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Abstract: Osteoporosis (OS) is the most common skeletal disease resulting in fracture. The aim of this study was 
to identify potential miRNAs that could function as specific biomarkers for identification and treatment of OS with 
miRNA-seq. MiRNA high-throughput data were downloaded from The Cancer Genome Atlas (TCGA) dataset. There 
were total 10 samples, including five normal specimen and five patient samples with spinal cord injury. Differen-
tially expressed miRNAs were screened using SAMR package in R language with FDR<0.05 and Log FC>1. Target 
genes of OS were predicted by Targetscan software. And functional enrichment analysis was performed on the up- 
and down-regulated miRNAs by DAVID software basing on the hypergeometric analysis. Meanwhile, differentially 
expressed genes (DEGs) of mRNA were analyzed to construct the regulating network. Totally, 799 differentially ex-
pressed miRNAs were identified, among which six screened miRNAs, that is miR365, miR-10b, miR-129-3P, miRNA-
671-5p, miR-141 and miR-25, had the potential to serve as biomarkers of OS. GO and KEGG analysis revealed that 
three pathways, including pathway in cancer, phosphatidylinositol signaling system and endocytosis, had the great-
est effect on osteoporosis disease, Meanwhile, the miRNAs related with these pathways were almost up-regulated. 
Moreover, the most enriched GO and KEGG terms were both related to plasma membrane, indicating its association 
with the occurrence of OS disease. Six miRNAs identified in the present study could serve as prognostic and predic-
tive markers for OS patients. Phosphatidylinositol signaling system, the most enriched GO term, possessed potential 
application in diagnosis and treatments of OS patients.
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Introduction

Primary osteoporosis is the most common and 
aggressive adult bone tumor over aged 65. It’s 
estimated that half of all bone fracture are 
related to osteoporosis, causing it a major pub-
lic health problem [1]. However, there were still 
many difficulties in prognostic and predictive 
strategies of OS since that the pathogenic fac-
tors were complicated and that the molecular 
mechanism of OS was still confusing. Accord- 
ingly, researches on the molecular mechanism 
of OS were in need and meaningful.

MicroRNA (miRNAs or miRs), are a growing 
class of small single-stranded noncoding RNAs 

found in diverse organisms [2]. Recently, sev-
eral studies indicate that expressions of miR-
NAs are associated with patients’ survival and 
able to function as prognostic and predictive 
indicators. They can regulate translation of spe-
cific mRNA negatively. miRNAs were found to 
aberrantly expressed in a variety of tumor types 
and exert important regulations on tumor biol-
ogy via acting as oncogenes or tumor suppres-
sors [3, 4]. Although the biological functions of 
most miRNAs are not yet fully understood, their 
role in the regulation of cellular differentiation, 
proliferation, apotosis and gene regulation, 
cancer development has drawn much attention 
in clinical management [5, 6]. In the bone tis-
sue of osteoporosis patients, miRNAs also dis-
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played a significantly altered expression, 
besides, several research have proven that 
miRNAs were involved in osteoblast differentia-
tion and bone formation [7, 8], but the role of 
miRNAs in osteoblasts still remains unclear, 
which need further research. 

In this study, we aim to identify specific miRNA 
markers that are closely related with tumor pro-
gression and survival for OS patients by analyz-
ing significantly altered miRNAs in a large data-
set. And finally six RNAs and three signaling 
pathways were found to function as prognostic 

and predictive markers for survival of OS 
patients, which may also be used as targets for 
treating bone loss and optimizing fracture heal-
ing in osteoporosis disease.

Materials and methods

Data source and data preprocessing 

Microarray data of miRNA and mRNA were 
downloaded from Genome expression ominbus 
(GEO) dataset, with the accession number of 
GSE63446. Ten samples were included, includ-
ing five normal bone tissues and five samples 
with osteoporosis. The data platform was 
Affymetrix Human Gene 1.0 ST Array. Data with 
low quality and batch difference was eliminat-
ed. Another miRNA dataset of GSE60230 was 
collected, including 14 osteoporosis samples 
of post-menopausal women. Then the two data-
sets were integrated to obtain the factors 
affecting bone density of women before and 
after menopausal. 

Screening of differentially expressed miRNAs 
and mRNAs 

SAMR package [9] in R language was used to 
screen the differentially expressed miRNAs 
between the normal bile duct tissue and sam-
ples with osteoporosis. FC=2 and FDR<0.05 
were used as the cut-off criterion. Cluster anal-
ysis was performed on these differentially 
expressed miRNAs to ensure whether the dif-
ference between normal and osteoporosis 
specimens was significant. Cluster heatmap 
was drawn out afterwards. Principal Component 

Figure 1. PCA of expression values of miRNA. The 
horizontal axis represents that the first component 
accounts for 33% while the vertical axis represents 
21%. The red dots represent samples with osteopo-
rosis while blue dots represent the normal ones. 

Figure 2. Cluster analysis of miRNA expression value. 
The vertical axis represents the height, revealing the 
differences among samples. The cluster tree sug-
gests that samples with the similar expression value 
will be gathered. 

Figure 3. Differentially expressed analysis of miRNA. 
The black dots represent the no differentially ex-
pressed miRNAs while the red dots represent the 
differentially expressed miRNAs. The red dots above 
the figure stand for the miRNAs with the increased 
expression values while the below ones represent 
those with the decreased expression values.
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Analysis (PCA) [10] was used to justify whether 
normal bile duct tissues can clearly differenti-
ate from those tissues with osteoporosis. 
Meanwhile, differentially expressed mRNAs 
were screened out in the same way.

Screening of target genes and functional en-
richment analysis

Target gene data of differentially expressed 
miRNA were extracted out from Mirtarbase [11] 
dataset. Then, gene ontology (GO) [12] func-
tional annotation and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) [13] pathway 
analysis were performed by DAVID (Database 
for Annotation, Visualization, and Integrated 
Discovery). The enriched p value and the cor-
rected p value after multiple test (Benjamini 
rectification) were obtained by DAVID [14, 15] 
analysis. Potential targets of miRNA were pre-
dicted by Targetscan software, and then GO 
and KEGG functional analysis were performed 
on these genes in order to obtain the potential 
therapy targets [16].

Construction and analysis of miRNA-mRNA 
interaction network 

Network of target genes and protein was con-
structed by Cytoscape and then the topology 

A total of 20023 miRNA expression values of 
10 samples were downloaded from the datas-
et. The difference between normal samples 
and osteoporosis specimens were figured out 
by PCA (Figure 1) and cluster analysis (Figure 
2).

Differentially expressed analysis of miRNA 

A total of 799 differentially expressed miRNAs 
were found between normal and osteoporosis 
specimens, including 441 up-regulated and 
358 down-regulated miRNAs accounting for 
55.2% and 44.8%, respectively (Figure 3). 
Hereinto, six miRNAs (miR365, miR-10b, and 
miR-129-3P, up-regulated; miRNA-671-5p, miR-
141 and miR-25, down-regulated) were detect-
ed to serve as the potential prognostic or pre-
dictive markers of osteoporosis. As for the 
samples of women patients, there were five dif-
ferentially expressed miRNAs, including 2 up-
regulated and 3 down-regulated genes.

Functional analysis of target genes of miRNA

3372 target genes of down-regulated miRNAs 
were predicted while 2110 target genes of up-
regulated miRNAs were found out (Figure 4). 
GO and KEGG network annotation were per-
formed by DAVID on these target genes 

Figure 4. Cluster analysis of differentially expressed miRNA. The horizontal 
axis below represents sample names. The vertical axis on the right stands 
for the name of miRNA, while the left ones represent the cluster of miRNA. 
The red color stands for the up-regulation of miRNA while the blue color rep-
resents the down-regulation of miRNA. Two clusters of samples are included; 
one is the normal bile duct tissue while the other is the osteoporosis tissue. 
MiRNA can also be divided into two kinds, one is the down-regulated miRNAs 
in osteoporosis and the other is the up-regulated miRNAs.

character was analyzed by 
Network Analyzer, plug-in of 
Cytoscape [17]. Besides, cul-
sterone, another plug-in of 
Cytoscape, was used to mod-
ule functions in the network. 
P-value less than 0.05-0.5 
was used as the threshold 
and modules ranging the top 
three was selected out to 
carry the functional analysis. 
Correlation coefficient of miR-
NA-mRNA interactions was 
calculated out and the net-
work structure was observed 
by constructing NP network. 
Function of each cluster tree 
was obtained by analyzing the 
cluster tree with different net-
work structure. 

Results 

Data source 
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Figure 5. Go and KEGG analysis of target genes of differentially expressed miRNA. A, C are the GO analysis of target genes of up-regulated miRNA and B, D are the 
KEGG analysis of target genes. The horizontal axis represents the significant degree while the vertical axis stands for the function annotation. The larger the signifi-
cant degree is, the closer of the relation between the target gene and the annotation.
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(P=0.05). There were 6 GO terms and 8 KEGG 
pathways enriched in target genes of down-
regulated miRNAs (Figure 5). Hereinto, the 
intrinsic to plasma membrane was the most 
obvious in GO term and apoptosis was the most 
enriched KEGG pathway. Meanwhile, there 
were 7 GO terms and 6 KEGG pathways 
enriched in up-regulated miRNAs. Intrin- 
sic to plasma membrane and MAPK were the 
most significant terms in GO annotation and 
KEGG annotation, respectively. The most 
enriched terms in up- and down-regulated miR-
NAs were both related with plasma membrane, 
which indicted its association with the occur-
rence of the disease.

Differentially expressed mRNAs analysis

There were 526 differentially expressed mRNAs 
between the normal samples and patients with 
osteoporosis by R package, including 164 up-
regulated mRNA and 362 down-regulated 
mRNA, accounting for 29.2% and 70.8%, 
respectively (Figure 6).

Network analysis of differentially expressed 
miRNA and target genes

Topology calculation of the network was con-
ducted by the properties of node degree distri-

annotation was performed on these target 
genes. Three pathways, including pathway in 
cancer, phosphatidylinositol signaling system 
and endocytosis, were closely related with 
osteoporosis disease.

Discussion

Osteoporosis is a chronic bone disease without 
any apparent symptom, extremely prevalent in 
the elderly and post-menopausal women. 
Patients with osteoporosis were more prone to 
bone fracture and what’s worse, it can aggra-
vate the complication of patients with cardio-
vascular or respiratory disease, causing great 
economic burden to the society. Unfortunately, 
nowadays, there are still many difficulties in the 
diagnosis and treatments of OS and many 
researchers have explored the pathogenesis of 
the disease.

As is known, the diagnosis and treatment of 
tumor is the key to decreasing the death rate 
and improving the post therapeutic. Research 
showed that miRNAs were involved in the pro-
cess transformation and resistance to drugs of 
tumor. What’s more, miRNAs were identified 
differentially expressed in the osteoporosis  
disease [5, 18-20]. Applying high-throughput 

Figure 6. Differentially expressed mRNA in OS samples. The horizontal axis 
below is the sample names. The vertical axis on the right is the mRNA names 
while the left ones are the cluster situation of miRNAs. The red color repre-
sents the up-regulated miRNAs while the blue represents the down-regulat-
ed mRNA. There are two kinds of clusters, one is the normal tissue and the 
other is the osteoporosis ones. Expression of mRNAs can also be divided into 
two clusters, one is the down-regulated mRNA in osteoporosis and the other 
is the up-regulated mRNA.

bution, the shortest path dis-
tribution, the closeness cen- 
trality, and the topology 
degree (Figure 7). Codes 
degree distribution of protein-
protein interaction (PPI) net-
work of these miRNAs was in 
the form of power rate and 
had the structure of small-
world, revealed by the charac-
ter of average shortest path 
and the larger average accu-
mulation character. The top 
three miRNAs with the largest 
degree of nodes were select-
ed out for KEGG functional 
analysis (Table 1). There were 
267 target genes in has-miR-
142-3p, the top miRNA with 
the node in down-regulated 
miRNAs; there were 304 tar-
get genes in has-miR-448, 
192 target genes in has-
miR-521 and 95 target genes 
of up-regulated miRNAs in 
has-miR-761. Then, KEGG 
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Figure 7. The topological structure analysis of network. A is the node degree distribution. B is the shortest length distirbution. C is the closeness centrality. D is the 
topological degree.
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screening method, differentially expressed 
genes and corresponding functional identifi- 
cation were easier and more accurate. 
Unfortunately, the study of high-throughput 
screening is rare due to expensive equipment 
and annotation probe [16]. 

In this study, two databases of high-throughput 
data were analyzed to find the differentially 
expressed miRNAs in osteoporosis. As a result, 
a total of 799 differentially expressed miRNAs 
were identified out, among which six miRNAs, 
including up-regulated miR365, miR-10b, miR-
129-3p and down-regulated miRNA-671-5p, 
miR-141 and miR-25, were figured as the most 
important network nodes, which may function 
as biomarkers of osteoporosis diagnosis. In our 
study, miR365, which was up-regulated, was 
reported to regulate cellular proliferation and 
modulate cell growth phenotypes, possibly 
causing the decreased bone mass and the 
imbalance of number between osteoblast and 
osteoclast in OS patients. Mir-10b, which was 
also up-regulated in the serum and bone tissue 
of osteoporotic patients, inhibited osteoblast 
differentiation by down-regulating cell prolifera-
tion. Mir-129-3p was also reported to regulate 
cell proliferation by down-regulating Cdk6 
expression. As for down-regulated miRNAs, 
MiR-141, a member of the miR-200 family, has 
been reported to be related with various human 
malignancies. But there hasn’t been any report 
on its involvement in osteoporosis. Hereinto, 
we could further explore its role on cell prolif-
eration of OS patients to confirm its diagnosis 
value. MiR-25, another down-regulated miRNA 
in OS, was associated with the process of 
apoptosis, probably resulting in the decreasing 
of bone mass. However, the exact mechanism 
of the regulation effect of these miRNAs needs 
more researches, which can launched from 
their target genes and enriched pathways. 

Early reports of miRNAs in osteoporosis may 
help us better understand the mechanism. 
MiRNA 21, was reported to be connected with 
the osteoporosis in cell proliferation and apop-
tosis, too [5, 21]. It had been reported that 
miRNA-21 was up-regulated in the serum of 
patients with osteoporosis and once inhibited, 
the proliferation of RBE cells was also prohibit-
ed and the speed of apoptosis increased. Let-
7a were down-regulated in the osteoporosis 
samples, indicating that its target gene, NF-2, 
was anti-oncogene. At transcription level (or 
post-transcription level), the co-expression of 
one gene module probably occurs under the 
regulation of similar transcription factor. NF-2 
exerted negative regulation on Stat-3, one of 
the signal transmitting and transportation acti-
vating factor, indicating its key role in the osteo-
porosis disease. In Chen’s study, Mcl-1 was 
proved to be another target gene of miR-302 in 
osteoporosis and Bcl-2, another target gene of 
miR-204, happen to be another member of 
anti-apoptosis family [22]. The roles of the 
interested miRNAs we found in this study were 
consistent with the early anti-tumor research, 
which made our study more reliable. For further 
study, we analyzed the functional enrichments 
of the rest of differentially expressed miRNAs 
to explore molecular pathogenesis of this dis-
ease [23].

In the functional analysis of the target genes of 
miRNA, we found that the occurrence of osteo-
porosis was mainly related to the ion-binding 
ability of proteins. As it is the phosphorylation 
of protein, once the location was affected, the 
misregulation of activation and inactivation of 
proteins would be triggered. What’s more, the 
process can also affect the regulating interac-
tion of protein and DNA. Protein phospholyation 
was reported to be associated with various sig-
naling pathways and plays essential roles in 

Table 1. KEGG pathway analysis of modules ranging the top 3
Term Genes

Module 1 Pathway in cancer NM_177435, NM_001017535, NM_000376, NM_004391, NM_000778, 
NM_002220, NM_003557

Module 2 Phosphatidylinositol 
signaling system

NM_001105540, NM_005185, NM_001135637, NM_001135638, 
NM_003646, NM_001135636, NM_019892, NM_201533, NM_201532, 
NM_001111125, NM_014043

Module 3 Endocytosis NM_015470, NM_152284, NM_001135637, NM_001135638, NM_003557, 
NM_001135636, NM_018209, NM_024591, NM_019619, NM_175609, 
NM_015075
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regulating many biological processes. Abnormal 
regulation of protein phosphorylation was 
found in a serial of diseases, such as cancer, 
Alzheimer’s disease, osteoporosis, etc. Our 
founding confirmed the above results. And 
what’s more, clearly the relationship between 
protein phosphorylation and bone metabolism, 
providing evidence for its diagnostic role in clin-
ical management.

In conclusion, six miRNAs were selected out in 
this study by miRNA-seq method, which may 
act as potential biomarkers for osteoporosis 
disease. What’s more, phosphorylation path-
ways were found to be closely associated with 
osteoporosis, providing new insights into the 
pathogenesis of osteoporoses and feasible 
suggestions for treatment strategies. However, 
more researches are in need for further utiliza-
tions of the potential biomarkers and explora-
tion of the molecular pathogenesis of this 
disease.
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