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Abstract. Puerarin, an isoflavone-C-glucoside extracted 
from the root of Pueraria Labata (Willd.) Ohwi, is one of 
the most important crude herbs used in Chinese medicine 
for various medicinal purposes. Accumulating evidence 
has indicated that puerarin suppresses bone resorption and 
promotes bone formation. However, the molecular mecha-
nism involved in puerarin-associated bone formation is 
unclear. The present study aimed to investigate the molecular 
mechanism of puerarin-induced osteoblast proliferation and 
differentiation. The study showed that puerarin treatment 
differentially affected cell proliferation in a time-dependent 
manner. Notably, at a concentration of 20 µM, puerarin 
significantly promoted cell proliferation in comparison 
with the control (P<0.01). Furthermore, puerarin promoted 
MC3T3-E1 cell differentiation at an appropriate concentra-
tion. In addition, miR‑106b was significantly upregulated in 
MC3T3-E1 cells following treatment with 20 µM puerarin 
(P<0.01), and a known target for miR-106b, receptor activator 
of nuclear factor-κB ligand (RANKL) was demonstrated 
using the luciferase reporter assay. Furthermore, inhibition 
of miR‑106b significantly reversed the promotion of cell 
differentiation induced by puerarin in MC3T3-E1 cells 
(P<0.01). In conclusion, the present study demonstrated that 
puerarin exerts its role in MC3T3-E1 osteogenesis through 
miR‑106b by targeting RANKL. The findings suggest that 
puerarin may be considered a promising anti-osteoporotic 
agent for the treatment of osteoporosis.

Introduction

Osteoporosis is a systemic disease characterized by reduction 
of bone tissue content in a unit volume and degeneration of 
bone microstructure, which increases the risk of fragility frac-
tures (1). Osteoporosis has become a serious social problem 
as the aging population increases (2). Among the patients 
affected by osteoporosis, post-menopausal women are dispro-
portionately affected, accounting for >70% of the overall 
patients (3). The imbalance between bone formation and bone 
resorption has become an important factor for the formation 
of osteoporosis (4). Therefore, it is necessary to identify an 
effective therapeutic agent for the treatment of osteoporosis.

The application of traditional Chinese medicine in China 
dates back thousands of years and therefore has a high 
degree of recognition among the population (5). Puerarin 
is a major bioactive component extracted from the root of 
Pueraria Labata (Willd.) Ohwi, also known as Kudzu, and 
is one of the earliest medicinal plants to be used in China. (6). 
Puerarin displays a series of properties that attenuate osteo-
porosis, inflammation and liver injury (7). In osteoporosis 
studies, puerarin has been demonstrated to reduce bone 
reabsorption, promoting bone formation and increasing bone 
mineral density (8,9). Therefore, it is important to explore the 
therapeutic effects and underlying mechanisms of puerarin on 
osteoporosis.

MicroRNAs (miRNAs or miRs) are endogenous, 
non-coding, single-stranded small RNAs with a length of ~22 
nucleotides, which are widespread in eukaryotic genomes (10). 
miRNAs function in the post-transcriptional regulation of 
gene expression by binding to the 3'-untranslated regions 
(UTRs) of target mRNAs (10,11), which leads to translation 
inhibition or degradation of mRNA (12). miRNAs are known 
to have a significant role in biological processes, including cell 
proliferation (13,14), apoptosis (15,16), differentiation (17,18) 
and tumor formation (19). Recent studies suggest that miRNAs 
may also be associated with bone formation and osteoblast 
differentiation (20-22). For example, Wang et al (23) identified 
that microRNA-106b inhibited osteolysis by targeting receptor 
activator of nuclear factor-κB ligand (RANKL) in giant cell 
tumors in the bone. However, whether miR-106b participates in 
the anti-osteoporotic effects of puerarin is currently unknown.
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The aim of the present study was to explore the effects 
and related mechanisms of puerarin on the prevention of 
osteoporosis in MC3T3-E1 cells. Based on the important 
role of miR-106b in osteoporosis, it was investigated whether 
miR-106b is associated with the anti-osteoporotic effect of 
puerarin.

Materials and methods

Cell lines, chemicals and biochemical reagents. The MC3T3-E1 
cell line, which is an osteoblast-like cell line from C57BL/6 
mouse calvaria, was obtained from American Type Culture 
Collection (CRL-2593; Manassas, VA, USA) and cultured in 
Dulbecco's modified Eagle's medium (Gibco; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) supplemented with 
10% heat inactivated fetal bovine serum (Sigma-Aldrich, 
Merck KGaA; Darmstadt, Germany) 100 U/ml penicillin and 
100 µg/ml streptomycin and incubated at 37˚C in an atmo-
sphere containing 5% CO2. Puerarin was purchased from the 
National Institutes for Food and Drug Control (Beijing, China). 
The assay kit for alkaline phosphatase (ALP; cat. no. A059-2) 
was obtained from Nanjing Jiancheng Biotechnology Institute 
Co., Ltd. (Nanjing, China). ELISA kits for type 1 collagen 
(COL I; cat. no. DY6220-05) and osteocalcin (OCN; cat. 
no. QC137) assays were purchased from R&D Systems, Inc. 
(Minneapolis, MN, USA).

MTT assay. Cell proliferation and growth was determined using 
an MTT assay according to the manufacturer's instructions. 
A total of ~2x104 cells/well were seeded in a 96-well culture 
plate for 24 h at 37˚C and treated with different concentrations 
(0, 5, 10, 20 or 40 µM) of puerarin for 1, 2, 3, 4 and 5 days at 
37˚C in a humidified incubator with 5% CO2. Non-treated cells 
served as the control. Subsequently, 0.5 mg/ml MTT solution 
(Sigma-Aldrich; Merck KGaA) was added to each well and 
incubated at 37˚C for 3 h. Following the removal of the culture 
medium, the cells were washed twice with PBS and 100 µl 
of 0.01% HCl-isopropanol solution was added to dissolve the 
formazan crystals. Absorbance was recorded at 490 nm using 
a microplate reader (Bio-Rad Laboratories, Inc., Hercules, CA, 
USA).

COL I and OCN content and ALP activity. COL I and OCN 
content of MC3T3-E1 cells were measured as described 
previously (24,25). A total of ~1.0x105 cells in 1 ml DMEM 
supplemented with 10% FBS, 100 U/ml penicillin and 
100 µg/ml streptomycin were added to each well at 37˚C for 
24 h following the addition of diluted puerarin (5, 10, 20 or 
40 µM). After 7 and 14 days, the COL I and OCN contents 
were determined using the ELISA assay kit. Absorbance 
was recorded at 450 nm using a microplate reader (Bio-Rad 
Laboratories, Inc.). The supernatant was used for ALP activity 
determination after 3, 5 and 7 days of incubation with ALP 
assay kits. Untreated MC3T3-E1 cells served as controls.

Mineralization assay (Alizarin Red‑S staining). MC3T3-E1 
cells (1x105 cells/well) were seeded into a 12-well plate. After 
14 days of puerarin treatment (5‑40 µM) at 37˚C, the super-
natant was removed and the cells were fixed with 4% neutral 
formaldehyde in PBS at room temperature for 10 min and the 

cells were washed twice with distilled water. Subsequently, 
cells were stained with 0.1% (w/v) Alizarin Red-S (pH 4.2; 
Sigma‑Aldrich; Merck KGaA) at 37˚C for 30 min (26). 
Following staining, the cultures were washed thoroughly 
with deionized water and the absorbance was recorded on a 
microplate reader (Bio-Rad Laboratories, Inc.) at 562 nm.

Transfection. The miR-106b mimics (5'-TAA AGT GCT GAC 
AGT GCA GAT-3'), mimics negative control (mimics NC; 
5'-UUG UAC UAC ACA AAA GUA CUG-3'), miR-106b inhibi-
tors (5'-ATC TGC ACT GTC AGC ACT TTA-3') and inhibitor 
NC (5'-TTC TCC GAA CGT GTC ACG T-3') were purchased 
from RiboBio Co., Ltd. (Guangzhou, China). MC3T3-E1 cells 
were transfected with oligonucleotides (50 pmol/ml) using 
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) according to the manufacturer's protocol. Cell lysates 
were harvested at 48 h after transfection. A total of 50 nM 
miR-106b inhibitors or inhibitor NC were transfected into 
MC3T3-E1 cells then induced with peurarin for 3, 5, 7 or 
14 days. Following induction, the supernatant was used for 
COL I, OCN and ALP analyses (on 7 and 14 days) and the 
cells (on days 3, 5, 7) were used for ALP activity determination 
using ALP assay kits.

RNA extraction and reverse transcription‑quantitative poly‑
merase chain reaction (RT‑qPCR). Total RNA from MC3T3-E1 
cells was extracted using TRIzol reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.) and cDNA was synthesized from 2 µg of 
total RNA using PrimeScript RT Reagent kit (cat. no. DRR037A; 
Takara Biotechnology Co., Ltd., Dalian, China) according 
to the manufacturer's protocol. The reverse transcription step 
consisted of an incubation at 50˚C for 5 min. qPCR anaylsis 
of miR-106b was performed using the TaqMan miRNA assay 
RT‑PCR kit (Applied Biosystems; Thermo Fisher Scientific, 
Inc.) according to the manufacturer's protocol. The specific 
primers were synthesized commercially from Sangon Biotech 
Co., Ltd. (Shanghai, China) as follows: miR-106b, forward 
5'-TAA AGT GCT GAC AGT GCA GAT AGT G-3', and reverse 
5'-CAA GTA CCC ACA GTG CGG T-3', and U6, forward 5'-CTC 
GCT TCG GCA GCA CA-3', and reverse 5'-AAC GCT TCA CGA 
ATT TGC GT-3'. The PCR conditions were as follows: Initial 
denaturation at 95˚C for 10 min followed by 40 cycles consisting 
of 95˚C for 5 sec, 60˚C for 30 sec and 72˚C for 10 sec. The 
fluorescence signal was monitored at 585 nm during each exten-
sion. Data were analyzed using 7500 software version 2.0.1 
(Applied Biosystems; Thermo Fisher Scientific, Inc.), and 
calculated using the 2-ΔΔCq method (27), with U6 small nuclear 
RNA as the endogenous control. PCR reactions were performed 
using QuantiTect SYBR Green PCR Master mix (Qiagen, Inc., 
Valencia, CA, USA) in an Applied Biosystems 7500 instrument 
according to the manufacturer's protocol.

Luciferase reporter assay. The 3'-UTR of RANKL with 
wild-type (WT) or mutant (Mut) binding sites for miR-106b 
was amplified and subcloned into the pGL3 vector (Promega 
Corporation, Madison, WI, USA) to generate the plasmid 
pGL3-WT-RANKL-3'-UTR or pGL3-Mut-RANKL-3'-UTR, 
respectively. The HEK293 cells were seeded in 24-well plate 
in duplicate (5x104 cell/well), when the cells reached 70% 
confluence they were co‑transfected with 1‑2 µg/ml of either 
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pGL3-WT-RANKL-3'-UTR or pGL3-Mut-RANKL-3'-UTR 
plasmids and 25 nM miR-106b mimics and miR-106b 
inhibitor using Lipofectamine® 2000 (Invitrogen; Thermo 
Fisher Scientific, Inc.) in accordance with the manufacturer's 
protocol. Mimics and inhibitors NC were transfected using the 
same procedure. The pRL-TK plasmid (Promega Corporation) 
was used as a normalizing control. After 48 h of incubation, 
luciferase activity was analyzed using the Dual-Luciferase® 
Reporter Assay System (Promega Corporation).

Western blot analysis. MC3T3-E1 cells were lysed on ice 
with RIPA lysis buffer (Beyotime Institute of Biotechnology, 
Haimen, China) and protein concentrations were determined 
using a bicinchoninic acid protein assay kit (Beyotime Institute 
of Biotechnology). A total of 40 µg/lane protein was sepa-
rated by 10% SDS-PAGE (Bio-Rad Laboratories, Inc.) and 
transferred onto a polyvinylidene difluoride membrane (EMD 
Millipore, Billerica, MA, USA), which was incubated with 5% 
fat-free skim milk in TBS containing 0.05% Tween-20 for 1 h 
at room temperature. The blots were then incubated overnight 
at 4˚C with anti‑RANKL (Rabbit monoclonal; 1:1,000; cat. 
no. ab45039) and anti-β-actin (Rabbit monoclonal; 1:1,000; cat. 
no. ab32572) primary antibodies (both Abcam, Cambridge, MA, 
USA). The blots were subsequently incubated with horseradish 
peroxidase-conjugated secondary antibodies (monoclonal; 
1:10,000; cat. no. ab99702; Abcam) for 1 h at room temperature. 
An enhanced chemiluminescence substrate (EMD Millipore) 
was used to visualize signals. β-actin was used as an endog-
enous protein for normalization. Relative band intensities were 
determined by densitometry using Quantity One 4.6.2 software 
(Bio-Rad Laboratories, Inc.).

Statistical analysis. Statistical analyses were performed using 
GraphPad Prism software (version 5.0; GraphPad Software, Inc., 
La Jolla, CA, USA). Data are presented as the mean ± standard 
deviation as indicated. One-way analysis of variance followed 
by a Tukey's post hoc test or two-tailed Student's t-test was used 
for comparisons between groups. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Growth promotion of MC3T3‑E1 cells induced by puerarin. To 
investigate the effect of puerarin on the growth of MC3T3-E1 
cells, the MTT assay was performed to measure cell growth 
of MC3T3-E1 cells following treatment with various concen-
trations (0-40 µM) of puerarin for 1, 2, 3, 4 and 5 days. As 
indicated in Fig. 1, the proliferation activity of MC3T3-E1 
cells was markedly promoted by puerarin in a time- and 
dose-dependent manner, with the peak level at 20 µM. Based 
on the dose dependent curves, 20 µM was chosen as the 
optimal dosage for consequent experiments.

Effect of puerarin on osteoblast differentiation. To clarify 
the role of puerarin in osteoblast differentiation, MC3T3-E1 
cells were incubated with different concentrations of 
puerarin. As shown in Fig. 2A, ALP activity was increased 
by puerarin treatment in a time-dependent manner up to a 
concentration of 20 µM, after which the activity was reduced. 
ALP activity was significantly increased in the 20 and 

40 µM puerarin treatment groups at 3 (P<0.01 and P<0.05, 
respectively), 5 (P<0.01) and 7 (P<0.01) days compared 
with the control group, and 10 µM puerarin treatment at 
7 days also exhibited a significant increase in ALP activity 
compared with the control (P<0.05). COL I and OCN content 
was significantly increased in a dose‑dependent manner at 
7 and 14 days of culture compared with the control group 
with 20 and 40 µM puerarin treatment (P<0.01), although 
both were markedly reduced following 40 µM treatment 
in comparison with 20 µM (Fig. 2B and C). Furthermore, 
mineralization was significantly increased after 14 days of 
culture with 10 (P<0.05), 20 (P<0.01) or 40 µM (P<0.01) 
puerarin treatment (Fig. 2D). In addition, these results indi-
cated that the optimal concentration of puerarin effect on cell 
differentiation was 20 µM. Furthermore, these data indicated 
that puerarin may promote osteoblast differentiation.

Effect of puerarin on the expression of miR‑106b. It has been 
recently reported that miR-106b may inhibit osteoclastogen-
esis and osteolysis in giant cell tumors of bone (20). Therefore, 
it was assumed that puerarin may induce the differentiation of 
MC3T3-E1 cells by upregulating the expression of miR-106b. 
The expression levels of miR-106b were determined by 
RT-qPCR following treatment with puerarin in MC3T3-E1 
cells for 48 h. Fig. 3A showed that 10, 20 and 40 µM puerarin 
treatment significantly increased the expression levels of 
miR-106b in MC3T3-E1 cells compared with the control 
(P<0.05, P<0.01 and P<0.01, respectively).

A recent study demonstrated that miR-106b inhibited osteo-
clastogenesis and osteolysis by suppressing the expression of 
RANKL (28). However, whether puerarin was able to promote 
the proliferation and differentiation of MC3T3-E1 cells through 
miR-106b by targeting RANKL is unknown. To determine 
whether miR-106b directly targets RANKL, the direct binding 
of miR-106b to RANKL mRNA 3'-UTR was investigated using 
the luciferase report assay (Fig. 3B). According to RT-qPCR 
analysis, a significant decrease in miR‑106b expression following 
transfection of miR-106b inhibitor was indicated compared with 
the control (P<0.01; Fig. 3C), and a 6.5‑fold significant increase 
of mature miR-106b expression was revealed in MC3T3-E1 cells 
at 24-h post-transfection of miR-106b mimics compared with 

Figure 1. Effect of puerarin on cell proliferation in MC3T3-E1 cells. Cells 
were treated with puerarin (0, 5, 10, 20 or 40 µM) for 1-5 days and cell growth 
was measured by MTT assay. Data are presented as the mean ± standard 
deviation of three independent experiments. Puer, puerarin; OD, optical 
density.
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Figure 4. Inhibition of miR-106b reversed osteogenic differentiation induced by puerarin. MC3T3-E1 cells were transfected with miR-106b inhibitor or NC 
prior to treatment with puerarin. Effect of miR-106b inhibition on (A) alkaline phosphatase activity (B) COL I secretion, (C) OCN secretion and (D) bone 
mineralization of MC3T3-E1 cells treated with puerarin. All data were represented as the mean ± standard deviation of three independent experiments. 
*P<0.05, **P<0.01 vs. control, ##P<0.01 vs. Puer+inhibitor NC. Puer, puerarin; miR-106b, microRNA-106b; COL I, collagen type 1; OCN, osteocalcin; NC, 
negative control.

Figure 2. Puerarin promoted cell differentiation in MC3T3-E1 cells. MC3T3-E1 cells were incubated with various concentrations (0, 5, 10, 20 or 40 µM) 
of puerarin for 3, 5, 7 or 14 days. Medium was collected for COL I and OCN content (at 7 and 14 days) and ALP activity (at 3, 5 and 7 days) determination 
using ELISA kits. Medium was collected for Alizarin red staining at 14 days. (A) Effect of puerarin on alkaline phosphatase activity, (B) COL I secretion, 
and (C) OCN secretion of MC3T3-E1 cells, and (D) bone mineralization of MC3T3-E1 cells. Data are presented as the mean ± standard deviation of three 
independent experiments. *P<0.05 and **P<0.01 vs. control. Puer, puerarin; COL I, collagen type 1; OCN, osteocalcin.

Figure 3. Puerarin promoted the expression of miR-106b. (A) Expression levels of miR-106b were detected by reverse transcription-quantitative polymerase chain 
reaction in MC3T3‑E1 cells following puerarin treatment for 72 h. (B) Schema of the firefly luciferase reporter constructs for RANKL, which indicated the interac-
tion sites between miR-106b and the 3'-UTRs of the RANKL. (C and D) Expression levels of miR-106b following treatment with miR-106b mimic or miR-106b 
inhibitor were determined (n=6). *P<0.05 and **P<0.01 vs. control. (E) Dual-luciferase reporter assay detected the interaction between miR-106b and the 3'-UTR of 
RANKL. miR-106b mimic, mimic NC, miR-106b inhibitor or inhibitor NC were co-transfected with pGL-RANKL reporter vectors into HEK293 cells for 48 h. 
(n=6). **P<0.01 vs. mimics NC, ##P<0.01 vs. inhibitor NC. (F and G) Protein expression levels of RANKL following treatment with miR-106b mimic or miR-185 
inhibitor were indicated (n=6). All data are presented as the mean ± standard deviation results of three independent experiments. miR-106b, microRNA-106b; 
RANKL, receptor activator of nuclear factor-κB ligand; UTR, untranslated region; NC, negative control; mt, mutant; wt, wild-type.
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the control (P<0.01; Fig. 3D). The luciferase results showed that 
overexpression of miR‑106b significantly decreased (P<0.01) 
the luciferase activity in pGL3-RANKL 3'-UTR wild-type 
transfected cells, whereas it had no significant effect on pGL3 
RANKL 3'-UTR mutant cells (Fig. 3E). Furthermore, western 
blot analysis revealed that miR-106b overexpression markedly 
decreased the protein expression level of RANKL (Fig. 3F), 
whereas miR-106b inhibition markedly increased the protein 
expression of RANKL (Fig. 3G).

Effect of miR‑106b on osteogenic differentiation induced by 
puerarin. To explore the role of miR-106b during osteogenic 
differentiation induced by puerarin, miR-106b inhibitor and 
respective NC were co-transfected into MC3T3-E1 cells, 
following puerarin treatment. Results indicated that knock-
down of miR‑106b significantly decreased differentiation and 
mineralization of MC3T3-E1 pre-osteoblastic cells caused by 
puerarin as evidenced by the decreased contents or activities of 
major markers COL I (P<0.01), OCN (P<0.01), ALP (P<0.01) 
and mineral nodule formation (P<0.01) compared to the 
puer+inhibitor NC group (Fig. 4). These results indicated that 
the elevation of miR-106b may be associated with the process 
of puerarin-induced differentiation in MC3T3-E1 cells.

Discussion

In the present study, it was indicated that puerarin promoted the 
growth of MC3T3-E1 cells in a time- and dose-dependent manner 
up to a concentration of 20 µM. Furthermore, these findings have 
provided evidence that puerarin may promote the differentiation 
of MC3T3-E1 cells through miR-106b by targeting RANKL. 
The present work revealed the anti-osteoporotic effects of 
puerarin in MC3T3-E1 cells, suggested the participation of 
miR-106b in this process and thus indicated that puerarin may 
be a novel agent for treatment of osteoporosis.

Several reports have demonstrated that puerarin is able to 
promote osteoblast proliferation and differentiation (29,30). A 
study from Wong and Rabie (31) showed that puerarin treatment 
may prevent bone loss in a dose-dependent manner. Similarly, 
Urasopon et al (32) showed that in cultures of newborn Wistar 
rat osteoblasts, puerarin was also effective in stimulating 
osteoblastic bone formation. Thus, it is important to under-
stand the underlying mechanisms of this effect. Sheu et al (33) 
previously discovered that puerarin-mediated osteoblast 
proliferation is likely to be mediated by bone morphogenetic 
proteins and nitric oxide (NO) pathways in adult female mouse 
osteoblasts. In agreement with these studies, the present data 
reinforced that puerarin affects the induction of osteoblast 
proliferation and differentiation.

Previous studies have reported that miRNAs were asso-
ciated with osteogenesis (34,35). For example, in human 
adipose tissue-derived stem cells, mouse mesenchymal ST2 
stem cells and mouse premyogenic C2C12 cells, several 
miRNAs (miR-26a, -125b, -133 and -135) have been reported 
to regulate osteoblast cell growth or differentiation (36). 
A study performed by Shi et al (37) demonstrated that in 
C2C12 cells under osteogenic differentiation, miR-214 has an 
important role as a suppressor by targeting osterix. However, 
it is unknown whether miRNAs mediate the anti-osteoporotic 
effect of puerarin.

A variety of studies have demonstrated that miR-106b 
participates in the progression of osteoporosis (38,39). For 
example, miR-106b expression levels may enhance osteoclast 
differentiation and bone resorption by targeting RANKL, 
twist-related protein (TWIST) and matrix metallopeptidase 
(MMP)2, which may partly elucidate the role of miR-106b 
downregulation in giant cell tumors and bone metastasis (23). 
Previous studies have suggested that various target genes 
of miR-106b, including interleukin-8 (40), MMP2 (41) and 
TWIST (42), have been reported to induce cell proliferation and 
invasion in cancers. Zheng et al (43) identified that miR‑106b 
induced epithelial-mesenchymal transition by targeting paired 
related homeobox 1 in colorectal cancer. The present data 
indicated that puerarin promoted the expression of miR-106b, 
which mediated the anti-osteoporotic effect of puerarin in 
MC3T3-E1 cells via regulating RANKL expression levels.

In conclusion, the present study investigated the potential 
functions of puerarin in cell growth and differentiation in 
MC3T3‑E1 cells. The present findings suggested that puerarin 
positively affected osteogenic differentiation through the 
upregulation of miR-106b by directly targeting RANKL. 
Therefore, the present results indicate a novel mechanism 
for puerarin-induced promotion of bone formation activity, 
which may be used as a therapeutic target for the treatment of 
osteoporosis.
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