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INTRODUCTION 
 
Curcumin is a well-known dietary polyphenol derived 
from the rhizomes of turmeric, an Indian spice. Recent 
studies have also indicated that curcumin has significant 
benefits for the treatment of cancer and is currently 
undergoing several clinical trials [1–5]. The anticancer 
effect of curcumin has been demonstrated in many cell 
and animal studies [6–11]. Curcumin modulates 
multiple steps of carcinogenesis and is a feasible 
therapeutic cancer suppressor. Therefore, for decades,  

 

curcumin has attracted increasing interest as an anti-
cancer drug. 
 
Curcumin has been shown to possess anticancer activity 
through different mechanisms, which involve multiple 
cancer related signalling pathways. Epigenetic alterations 
correspond to changes in DNA methylation, covalent 
modifications of histones, or altered miRNA expression 
patterns. Numerous studies have suggested that curcumin 
has the potential to target cancer stem cells (CSCs) 
through the regulation of CSC self-renewal pathways 
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ABSTRACT 
 
Curcumin, a natural phenolic biphenyl compound derived from the plant Curcuma longa, modulates multiple 
steps of carcinogenesis partly by affecting the expression of miRNAs. Interestingly, cancer development shares 
many of the same signalling pathways with bone formation. Reduced bone mass creates favourable conditions for 
tumor metastasis. However, the effects and mechanism of curcumin on bone formation and osteogenesis are 
relatively unknown and controversial. We demonstrated that curcumin inhibited osteogenesis of human adipose-
derived mesenchymal stem cells (hADSCs) in a concentration-dependent manner. In hADSCs, curcumin modulates 
the expression of a series of miRNAs, including miR-126a-3p, during osteogenesis. Overexpression or inhibition of 
miR-126a-3p is required for the effect of curcumin on osteogenesis. Further investigation indicated that miR-126a-
3p directly targets and inhibits LRP6 through binding to its 3’-UTR, and then blocks WNT activation. Our findings 
suggest that the use of curcumin as an anti-tumor agent may lead to decreased bone mass through the 
suppression of osteogenesis. Knowing whether the long-term or high doses use of curcumin will cause decreased 
bone mass and bone density, which might increase the potential threat of tumor metastasis, also requires a 
neutral assessment of the role of curcumin in both regulating bone formation and bone absorption. 
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(WNT/β-catenin, Notch, Sonic hedgehog) and specific 
miRNAs involved in the acquisition of epithelial-
mesenchymal transition (EMT) [12]. Recent studies 
highlighted that curcumin has epigenetic regulatory 
effects on miRNA in cancers [6, 13–16]. Synergistic 
effects of curcumin with emodin against the proliferation 
and invasion of breast cancer cells are through  
the upregulation of miR-34a [16]. Pharmacological effects 
of curcumin in lung cancer are mediated by modulation of 
several miRNAs, such as the downregulation  
of oncogenic miR-21 and the upregulation of onco-
suppressive miR-192-5p and miR-215 [15]. In addition, 
induction of microRNA-146a is involved in curcumin-
mediated enhancement of temozolomide cytotoxicity 
against human glioblastoma [14]. 
 
MicroRNAs (miRNAs) are endogenous, small, non-
coding RNAs, approximately 22 nucleotides in length, 
which typically regulate gene expression at the post-
transcriptional level by promoting mRNA degradation 
or translational repression through binding to 
complementary sequences in the 3ʹ-untranslated region 
(3ʹUTR) of target mRNAs [17–20]. miRNAs have been 
identified as regulators of diverse biological processes, 
such as cell proliferation, cell cycle, differentiation, 
organ development, cancer and hormone secretion [21–
25]. A growing body of evidence has suggested that 
miRNAs have crucial roles in different aspects of bone 
development, osteogenic differentiation, osteoporosis 
pathophysiology, and osteoclast and osteoblast function. 
Bone formation is a progression of osteoblast differen-
tiation and maturation. Mesenchymal stem cells (MSCs) 
can be recruited to bone and then differentiate into 
osteoblasts, thus promoting this process [26, 27]. 
Decreased osteogenesis of MSCs contributes to the 
development of osteoporosis [28]. A series of miRNAs 
(including miR-133, miR-135, miR-214, miR-216a, 
miR-497~195 cluster, miR-182, miR-185, miR-219a-
5p, miR-940) have been reported to regulate MSC 
osteogenic differentiation, osteogenic activity, bone 
formation, and bone loss through targeting of the 
osteogenic master transcription factors RUNX2 (runt-
related transcription factor), OSX (osterix), or 
regulating osteoblast metabolism-associated pathways 
[29–35]. The dysregulation of these miRNAs has been 
linked with skeletal disorders involving a reduction in 
bone formation [36, 37]. 
 
Curcumin can exert its anticancer activity by regulating 
some miRNAs, while miRNAs also play an important 
regulatory role in bone formation and osteogenesis. So 
far, the effects and mechanism of curcumin on bone 
formation and osteogenesis are relatively unknown and 
controversial.  Whether can curcumin regulate osteo-
genesis by changing the expression profile of miRNA in 
MSCs is not clear. In this article, we demonstrate for the 

first time that curcumin suppresses osteogenesis of 
(hADSC) through the induction of miR-126a-3p, and 
subsequently suppresses LRP6 and regulates the WNT 
pathway. Our study highlights that the osteogenic-
suppressing effects of curcumin depend on miR-126a-3p 
induction and WNT pathway inhibition. Our findings 
suggest that the use of curcumin as an anti-tumoral agent 
may lead to decreased bone mass through the suppression 
of osteogenesis, which might cause a potential threat to 
tumor metastasis. 
 
RESULTS 
 
The effects of curcumin on the regulation of hADSC 
osteogenesis  
 
In order to investigate the effect of curcumin (Cur) on 
osteogenic differentiation of hADSCs, different 
concentrations (0.1μM, 1.0μM, 10μM, and 25μM) of 
curcumin were added to the osteoblast induction medium, 
and hADSCs were induced into osteogenic lineage. qRT-
PCR and western blot analyses showed that mRNA and 
protein levels of key osteogenic factors and the marker 
genes ALP (alkaline phosphatase), RUNX2, OPN 
(osteopontin), and IBSP (integrin binding sialoprotein) 
were sharply decreased in 1.0μM, 10μM, and 25μM 
curcumin-treated cells, compared with control cells (0 μM 
curcumin) in the process of osteogenic differentiation 
(Figure 1A, 1B). The osteoblast phenotype was confirmed 
by demonstration of repressed ALP staining and ALP 
activity (Figure 1C, 1D), as well as decreased matrix 
mineralization detected by alizarin red staining (Figure 
1E). These results confirmed that curcumin inhibited 
osteogenic differentiation of hADSCs in a concentration-
dependent manner. Curcumin treatment led to the 
suppression of osteogenic differentiation at a 1μM 
concentration, and significant suppression at 10μM and 
25μM curcumin treatments. In addition, few calcium salt 
deposits formed in 10μM-treated cells. Instead, minor 
lipid droplets formed in 10μM curcumin-treated cells and 
a large number of lipid droplets formed in 25μM 
curcumin-treated cells, suggesting that curcumin not only 
inhibits osteogenesis but also promotes cell differentiation 
into adipocytes (Figure 1E). For subsequent experiments, 
curcumin was used at a final concentration of 10μM. 
 
Curcumin modulates miRNA expression in hADSCs 
 
Recently curcumin was discovered to regulate the 
development of various tumors by affecting the 
expression of miRNA. More and more, miRNAs have 
been found to play an important role in bone 
development, bone formation, and osteogenesis. 
Therefore, we hypothesized that curcumin might regulate 
hADSC osteogenesis by regulating miRNAs. We 
performed microarray analysis to evaluate if 
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Figure 1. The effect of different concentrations of curcumin on osteogenic differentiation of hADSCs. (A) qRT-PCR detected the 
mRNA levels of osteogenic-related genes in curcumin- treated cells on day 6. (B) Western blot assays analysed the protein levels osteogenic 
related genes in curcumin-treated cells. (C, D) ALP staining and ALP activity analyses indicated early differentiation on day 6. (E) Alizarin red 
staining was performed to detect calcium salt deposits on day 12. Scale bars: 200 μm. Quantitative data are presented as the mean ± S.D. (n 
=3). *P<0.05; **P<0.01; ***P<0.001. Representative images are shown. 
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modulation of miRNA expression. Of 1,504 miRNAs 
detected on the microarray (Figure 2A), we selected by 
bioinformatics analysis the miRNAs with at least a 2.5-
fold increase or decrease in response to curcumin 
treatment (Figure 2B). Subsequently, we validated the 
microarray data by qRT-PCR. Among them, the 
expression level of miR-126a-3p significantly up-

regulated when curcumin was added to the hADSCs 
culture medium (Figure 2C), while the qRT-PCR data 
showed that the endogenous expression level of miR-
126a-3p did not change significantly during osteogenic 
differentiation (Figure 2D), which suggests that miR-
126a-3p may be involved in curcumin’s modulation of 
osteogenesis. 

 

 
 

Figure 2. The effect of curcumin on miRNA expression patterns in hADSCs. (A) Microarray analysis was performed to analyse the 
miRNA expression pattern in hADSCs. (B) miRNAs with at least a 2.5-fold increase or decrease in response to curcumin treatment are shown. 
(C) qRT-PCR detected the expression levels of miR-126a-3p in curcumin-treated hADSCs. (D) qRT-PCR detected the expression profile of miR-
126a-3p during osteogenic differentiation of hADSCs. Quantitative data are presented as the mean ± S.D. (n =3). *P<0.05; **P<0.01; 
***P<0.001. 
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Overexpression of miR-126a-3p inhibits osteogenic 
differentiation of hADSCs 
 
To examine the role of miR-126a-3p in osteogenic 
differentiation, we transduced hADSCs with a lentivirus 
overexpressing miR-126a-3p (LV-126a) or the negative 
control (LV-NC). qRT-PCR analysis confirmed that 
miR-126a-3p was remarkably upregulated in LV-126a-
infected cells (Figure 3A). After induction with 
osteogenic induction medium for 6 days, we detected 
the expression of osteogenic transcription factors and 
marker genes. The qRT-PCR assay revealed that mRNA 
levels of RUNX2, ALP, IBSP, and OPN were decreased 

in LV-126a-infected cells compared with those in the 
LV-NC-infected control cells (Figure 3B). The western 
blot assay also confirmed that protein levels of IBSP, 
RUNX2, ALP, and OPN were repressed in LV-126a-
infected cells when compared with those in the control 
cells (Figure 3C). ALP staining and ALP activity 
indicated that miR-126a-3p overexpression suppressed 
osteogenic differentiation in hADSCs (Figure 3D, 3E). 
Alizarin red staining also indicated that matrix 
mineralization was reduced in LV-126a-infected cells 
(Figure 3F). These data collectively demonstrated that 
miR-126a-3p suppresses osteogenic differentiation in 
hADSCs, which resemble the effects of curcumin.  

 

 
 

Figure 3. Osteogenesis is suppressed upon upregulation of miR-126a-3p in hADSCs. (A) The expression level of miR-126a-3p was 
detected using qRT-PCR in transduced hADSCs with lentivirus overexpressing miR-126a-3p (LV-126a) or the negative control (LV-NC). (B) The 
mRNA levels of osteogenic-related genes were detected by qRT-PCR assay in osteogenic-induced cells on day 6. (C) Western blot assays 
analyzed the protein levels osteogenic-related genes in osteogenic-induced cells. (D, E) ALP staining and ALP activity analyses indicated early 
differentiation on day 6 of osteogenic differentiation. (F) Alizarin red staining was performed to detect calcium salt deposits on day 12. Scale 
bars: 200 μm. Quantitative data are presented as the mean ± S.D. (n =3). *P<0.05; **P<0.01; ***P<0.001.  
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Inhibition of miR-126a-3p antagonizes the 
suppressive effect of curcumin on osteogenic 
differentiation  
 
Based on the findings that curcumin and miR-126a-3p 
could attenuate osteogenic differentiation of hADSCs, 
and that curcumin treatment could induce the 
expression of miR-126a-3p, we supposed that miR-
126a-3p might play a role in curcumin-mediated 
inhibition of osteogenic differentiation. To verify this 
speculation, we blocked the effects of miR-126a-3p 
using the miR-126a-3p antagomir (anta-126a) and 
examined the osteogenic differentiation of hADSCs 
following curcumin exposure. As shown in Figure 4A, 

curcumin (Cur) treatment dramatically decreased the 
mRNA levels of osteogenic markers in negative control 
antagomir (anta-NC)-transfected cells, while trans-
fection of anta-126a significantly elevated the 
expression levels of the osteogenic markers ALP, IBSP, 
OPN, and RUNX2 compared with those of the anta-
NC-transfected cells under curcumin exposure. Western 
blot detection of protein levels of ALP, RUNX2, and 
IBSP also indicated that blocking mR-126a-3p could 
remarkably restore the expression of osteogenic markers 
in osteogenic induction medium supplemented with 
curcumin (Figure 4B). In addition, ALP staining and 
ALP activity assay (Figure 4C, 4D), as well as mineral 
deposition detected by alizarin red staining (Figure 4E) 

 

 
 

Figure 4. The suppressive effect of curcumin on osteogenic differentiation is antagonized in miR-126a-3p-inhibited hADSCs. (A) 
hADSCs were transfected with the miR-126a inhibitor (anta-126a) or the negative control (anta-NC) and were treated with curcumin or 
untreated. The mRNA levels of osteogenic-related genes were detected by qRT-PCR assay on day 6 of osteogenesis. (B) The protein levels of 
osteogenic-related genes were detected by western blot assay in osteogenic-induced cells. (C, D) ALP staining, and ALP activity analyses were 
performed to indicate the early differentiation on day 6 of osteogenic differentiation. (E) Alizarin red staining was performed to detect calcium 
salt deposits on day 12. Scale bars: 200 μm. Quantitative data are presented as the mean ± S.D. (n =3). *P<0.05; **P<0.01; ***P<0.001.  
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consistently revealed that the inhibition of mR-126a-3p 
rescued the suppressive effect of curcumin on 
osteogenic differentiation. Together, these data 
demonstrate that miR-126a-3p is at least in part respon-
sible for the suppression of curcumin of hADSC 
osteogenic differentiation. 
 
Human low-density lipoprotein receptor-related 
protein 6 (LRP6) is a direct target of miR-126a-3p 
 
To elucidate the mechanisms by which miR-126a-3p-
mediated osteogenic regulation, we predicted the 
potential targets of miR-126a-3p using the 
bioinformatics tools TargetScan, PicTar, and 
miRanda. Among the predicted targets, we focused on 
LRP6 because it possesses a miR-126a-3p binding site 
in the 3′-UTR region and also plays an important role 
in osteogenesis [38–40]. To validate whether LRP6 
was a bona fide target of miR-126a-3p, we performed 
a dual luciferase reporter assay by inserting 3′UTR 
fragments of LRP6 containing the wildtype or a 
mutant miR-126a-3p binding site into the psiCHECK-
2 vector (Figure 5A). Relative luciferase activity 
(RLA) of the wildtype LRP6 construct was markedly 
impaired by miR-126a-3p overexpression, while the 

RLA of the binding site mutant construct was 
unaffected (Figure 5B). Moreover, miR-126a-3p 
overexpression significantly downregulated LRP6 at 
the protein level, but not at the mRNA level in 
hADSCs (Figure 5C, 5D), suggesting that miR-126a-
3p regulates LRP6 expression at the post-
transcriptional level. These findings indicated that 
LRP6 is a direct target of miR-126a-3p in the 
regulation of osteogenic differentiation.  
 
Knockdown of endogenous LRP6 resembles the 
effect of miR-126a-3p and curcumin via the 
inhibition of the WNT pathway 
 
To investigate the role of LRP6 in osteogenic 
differentiation and further confirm that LRP6 is a direct 
target of miR-126a-3p in the regulation of osteogenesis, 
we suppressed the expression of LRP6 in hADSCs 
using two siRNAs (si-LRP6-1 and si-LRP6-2). 
Knockdown efficiency was confirmed by qRT-PCR and 
western blotting (Figure 6A) as compared with the 
negative control (si-NC). Then, we induced hADSCs to 
differentiate into an osteogenic lineage and detected the 
expression of osteogenic marker genes at both mRNA 
and protein levels. After osteogenic induction, the

 

 
 

Figure 5. Prediction and verification of miR-126a-3p target genes. (A) Bioinformatic analysis was used to predict the binding seed 
sequence of miR-126a-3p with the 3′UTR of LRP6. The wild type (WT) or mutant (MUT) 3′UTR fragments of LRP6 were inserted into the 
psiCHECK-2 reporter vector. (B) The relative luciferase activities were detected using a Dual-Luciferase Reporter Assay System. (C, D) The 
mRNA and protein levels of LRP6 were analyzed by qRT-PCR and western blot assays. 
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expression of ALP, RUNX2, OPN, and IBSP were 
significantly decreased in LRP6-depleted cells 
compared with the control cells (Figure 6B, 6C). 
Repressed ALP staining and ALP activity (Figure 6D, 
6E), as well as reduced mineral deposition detected by 
alizarin red staining (Figure 6F), indicated that LRP6 

knockdown suppresses the osteogenic differentiation of 
hADSCs. These results were consistent with those 
observed in miR-126a-3p-overexpression or curcumin-
treated hADSCs, suggesting that miR-126a-3p 
functionally targets LRP6 to regulate hADSC osteo-
genic differentiation.  

 

 
 

Figure 6. Knockdown of endogenous LRP6 resembles the effect of miR-126a-3p on osteogenesis via inhibition of the WNT 
pathway. (A) The mRNA and protein levels of LPR6 were detected by qRT-PCR and western blot assays respectively in LPR6 siRNAs or negative 
control siRNA-transfected cells. (B) The mRNA levels of osteogenic-related genes were detected by qRT-PCR assay on day 6 of osteogenic 
differentiation. (C) The protein levels of osteogenic-related genes were analyzed using western blot assays on day 6 of osteogenic differentiation. 
(D, E) ALP staining and ALP activity analyses were used to indicate the early differentiation on day 6 of osteogenic differentiation. (F) Alizarin red 
staining was performed to indicate calcium salt deposits on day 12. (G, H) qRT-PCR and Western blot assays analyzed the expression levels of 
CTNNB1. Scale bars: 200 μm. Quantitative data are presented as the mean ± S.D. (n =3). *P<0.05; **P<0.01; ***P<0.001. 
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The WNT signalling pathway is an important 
extracellular pathway that has been identified to play an 
essential role in osteogenesis, bone formation, and 
osteoporosis. LRP6 is an important member of the LDL 
receptor family specifically. As the co-receptor for 
WNT proteins, LRP6 interacts with the lipid on WNT 
and thereby promotes the WNT/β-catenin (CTNNB1) 
signalling pathway. Western blot analysis indicated that 
curcumin treatment inhibits WNT signals in hADSCs. 
After miR-126a-3p is overexpressed, the suppressive 
effect on WNT signals in cells is both similar to that of 
curcumin treatment and endogenous LRP6 down-
regulation (Figure 6G, 6H). These results further 
confirmed that curcumin inhibited the activation of 
WNT signalling by increasing the expression of miR-
126a-3p, which directly targets and suppresses LRP6 
expression, thus inhibiting osteogenic differentiation. 
 
DISCUSSION 
 
Curcumin has attracted increasing interest as an anti-
cancer drug for decades. Bone metabolism (including 
bone formation and bone absorption) is closely related 
to tumour metastasis. However, the effects and 
mechanism of curcumin’s effects on bone mass is 
relatively unknown and controversial. We demonstrated 
that curcumin inhibits osteogenic differentiation of 
hADSCs in a concentration-dependent manner. 
Curcumin significantly affects the expression of 
miRNAs in mesenchymal stem cells. Curcumin 
upregulates miR-126a-3p expression, miR-126a-3p 
directly targets and inhibits LRP6, blocking WNT 
activation, thereby inhibiting osteogenesis of hADSCs. 
 
The anti-tumor effects and mechanism of curcumin have 
been widely studied, but the role of curcumin on the 
regulation of bone formation and metabolism is poorly 
understood. Recently, one study indicated that curcumin 
could inhibit the osteogenic mimetic properties which 
occur in castration-resistant prostate cancer cells, by 
interfering with the common denominators between these 
cancer cells and bone cells (osteoblasts and osteoclasts) 
in the metastatic tumor microenvironment [41]. Another 
report strongly suggests that curcumin modulates TGF-β 
signalling that occurs due to bone matrix degradation by up-
regulating the metastatic-inhibiting bone morphogenic 
protein-7 (BMP-7) [41]. However, other reports showed 
that treatment with curcumin attenuates modelled 
microgravity-induced bone loss [42] and sub-lesional 
bone loss, following spinal cord injury in rats [43]. 
Curcumin also alleviates glucocorticoid-induced 
osteoporosis by protecting osteoblasts from apoptosis 
[44]. The in vivo results of ovariectomy (OVX)-induced 
osteoporosis model showed that CUR-CGNPs 
significantly improved bone density and pre-
vented bone loss [45]. Reduced bone mass and reduced 

bone density are favorable conditions for tumor 
metastasis. Therefore, it is necessary to clarify the effect 
of curcumin on bone mass to guide its clinical application 
better.  
 
Differentiation of mesenchymal stem cells into 
osteoblasts (named as osteogenic differentiation or 
osteogenesis) is one of the important factors that 
determine bone mass. We treated MSCs with different 
concentrations of curcumin and found that curcumin 
produced a significant inhibition of osteogenesis, which 
showed a significant concentration-dependence. 
Curcumin not only inhibits osteogenesis, but also 
promotes cell differentiation into adipocytes. In terms of 
the effect of curcumin on bone formation, the long-term 
or excessive use of curcumin may lead to osteoporosis 
or promote tumor progression. Bone homeostasis 
determines bone mass and is tightly regulated by 
osteoblasts and osteoclasts. One study reported that 
osteoclast differentiation was inhibited by gold 
nanoparticles functionalized with cyclodextrin-
curcumin complexes [45]. Another study demonstrated 
that curcumin inhibited OVX-induced bone loss, at least 
in part by reducing osteoclastogenesis as a result of 
increased antioxidant activity and impaired RANKL 
signalling [46]. Therefore, the effect of curcumin on 
bone mass requires a comprehensive assessment of the 
impact of curcumin on bone formation (osteoblast 
differentiation or osteogenesis) and bone degradation 
(osteoclast differentiation or osteoclastogenesis).  
 
Increasingly, studies have reported that curcumin can 
affect the development of a variety of tumors by 
regulating miRNAs. For instance, the pharmacological 
effects of curcumin in lung cancer are mediated by the 
downregulation of oncogenic miR-21 and the 
upregulation of oncosuppressive miR-192-5p and miR-
215 [15]. Curcumin mediates the enhancement of 
temozolomide cytotoxicity against human glioblastoma 
via inducing the expression of miR-146a [14]. 
Curcumin inhibits prostate cancer by upregulating miR-
143 [47]. Curcumin exerts its cytotoxic effects against 
SKOV3 ovarian cancer cells largely through the 
upregulation of miR-9 and the subsequent modulation 
of the Akt/FOXO1 axis [48]. Curcumin ameliorates 
podocyte adhesive capacity damage under mechanical 
stress by inhibiting miR-124 expression [49].  
 
Many of these miRNAs that can be regulated by 
curcumin also have been reported to be involved in the 
regulation of osteogenesis. For instance, miRNA-21 
promotes osteogenic differentiation by the PI3K/β-
catenin pathway in mesenchymal stem cells [50] and by 
targeting Smad5 in periodontal ligament stem cells [51]. 
Dysregulation of miR-146a impairs osteogenesis of 
bone mesenchymal stem cells under inflammation [52]. 
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MiR-143 suppresses osteogenic differentiation by 
targeting Osterix [53]. MiR-9 promotes osteoblast 
differentiation of mesenchymal stem cells by inhibiting 
DKK1 gene expression [54]. MiR-124 regulates 
osteoblast differentiation through GSK-3β in ankylosing 
spondylitis [55]. The expression and function of 
miRNA have tissue and cell specificity, therefore 
whether curcumin can also affect osteoblastic 
differentiation of mesenchymal stem cells by dys-
regulating the expression of the above miRNAs, or 
other unknown miRNAs, remains to be further 
confirmed. To investigate whether curcumin affects the 
expression profile of miRNA in MSCs and can regulate 
the differentiation of MSCs to osteoblasts by changing 
the expression of miRNA, we compared the expression 
pattern of miRNAs in MSCs before and after curcumin 
treatment using a microarray. We found that curcumin 
significantly upregulates the expression of miR-126a-3p 
in MSCs. Overexpression of miR-126a-3p inhibits the 
differentiation of MSCs to osteoblasts, and inhibition of 
miR-126a-3p promotes this process.  
 
Upon treatment of MSCs with curcumin and then 
inhibiting the expression of miR-126a-3p, the curcumin 
inhibition of osteogenesis was significantly weakened. 
So far, there are still relatively few studies on the 
function of miR-126a-3p. In one study, miR-126a-3p is 
specifically up-regulated in the process of murine 
embryo implantation [56]. Mir-126a-3p may play a 
major role in embryo implantation by regulating Itga11, 
possibly by impairing cell migration and invasion. 
Another study found that the expression of miR-126a-
3p in plasma and circulating angiogenic cells may be 
related to type 2 diabetes complications [57]. We first 
found that miR-126a-3p also plays an important role in 
osteogenesis of hADSCs. We demonstrated that miR-
126a-3p is involved in the inhibition of MSC 
osteogenesis by curcumin. 
 
The WNT signalling pathway is an important extracellular 
pathway that plays an essential role in cell growth, 
differentiation, individual development, migration, genetic 
stability, apoptosis, self-renewal of stem cells, and 
maintenance of adult tissue homeostasis [58, 59]. WNT 
signalling has both pro-cancer and pro-osteogenic 
activities; dysregulation of WNT signalling is associated 
with cancers [60] and osteoporosis [61]. Curcumin 
inhibits cancer cell proliferation in multiple cancer cells 
and modulates WNT/β-catenin signalling, and apoptotic 
pathways in A375 cells [62]. The WNT/β-catenin 
signalling pathway also contributes to the inhibition of 
hepatocellular carcinoma by curcumin [63]. A missense 
mutation in LRP6 (as a co-receptor for WNT signalling 
proteins for the canonical WNT signalling pathway) that 
resulted in impaired WNT signalling was reported in a 
family with autosomal dominant early coronary artery 

disease, metabolic risk factors and osteoporosis [64]. 
LRP6 heterozygous mice display reduced bone mass [65]. 
In this study, we found that curcumin inhibits 
osteogenesis through the upregulated expression of miR-
126a-3p. Through bioinformatics prediction and a dual 
luciferase reporter assay, we found that miR-126a-3p can 
directly target and inhibit LRP6 expression, then suppress 
WNT activation, and thus inhibit osteogenesis. Down-
regulation of endogenous LRP6 can significantly suppress 
WNT activation and block the osteogenic differentiation 
of hMSCs, which was similar to that of curcumin 
treatment or miR-126a-3p overexpression. 
 
Our findings demonstrate that curcumin can suppress 
osteogenesis of MSCs in a concentration-dependent 
manner via the upregulation of miR-126a-3p 
expression, and then miR-126a-3p directly targets and 
inhibits LRP6 to block WNT activation. Our research 
suggests that the use of curcumin as an anti-tumor agent 
may lead to decreased bone mass. Reduced bone mass 
and reduced bone density are favorable conditions for 
tumor metastasis. However, bone mass is determined by 
bone homeostasis, which is tightly regulated by both 
osteoblasts and osteoclasts. Knowing whether the long-
term use or large doses use of curcumin will cause 
decreased bone mass and bone density, which might 
lead to a potential risk for tumour metastasis, also 
requires a neutral assessment of the role of curcumin in 
both regulating bone formation and bone absorption. 
 
MATERIALS AND METHODS 
 
Isolation and expansion of adipose-derived 
mesenchymal stem cells (hADSCs) 
 
Human adipose tissue was obtained from patients 
undergoing tumescent liposuction according to 
procedures approved by the Ethics Committee at the 
Chinese Academy of Medical Sciences and Peking 
Union Medical College. hADSCs were isolated and 
cultured, as previously described [30]. Third-passage 
hADSCs were used in experiments. 
 
Osteogenic differentiation of hADSCs 
 
For osteogenic differentiation, hADSCs were seeded 
into six-well plates until 60-80% confluence and then 
supplemented with osteogenesis induction medium 
containing high-glucose DMEM supplemented with 
10% FBS, and 10 mM β-glycerophosphate and 0.2 mM 
ascorbic acid (Sigma-Aldrich, MO, USA). The medium 
was changed every other day during osteogenic 
differentiation. To test the effect of curcumin on 
osteogenic differentiation, 0.1 μM, 1.0 μM, 10 μM or 25 
μM curcumin (#C1386, Sigma-Aldrich) was added to 
the osteogenesis induction medium. The mRNA and
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protein expression levels of key osteoblast-related genes 
were analyzed by quantitative real-time PCR and 
western blotting, respectively. Early osteogenic 
differentiation was identified by ALPstaining and 
relative ALP activity assays. Alizarin red staining was 
used to identify calcium salt deposition. 
 
ALP staining and the ALP activity assay  
 
ALP staining was performed according to the 
manufacturer’s instructions (Institute of Haematology 
and Blood Diseases Hospital, Chinese Academy of 
Medical Sciences, Tianjin, China). For relative ALP 
activity assays, cells were washed twice with PBS and 
lysed in RIPA lysis buffer (Beyotime, Shanghai, China) 
with 1 mM PMSF. After centrifugation and 
quantification, 5 μl of protein lysate was incubated with 
200 μl of the Alkaline Phosphatase Yellow Liquid 
Substrate System (pNPP, Sigma-Aldrich) at 37 °C for 
30 min. The photometric values were determined using 
a spectrophotometer at 405 nm and normalized to the 
protein concentration of cell lysates. 
 
Alizarin red staining 
 
Alizarin red staining was performed to detect calcium 
salt deposition on days 12 or 15 after the initiation of 
osteogenic differentiation. In brief, cells were washed 
twice with PBS, fixed with 4% paraformaldehyde for 10 
min, rinsed with double-distilled H2O, and stained with 
1% alizarin red (pH 4.2; Leagene, Beijing, China) 
solution for 30 min at room temperature. Cells were 
then washed with double-distilled water to remove the 
unbound dye and were imaged by light microscopy.  
 
The miRNA mimic and inhibitor, and siRNA 
transfection 
 
SiRNA used to knockdown LRP mRNA, and the 
negative control were designed and synthesized by 
RiboBio Company (Guangzhou, China) (listed in Table 
1). For transfection of the miRNA mimic, inhibitor,  
and siRNAs, Lipofectamine 2000 (Life Technology,  
USA) was used according to the manufacturer’s 
recommendations. Lentivirus expressing the miR-126a-
3p mimic or inhibitor was constructed and packaged by 
Genepharma (Suzhou, China). For stable overexpression 
or inhibition of miR-126a-3p, hADSCs were infected by 
lentivirus at MOI=10 for 24 h and followed by selection 
with 1 μg/ml puromycin. 
 
RNA extraction and quantitative real-time PCR 
(qRT-PCR) analysis 
 
Total RNA was extracted using TRIzol reagent 
(Invitrogen, Carlsbad, CA, USA) and was treated with 

DNase I (Ambion, USA) in accordance with the 
manufacturer’s instructions. Reverse transcription and 
qRT-PCR were performed as previously described [30]. 
Relative expression levels of mRNA or miRNA were 
evaluated using the 2-ΔΔCt method and were normalized 
to the expression of GAPDH or U6, respectively. 
Primer sequences are shown in Table 1. 
 
MiRNA microarray analysis 
 
MiRNA expression profiling was performed using the 
TaqMan Array Human MicroRNA Cards V3.0 (Applied 
Biosystems, Foster City, CA, P/N: 4444913) following 
the manufacturer’s instructions. Ten nanograms of total 
RNA were used for each reaction. The expression of 
each miRNA was plotted as the average CT value for 
each sample minus the average value for U6 using the 
2−ΔΔCT method. Experiments were performed in 
triplicate. Clustering of data and heat-map 
representations were performed using Cluster 3.0 and 
Treeview software.  
 
Western blot analysis 
 
Western blotting was performed as we previously 
described [30]. Antibodies against ALP (ab108337) and 
OPN (ab69498) were purchased from Abcam 
(Cambridge, MA, USA). Antibodies against IBSP (5468) 
and RUNX2 (8486) were purchased from Cell Signaling 
Technology (Danvers, MA, USA). Antibodies against 
GAPDH (10494-1-AP) and β-actin (HRP-60008) were 
purchased from Proteintech (Wuhan, China).  
 
Dual luciferase reporter assay 
 
The wild type 3′UTR of LRP6 was obtained by PCR 
and inserted into the luciferase reporter vector 
psiCHECK2 (Promega, Madison, WI, USA) between 
XhoI and Not I sites. The mutant was made by 
replacing the predicted binding sequences of miR-126a-
3p with scrambled sequences. The 293T cells were 
seeded in 24-well plates and cotransfected with 40 
nmol/L of miRNAs (NC or miR-126a-3p mimics) and 
50 ng of psiCHECK2 (wildtype or mutant) using 
Lipofectamine 2000. Renilla and firefly luciferase 
activity were measured using the Dual-Luciferase® 
Reporter Assay System (#E1910, Promega) 24 h after 
transfection.  
 
Statistical analysis 
 
The data from at least three independent samples or 
repeated experiments were analysed using GraphPad 
Prism5 software (GraphPad Software Inc.) and 
presented as the mean ± SD. Data between two groups  
were assessed using two-tailed Student’s t-tests.
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Table 1. All primers and siRNAs used in this study. 

Gene Primer sequence Product size (bp) 

LRP6 
F: 5′- TGTCAGCGAAGAAGCCATTAAA-3′ 

231 
R: 5′-TCTAAGGCAATAGCTCTGGGT -3′ 

RUNX2 
F: 5′-TGTCATGGCGGGTAACGAT-3′ 

147 
R: 5′-AAGACGGTTATGGTCAAGGTGAA-3′ 

ALP 
F: 5′-CCACGTCTTCACATTTGGTG-3′ 

196 
R: 5′-AGACTGCGCCTGGTAGTTGT-3′ 

OPN 
F: 5′-ACTCGAACGACTCTGATGATGT-3′ 

224 
R: 5′-GTCAGGTCTGCGAAACTTCTTA-3′ 

OC 
F: 5′-GGCAGCGAGGTAGTGAAGA-3′ 

148 
R: 5′-CCTGAAAGCCGATGTGGT-3′ 

COL1A1 
F: 5′-CCCAAGGAAAAGAAGCACGTC-3′ 

109 
R: 5′-AGGTCAGCTGGATAGCGACATC-3′ 

IBSP 
F: 5′-CCCCACCTTTTGGGAAAACCA-3′ 

109 
R: 5′-TCCCCGTTCTCACTTTCATAGAT-3′ 

GAPDH 
F: 5′-GGTCACCAGGGCTGCTTTTA-3′ 

195 
R: 5′-GGATCTCGCTCCTGGAAGATG-3′ 

CTNNB1 F: 5′-CAGAGTGCTGAAGGTGCTATC-3′ 
R: 5′-CCTTCCATCCCTTCCTGTTTAG-3′ 177 

NC r(UUCUCCGAACGUGUCACGU)dTdT  

si-LRP6-1 r(GCTCAACCGTGAAGTTATA)dTdT  

si-LRP6-2 r(GGGAAACTATGACTAATGA)dTdT  
 

Differences were considered statistically significant at 
*P<0.05, **P<0.01 and ***P<0.001. 
 
Abbreviations 
 
hADSCs: human adipose-derived mesenchymal stem cells; 
3ʹUTR: untranslated region; RUNX2: runt-related 
transcription factor; OSX: osterix; ALP: alkaline 
phosphatase; OPN: osteopontin; IBSP: integrin binding 
sialoprotein; LRP6: low-density lipoprotein receptor-
related protein 6; 
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