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Diosgenin inhibits Wnt/b-catenin pathway to regulate
the proliferation and differentiation of MG-63 cells
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Abstract Dioscorea opposita Thunb has the effect

of anti-osteoporosis, but whether its active ingredient

diosgenin (DIO) has an anti-osteoporosis effect is

unknown. The purpose of this study is to investigate

the effect of DIO on the proliferation and differenti-

ation of MG-63 cells. MG-63 cells were treated with

different concentrations of DIO (0.001, 0.01, 0.1 and

1 lM) or 20 mM Wnt/b-catenin signaling agonist-

LiCl, and then their cell cycle and viability were

analyzed by flow cytometry and 3-(4, 5-Dimethylth-

iazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT),

respectively. To investigate osteoblast differentiation,

alizarin red staining and ultraviolet spectrophotometer

were used to determine the number of calcified

nodules and the activity of alkaline phosphatase

(ALP), respectively. Quantitative reverse transcrip-

tion-polymerase chain reaction (qRT-PCR) and west-

ern blotting were used to detect the expressions of

proliferation-related, osteogenic-related and Wnt/b-
catenin signal pathway-related factors. After the cells

were treated with low-concentration (0.001 or

0.01 lM) DIO, cell viability was significantly

increased and the proportion of cells in S phase was

increased. In addition, low-concentration DIO could

significantly increase the expression of Ki67, prolif-

erating cell nuclear antigen (PCNA), osteopontin

(OPN), and osteocalcin (BGP), promote osteoblast

differentiation, and suppress the expression of b-
catenin, Runx2 and cyclinD1. However, high concen-

trations of DIO showed the opposite effect. Low-

concentration DIO obviously reversed the effect of

LiCl on decreasing the number of calcified nodules

and inhibiting the expression of OPN and BGP in cells.

Low-concentration DIO might promote the prolifera-

tion and differentiation ofMG-63 cell by inhibiting the

Wnt/b-catenin signal pathway.
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Introduction

Osteoporosis is a metabolic bone disease character-

ized by decreased bone strength and increased risk of

fracture, and with an increase in morbidity in recent

years, it has become a major public health problem

that seriously affects people’s quality of life (Cosman
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et al. 2015). Osteoblasts are the main functional cells

that are derived from mesodermal mesenchymal stem

cells between bone and bone marrow stroma in bone

metabolism. Osteoblasts have the potential of multi-

directional differentiation, which is the key to bone

formation (Saint-Pastou Terrier and Gasque 2017). In

addition, they can secrete extracellular matrix pro-

teins, which are responsible for the synthesis, secretion

and mineralization of bone matrix and promote

fracture healing (Zhou et al. 2014). Therefore, pro-

moting the proliferation and differentiation of osteo-

blasts is of great significance in the treatment of

osteoporosis.

Theories of traditional Chinese medicine hold that

the main cause of osteoporosis is kidney deficiency,

and the treatment should be kidney tonification (Li

et al. 2015b) (Wang et al. 2016b). Dioscorea opposita

Thunb has the effect of ‘‘strengthening the kidney and

enriching the essence’’, and has so far achieved certain

effects in the treatment of osteoporosis (Han et al.

2016), but its effective components and mechanism of

action are still unclear. Diosgenin (DIO) is a kind of

steroidal saponin which is abundant in dioscorea, and

it is the active component of Dioscorea opposita

Thunb (Jayachandran et al. 2016; Kim et al. 2014). It

has been reported that diosgenin has anti-tumor, lipid-

lowering, anti-inflammatory and analgesic, immuno-

modulatory and other pharmacological effects, and it

can reduce mitochondrial oxidative stress injury of

chondrocytes in the pathological process of arthritis by

activating the sirtuin type 1 pathway (Chen et al. 2015;

Ding et al. 2012; Liu et al. 2017; Naidu et al. 2015;

Wang et al. 2015), so as to exert a protective effect on

chondrocytes against arthritis. However, there are few

reports on the role of DIO in osteoporosis. Therefore,

based on the above studies, this study selected

osteosarcoma cell line MG-63, an early osteoblastic

model with osteoblastic phenotypic characteristics, as

the research object (Zhang and Wang 2017), and

challenged the cells with DIO, aiming to explore the

effect of DIO on the proliferation and differentiation

of MG-63 cells. In addition, Wnt/b-catenin signaling

pathway plays an important role in all stages of bone

formation, as it promotes the proliferation and pre-

vents the apoptosis of osteoblasts as well as increases

bone mass (Sun et al. 2017; Wang et al. 2016a).

Therefore, this study further explored the mechanism

of DIO on promoting the proliferation and differen-

tiation of MG-63 cells.

Materials and methods

Cell culture and treatment

TheMG-63 cell line was purchased from the Shanghai

Institute for Biological Sciences, Chinese Academy of

Sciences (Shanghai, China). The cells were cultured

with dulbecco’s modified eagle medium (DMEM)

(Sigma-Aldrich, USA) containing 10% fetal bovine

serum (PBS), 100 U/ml penicillin and 100 lg/ml

streptomycin at 37 �C and saturated humidity in a 5%

CO2 incubation box. The DMEM was changed every

24 h, and the cells were digested and passaged every

other day with a digestive solution (Hangzhou Gino

Bio-pharmaceutical Technology Co. Ltd., Hangzhou,

China) containing 0.125% trypsin and 0.02% EDTA.

An inverted microscope (Olympus Corporation,

Tokyo, Japan) was used to observe cell morphology.

The MG-63 cells in the logarithmic growth phase

were selected for experiments. The cells were treated

with DIO of different concentrations (0.001, 0.01, 0.1

and 1 lM) for 24, 48 or 72 h. Next, the cells were

treated with 20 mM Wnt/b-catenin signaling agonist-

LiCl (746, 460, Sigma, USA) at 37 �C for 1 h or co-

treated with LiCl (20 mM) and DIO (0.001 lM) at 37

�C for 1 h.

Cell viability detection

Cell viability was detected by 3-(4, 5-Dimethylthia-

zol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT)

that was purchased from Shanghai Puzhen Biotech-

nology Co., Ltd., (http://anqi_lunhui.com-

pany.lookchem.cn/) No.298–93-1, Shanghai).

Briefly, 5 9 103 cells per well were seeded in a

96-well plate after treatment with DIO of different

concentrations (0.001, 0.01, 0.1 and 1 lM) for 24, 48

or 72 h, and cultured at 37 �C with 5% CO2. Next, 20

lL of MTT solution was added to each well of the

culture box for 4 h. Then, 150 lL of 0.5% DMSO was

added to each well and the purple crystals were fully

dissolved by shaking the table at a low speed for about

10 min. The absorbance at 492 nm was determined by

a microplate reader (E0225, Beyotime Biotechnology,

China). All the experiments were repeated three times

to obtain average values.
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Cell cycle

The MG-63 cells were seeded in a 96-well plate at

5 9 103 cells/well after treatment with DIO of differ-

ent concentrations (0.001, 0.01, 0.1 and 1 lM) for

48 h, followed by trypsin (70-ab35945-050, MULTI

SCIENCES, Hangzhou, China) digestion for 2 min.

All cell suspensions were moved to a 15 ml centrifuge

tube and centrifuged at 1000 9 g for 5 min at 4 �C,
and the supernatant was discarded. Then the cells were

fixed by 3 ml of 70% ice-cold ethanol for 48 h. After

that, 400 lL of 50 lg/ml Propidium Iodide (85-

BMS500PI, MULTI SCIENCES, Hangzhou, China)

solution was used to stain the cells. In the end, the

stained cells were analyzed by flow cytometry (ver-

sion 10.0, FlowJo, FACS CaliburTM, BD, Franklin

Lakes, NJ, USA).

Calcified nodule detection

The MG-63 cells were treated with DIO of different

concentrations (0.001, 0.01, 0.1 and 1 lM) for

15 days. After the cells were fixed using 70% ethanol

(E7023, Sigma, USA) for 1 h, the cell monolayer was

stained with alizarin red staining solution (1%,

pH = 4.1, Wako, Janpa) for 30 min, and then the

calcified nodules were observed by microscopy

(BX53; Olympus Corporation, Tokyo, Japan). For

quantitative analysis, the staining intensity was quan-

tified using cetylpyridinium chloride (1,104,006,

Sigma-Aldrich, USA). Briefly, cetylpyridinium chlo-

ride was added to each well (150 mL/well) and

incubated at 37 �C for 1 h, during which the trans-

parent cetylpyridinium chloride solution turned pur-

ple. The supernatant was transferred to a new 96-well

plate for absorbance reading at 570 nm.

Western blotting

Total protein was extracted from the cells treated with

DIO and Licl using the IP cell lysis buffer (R0278,

Sigma-Aldrich, USA). Protein concentration was

determined by a Bicinchoninic acid (BCA) kit

(P0011, Beyotime Biotechnology, China). After that,

the protein was boiled for 5 min at 100 �C for

denaturation. Thirty lg of the protein was separated by
15% sodium dodecyl sulfate–polyacrylamide gel

electrophoresis (SDS-PAGE) (P0012A, Beyotime

Biotechnology, China) at 80 V for 30 min and at

120 V for 2 h. Later, the separated protein was

transferred to polyvinylidene fluoride (PVDF) mem-

branes (FFP32, Beyotime Biotechnology, China). The

membranes were sealed with 5% milk at room

temperature for 1 h, and then incubated with appro-

priate dilutions of specific antibodies (the antibodies

used in our experiments included: anti-Ki67 (rabbit,

1:1000, ab92742, Abcam), anti-proliferating cell

nuclear antigen (anti-PCNA, mouse, 1:1000, ab29,

Abcam), anti-osteopontin (anti-OPN, mouse, 1:1000,

ab69498, Abcam), anti-osteocalcin (anti-BGP, mouse,

1:1000, ab13420, Abcam), anti-b-catenin (rabbit,

1:1000, #9562, CST), anti-Runx2 (mouse, 1:1000,

ab76956, Abcam), anti-cyclinD1 (mouse, 1:1000,

ab16663, Abcam) at 4 �C overnight, followed by

incubation with goat anti-mouse (1:5000,

No.1034–05, Southern Biotech, Birmingham, AL,

USA) or goat anti-rabbit IgG (H ? L) peroxidase-

conjugated antibody (1:5000, No.4050–05, Southern

Biotech, Birmingham, AL, USA) for 2 h. Protein

bands were detected with an ECLWestern blotting kit

(93-K820-500, MULTI SCIENCES, Hangzhou,

China) and scanned by a super sensitive multifunc-

tional imager (Image J, version 4.7, National Institutes

of Health, USA).

Alkaline phosphatase (ALP) activity detection

The MG-63 cells were cultured in osteogenic induc-

tion medium and treated with DIO of different

concentrations (0.001, 0.01, 0.1 and 1 lM) for

15 days. Then, MG-63 cells were collected, and total

protein was extracted from the cells using radioim-

munoprecipitation assay (RIPA) buffer. Protein con-

centration was quantified using BCA assay and diluted

to 1 mg/ml. ALP activity was measured using an ALP

kit (cat. no. A059-1, Jiancheng Bioengineering Insti-

tute, Nanjing, China) according to the manufacturer’s

protocol. Subsequently, absorbance was detected at

520 nm using a microplate spectrophotometer.

RNA isolation and quantitative reverse

transcription-polymerase chain reaction (qRT-

PCR)

Total RNA was extracted from the cells treated with

DIO and Licl using Trizol reagent (15,596,026,

Invitrogen, USA). RNA concentration was measured

using Nanodrop (Thermo ScientificTM, San Diego,
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CA, USA) and then diluted to 500 ng/ll. Superscript II
first-strand cDNA synthesis System (Invitrogen, USA)

was used to determine reverse transcription. mRNA

expression levels were determined by qRT-PCR using

an SYBR Green Real Time PCR kit (204,054,

QZAGEN, China). The following components were

blended into a 10 ll solution: 4 ll of cDNA, 5 ll of
SYBR (codeDRR041A, Takara, China), and 1 ll of
Primer. PCR cycle was as follows: 94 �C pretreatment

for 2 min, 35 cycles of at 94 �C for 30 s, at 63 �C for

30 s, and at 72 �C for 1 min, final chain extension at 72

�C for 7 min, and keep at 4 �C. All primer sequences

were listed in Table 1. The expression levels of qRT-

PCR products were determined by the 2-DDCT method

(Livak and Schmittgen 2001).

Statistical analysis

Prism 6 (version 6.01, GraphPad Software, Inc., San

Diego, CA, USA) was used for data analysis. The

experimental data were expressed as mean ± standard

deviation (SD). Differences between multiple groups

were analyzed by one-way analysis of variance

(ANOVA) followed by Bonferroni post hoc.

P\ 0.05 was considered as statistically significant.

Results

DIO might promote MG-63 cell proliferation

The viability of cells treated with DIO of different

concentrations (0.001 or 0.01 lM) for 48 h was higher

than that of cells in the control group (Fig. 1a,

P\ 0.05), but after treatment with 1 lM DIO for

24 h, 48 h and 72 h (Fig. 1a, P\ 0.001), cell viability

was inhibited. The expression levels of Ki67 and

PCNA in the MG-63 cells treated with DIO of

different concentrations (0.001 or 0.01 lM) were

significantly higher, and those in the MG-63 cells

treated with 0.1 lM or 1 lM DIO were significantly

lower, when compared to the control group (Fig. 1b, c,

P\ 0.001). The proportion of MG-63 cells in S phase

in the 0.001 or 0.01 lM DIO treatment group was

significantly increased, while that of MG-63 cells in

G1 phase was significantly decreased (Fig. 2a, b,

P\ 0.05).

Low-concentration DIO might promote

the differentiation and mineralization of MG-63

cells

The ALP activity in the MG-63 cells treated with

0.001 or 0.01 lM DIO was significantly enhanced,

while that in the MG-63 cells treated with 0.1 lM or

1 lM DIO did not show significant change (Fig. 3a,

P\ 0.001). Different concentrations (0.001 or

0.01 lM) of DIO could significantly increase the

number of calcified nodules, while 0.1 lM or 1 lM
DIO significantly reduced the number of calcified

nodules (Fig. 3b, c, P\ 0.001, P\ 0.05). The expres-

sion levels of OPN and BGP in theMG-63 cells treated

with DIO of different concentrations (0.001 or

0.01 lM) were significantly higher, and those in the

MG-63 cells treated with 0.1 lM or 1 lM DIO were

significantly lower, when compared with the control

group (Fig. 3d-f, P\ 0.001).

Low-concentration DIO might promote

the proliferation and differentiation ofMG-63 cells

by inhibiting the Wnt/b-catenin signal pathway

The expression levels of b-catenin, Runx2 and

cyclinD1 in the MG-63 cells treated with DIO of

different concentrations (0.001 or 0.01 lM) were

significantly lower than those in the control group

(Fig. 4a, b, P\ 0.001). The number of calcified

nodules was increased after the MG-63 cells were

co-treated with LiCl and DIO, while the number of

calcified nodules in the LiCl treatment group was

Table 1 Primers used in

real-time PCR analysis

OPN osteopontin, BGP
osteocalcin

Gene Primer sequence Species

OPN Forward: 50-ATGGATCCGATGACACTGATGATTCTCAC-3’

reverse: 50-GCGAATTCGAATTCACGGCTGACAAA -30,

Human

BGP Forward:50-CCGCAGCTCCCAACCACAATAAGCT-3’

reverse: 50-CAATAGGGCGAGGAGT-3’

Human

GAPDH Forward: 50-GGTGAAGGTCGGAGTCAACG-3’ Human
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significantly reduced as compared with the control and

LiCl ? DIO groups, and that in the DIO treatment

group was significantly increased in comparison with

the control and LiCl ? DIO group (Fig. 4c, d,

P\ 0.001). Compared to the LiCl ? DIO group, the

expression levels of OPN and BGP in the MG-63 cells

treated with LiCl were significantly reduced, while

thsoe in the DIO treatment group were significantly

increased (Fig. 4e–g, P\ 0.001).

Discussion

It has been widely reported that DIO exerts diverse

effects such as anti-inflammation, pain-relieving, anti-

tumor and lipid-lowering (Ma et al. 2016) (Kou et al.

2017), but its regulatory effects on the proliferation

and growth of osteoblasts as well as their biological

activity remain to be clarified. MG-63 cell is one of the

major malignant osteosarcoma cell lines (Lamego

et al. 2014). In this study, MG-63 cells were treated

with increasing concentrations of DIO for 24 h, 48 h

and 72 h, and the result showed that 1 lM DIO

inhibited cell viability in a time-dependent manner,

which was consistent with the results of Ma T et al.’s

study that DIO can inhibit tumor cell growth (Ma et al.

2016).

However, this study found that low-concentration

DIO (0.001 or 0.01 lM) could significantly promote

cell viability at 48 h. In order to further explore the

relationship between DIO and MG-63 cells, we tested

the expression levels of Ki67 and PCNA through

western blotting, and the results showed that compared

with the control group, the expression levels of Ki67

and PCNA were significantly increased in the low-

concentration DIO treatment group and significantly

decreased in the high-concentration DIO treatment

group. PCNA is a protein that mediates cell cycle, and

its activity is a direct reflection of cell proliferation

activity and an ideal marker for cell proliferation

(Yang et al. 2015). Ki67 is a nuclear antigen that is

expressed only in the nucleus of proliferating cells and

Fig. 1 DIO might promote MG-63 cell proliferation. a After

MG-63 cells were treated with DIO at different concentrations

(0.001 lM, 0.01 lM, 0.1 lM and 1 lM) for 24, 48 and 72 h,

cell activity was detected byMTT. b and cWestern blotting was

used to detect the expression of proliferation-related proteins

Ki67 and PCNA. (**P\ 0.001, *P\ 0.05, vs, Control group).

DIO diosgenin; PCNA proliferating cell nuclear antigen, MTT
3-(4, 5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium

bromide
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Fig. 2 DIO induced cell cycle arrest in MG-63 cells. a and b Cell cycle distribution was analyzed by flow cytometry. (*P\ 0.05, vs,

Control group). DIO diosgenin

Fig. 3 Low-concentration DIO might promote the differenti-

ation and mineralization of MG-63 cells. a The ALP activity

was determined by spectrophotometry. b and c Calcified

nodules were detected by alizarin red staining. d-f The levels

of cell differentiation-related genes OPN and BGP were

detected by qRT-PCR and western blotting. (**P\ 0.001,

*P\ 0.05, vs, Control group). DIO diosgenin, ALP alkaline

phosphatase, OPN osteopontin, BGP osteocalcin
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can rapidly recognize osteoblasts that are proliferating

and dividing (Li et al. 2015a). PCNA and Ki67 can be

positively expressed in proliferating tissue cells, and

thus are considered as indicators of the proliferative

activity of tissue cells and important markers of cell

proliferation (Jurikova et al. 2016). Taken together

with these findings, this study indicated that low

concentrations of DIO could promote the proliferation

of MG-63 cells. In addition, our results showed that

the proportion of MG-63 cells in S phase increased

significantly after low-concentration DIO treatment,

indicating that DIO promoted DNA replication inMG-

63 cells.

ALP is a marker of early differentiation of

osteoblasts, and its expression and secretion will

increase as the differentiation process progresses

(Leung et al. 1993, Zancanela et al. 2016). Meanwhile,

a stronger activity of ALP indicates a better status of

osteoblastic bone formation (Jo et al. 2018). In this

study, low-concentration DIO (0.001 or 0.01 lM)

significantly enhanced ALP activity, while high-

concentration DIO (0.1 or 1 lM) had no significant

effect on ALP activity. This indicated that low

concentrations of DIO could promote the differenti-

ation of osteoblasts. Calcification ability is an impor-

tant function of osteoblasts and an important condition

for the formation of calcified bone tissue (Chen et al.

2016). Calcium nodules, which are one of the char-

acteristics of osteoblasts, refer to the calcification

products of osteoblasts after a long period of growth

(Zhu et al. 2017). Alialiin red staining can specifically

stain calcium nodules to directly reflect the calcifica-

tion ability of osteoblasts (Paul et al. 1983). In

addition, BGP, which is a non-collagen protein

Fig. 4 Low-concentration DIO might promote the proliferation

and differentiation of MG-63 cells by inhibiting the Wnt/b-
catenin signal pathway. a and b The expression levels of b-
catenin, Runx2 and cyclinD1 were detected by western blotting.

c and d After the MG-63 cells were co-treated with DIO

(0.001 lM) and LiCl (20 mM), the calcified nodules in the cells

were detected by alizarin red staining. (**P\ 0.001,

*P\ 0.05, vs, Control group; ##P\ 0.001, vs, DIO ? LiCl

group). e, f and g After the MG-63 cells were co-treated with

DIO (0.001 lM) and LiCl (20 mM), the levels of cell

differentiation-related genes OPN and BGP were detected by

qRT-PCR and western blotting. (**P\ 0.001, vs, Control

group; ##P\ 0.001, vs, DIO ? LiCl group). DIO diosgenin,

PCNA proliferating cell nuclear antigen, ALP alkaline phos-

phatase, qRT-PCR quantitative reverse transcription-poly-

merase chain reaction, OPN osteopontin, BGP osteocalcin,

MTT 3-(4, 5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium

bromide
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specifically synthesized and secreted by osteoblasts,

plays an important regulatory role in inhibiting the

growth rate of cartilage mineralization of osteoblasts

and can only be induced during the mineralization

phase (Kondo et al. 2014). OPN is a bone matrix

phosphoprotein that has been shown to be involved in

the calcification process of bone tissue (Zhou et al.

2015). Therefore, the above indexes were tested in this

study after cells were treated with DIO and further

cultured for 15 days, and the results showed that DIO

could significantly increase the number of calcified

nodules, and cells in the low-concentration DIO

treatment group displayed a lower degree of calcifi-

cation. Besides, low-concentration DIO (0.001 or

0.01 lM) significantly promoted the expression of

OPN and BGP, while high-concentration DIO (1 lM)

significantly inhibited the expression of OPN and

BGP. These results suggest that low concentrations of

DIO may enhance the calcification ability of

osteoblasts.

Wnt/b-catenin signaling pathway plays an impor-

tant regulatory role in bone formation (Arioka et al.

2013). When Wnt/b-catenin pathway is activated, b-
catenin protein aggregates in cells, moves to the

intracellular nucleus to bind with transcription fac-

tor/lymphatic enhancer factor, and regulates the

expression of downstream target genes such as

cyclinD1 and Runx2, thereby regulating a series of

metabolic activities such as the proliferation, differ-

entiation and apoptosis of osteoblasts (Shuqin et al.

2015) (He et al. 2015). With the deepening of the

research on the Wnt/b-catenin signaling pathway in

osteogenesis, more and more scholars are working on

activating the molecular mechanism of the Wnt/b-
catenin signaling pathway in an attempt to find a

feasible target for the treatment of osteoporosis. For

example, Jiang T found that andrographolide could

exert its osteogenic potential by activating the Wnt/b-
catenin signaling pathway in osteoblasts, and thus

might be a candidate drug for the treatment of

osteoporosis (Jiang et al. 2015); Huang W et al. found

that saikosaponin-A could activated the Wnt/b-
catenin signaling pathway to promote the osteogenic

differentiation of bone marrow stromal cells (Huang

et al. 2017). In this study, we for the first time found

that low-concentration DIO could inhibit the Wnt/b-
catenin signal pathway, indicating that low-concen-

tration DIO might promote the proliferation and

differentiation of osteoblasts by inhibiting the Wnt/

b-catenin signal pathway.

In conclusion, this work demonstrates that DIO

plays an important role in promoting the proliferation

and differentiation of osteoblasts possibly through

inhibition of Wnt/b-catenin signaling. This provides a

scientific basis for experimental study on the effect of

DIO on osteoporosis and for clinical study, but the

mechanism still needs to be further studied.
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