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Background: Postmenopausal osteoporosis is one of the most common types of osteoporo-
sis that women suffer from. Studies involving molecular mechanisms for designing better 
therapeutic strategies for postmenopausal osteoporosis are still rare. The present study 
investigates the role of miR-125b in postmenopausal osteoporosis.
Methods: Microarray analysis was done to screen the gene database. Tissue samples of 
postmenopausal women were collected to study the miRNA profiles. MC3T3-E1 cells were 
used and were submitted for transfection. CCK-8 assay was done to check the viability of 
cells, whereas toxicity was done by lactate dehydrogenase assay kit. TargetScan was done to 
target genes of miR-125b followed by confirmation by Luciferase reporter assay. For animal 
studies a rat model of ovariectomized rats was created. Bone mineral density and biome-
chanics were measured by densitometer. The mRNA levels were assessed by qRT-PCR and 
proteins by Western blot assay.
Results: miR-125b was over-expressed in human osteoporosis samples. In vitro studies 
suggested that miR-125b suppressed the cell viability and promoted release of LDH, it also 
enhanced the RANKL/OPG ratio and suppressed levels of BMP2 and Runx2. Bioinformatics 
identified TRAF6 as a potential target of miR-125b, further confirmed by luciferase assay, 
also miR-125b negatively regulated the levels of TRAF6 gene in osteoporosis bones invol-
ving the JAK2/STAT3 cascade. In the rat model, miR-125b decreased the bone mineral 
density and biomechanical parameters in bones by altering the TRAF6 gene involving the 
JAK2/STAT3 pathway.
Conclusion: The outcomes suggested that miR-125b was responsible for the development 
of postmenopausal osteoporosis and promoted its progression by the TRAF6 gene via the 
JAK2/STAT3 pathway.
Keywords: miR-125b, osteoporosis, TRAF6, JAK2/STAT3 pathway

Introduction
Osteoporosis is a bone disorder featuring decreasing bone mineral density (BMD) and 
deterioration of the micro-architecture of bones contributing to the increased risk of 
fractures.1 It is already established that bones undergo the process of remodeling which 
includes formation of bone via generation of osteoblastogenesis and bone resorption by 
osteoclastogenesis.2 A very critical balance is needed between the process of bone 
formation and bone resorption for healthy bone mass, osteoporosis is just the imbalance 
between these two processes.3 Osteoporosis is of mainly two types, primary and 
secondary osteoporosis. The senile osteoporosis and postmenopausal osteoporosis 
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are the primary types of osteoporosis, among them later one 
is the commonest type in women. Postmenopausal osteo-
porosis results from alterations in levels of estrogens, which 
leads to increased turnover of bones and finally leads to a loss 
of connectivity and porosity in the trabecular and cortical 
bones respectively.4 Recently, the number of subjects diag-
nosed with osteoporosis is double forwomen, compared to 
men.5 Hence a thorough study involving molecular 
mechanisms and the required therapeutic strategies for post-
menopausal osteoporosis is needed.

MicroRNAs (miRs) are single stranded noncoding 
RNAs containing about 20–22 nucleotides. miRs are 
identified as potential regulators of various cellular 
processes such as cell proliferation, apoptosis and cell 
differentiation by targeting the 3ʹUTR segment of the 
target genes and alerting their expression.6 Recent stu-
dies have outlined thousands of miRs and multiple 
human genes involved in regulating them.7 A number 
of studies have emerged confirming the roles of various 
miRs responsible for regulating osteoporosis, miRs 
such as miR-542-3p were found to inhibit osteoporosis 
induced by ovariectomy in animal models involving 
SFRP18 miR-543 on the other hand was found to 
promote osteoporosis via the YAF-2 protein.9 Studies 
suggest the important role of miRs in the pathogenesis 
of osteoporosis and hence can be important therapeutic 
targets.10 Recently, miR-125b has been reported to be 
down regulated in the skin of systemic sclerosis result-
ing in apoptosis of dermal fibroblasts.11 miR-125b 
exerts a protective effect on heart tissue against acute 
myocardial infarction via p53 mediated apoptosis sig-
naling involving TRAF6.12 A study recently reported 
that miR-125b inhibits the production of IL-6 in CD40- 
mediated B lymphocyte effector functions.13 However 
the regulatory role of miR-125b and the involved 
mechanism of miR-125b in osteoporosis remain 
unexplored.

In the present study, we screened the expression 
level of miR125b in osteoporosis tissue samples and 
also evaluated the effect of miR-125b on the process of 
bone resorption and formation. We also elucidated the 
mechanism underlying for miR-125b along with the 
target genes and the pathway involved in the develop-
ment and progression of osteoporosis. For the in vitro 
studies we selected MC3T3-E1 cells and for in vivo 
analysis we developed an ovariectomized (OVX) rat 
model.

Materials and Methods
miRNA Expression Profile (Omnibus 
Database)
We screened the Omnibus database from the GDS928 
dataset involving GSE1367 series, GDS1287 dataset 
involving GSE6711 series and the GDS3353 dataset with 
the GSE7429 series. We also extracted the miR-125b 
levels from the gene expression omnibus data. The 
GDS928 dataset platform with GSE1367 dataset was 
based on the Amersham Biosciences CodeLinkUniSet 
Mouse I Bioarray involving the screening of 1000 genes. 
The GDS1287 dataset with GSE6711 series was associated 
with Affymetrix Human Genome U133A Array involving 
19 women. The GDS3353 dataset platform involving the 
GSE7429 series was based on Affymetrix Human Genome 
U133A Array which involved 20 women.

Clinical Blood Samples
The blood samples were collected from 18 postmenopausal 
women patients reported for osteoporosis visiting the Out- 
Patient Department (OPD) of the hospital between the peri-
ods February 2019 to April 2019. All 18 women submitted to 
physical examination, those which were not diagnosed with 
osteoporosis were selected as controls (n = 8). Taking into 
account the fact that bed rest may alter the expression of 
miRs, all the women’s enrolled for the study were questioned 
about their history of bed rest and it was confirmed that no 
subject had a 6 month history of being bed ridden. Blood 
from included volunteers was collected and total RNA were 
extracted with the help of an RNA extraction kit and were 
stored at −80 °C for qRT-PCR studies involving the expres-
sion of miRs and TRAF6. Prior to the study the volunteers 
were informed about the purpose of the study and written 
consent forms were filled from all the subjects before collect-
ing blood samples. The study received approval from the 
Ethical Review board of Medical University and followed 
the Declaration of Helsinki for medical protocol and ethics.

Cell Transfection
For in vitro studies we selected MC3T3-E1 cells which 
were bought from Sigma Aldrich USA. The cells were 
stored and maintained in MEM which was added to glu-
tamine (4 mM), fetal bovine serum (10%) and penicillin 
(1%) at room temperature under humid condition with 
5%CO2. The cells were added to ascorbic acid (50 mg/L) 
and β-glycerophosphate (10 mM) to induce osteogenic 
differentiation. To inhibit or promote the expression of 
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miR-125b, the cells received transfection of miR-125b 
mimic or inhibitor for 48 hours with the help of 
Lipofectamine transfection reagent (Life Techno). To 
induce the overexpression of TRAF6, to build the over-
expressing pcDNA3.1-TRAF6 vector, the cDNA of 
TRAF6 was cloned in pcDNA3.1 (Invitrogen, USA). The 
MC3T3-E1 cells were transfected with siRNA-TRAF6 for 
knock-down expression levels of TRAF6.

Cell Viability and Toxicity Studies
The viability of cells was done by Cell Counting kit-8 
assay (CCK-8). The MC3T3-E1 cells were maintained in 
96 well plates with 6×103 cells/well; the wells were added 
to CCK-8 reagent (10 µL) and incubated for 2 hours. The 
optical density was recorded with the help of microplate 
reader selecting a wavelength of 450 nm. The cell toxicity 
was assessed using the LDH-assay kit (Sigma-Aldrich, 
USA) following the supplied instructions.

Luciferase Reporter Assay
To confirm the predicted target genes of miR-125b by 
TargetScan, a luciferase assay was performed. The dual 
reporter vectors (Promega, USA) were cloned with Mutant 
(Mut) 3ʹUTR or a wild-type (WT) sequence of TRAF6. 
After this the MC3T3-E1 cells were co-transfected with 
WT or Mut TRAF6 3ʹUTR plasmid along with miR-125b 
mimic or negative control (NC).14 After 48 hours of trans-
fecting the cells, the cells were processed to detect the 
luciferase activity with the help of dual-luciferase reporter 
assay (Promega, USA).

Rat Model of Ovariectomized 
Osteoporosis
The rat model of postmenopausal osteoporosis was created 
by performing ovariectomies on female rats. All the 
experiments were approved by the Animal Ethical 
Committee of the First Affiliated Hospital of Anhui 
Medical University, China (Approval No.00676B). The 
experiments were in adherence to the ARRIVE guidelines 
for experiments on animals. The experimental procedures 
were in agreement with the ‘Regulations for the 
Administration of Affairs Concerning Experimental 
Animals’ China, for welfare of experimental animals 
issued by the government of the Peoples Republic of 
China under “Laws of the People’s Republic of China”. 
Sprague-Dawley rats (female) weighing between 260–280 
grams were supplied by the animal house of the First 

Affiliated Hospital of Anhui Medical University, China. 
The rats were kept in individual polypropylene cages and 
were exposed to 12 hour dark and light cycle, the tem-
perature was maintained at 25 ± 1 °C with humidity of 50 
± 10%, with free access to pellet diet and water. After 
normalization period of 7 days, the female rats were dis-
tributed randomly into four groups (n = 10). The groups 
were as follows, Group 1: Ovariectomized rats, Group 2: 
Sham operated, Group 3: Ovariectomized + miR-125b 
inhibitor treated, Group 4: Ovariectomized + siRNA- 
TRAF6. The rats prior to operation were anesthetized 
with ketamine and xylazine. 30 days after operating the 
rats were injected with 100 μL of miR-125b inhibitor or 
siRNA-TRAF6 via subcutaneous route. After 28 days of 
dosing the rats were submitted to ketamine and xylazine 
anesthesia and sacrificed. The rats were operated on and 
left femur bones were removed and analyzed for bone 
mineral density and other biomechanic parameters. The 
right femur bones were frozen at −80 °C to estimate the 
protein and RNA content.

Bone Mineral Density and Biomechanics 
Analysis
The harvested femurs were submitted to dual-energy X-ray 
absorptiometry (DEXA) using a PIXImus II densitometer 
(GE medical systems, USA). The bones were also ana-
lyzed for biomechanical parameters which included max-
imum load bearing capacity, bending stress and elasticity 
using the mechanical testing machine.

Quantitative-Reverse Transcription- 
Quantitative Polymerase Chain Reaction 
(qRT-PCR)
The total RNAs were separated using TRIzol reagent from 
the cells and bone tissues. The cDNA was synthesized using 
the cDNA synthesis kit (ThermoFisher, USA) following the 
supplied instructions. The RT-qPCR was performed using 
the ABI-7500 detection system (Applied biosystems, USA). 
To estimate the relative expression GAPDH and U6 were 
selected as controls. The primers used for the experiment 
were obtained from Sangon Biotech (China).

Western Blot Analysis
Total proteins were isolated using RIPA buffer from both 
cells and bone tissues then analyzed with a protein estima-
tion kit (Sigma Aldrich, USA). Sodium dodecyl sulfate 
polyacrylamide gel electrophoresis (SDS-PAGE) gels were 
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used to separate 10 µg of proteins and transferred to PVDF 
membranes. Prior to incubating the membranes with anti-
bodies they were blocked with non-fat milk (5%). The 
antibodies used were anti-Runx2 (1:500 Abcam), anti- 
RANKL (1:500 Abcam), anti-BMP2 (1:500 Abcam), anti- 
OPG (1:500, Abcam), anti-p-STAT3 (1:500 Abcam) and 
anti-p-JAK2 (1:500 Abcam). The antibodies were incubated 
with membranes for 12 hours at 4 °C. The blots were then 
incubated with secondary antibodies for 1 hour at room 
temperature and visualized with the aid of chemiluminescent 
reagent and densitometric analysis was done by image read-
ing software (Bio-Rad, USA). The relative expression of 
bands was done using actin as a loading control.

Statistics
All the statistics were done using GraphPad Prism soft-
ware. All the results were depicted as mean ± standard 
deviation (SD). The variation between the groups was 
done by one way analysis of variance (ANOVA). The 

correlation between the groups was done by Pearson 
analysis. The values of P<0.05 were considered 
significant.

Results
miR-125b is Over-Expressed in 
Postmenopausal Osteoporosis Patients
To outline the expression of miR-125b in osteoporosis 
we screened three miRNA expression datasets from 
the Omnibus datasets. Three databases were GDS928, 
GDC1287 and GDS3353 which involved GSE1367, 
GSE6711 and GSE7429 series, respectively, in them. 
The downloaded datasets showed that miR-125b is one 
of the significantly over-expressed miRs in the osteo-
porosis group compared to the control group (Figure 
1A–C). The study of miRNA profiles in postmenopau-
sal subjects with osteoporosis showed similar results 
(Figure 1D). The findings, hence, suggested that miR- 
125b is over-expressed in osteoporosis.

Figure 1 miR-125b is overexpressed in postmenopausal osteoporosis. Levels of miR-125b in (A) GDS928 (GSE1367) dataset, (B) GDS1287 (GSE6711), (C) DS3353 
(GSE7429) and (D) in clinical samples. The results are mean ± SD, **P<0.01 compared to control.
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miR-125b Inhibits Cell Viability and 
Promoted Release of Lactate 
Dehydrogenase
Expression of miR-125b was significantly over-expressed 
in clinical samples of postmenopausal osteoporosis sub-
jects and also in the Omnibus datasets. This finding 
prompted us to evaluate the possible biological function-
ing of miR-125b. The MC3T3-E1 cells were transfected 
with miR-125b mimic, or inhibitor, separately. RT-qPCR 
was done to assess the efficiency of transfection (Figure 
2A). Cell counting kit-8 (CCK-8) was used, the outcomes 
indicated that transfection of the miR-125b mimic caused 
a significant inhibition of cell viability whereas miR-125b 
inhibition caused increased cell viability. In addition to 
this, miR-125b mimic caused a significant increase in 
levels of lactate dehydrogenase compared to the control 
group (Figure 2B).

miR-125b Enhanced the Ratio of RANKL/ 
OPG and Suppressed the Expression of 
Runx2 and BMP2
Literature has confirmed that RANKL/OPG is a crucial 
marker indicating balance between the process of bone 
formation and the resorption process. Expression of 
RANKL and OPG was done by Western blot analysis, 
the results suggested that expression levels of RANKL 
were significantly increased in cells transfected with 
miR-125b mimic, whereas the expression of OPG was 
suppressed under similar transfection conditions. An 
inverse outcome for expression of RANKL/OPG ratio 
was observed in cells transfected with miR-125b inhibitor 
(Figure 2C). BMP2 and Runx2 are important markers of 
osteogenic differentiation, the outcomes indicated that 
their expressions were suppressed in cells treated with 
miR-125b mimic whereas the transfection of miR-125b 
inhibitor promoted the expressions of Runx2 and BMP2 
significantly in the cells (Figure 2D).

TRAF6 is a Favorable Target Gene of 
miR-125b
To study the involved mechanism behind miR-125b in 
osteoporosis, we performed a prediction study for the 
favorable target genes of miR-125b by TragetScan. We 
found that from the predicted genes the 3ʹUTR region of 
TRAF6 had a potential site which was complimentary to 
the seed region of miR-125b (Figure 3A). Further, 

luciferase reporter assay suggested that miR-125b mimic 
caused a significant decrease in the luciferase activity of 
TRAF6. However, we found no significant changes for the 
mutant reporter (Figure 3B). Altogether, the outcomes 
clearly suggested that the TRAF6 transcript was the poten-
tial target of miR-125b in MC3T3-E1 cells.

Expression of miR-125b Negatively 
Associated with TRAF6
We plotted the expression levels of miR-125b and TRAF6 in 
osteoporosis samples followed by Pearson correlation analy-
sis and the calculation of a regression coefficient, it was 
found that expression of miR-125b was negatively linked 
with TRAF6 with R2 = 0.267, P = 0.0085 (Figure 3C). To 
further confirm these statistics, i.e. the negative correlation of 
miR-125b on TRAF6, we performed RT-qPCR on miR-125b 
mimic or inhibitor transfected MC3T3-e1 cells. The findings 
(Figure 3D) suggested that miR-125b mimic caused 
a significant inhibition of TRAF6 levels while miR-125b 
inhibitor showed the opposing role on the mRNA levels of 
TRAF6.

Up-Regulation of TRAF6 Reversed the 
miR-125b Mediated Cell
To conclude if miR-125b could promote osteoporosis via 
targeting TRAF6, we transfected the MC3T3-E1 cells with 
the over-expressing vector of pcDNA3.1-TRAF6 (Figure 4A). 
We found that when compared with the miR-125b mimic 
transfected group the over-expression of TRAF6 caused 
a significant elevation in cell viability and also inhibited the 
release of lactate dehydrogenase (Figure 4B). We also found 
that, elevated RANKL/OPG ratio mediated by miR-125b was 
inverted after transfection of pcDNA3.1-TRAF6 (Figure 4C). 
Similar outcomes were found in relevant expressions of 
Runx2 and BMP2 (Figure 4D).

JAK2/STAT3 Axis is Involved in 
miR-125b-TRAF6 Mediated Osteoporosis
In order to find the involved molecular mechanism for miR- 
125b and TRAF6 on osteoporosis we evaluated the JAK2/ 
STAT3 signaling pathway, which was the downstream path-
way of miR-125b. As evidenced (Figure 5A and B), the cells 
transfected with miR-125b mimic caused a significant over- 
expression of pJAK2 and STAT3 compared to the control 
group cells, whereas transfection of miR-125b inhibitor 
decreased the levels of pJAK2 and pSTAT3 induced by 
miR-125b mimic (Figure 5C and D). The outcomes of the 
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experiment suggested that the JAK2/STAT3 cascade is 
involved in the development of osteoporosis.

The Progression of Osteoporosis in OVX 
Rats Was Regulated by the miR-125b- 
TRAF6 Axis
For in vivo studies we successfully developed the OVX model 
in rats which were used to develop osteoporosis in vivo 

followed by mRNA profiling to express miR-125b and 
TRAF6 by RT-qPCR (Figure 6A and B). In the OVX rats 
we found that the bone mineral density, maximum bending 
stress, elasticity and maximum load of the femur bones were 
found to be suppressed significantly compared to sham oper-
ated rats. However, these decreased values were reversed in 
rat’s transfected with miR-125b inhibitor. Further we per-
formed rescue experiments to confirm the involvement of 

Figure 2 miR-125b induced osteoporosis in MC3T3-E1 cells. (A) Quantitative results of qRT-PCR showing transfection efficiency. (B) Quantitative results showing viability 
of cells and levels of LDH after 48 hours post transfection. (C) Western blot analysis for expression of RANKL, OPG in the MC3T3-E1 cells and quantitative results showing 
the expression of proteins. (D) Western blot analysis for expression of Runx2 and BMP2 in the cells and quantitative results showing expression of proteins. The results are 
mean ± SD, *P<0.05 compared to control.
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TRAF6 in vivo. The outcomes suggested that bone mineral 
density and the biomechanical parameters, such as maximum 
bending stress, elasticity and maximum load, were signifi-
cantly improved in rats receiving siRNA-TRAF6 (Figure 
6C–F). A similar pattern was seen in the evaluation of 
Runx2 and BMP2 (Figure 7A and B). These outcomes sug-
gested that miR-125b-TRAF6 pathway is responsible for reg-
ulating OVX mediated osteoporosis in rats.

For the miR-125b-TRAF6 Axis JAK2/ 
STAT3 Pathway is the Downstream 
Target
For validating the mechanism of osteoporosis in vivo we 
studied the JAK2/STAT3 cascade in rats. The outcomes 
showed that, as compared to sham operated rats, the OVX 
rats showed increased levels of pJAK2 and pSTAT3, 
whereas the miR-125b inhibitor decreased the levels of 
pJAK2 and pSTAT3, suggesting that miR-125 could reg-
ulate the JAK2/STAT3 cascade in OVX rats. It was also 
demonstrated that suppression of TRAF6 restored the 
levels of pJAK2 and pSTAT3 in OVX rats, indicating 
that TRAF6 is one of the major links between miR-125b 
and the JAK2/STAT3 pathway (Figure 7C and D).

Discussion
The current study evidenced that miR-125b was overex-
pressed in clinical osteoporosis biological samples. It was 
observed that up-regulated miR-125b significantly 

promoted the progression of osteoporosis. In the study we 
also identified TRAF6 as the gene which was found to be 
the potential target of miR-125b. We encountered a negative 
regulatory effect between miR-125b and TRAF6 mRNA 
in subjects who were identified for postmenopausal osteo-
porosis. Consistent with this, the over-expression of TRAF6 
halted the progression of osteoporosis. It was also found 
that the JAK/STAT3 pathway was activated by miR-125b 
and TRAF6. All these outcomes were confirmed using the 
ovariectomized rats.

Prior to this, studies have suggested aberrant expres-
sions of miRs as an inevitable feature of various disorders 
which include osteoporosis, also miRs are important diag-
nostic biomarkers in osteoporosis.15 Looking into the ear-
lier studies involved the profiling of miRNAs in 
osteoporosis, we evidenced miR-125b as a dysregulated 
miRNA in the 3 databases which we screened and the 
expression levels of miR-125b in postmenopausal subjects 
confirmed these results.We first assessed the function of 
miR-125b in MC3T3-E1 cells, the outcomes indicated that 
miR-125b inhibited the cell viability and promoted the 
release of lactate dehydrogenase. The in vivo experiments 
in rats suggested that miR-125b decreased the bone 
mineral density and other biomechanical features of 
femur bones in rats. However, there are multiple factors 
linked to osteoporosis which include the deficiency of 
Vitamin D, which features in metabolic disorders related 
to calcium and phosphate.16 Interestingly, miR-125b has 
been reported to regulate vitamin D receptors.17 Hence, 

Figure 3 TRAF6 is the target gene of miR-125b. (A) The 3ʹUTR region of TRAF6 has potential binding site for miR-125b. (B) Results of Luciferase assay as evaluated in 
MC3T3-E1 cells. (C) Results of Pearson correlation analysis for levels of miR-125b levels and TRAF6 in osteoporosis clinical samples. (D) Levels of TRAF6 in MC3T3-E1 
cells. The results are mean ± SD. *P<0.05 compared to control.
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a possible link between Vitamin D and miR-125b in rele-
vance to osteoporosis should be taken into account in 
further studies. OPG and RANKL are found to be the 
important factors which are involved in monitoring the 
balance between the process of bone formation and 
resorption.18 RANKL is responsible for initiating the pro-
cess of bone resorption by enhancing the osteoclastic 
processes,19 hence an increased ratio of RANKL/OPG 
could lead to altered bone homeostasis and lead to osteo-
porosis. Our findings suggested that in MC3T3-E1 cells 
miR-125b resulted in an increased RANKL/OPG ratio. 
BMP2 is regarded as important in promoting osteogenic 
differentiation by triggering Runx2 and, in response, reg-
ulating the bone related markers.20 In the present work, 

miR-125b caused a significant decrease in the expression 
of BMP2 and Runx2 in rats and in MC3T3-E1 cells, 
suggesting that miR-125b could inhibit the osteogenic 
differentiation. We also screened the potential target of 
miR-125b with the bioinformatics analysis and evidenced 
that TRAF6 is the downstream target gene for miR-125b. 
TRAF6 was found to play an important factor, responsible 
for transcriptional responses in epithelial cells responsible 
for propagating the type 17 immune responses in inflam-
matory disorders.21 TRAF6 is found to negatively regulate 
the JAK/STAT pathway via binding itself to STAT3.22 

TRAF6 is also a negative regulator of the cytokine path-
way involved in the progression of many inflammatory 
disorders.23 Many studies have emerged in which 

Figure 4 Upregulation of TRAF6 inverts the alterations of cell function mediated by miR-125b. (A) Quantitative results of qRT-PCR showing transfection efficacy of TRAF6. 
(B) Quantitative results showing viability of cells and levels of LDH after 48 post transfection. (C) Quantitative results showing expression of proteins RANKL and OPG in 
cells. (D) Quantitative results showing expression of Runx2 and BMP2 in cells. The results are mean ± SD. *P<0.05 compared to control, #P<0.05 compared to miR-125b 
mimic.
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Figure 5 JAK2/STAT3 cascade is responsible for miR-125b-TRAF6 mediated osteoporosis. (A) Western blot analysis and quantitative results showing expression of p-JAK2 
in miR-125b mimic/inhibitor treated cells. (B) Western blot analysis and quantitative results showing expression of p-STAT3 in miR-125b mimic/inhibitor treated cells. (C) 
Western blot analysis and quantitative results showing expression of p-JAK2 in miR-125b mimic treated cells and mimic+ pcDNA3.1-TRAF6 transfected cells. (D) Western 
blot analysis and quantitative results showing expression of p-STAT3 in miR-125b mimic + pcDNA3.1-TRAF6 transfected cells. The results are mean ± SD. *P<0.05 
compared to miR-125b mimic treated group, #<0.05 compared to control.
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TRAF6 have emerged as a potential target of miRNAs 
such as miR-146a which modulates the immune function 
by targeting TRAF6,24 miR-124 regulates the expression 
of TRAF6 in colorectal cancer,25 very importantly a recent 
report concluded that has-miR-125b-5p acts as a negative 
regulator MMP-13 via the TRAF6 signaling involving the 
MAPK/NF-KB cascade in human chondrocytes.26 In light 
of these reports, we validated that the 3ʹUTR of TRAF6 
has a potential binding site for miR-125b by performing 
a luciferase assay. We also evidenced that the expression 
of TRAF6 was negatively regulated by miR-125b in the 
osteoporosis tissues. In addition to this, up-regulation of 
TRAF6 reversed the effect of miR-125b on the progres-
sion of osteoporosis both in MC3T3-E1 cells and ovariec-
tomized rats.

To confirm the mechanism involved by which the miR- 
125b-TRAF6 axis regulated the progression of osteoporo-
sis, we directed our study towards the JAK/STAT3 pathway, 
which is reported to be the downstream pathway of TRAF6 
in various disorders. It has been reported that the expression 
of JAK/STAT is important in the progression of various 
disorders. The JAK2/STAT3 pathway has been evidenced 
to play an important role in the development and progres-
sion of osteoporosis, a study suggested that activation of 
this pathway encouraged the expression of RANKL and 
increased the differentiation of osteoclast.27 In a similar 
way, RANKL has been reported to mediate the osteoclas-
togenesis via the JAK2/STAT3 pathway.28 In addition to 
this, the JAK2/STAT3 cascade has been identified to be 
involved in the regulation of multiple miRs, like miR-30a 

Figure 6 miR-125b-TRAF6 pathway regulates the progression of osteoporosis in OVX rats. (A) miR-125b levels were evaluated by qRT-PCR analysis. (B) mRNA levels of 
TRAF6 by qRT-PCR analysis. (C) Results of bone mineral density of isolated femurs. (D) Maximum bending stress of femur bones. (E) The maximum load bearing capacity of 
femur bones. (F) Results of elasticity modulus of femur bones. The results are mean ± SD. *P<0.05 compared with adjacent groups.
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and miR-630.29,30 In the present study, the results showed 
that miR-125b mimic enhanced the expression of pJAK2 
and p-STAT3 whereas the inhibitor suppressed their levels, 
indicating the regulatory function of miR-125b on the 
JAK2/STAT3 pathway. Also the functioning of TRAF6 
was confirmed by pcDNA3.1-TRAF6 and siRNATRAF6 
in the MC3T3-E1 cells and ovariectomized rats. In line 
with earlier studies,22,31 we confirmed that TRAF6 is the 
center of signal transduction between miR-125b and the 
JAK2/STAT3 cascade in osteoporosis.

In conclusion, miR-125b was evidenced for the first 
time to be over-expressed in postmenopausal osteoporosis. 
The work also confirmed that miR-125b encouraged osteo-
porosis via targeting the TRAF6 gene and involving the 
JAK2/STAT3 pathway. These findings concluded a novel 
mechanism underlying the progression of osteoporosis and 
showed that miR-125b can be a novel therapeutic target 
for subjects reporting for postmenopausal osteoporosis.
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