
the shNC and shPIP groups. As shown in Figure 4A, there was 
no significant difference in cell numbers between the 2 groups 
at each time point up to 7 days. Simultaneously, the results of 
cell cycle and relative proteins showed that PIP knockdown had 
no influence on PDLSCs cell cycle (Figure 4B, 4C).

PIP Expression Level Did Not Affect PDLSCs Apoptosis

In shNC PDLSCs, the early and late apoptotic rate was 4.2% 
and 3.2%, respectively, while in the shPIP group the rate was 
4.2% and 3.9%, respectively (Figure 5A). After statistical anal-
ysis, no significant difference was shown in apoptotic rate be-
tween the 2 groups. We further detected the expression of sev-
eral cell apoptosis related genes in cells after H2O2 treatment, 
and found that the protein levels of BAX, Bcl-2, c-IAP1, and c-
IAP2 were unchanged in the PIP knockdown group compared 
with the control group (Figure 5B).

Downregulation	of	PIP	Enhanced	PDLSCs	Osteogenic	
Differentiation

After knocking down PIP, the ALP staining was enhanced 
(Figure 6A), and the ALP activity increased (Figure 6B) com-
pared to the control group on 14 days. The Alizarin Red stain-
ing of shPIP PDLSCs was also stronger than in the shNC group 
(Figure 6C) after osteogenic induction for 21 days. In addition, 
the expression of osteogenesis-related genes, COL1 and ALP, 
was improved when PIP was knocked down (Figure 6D, 6E).

Discussion

PIP is a small secreted glycoprotein which was first report-
ed as GCDFP-15 detected in the cystic fluid from mastopathy 
and now has been verified to exist in many physiological se-
cretions, including saliva, seminal plasma, amniotic fluid, lac-
rimal fluid, and sweat gland secretions [19,20,32,33]. The cur-
rently accepted name, PIP, came from research demonstrating 
the expression of this protein could be significantly induced 
by human prolactin (hPRL) or human growth hormone, a hor-
mone structurally and functionally similar to hPRL, in breast 
cancer T-47D cells [26].

Studies have shown that the abnormal expression of PIP is 
related to some pathological conditions. For instance, PIP is 
overexpressed in luminal A and molecular apocrine subtypes 
of breast cancer [34]. In keratoconus (KC) disease, tear sam-
ples from healthy subjects had significantly higher intensity 
of PIP than those from KC subjects [35]. Another study report-
ed that the amount of PIP was lower in tape-stripped stratum 
corneum extracts from atopic dermatitis patients compared 
to health controls and the same trend was observed in sweat 
samples [36]. The existence of PIP in physiological and path-
ological conditions suggests that it might be involved in mul-
tiple functional activities of cells and organisms. However, its 
exact functions have not been fully elucidated either in can-
cerous or normal cells [37] and its role in MSCs differentiation 
has never been reported.

In the present study, we demonstrated that PIP was signifi-
cantly upregulated in PDLSCs after osteogenic differentiation 
and this phenomenon might mainly due to the stimulation of 
Dex. Dex is a clinically used synthetic glucocorticoid for an-
ti-inflammation and immunosuppression, and is a glucocorti-
coid receptor (GR)-specific ligand. GR belongs to the nuclear 
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Figure 2.  Verification of the PIP expression during PDLSCs osteogenic differentiation. (A) The mRNA expression of PIP in osteo-
differentiated (OI) and undifferentiated (NC) PDLSCs on day 3, 7, 14, and 21. (B) The mRNA expression of PIP in PDLSCs 
incubated in dexamethasone (Dex), b-glycerophosphate (b), ascorbic acid (Vc) and negative control (NC) respectively for 7 
days. * P<0.05.
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receptors superfamily, which is a group of ligand-regulated 
transcriptional regulatory factors (TRF), it regulates transcrip-
tional activity of target genes through interacting with specif-
ic DNA sequences in their promoter regions [38,39]. There are 
several patterns that GR directly or indirectly binding DNA se-
quences in vitro [40]. A half-site DNA sequence of canonical 

GR-binding sequence, 5’-AGAACA-3’, is found at the glucocor-
ticoid response element in the PIP promotor region (data not 
shown), which suggests that Dex promotes the expression of 
PIP through a GR-dependent pathway.
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Figure 3.  Detection of knockdown efficiency. (A) PDLSCs were transfected with lentivirus and observed under a microscope (scale 
bar: 200 μm). (B) The expression of PIP mRNA in shNC and shPIP group. (C) The expression of PIP protein in shNC and shPIP 
group. (D) The quantitative analysis of western blot. * P<0.05.
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Dex can also stimulate the expression and activation of Runx2, 
an important osteogenic differentiation-related TRF (reviewed 
in [41]). Runx2 can participate in the upregulation of PIP ex-
pression together with androgen receptor (AR), another nuclear 
receptor subfamily member, in T-47D breast cancer cells [42]. 
Considering the conservatism between GR and AR, it could be 
conjectured that Runx2 promotes PIP expression under osteo-
genic induction and may work synergistically with GR. However, 
further experimental research is needed to determine the ex-
act mechanism controlling the expression of PIP.

Exogenous PIP was reported to possess a mitogenic effect on 
both breast cancer cell lines and immortal breast-cell lines; 

however, this effect was not observed on colon-cancer cell 
lines, neuroblastoma cell lines, and small-cell lung carcino-
ma cells [43]. These results indicated that the function of PIP 
might be cell type-specific. Another study demonstrated that 
PIP is required for cell cycle progression, including the progres-
sion through G1 phase, mitosis, and cytokinesis, through reg-
ulating genes controlling these processes, such as cyclin D1, 
cyclin B1, BUB1, and FOXM1 [44]. Sugiura et al found that PIP 
could induce the proliferation of epidermal keratinocytes in a 
human 3-D skin model and speculated that this phenomenon 
might be caused by an indirect effect of PIP through stratum 
corneum damage [45]. Other researchers reported the oppo-
site finding that androgens could increase the expression of 
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Figure 5.  PIP expression level did not affect PDLSCs apoptosis. (A) Cell apoptosis assay of shNC and shPIP PDLSCs after 250 μM H2O2 
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PIP and strongly inhibits proliferation of breast cancer cells in 
an estrogen-sensitive ZR-75-1 cell line [46]. The paradoxical re-
sults show the multiple functions of PIP in regulating cell pro-
liferation. However, the results of the present study showed 
that knockdown of PIP did not influence the number of PDLSCs 
cells during a 7-day continuous culture, and PIP downregu-
lation had no effect on cell cycle and relative protein levels. 
These results suggested that PIP might not directly regulate 
the proliferation of mesenchymal stem cells, at least PDLSCs.

We next assessed whether changes in PIP expression levels 
will affect PDLSCs apoptosis. The results showed that down-
regulation of PIP had no influence on the early and late apop-
tosis rate of PDLSCs under H2O2 stimulation. The expression 
level of pro-apoptotic protein BAX and anti-apoptotic protein 
Bcl-2, c-IAP1, and c-IAP2 showed no difference from that of the 
control group. These data suggested that PIP might not partic-
ipate in the regulation of mesenchymal stem cells apoptosis. 
PIP can strongly inhibit T lymphocyte programmed cell death 
and upregulate the expression of Bcl-2 in these cells through 
binding to CD4 [24].

The performance of osteogenic differentiation is one of the 
most important abilities of PDLSCs in tissue engineering and 
periodontal regeneration therapy. Our results indicated that PIP 
was significantly and persistently upregulated during osteo-
genic induction, and knocking down its expression enhanced 
osteogenic differentiation of PDLSCs. However, the underly-
ing mechanism is still unknown. As PIP is a secreted protein 
which possesses an aspartyl protease activity and contains fi-
bronectin binding domain, it is proved that PIP could degrade 
fibronectin to peptides [27,47]. Fibronectin is a glycoprotein 
widely distributed in most ECMs, especially in active morpho-
genesis regions, and played a prominent role in matrix as-
sembly through binding cell surface receptors to extracellular 
compounds [48]. Thus, PIP is believed to participate in ECM deg-
radation. Nevertheless, the progressive development of the os-
teogenic differentiation and osteogenesis involves the produc-
tion, maturation, and mineralization of ECM [49]. Meanwhile, a 
recent study also reported that a fibronectin-treated plate can 
enhance osteoblast differentiation of human bone marrow-de-
rived mesenchymal stem cells [10]. Therefore, we could specu-
late that the ECM degradation effect caused by PIP-generated 
fibronectin cleavage might potentially impact the differenti-
ation and mineralization during PDLSCs osteogenic induction 
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Figure 6.  Downregulation of PIP enhanced PDLSCs osteogenic differentiation. (A) ALP staining of PDLSCs after osteogenic induction 
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and this process might explain why knocking down PIP pro-
moted PDLSCs osteogenic differentiation. However, this mech-
anism needs further research to confirm.

We generally believe that when we use some drugs to induce 
cell differentiation, the elevated genes will play a role in promo-
tion. In the present study, we initially thought that PIP would 
promote osteogenic differentiation, but we found the oppo-
site. In view of the fact that this study used Dex as an osteoin-
ductive system to conduct experiments and the cells respond-
ed to the stimuli received, we have reason to believe that not 
all of these responses are positive, just like the side effects of 
drugs. The increased expression of PIP may be a side effect 
of Dex and the function of PIP happens to inhibit osteogenic 
differentiation. This phenomenon provides us with new strat-
egies for regulating cell differentiation.

Conclusions

The present study demonstrated that the expression of PIP 
was obviously increased under the osteogenic induction in 
PDLSCs and this phenomenon was mainly caused by Dex in 
the osteogenic induction medium. Although downregulation 
of PIP had no influence on PDLSCs proliferation and apopto-
sis rate, the osteogenic differentiation and mineralization of 
PDLSCs was enhanced. We hypothesized that Dex stimulates 
the expression of PIP through a GR-dependent transcription-
al activation and that increased PIP functions as a fibronec-
tin-degrading protein mediating the ECM degradation, which 
affects osteogenic differentiation and mineralization. The pres-
ent findings suggest that some genetic changes are by-prod-
ucts of induction, which will have side effects on the induc-
tion process. These results also provide a new strategy in the 
application of PDLSCs.
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