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 Background: This study aims to investigate the role of miR-646 in hypoxia conditions in human periodontal ligament cells 
(hPDLCs), exploring the effect of hypoxia on hPDLCs proliferation and apoptosis. In addition, this study aimed 
to explore the potential mechanism of miR-646/IGF-1 signaling in hPDLCs in hypoxia conditions.

 Material/Methods: hPDLCs (fifth passage) cultured by the tissue culture method were randomly assigned to the severe hypox-
ia (1% O2) group, the slight hypoxia (5% O2) group or the control (21% O2) group. Then reverse transcription 
quantitative real-time polymerase chain reaction and western blot analysis were used to detect the mRNA and 
protein expression of miR-646 and IGF-1. hPDLCs infected with lentivirus (LV)-pre-miR-646 or LV-anti-mR-646, 
and negative controls were cultured. MTT assay, caspase-3 ELISA assay, and wound healing assay were per-
formed to evaluate how miR-646 was influenced by hypoxia. In addition, the relationship between miR-646 
and IGF-1 was explored.

 Results: The expression of miR-646 was downregulated and IGF-1 was upregulated in hypoxia conditions. MiR-646 was 
able to suppress hPDLCs proliferation and promote apoptosis in hypoxia conditions. The mRNA and protein 
expressions of IGF-1 were downregulated when miR-646 was overexpressed and upregulated when miR-646 
was downregulated.

 Conclusions: This finding identified a significant role of miR-646 in hPDLCs in suppressing cell proliferation and promoting 
apoptosis by inversely regulating IGF-1 expression. Meanwhile, the regulation of hPDLCs in hypoxia may be 
through the miR-646/IGF-1 signaling pathway, probably serving as a promising therapeutic target for periodon-
tal diseases.
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hPLF – human periodontal ligament fibroblast; IGF – insulin-like growth factor; IGF-1R – IGF-1 recep-
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electrophoresis

 Full-text PDF: https://www.medscimonit.com/abstract/index/idArt/910163

Authors’ Contribution: 
Study Design A

 Data Collection B
 Statistical Analysis C
Data Interpretation D

 Manuscript Preparation E
 Literature Search F
Funds Collection G

1 Department of Stomatology, Leshan People Hospital, Leshan, Sichuan, P.R. China
2 Department of Psychosomatic Medicine, Leshan People Hospital, Leshan, 

Sichuan, P.R. China
3 Key Laboratory of Oral State of West China College, Sichuan University, Chengdu, 

Sichuan, P.R. China

e-ISSN 1643-3750
© Med Sci Monit, 2018; 24: 5282-5291 

DOI: 10.12659/MSM.910163

5282
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

LAB/IN VITRO RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Background

The periodontal ligament (PDL) is an important part of peri-
odontium that not only attaches the tooth to the surround-
ing alveolar bone but also acts as a buffer by providing resis-
tance to mechanical force [1,2]. Human periodontal ligament 
cells (hPDLCs) are the most numerous cells in the periodonti-
um and play important roles in principal fibers and dental ce-
ment production, cell conglutination, extracellular matrix syn-
thesis, mineralization, and transportation [3–5]. Oxygen is very 
important to functional metabolism as well as body growth 
and development [6]. In the oral cavity, the local periodontium 
hypoxia microenvironment happens in many situations, such 
as smoking [7], orthodontic treatment [8], and several peri-
odontitis conditions [9].

MiR-646 was first found to be expressed in human cerebral 
cortical white and grey matter. MiR-646 belongs to the miR-
15/107 gene group and is mammalian specific, only appear-
ing in humans and chimpanzees [10]. Accumulation evidence 
has shown that the miR-15/107 gene group members have 
functions in cell division, metabolic pathways, and angiogen-
esis. In addition, miR-103 and miR-107 can be included in the 
group of 7 miRNAs (miR-30a-5p, miR-30b,c,d, miR-103/107, 
miR-191, and miR-195) that are possibly involved in neuronal 
migration, through the regulation of BDNF expression in hu-
man cortex. MiR-107 dysfunction may lead to neurodegenera-
tion, cardiovascular dysfunction, neoplasia, etc. [11]. However, 
the possible relationship between miR-646 and hypoxia in hP-
DLCs has not yet been reported.

Insulin-like growth factors (IGFs) includes several family mem-
bers such as IGF-1 and IGF-2 [12]. IGF-1 is involved in sever-
al kinds of cells and tissues. It plays important roles in cell 
proliferation, differentiation, survival, and cell cycle progres-
sion [13–16]. IGF-2 plays roles mainly during prenatal devel-
opment [17]. Human periodontal ligament has been found to 
express the IGF-1 receptor, indicating that human periodon-
tal ligament is able to stimulate IGF-1 [18]. Previous studies 
have reported that IGF-1 could enhance hPDLCs survival by in-
ducing antiapoptotic molecules and downregulating proapop-
totic molecules [19]. However, the specific molecular mecha-
nism between IGF-1 and hypoxia in hPDLCs is still unknown.

Therefore, the present study aimed to investigate the role of 
miR-646 in hypoxia conditions in hPDLCs, exploring its impact 
on hPDLCs proliferation and apoptosis. Furthermore, we ex-
plored the relationship between miR-646 and IGF-1 underlying 
this process, to provide a better understanding of the etiolo-
gy of periodontal diseases and find potential treatment for it.

Material and Methods

Cell culture

All research protocol was approved by the College of Clinical 
Medicine of Henan University of Science and Technology. The 
hPDLCs were isolated and cultured according to previous pub-
lished protocols [20]. We obtained teeth from premolar teeth 
extracted from healthy patients (mean 14 years old) for orth-
odontic treatment. After extraction, the teeth were repeatedly 
washed with sterile PBS and placed into Dulbecco’s Modified 
Eagle’s medium (DMEM; Gibco-Invitrogen, Carlsbad, CA, USA) 
containing 5% fetal bovine serum (FBS; Thermo Scientific). Then 
the teeth were put on a super clean bench to obtain the peri-
odontal ligament tissues from the middle third of the root sur-
face. Subsequently, tissues were cultured in a T25 flask in DMEM 
(Gibco-Invitrogen, Carlsbad, CA, USA) containing 10% v/v FBS 
(Thermo Scientific), 50 U/mL penicillin, and 50 mg/mL strepto-
mycin (Gibco-Invitrogen, Carlsbad, CA, USA) at 37°C in a humid-
ified atmosphere of 5% CO2 incubator. After the cells migrat-
ed from the tissue and became confluent, they were detached 
with 0.25% trypsin-EDTA and subcultured at a 1: 3 ratio. In each 
experiment, cells at the fifth to seventh passages were used.

Cell identification

The hPDLCs were fixed with 4% paraformaldehyde. After first 
incubation with vimentin/keratin antibody (Cell Signaling 
Technology, Danvers, MA, USA, 1: 100), fluorescent secondary 
antibody (Santa Curz Biotechnology, Santa Cruz, CA, USA) was 
added. Then the cells were washed and stained with propid-
ium iodide (Santa Curz Biotechnology). Fluorescence was an-
alyzed with a Zeiss Axiophot Photomicroscope (Carl Zeiss, 
Oberkochen, Germany).

Hypoxic mimic condition

The hPDLCs were randomly divided into 3 groups according 
to different hypoxia conditions: severe hypoxia group, 1% O2 
content; slight hypoxia group, 5% O2 content; and the control 
group, 21% O2 content. Hypoxic mimic condition was generated 
through a 3-gas (CO2/O2/N2) incubator (NuAire Inc. Plymouth, 
MN, USA) while the normal O2 condition was generated in a 
common CO2 incubator (NuAire, Inc., Plymouth, MN, USA).

Total RNA extraction and quantitative real-time PCR

We investigated the mRNA expression of miR-646 and IGF-1 
by quantitative real-time PCR (RT-qPCR). The hPDLCs in var-
ious O2 conditions were harvested on 7th day and then total 
RNA was isolated using TRIzol Reagent® (Molecular research 
Center, Cincinnati, Ohio, USA) according to the manufac-
turer’s instructions. From 1 mg total RNA, complementary 

5283
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Yang J. et al.: 
Evaluation of hypoxia on the expression of miR-646/IGF-1 signaling…
© Med Sci Monit, 2018; 24: 5282-5291

LAB/IN VITRO RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



DNA was synthesized using DyNAmoTM cDNA Synthesis Kit 
(Finnzymes, Genesearch, Australia) according to the manufac-
turer’s instructions. RT-qPCR was performed on an ABI Prism 
7300 Thermal Cycler (Applied Biosystems, Australia) with 
SYBR Green detection reagent. Each sample was construct-
ed in triplicate. The mean cycle threshold (Ct) value of each 
target gene was normalized against Ct value of GAPDH (for 
mRNA) or U6 SnRNA (for miRNAs). The relative expression 
was calculated using the following formula: 2–(normalized average Cts) 

×104. The results are shown as fold-change values relative to 
the control group. The oligonucleotide sequences were as fol-
lows: miR-646, forward 5’-GAAGCAGCTGCCTCTGAGC-3’, reverse 
5’-CAGAGCGCCAGCGAGGAGCC-3’; IGF-1, forward 5’-CATGCCT 
GCTCAGAAGGGTA-3’, reverse 5’-GCCTCTGATCCTTGAGGTGA-3’; 
GAPDH, forward 5’-GAAGGTGAAGGTCGGAGTC-3’, reverse 
5’-GAAGATGGTGATGGGATTTC-3’.

Protein extraction and western blot analysis

We extracted proteins from hPDLCs in different O2 conditions 
and investigated the protein expression by using western blot 
analysis. Cells were lysed in lysis buffer (2 mM Tris HCl, pH 7.5, 
15 mM NaCl, 0.1 mM Na2EDTA, 0.1 mM EGTA, 0.1% Triton, 0.25 
mM sodium pyrophosphate, 0.1 mM b glycerophosphate, 0.1 
mM Na3VO4, 0.1 μg/mL leupeptin) and resolved in 10% sodi-
um dodecyl sulphate polyacrylamide gel electrophoresis (SDS-
PAGE). Then they were transferred onto an Immobilon-P mem-
brane (Millipore, Billerica, MA, USA). The membrane was blocked 
with 5% nonfat milk in PBST for 1 hour at room temperature. 
The membrane was probed with primary antibody against IGF 
(1: 2000; Abcam, Cambridge, UK)) or GAPDH (1: 5000, Santa 
Cruz Biotechnology, Inc., Dallas, TX, USA) and was incubated 
overnight at 4°C. After extensive washing, the membrane was 
incubated with secondary antibody conjugated with horserad-
ish peroxidase (1: 10 000; Santa Cruz Biotechnology, Inc.) for 1 
hour at room temperature. Odyssey Infrared Imaging System 
(LI COR, Inc) was used to visualize protein bands. The relative 
intensity of protein bands compared with GAPDH was quan-
tified using ImageJ software version 1.47 (National Institutes 
of Health, Bethesda, MD, USA).

Cell infection

Lentivirus (LV)-pre-miR-646, LV-anti-mR-646 and their negative 
controls were purchased from GenePharma (Shanghai, China). 
The cells were cultured in a normal medium for 24 hours and 
then cultured in a medium containing Polybrene (Santa Cruz 
Biotechnology, Inc., Santa Cruz, CA, USA) for cell infection. Then 
hPDLCs were infected with pre-miR-646, anti-miR-646, or their 
negative controls unit overnight. After that, the old medium 
was discarded and a new medium without polybrene was add-
ed and incubated overnight. Stable clones were selected with 
puromycin dihydrochloride (Santa Cruz Biotechnology, Inc.).

Plasmids constructs and dual-luciferase reporter assay

The cDNA fragment of 3’-UTR of IGF-1 containing the puta-
tive binding site of miR-646 was subcloned into a pGL3 lucif-
erase promoter vector (Promega, Madison, WI, USA). The cells 
which firmly expresses pre-miR-646 were transfected with 
0.1 μg of pGL3-IGF-1-3’-UTR and incubated for 48 hours. The 
cells were collected and lysed. The Dual-Luciferase Reporter 
assay kit (Promega) was used to quantify the luciferase activ-
ities according to the manufacturer’s instructions.

Cell proliferation assay

Cell proliferation was detected by 3-(4,5)-dimethylthiahiazol(-
z-y1)-3,5-di-phenytetrazo-liumromide (MTT; Amresco, USA) as-
say. The hPDLCs infected with pre-miR-646, anti-miR-646, or 
their negative controls were seeded in 96-well culture plates 
according to their corresponding circumstance and 20 μL MTT 
solution (5 g/L) was added to each test well from 0 to 96 hours 
after cultivation. Subsequently, cultivation was continued for 
another 4 hours at 37°C. Then the culture solution was discard-
ed, and 20 μL DMSO was added to each test well. The optical 
density (OD) of each tested well was measured with a microti-
ter plate reader (Thermo Electron Corporation, Vantaa, Finland).

Caspase-3 ELISA assay

Cell apoptosis was detected by caspase-3 ELISA assay. The hPDLCs 
infected with pre-miR-646, anti-miR-646, or their negative con-
trols were seeded in 96-well culture plates according to their cor-
responding circumstance. 48 hours later, by calculating the activ-
ity of caspase-3 using the kit (Aibosi, Shanghai, China) according 
to manufacturer’s instructions, apoptosis of hPDLCs was detected. 
OD values were measured using a microplate reader (Bio-Rad).

Cell apoptosis assay

The hPDLCs infected with pre-miR-646, anti-miR-646, or their 
negative controls were seeded in 96-well culture plates accord-
ing to their corresponding circumstance. The hPDLCs were har-
vested 48 hours later and resuspended in fixation fluid. We 
added 2 mL propidium iodide and 5 mL Annexin VeFIFC to 500 
mL cell suspensions. Flow cytometry was used to determine 
cell apoptosis (EPICS, XL-4, Beckman, CA, USA).

Statistical analysis

All the experiments were done in triplicate, and the results are 
given as the mean ± standard deviation of 3 independent ex-
periments. Statistical comparisons were done using the sin-
gle factor analysis of variance (ANOVA) and a paired t-test. All 
procedures were done using SPSS 19.0 (SPSS Inc., Chicago, IL, 
USA) with P<0.05 considered statistically significant.
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Figure 1.  Cultivation and identification of hPDLCs. (A) Fifth passage of hPDLCs. Cells were arranged in a sarciniform or swirl pattern 
and were fusiform in shape. Original magnification, 100×. (B) Fifth passage of hPDLCs. Original magnification, 200×. 
(C) Immunofluorescence strains of hPDLCs. Vimentin was found in the cytoplasm with a red color whereas keratin was not 
found in hPDLCs, indicating hPDLCs are mesenchymal cells derived from the embryonic mesoderm. Original magnification, 
100×. (D) Immunofluorescence strains of hPDLCs. Original magnification, 200×.
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Figure 2.  Downregulated expression of miR-646 and upregulated expression of IGF-1 in hypoxia conditions. (A) The downregulation 
of miR646 mRNA in hypoxia conditions was analyzed by RT-qPCR (** P<0.01, * P=0.02). (B) The upregulation of IGF-1 mRNA 
in hypoxia conditions was analyzed by RT-qPCR (** P<0.01, * P=0.03). (C) The results of western blot shown IGF-1 protein 
expression was significantly increased.
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Results

hPDLCs identification

The cultivated hPDLCs were arranged in a sarciniform or swirl 
pattern and were fusiform in shape (Figure 1A). We first iden-
tified the immunofluorescence results of hPDLCs, finding that 
the cytoplasm of hPDLCs with a yellow-brown color was pos-
itive for vimentin (Figure 1B), while keratin was not found in 
the cytoplasm (Figure 1C). These results indicated that the 
hPDLCs were mesenchymal cells derived from the embryon-
ic mesoderm.

Downregulated expression of miR-646 and upregulated 
expression of IGF-1 in hypoxia conditions

RT-qPCR results showed that compared with the control 
group, the mRNA expression of miR-646 in the hypoxia groups 
was markedly decreased and IGF-1 significantly increased 
(Figure 2A, 2B). Similarly, the relative protein expression of IGF-1 
was upregulated compared with the control group with regards 
to hypoxia conditions (Figure 2C). These observations showed 
that in hypoxia conditions, the expression of miR-646 was 
downregulated and the expression of IGF-1 was upregulated.

miR-646 suppresses proliferation of hPDLCs in hypoxia 
conditions

Considering the downregulated expression of miR-646 in 
hPDLCs in hypoxia conditions, we investigated the function 
of miR-646 in hPDLCs by infecting with pre-miR-646, anti-
miR-646, or their negative control units. The expression of 
miR-646 was significantly upregulated or downregulated in 
hPDLCs (Figure 3A, 3C, 3E). MTT assay results showed that hP-
DLCs with miR-646 that was upregulation significantly sup-
pressed the proliferation in hypoxia conditions from the 0 to 
the 96 hours. On the contrary, hPDLCs with miR-646 that was 
downregulation remarkedly promoted the proliferation in hy-
poxia conditions (Figure 3B, 3D, 3F). In each group, the prolif-
eration of hPDLCs was increased in a time-dependent man-
ner and the growth rate of hPDLCs was decreased by degree 
with the reduction of O2 content. These data reveal that miR-
646 suppressed hPDLCs proliferation in hypoxia conditions.

miR-646 promotes apoptosis of hPDLCs in hypoxia 
conditions

The relative caspase-3 activity was decreased when miR-646 
was downregulated and increased when miR-646 was upreg-
ulated in hypoxia conditions by ELISA assay. In addition, cell 
apoptosis induction was observed in hPDLCs infected with 
pre-miR-646, anti-miR-646, or their negative controls by using 
flow cytometry analysis. The results were consistent with the 

caspase-3 ELISA assay (Figure 4). These results indicated that 
miR-646 promotes hPDLCs apoptosis in hypoxia conditions.

IGF-1 was inversely regulated by miR-646

To investigate the potential interaction between miR-646 and 
IGF-1 in hPDLCs, we detected the mRNA and protein expres-
sions of IGF-1 when miR-646 was overexpressed or downreg-
ulated in different O2 conditions. We found that the mRNA 
expression of IGF-1 was upregulated when miR-646 was de-
creased whereas it was downregulated when miR-646 was 
increased (Figure 5A–5C). The results for protein expression 
of IGF-1 were similar to the results for mRNA expressions 
(Figure 5D–5F). These results indicated that IGF-1 was inverse-
ly regulated by miR-646.

IGF-1 was the direct target gene of miR-646

We further explored the potential mechanisms miR-646/IGF-
1 signaling in hPDLCs in hypoxia conditions. We verified that 
IGF-1 was a likely target of miR-646 as it contained a putative 
miR-646 target site in the 3’-UTR by using TargetScan soft-
ware (Lewis et al., 2005) (Figure 5H). Then to confirm wheth-
er IGF-1 was a direct target gene of miR-646, the wild- type 
and the mutants of 3’-UTR of IGF-1 in the predicted binding 
sequences were constructed into luciferase reporters. After 
that, these reporters were transfected into hPDLCs with miR-
646 overexpression or negative controls by infection with and 
pre-miR-646 or pre-miR-Ctrl. The results showed that miR-646 
overexpression significantly inhibited the luciferase activity in 
wild-type transfected cells. Additionally, in the mutated trans-
fected cells, the altered expression of miR-646 had no obvi-
ous effect on the luciferase activity. These results indicate that 
IGF-1 was the direct target gene of miR-646. However, to de-
termine whether miR-646 regulates hPDLCs proliferation and 
apoptosis through IGF-1, requires further experiments.

Discussion

Small non-coding RNA have drawn increasing attention in re-
cent years because of their roles in gene transcription and 
post-transcription, especially in the study of cancer. It has been 
estimated that nearly 30% of gene expression in the human 
body is regulated by miRNAs [21]. PDL is an important part 
of periodontium, which connects the tooth and the surround-
ing tissues. hPDLCs, also named as human periodontal liga-
ment fibroblasts (hPLFs), is dominate in the periodontium. It 
is a type of heterogeneous pluripotent cell with self-renewal 
ability [22–24]. Hypoxia can seriously affect periodontal tis-
sue reconstruction, leading to serious periodontal diseases, 
but the underlying mechanisms remain unknown. This study 
investigated the influence of hypoxia on miR-646 in hPDLCs. 
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We reported that the expression of miR-646 was decreased 
in hypoxia conditions and miR-646 could suppress hPDLCs 
proliferation and promote apoptosis in hypoxia conditions. 
Furthermore, we found that IGF-1 was inversely regulated by 
miR-646. These findings suggest, for the first time, that the 

interaction between hypoxia and miR-646 and the association 
between miR-646 and IGF-1 are mapped in hPDLCs, which may 
be involved in regulation of cellular functions and mechanisms 
of hPDLCs under oxygen conditions.
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Figure 3.  RT-qPCR analysis of miR-646 expression in (A) 21% O2 condition (** P<0.01 pre-miR-646 vs. pre-miR-Ctrl, * P=0.02 anti-
miR 646 vs. anti-miR-Ctrl); (C) 5% O2 condition (** P<0.01 pre-miR-646 vs. pre-miR-Ctrl, * P=0.02 anti-miR-646 vs. anti-
miR-Ctrl); and (E) 1% O2 condition (** P<0.01 pre-miR-646 vs. pre-miR-Ctrl, * P=0.02 anti-miR-646 vs. anti-miR-Ctrl). The 
hPDLCs proliferation was significantly suppressed with miR-646 overexpression and remarkedly promoted with miR-646 
downregulation in (B) 21% O2 condition (* P=0.03 pre-miR-646 vs. pre-miR-Ctrl, * P=0.02 anti-miR-646 vs. anti-miR-Ctrl); 
(D) 5% O2 condition (* P=0.03 pre-miR-646 vs. pre-miR-Ctrl, * P=0.02 anti-miR-646 vs. anti-miR-Ctrl); and (F) 1% O2 condition 
(* P=0.02 pre-miR-646 vs. pre-miR-Ctrl, * P=0.02 anti-miR-646 vs. anti-miR-Ctrl).
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MicroRNAs (miRNAs) which belong to small non-coding RNA, 
are capable of modulating the expression of many functional 
proteins. The expression level of miRNAs can be regulated by 
several microenvironments like hypoxia, oxidative stress, or nu-
trient deprivation. MiR-646 is one kind of miRNAs that has been 
reported to be aberrantly expressed in various human cancers 
like gastric cancer, lung cancer, renal cancer, hepatocellular car-
cinoma, and osteosarcoma [25–29]. However, the underlying 
molecular mechanisms of miR-646 and hypoxia in hPDLCs have 
not yet been investigated. In the present study, we investigat-
ed whether hypoxia can have an impact on miRNA expression. 
We found that in severe, slight, and normal O2 hypoxia con-
ditions, the expression of miR-646 was decreased compared 
with a control group. In addition, the downregulation of miR-
646 significantly suppressed proliferation and promoted apop-
tosis of hPDLCs in hypoxia conditions, while on the contrary, 
overexpression of miRNA-646 markedly suppressed prolifera-
tion and promoted apoptosis of hPDLCs in hypoxia conditions.

IGF-1 consists of 70 amino acid residues accompanied by 3 di-
sulfide bridges [30]. Accumulating studies have illustrated that 
IGF-1 could bind with the IGF-1 receptor (IGF-1R) and then trig-
ger multiple downstream signaling pathways. Among them, the 
MAPK/ERK and phosphatidylinositol-3-kinase PI3K/AKT path-
ways have been associated with cell proliferation and survival 
[31,32]. It has been proven that IGF-1 is one of the neurotroph-
ins that modulate cell growth [33]. It has also been shown that 
IGF-1 can influence early embryonic development via increasing 
the number of cells [34]. Moreover, IGF-1 plays an important 
role in bone growth and development, promoting cell prolif-
eration and osteogenic differentiation in human PDLs [13,35]. 
The expression of IGF-1 in hypoxia conditions has been stud-
ied recently. Zhao et al. illustrated that IGF-1 increased cell vi-
ability while decreasing apoptosis in hypoxic neural stem cells 
through the PI3K/AKT and the MAPK/ERK pathways [36]. Liu 
et al. reported that IGF-1R may increase cell viability under 
hypoxic conditions by promoting autophagy and scavenging 
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Figure 4.  MiR-646 promote apoptosis of hPDLCs in hypoxia conditions. The relative caspase-3 activity was decreased with miR-646 
downregulation and increased with miR-646 overexpression in (A) 21% O2 condition (* P=0.03 pre-miR-646 vs. pre-miR-Ctrl, 
* P=0.02 anti-miR-646 vs. anti-miR-Ctrl); (B) 5% O2 condition (* P=0.03 pre-miR-646 vs. pre-miR-Ctrl, * P=0.02 anti-miR-646 
vs. anti-miR-Ctrl); and (C) 1% O2 condition (* P<0.01 pre-miR-646 vs. pre-miR-Ctrl, * P=0.02 anti-miR-646 vs. anti-miR-Ctrl). 
The results of flow cytometry analysis results were consistent with the caspase-3 ELISA assay.
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ROS production, which is closed with PI3K/Akt/mTOR signaling 
pathway [37]. In this study, we found the expression of IGF-1 
was increased in hypoxia conditions, indicating that IGF-1 play 
a critical role in hypoxia conditions in hPDLCs. Nevertheless, 
the underlying mechanisms of IGF-1 and hypoxia in hPDLCs 
remain to be elucidated.

We further explored the interaction between miR-646 expres-
sion and IGF-1 expression in hypoxia conditions. Previous stud-
ies have reported on the association between microRNAs and 
IGF-1. For example, Ho et al. found that miR-181d exhibited 

an inverse correlation with IGF-1 in gliomas [38]. Wang et al. 
reported that miR-422a was downregulated in glioma tissues 
and was negatively correlated with the expression levels of 
IGF1/IGF1R [39]. Li et al. demonstrated that miR-379 plays 
an important role in regulating vascular smooth muscle cells 
proliferation, invasion, and migration by targeting IGF-1 [40]. 
Budzinska et al. found that miR-96, miR-145, and expression 
were increased while IGF-1R was decreased in peripheral 
blood mononuclear cells of aging humans. The age-associat-
ed higher expression of miR-96 and miR-145 might contribute 
to the lower expression of IGF-1R [41]. In this study, we first 

Figure 5.  MiR-646 inversely regulated IGF-1 mRNA and protein expression. The mRNA expression of IGF-1 was upregulated with miR-
646 downregulation and downregulated with miR-646 overexpression in (A) 21% O2 condition (* P=0.03 pre-miR-646 vs. 
pre-miR-Ctrl, * P=0.02 anti-miR-646 vs. anti-miR-Ctrl); (B) 5% O2 condition (* P=0.03 Pre-miR-646 vs. pre-miR-Ctrl, * P=0.02 
anti-miR-646 vs. anti-miR-Ctrl); and (C) 1% O2 condition (* P=0.02 pre-miR-646 vs. pre-miR-Ctrl, * P=0.02 anti-miR 646 vs. 
anti-miR-Ctrl). The results of western blot showed that miR-646 significantly repressed IGF-1 protein expression in (D) 21% 
O2 condition; (E) 5% O2 condition; and (F) 1% O2 condition. (G) The direct binding between miR-646 and 3’-UTR of IGF-1 was 
detected by luciferase activity assay. The wild-type or mutated 3’-UTR of IGF-1 containing binding sites in luciferase reporters 
was transfected into hPDLCs with miR-646 overexpression or negative control (* P=0.02 pre-miR-646 vs. pre-miR-Ctrl). 
(H) The predicted miR-646-binding site in the IGF-1 3’-UTR.
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investigated the relationship between miR-646 and IGF-1, re-
vealing that IGF-1 was the direct target of miR-646 and there 
was a converse relationship between them. However, further 
investigations are needed to explore whether miR-646 regu-
lates proliferation and apoptosis of hPDLCs in hypoxia condi-
tions through directly targeting on IGF-1.

In addition, there are different new treatments for periodon-
titis. Recent Isola et al. study showed that diode laser thera-
py, and changes in microbial and inflammatory mediators are 
closely related to the efficacy of invasive periodontitis; also 
scaling and root planning (SRP) plus the desiccant resulted in 
a greater reduction in clinical, microbial, and inflammatory me-
diators compared to SRP alone [42,43]. It has been suggested 
that microRNAs (miRNAs) are involved in the immune regula-
tion of periodontitis. Recent research shows miR-146a inhib-
its inflammatory cytokine production in B cells through direct-
ly targeting IRAK1, suggesting a regulatory role of miR-146a in 
B cell-mediated periodontal inflammation [44].

Conclusions

We identified a significant role played by miR-646 in hPDLCs 
in that it suppressed cell proliferation and promoted apoptosis 
by inversely regulating IGF-1 expression. Meanwhile, hypoxia 
may regulate hPDLCs proliferation and apoptosis via the miR-
646/IGF-1 signaling pathway, as such, interference with miR-
646 may be a target for the treatment of periodontal disease.
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