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Background: Postmenopausal osteoporosis, a common yet chronic systemic metabolic disease, has become
a major public health problem due to life expectancy increasing around the world. The differentiation
of mesenchymal stem cells (MSCs) into osteoblasts, and the differentiation of circulating monocyte cells
into osteoclasts, play an important role in the balance of bone metabolism. However, when both undergo
pathological changes, it can lead to abnormalities, resulting in osteoporosis. This study aims to explore a new
biomarker for postmenopausal osteoporosis, thereby providing a new entry point for bioinformatic research
into the clinical diagnosis and treatment of the disease.

Methods: Using the Gene Expression Omnibus (GEO) database, microarray analysis was conducted to
identify differentially expressed genes in MSCs and monocytes in both postmenopausal osteoporosis patients
and a healthy control group. The Database for Annotation, Visualization and Integrated Discovery (DAVID)
database was used to analyze the function and enrichment of the selected genes, and a protein-protein
interaction (PPI) network was constructed from the Search Tool for the Retrieval of Interacting Genes/
Proteins (STRING) website and displayed in Cytoscape. To achieve the final results, module analysis of the
PPI network was performed by using Molecular Complex Detection (MCODE).

Results: We identified 45 high-expression and 26 low-expression genes through the study, all of which
underwent pathway enrichment analysis. This enrichment was observed in the cell cycle regulation,
osteoclast differentiation, tumor necrosis factor (TNF) signaling pathway, and RNA transport. The top 10
hub genes of the PPI network were SF3B1, SRSFS, FUBPI, SRSF3, TIAI, KHSRP, LUCTL3, PNN, SRC,
and ATRX. Comparing the MSCs and monocytes between the postmenopausal osteoporosis patients and the
healthy control group, we noted that the expression of the above genes differed greatly.

Conclusions: Through bioinformatic analysis and clinical specimen validation, our study provides a new
way for exploring the pathogenesis of postmenopausal osteoporosis. Most importantly, it suggests that the
hub genes, SF3B1, SRSFS, FUBP1, KHSRP, and SRC, may become new diagnostic markers and therapeutic

targets for diagnosing and treating postmenopausal osteoporosis in the future.
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Introduction

Postmenopausal osteoporosis is a chronic systemic
metabolic disease associated with decreased estrogen levels.
Symptoms are characterized by the thinning of a patient’s
bones, increasing the risk of fractures, particularly in
the hip, wrist, and spine. As well as causing great pain to
patients, osteoporotic fractures can also lead to disabilities,
thereby putting more pressure on a country’s public health
system. In addition, associated complications, such as
pressure sores, hypostatic pneumonia, and pulmonary
embolism have been noted to result in nearly 30% of
patients dying within a year of being diagnosed with the
disease. As life expectancy increases around the world, it
has been noted that the impact of this age-related disease
will continue to expand. For example, in the United States
it is estimated that by 2020, the population over the age of
50 will increase to 121.3 million, with over 3 million of those
experiencing some sort of osteoporotic fracture. This means
that the estimated cost of treating the disease in the United
States alone will be nearly $25 billion per year (1-5). In 1994,
the World Health Organization (WHO) established diagnostic
criteria for determining osteoporosis through a bone mineral
density (BMD) test. Through this method, they ascertained
that if a BMD T-score result was —2.5 or less and if the
patient’s low bone mass had a BMD T-score between -1
and -2.5, then osteoporosis could be diagnosed. However,
following more recent research on the disease, it has been
noted that BMD tests are a somewhat limited clinical
indicator for diagnosis, as determining osteoporosis requires
an overall assessment of a patient’s fracture risk. Several
fracture risk assessment tools currently exist, including the
Fracture Risk Assessment Tool (FRAX), Garvan Fracture
risk calculator, and QFractureScores-2016. When used with
a BMD test, these tools can help calculate a more accurate
overall fracture risk (6).

Bone homeostasis is maintained and regulated by the
complex interaction between osteoblasts and osteoclasts.
Osteoblasts help to maintain and form healthy bones
through protein synthesis and matrix secretion, while
the main function of osteoclasts is bone resorption. In
postmenopausal osteoporosis, there are 2 periods of bone
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loss: the first is a period of rapid loss, lasting 3 to 5 years
(menopause-related bone loss), and the second is a period
of slow loss, lasting 10 to 20 years (age-related bone loss).
The link between menopause and osteoporosis stems from
the fact estrogen suppresses apoptosis, thereby enhancing
osteogenic differentiation of cultured mesenchymal stem
cells (MSCs), promoting the osteoblast before and after
osteoblast differentiation, thereby prolonging the life span
of osteoblasts and bone cells. Estrogen can also interfere
with the downstream signaling of osteoclasts, preventing
osteoclast differentiation, which increases osteoblast
apoptosis and transforming growth factor beta (TGF-p)
estrogen deficiency—the main cause for the initial phase
of rapid bone loss in postmenopausal women. In short,
estrogen deficiency directly affects all bone cells by
regulating cell differentiation activity and apoptosis, and
indirectly affects all bone cells by changing the expression of
estrogen response target genes, resulting in bone resorption
increasing faster than bone metabolism. Research has also
noted that osteoporosis, osteoporotic fractures, and low
bone density are highly hereditary, with a heritability of
0.6 to 0.8, meaning that 60-80% of bone density changes
in these individuals are inherited from their parents, while
the heritability of osteoporotic fractures is 0.5 to 0.7 (7).
Therefore, identifying the individual variations and genes
that contribute to osteoporosis and determining how
they interact to influence molecular networks and system
functions may provide new targets and markers for the
diagnosis, drug development, and treatment evaluation of
osteoporosis in postimenopausal women.

As a high-throughput and efficient sequencing
technology, gene microarray analysis is widely used
to screen important genetic or epigenetic changes in
the development of various diseases and to identify
biomarkers related to the diagnosis or evaluation of patient
prognosis (8). For this study however, we have used both
bioinformatic tools, as well as microarray analysis, to
reanalyze gene expressions. This approach allowed us to
better identify the relation between MSCs in the bones of
postmenopausal osteoporosis patients and the mononuclear
macrophages of differentially expressed genes (DEGs). This
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process included using biological process (BP) annotation
and biological pathway enrichment analysis to construct a
protein-protein interaction (PPI) network of DEGs, which
then allowed for the module analysis of hub genes in the
PPI network. After the identification of these hub gene
expressions in the MSCs and mononuclear macrophages of
both postmenopausal osteoporosis patients and a healthy
control group, the results were then compared. Overall, the
aim of this study was to determine the abnormal expression
of genes and pathways in both the MSCs and mononuclear
macrophage of patients, through which new ways to study
the pathogenesis of postmenopausal osteoporosis may be
discovered. We present the following article in accordance
with the MDAR reporting checklist (available at https://
dx.doi.org/10.21037/atm-21-3098).

Methods
Microarray data

Three gene expressing profiling data sets (GSE56815,
GSE2208, and GSE35958) were obtained from the Gene
Expression Omnibus (GEO), a public repository for
data storage (www.ncbi.nlm.nih.gov/geo). The dataset
GSES56815, based on GPL96 (HG-U133A) Affymetrix
Human Genome U133A Array, included peripheral blood
monocytes (PBMs) from 40 postmenopausal women, 20
of whom had osteoporosis. The next data set, GSE2208,
based on GPL96 (HG-U133A) Affymetrix Human Genome
U133A Array, included PBMs from 19 women, 9 of whom
had osteoporosis. The final data set, GSE35958, based on
GPL570 (HG-U133_Plus_2) Affymetrix Human Genome
U133 Plus 2.0 Array, included MSCs isolated and cultured
from bone marrow in the hips of 8 postmenopausal women,
5 of whom had osteoporosis.

Data processing

To analyze the microarray data, GEO’s interactive web
tool, GEO2R, was used to select and compare samples
from differentially expressed denes (DEG). Using the
following filter criteria, P<0.05 and Itl >2, we were able
to identify DEGs and distinguish them through up- and
downregulated expressions. We then used the MATCH
function to identify overlapping up- and downregulated
DEGs in the 3 previously mentioned data sets (GSE56815,
GSE56814, and GSE35958).
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Functional and pathway enrichment analysis

Using the Database for Annotation, Visualization, and
Integrated Discovery (DAVID), the up- and downregulated
expression genes underwent Gene Ontology (GO) analysis.
This involved examining each gene’s cellular components,
molecular function (MF), and BPs. Pathway enrichment
analysis was then conducted using the Kyoto Encyclopedia
of Genes and Genomes (KEGG) (9,10). A P value <0.05

was considered statistically significant.

PPI network construction and module analysis

To further examine the biological function of the up-
and downregulated DEGs in patients suffering from
postmenopausal osteoporosis, a PPI network was created
using the Search Tool for Retrieval of Interaction Genes
(STRING) database (an interaction score of 0.4 was
regarded as the cutoff criterion). Subsequently, the
Molecular Complex Detection (MCODE) in Cytoscape
software was used to screen modules in the PPI network,
with an MCODE score >3 and a number of nodes >4
being required. Hub genes were screened by a connection
degree >10. The functional enrichment analysis of each
module gene was performed by using DAVID, and the
significance threshold was a P value <0.05.

Verification of the bub genes in MSCs and monocytes from
postmenopausal women with osteoporosis and normal
control group

The study was in accordance with the Declaration of
Helsinki (as revised in 2013). This study was approved
by the Ethics Committee of Sun Yat-sen Memorial
Hospital, Sun Yat-sen University. All participants signed
the relevant consent forms. Postmenopausal women
over the age of 60 who were admitted the hospital’s
Department of Orthopedics between October 2018 to
January 2020 were included in the study. Patients were
excluded from the study if they were found to suffer from
any of the following: severe cardiopulmonary disease;
untreated clotting disorders; systemic or spinal infections,
history of malignant tumor, untreated bone metabolic
diseases other than osteoporosis, digestive dysfunction,
severe liver and/or kidney dysfunction, history of spinal
or hip surgery, 25-hydroxy vitamin D <23 nmol/L, low
quantity of serum calcium, abnormal levels of parathyroid
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hormone or thyroxine, history of fluoride use at therapeutic
doses, history of estrogen replacement therapy or
selective estrogen receptor agonist treatment, history of
glucocorticoid use, and a history of antidepressant use.
All patients who showed a decrease in BMD of more than
2.5 SD were included in the experimental group, while
the other patients were included in the control group.
The BMD level was measured using dual-energy X-ray
absorptiometry. Ultimately, 6 postmenopausal women with
osteoporosis and 6 healthy postmenopausal females were
included in the study.

Sample collection and processing

Through density gradient centrifugation, MSCs were first
isolated from the bone marrow aspirates of a patients’
spinous process or posterior superior iliac spine during
spinal or spinal-pelvic fusion. After identifying MSC
immunophenotype markers by flow cytometry, passages 3
to 5 were used for the study. Each patient also had 60 mL
of peripheral blood collected by a qualified phlebotomist.
During this process, ethylenediaminetetraacetic acid
(EDTA) was used as an anticoagulant, and PBMs were
immediately separated from the fresh blood samples.
Density gradient centrifugation with a Histopaque-1077
(H1077-1, Sigma-Aldrich, St. Louis, MO, USA) was
conducted to isolate the peripheral blood mononuclear
cells (PBMCs) from the whole blood. The PBMs were
then isolated from the PBMCs using a monocyte negative
isolation kit (Dynal Biotech Inc., Lake Success, NY, USA).

Total RNA extraction and real-time quantitative
polymerase chain reaction

Using TRIzol Reagent (Life Technologies Inc., USA),
RNA was extracted from the blood samples to explore
the expression of DEGs in both MSCs and PBMCs. To
carry out the synthesis of cDNA (RT-PCR), we used the
SuperScriptH III First-Strand Synthesis System (Invitrogen,
USA). The quantitative real-time polymerase chain reaction
(gqRT-PCR) analysis was completed through a Light Cycler
480 Real-Time PCR System (Roche, Basel, Switzerland)
using a SYBR Premix Ex Taq II kit (Takara, Otsu, Japan).
The protocol for quantitative PCR assay was 95 °C for
30 seconds, followed by 40 cycles at 95 °C for 5 seconds and
60 °C for 20 seconds. This method was repeated 3 times to
calculate the mean messenger (mRINA) levels, while a fusion
curve analysis was performed to determine the specific
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amplification of the target. The relative amount or fold
change of the target genes was normalized according to the
expression of the housekeeping gene, B-actin.

Statistical analysis metbods

Statistical analysis was performed using SPSS20.0
statistical software (SPSS Inc., Chicago, IL, USA). The
data was expressed as mean+standard deviation (¥+s). The
comparison between two groups was performed using ¢ test
and the comparison among multiple groups was performed
with one-way ANOVA analysis. P<0.05 was considered
statistically significant.

Results
Identification of DEGs in postmenopausal osteoporosis

Using the online software tool, GEO2R, to carry
out microarray analysis, we identified 69 overlapping
upregulated genes (2,409 in GSES56815, 492 in GSE2208)
and 30 overlapping downregulated genes (1,404 in
GSE56815, 296 in GSE2208) in peripheral monocytes. In
the GSE35958 data set, 2,324 upregulated genes and 5,408
downregulated genes were identified in MSCs. Following
this, we identified 45 significantly upregulated genes in both
the MSCs and peripheral monocyte cells by overlapping
147 upregulated genes in the peripheral monocytes, and
2,324 upregulated genes in MSCs. Using the same method,
we also discovered 26 significantly downregulated genes in
both the MSCs and peripheral monocytes. These results
can be seen in Figure 1. A representative heat map of
GSES6815 (top 50 up- and downregulated genes) is shown
in Figure 2.

GO functional envichment analysis

The top 5 results from our GO enrichment analysis
(displayed through DAVID) are shown in 7able 1. These
abnormally expressed genes in both MSCs and PBMs
were enriched in BPs of regulation of mRNA splicing
(via spliceosome), regulation of cell cycle, RNA splicing,
negative regulation of viral genome replication, and mRNA
splicing (via spliceosome). Regarding the cell components
(CC), genes showed enrichment in the nucleoplasm, nuclear
speck, cytoplasm, cytosol, and the nucleus. MF was also
enriched in protein binding, poly(A) RNA binding, RNA
binding, protein kinase activity, and ATP binding.
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Figure 1 Identification of DEGs in gene expression data sets (GSE56815, GSE2208, and GSE35958). (A) Upregulated genes in both MSCs
and peripheral blood monocytes; (B) downregulated genes in both MSCs and peripheral blood monocytes. MSC, mesenchymal stem cell; DEG,

differentially expressed gene.

KEGG pathway analysis

Through using KEGG pathway enrichment analysis (7izble 2),
we were able to determine that the abnormally expressed
genes in both MSCs and PBMs were significantly enriched
in pathways of RNA transport, Herpes simplex infection,
osteoclast differentiation, influenza A, and tuberculosis.

PPI network construction, module analysis, and bub gene
selection

PPI networks were created using the STRING database
and subsequently underwent module analysis through
Cytoscape’s MCODE software. Figure 3 illustrates how
these PPI networks and modules were used to identify
abnormally expressed genes in both the MSCs and PBMs
of patients suffering from osteoporosis. These significant
core modules also demonstrate the functions of mRNA
splicing (via spliceosome) mRNA 3'-end processing, and
spliceosomal complex assembly. The top 5 hub genes were
SF3B1, SRSF5, FUBP1, KHSRP, and SRC.

Validation of the bub genes in MSCs and monocytes from
postmenopausal women with osteoporosis and the control group

To represent our analysis of postmenopausal osteoporosis,
we compared the results of the qRT-PCR with
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bioinformatic analysis. In Figure 4, the expressions of
the aforementioned hub genes (SF3B1, SRSFS, FUBPI,
KHSRP, and SRC) were all consistent with our integrated
analysis.

Discussion

Postmenopausal osteoporosis is a chronic systemic
metabolic disease associated with decreased estrogen
levels. The symptoms of the disease are characterized
by an imbalance in bone metabolism as the result of
several genetic, epigenetic, and environmental factors.
According to the World Health Organization definition
of osteoporosis based on bone density: osteoporosis is
defined as a BMD 2.5 SD or more below the average value
for premenopausal women (4). Normal BMD is defined as
T-score of 1.0 or higher and a T-score between 1.0 and 2.5
is defined as osteopenia or low bone mass. Fifty percent of
women >50 years of age will experience an osteoporotic
bone fracture during their life time (4). Vitamin D3 and
calcium are important aspects of osteoporosis prevention.
Meanwhile, vitamin D has been found to play a key role
in both direct (tumor gene expression, proliferation, and
susceptibility to aggressive chemotherapy, etc.) and indirect
(influence on tumor microenvironment and immune
regulation) tumor suppressive mechanisms in the prostate,
colon, breast, lung and skin cultures, cell lines expressing
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Example heatmap

Figure 2 Representative heat map of the top 100 differentially expressed genes in the GSE56815 data set, including 50 upregulated and
50 downregulated genes. Note: red signifies upregulated genes, while green represents downregulated genes.

Table 1 Gene Ontology analysis of abnormally expressed genes in both mesenchymal stem cells and peripheral blood monocytes

Category Term Count % P value

GOTERM_BP_DIRECT Regulation of MRNA splicing, via spliceosome 3 4.2 9.50E-04
GOTERM_BP_DIRECT Regulation of cell cycle 5 7 1.4 E-03
GOTERM_BP_DIRECT RNA splicing 5 7 3.90 E-03
GOTERM_BP_DIRECT Negative regulation of viral genome replication 3 4.2 1.00 E-02
GOTERM_BP_DIRECT mRNA splicing, via spliceosome 5 7 1.00 E-02
GOTERM_CC_DIRECT Nucleoplasm 29 40.8 3.20 E-08
GOTERM_CC_DIRECT Nuclear speck 6 8.5 6.50 E-04
GOTERM_CC_DIRECT Cytoplasm 30 42.3 2.50 E-03
GOTERM_CC_DIRECT Cytosol 22 8.5 2.90 E-03
GOTERM_CC_DIRECT Nucleus 30 423 4.50 E-03
GOTERM_MF_DIRECT Protein binding 57 80.3 1.80 E-09
GOTERM_MF_DIRECT Ploy (A) RNA binding 16 225 1.60 E-05
GOTERM_MF_DIRECT RNA binding 9 12.7 1.00 E-03
GOTERM_MF_DIRECT Protein kinase activity 7 9.9 2.40 E-03
GOTERM_MF_DIRECT ATP binding 14 19.7 3.60 E-03
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Table 2 Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis of abnormally expressed genes in both mesenchymal stem cells

and peripheral blood monocytes

Pathway ID Pathway name Gene No. % P value Genes

hsa03013 RNA transport 5 7 7.00 E-03 RANGAP1, EIF5, EIF5B, NUP50, PNN
hsa05168 Herpes simplex infection 5 7 8.70 E-03 IFNAR1, SRSF3, SRSF5, SOCS3, TNF
hsa04380 Osteoclast differentiation 4 5.6 2.10 E-02 JUNB, IFNAR1, SOCS3, TNF
hsa05164 Influenza A 4 5.6 4.30 E-02 MALT1, SRC, CTSD, TNF
hsa05152 Tuberculosis 4 5.6 4.40 E-02 MALT1, SRC, CTSD, TNF

NS %
STS g
CEXE

Figure 3 Protein-protein interaction (PPI) network and module of abnormally expressed genes in both mesenchymal stem cells and peripheral blood
monocytes.
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Figure 4 Quantitative real-time polymerase chain reaction verification results for postmenopausal osteoporosis. Section A and Section B represent
the expression of hub genes in the both mesenchymal stem cells and peripheral blood mononuclear cells (PBMC:s) of the 2 study groups, respectively.
*, P<0.05

, P<0.05.

vitamin D receptors exposed to 1, 25-dihydroxyvitamin research (12). Currently, the treatment of osteoporosis
D and cell proliferation was inhibited (11). However, has been conducted with Bisphosphonates, Estrogen/
vitamin D and calcium intake have not been shown to Selective Estrogen Receptor, Modulators, Denosumab and
reduce the risk of ovarian cancer, according to a recent teriparatide to reduce the incidence of osteoporotic fracture
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(13-17). Bisphosphonates, an antiresorptive drug such as
alendronate, reduced vertebral fractures by 47% and hip
fractures by 51%, while zoledronate maintains a patient's
bone mass at a very low dose. And inhibits the osteoclast-
activating factor receptor activator of nuclear factor kappa-B
Ligand (RANKL) also effectively reduced the incidence
of fracture in patients with osteoporosis, but there was
obvious rebound in osteoclast mediated bone resorption
after the discontinuation of Denosumab. Now Patient who
have discontinued or will discontinue was advised to switch
to other antiresorptive therapy within six months, but the
curative effect is unclear. Drug therapy with oral or topical
estrogens has anti-absorption and anabolic effects in the
skeleton. However, due to other non-skeletal problems,
the use of estrogen for the prevention and treatment of
osteoporosis has declined sharply. Bone anabolic agents
such as teriparatide, which is effective in increasing bone
mass (9% increase in lumbar bone density; Femoral neck
bone density increased by 3%) and reduced the incidence
of fractures (vertebral fractures decreased by 63%; Non-
vertebral fractures decreased by 53%). These drugs offer a
variety of treatment options for anti-osteoporosis treatment. In
recent years, research on the cellular and molecular mechanisms
of postmenopausal osteoporosis have revealed that a large
number of genes and proteins are related to the occurrence and
development of the disease. However, the effect such molecular
mechanisms have on the development of osteoporosis remains
unclear (6). Therefore, there exists a need in the research
field to further explore the genes and/or proteins related
to postmenopausal osteoporosis and detect the molecular
mechanism of their interactions. In this study, we identified
45 upregulated genes and 26 downregulated genes in both
MSCs and PBMs by using bioinformatic tools to analyze
specific gene expression microarrays (GSE56815, GSE2208,
and GSE35958) in patients postmenopausal osteoporosis.
The subsequent result of our DAVID analysis revealed
that these abnormally expressed genes were significantly
enriched in processes of mRNA splicing regulation and cell
cycle regulation. KEGG pathway enrichment analysis also
indicated a significant enrichment in pathways including
RNA transport and osteoclast differentiation, leading us
to surmise that estrogen deficiency may induce abnormal
microRNA (miRNA) transcriptions, which in turn, affect
osteoclast differentiation and cell cycles.

After creating our PPI network, we determined that the
top 5 hub genes were SF3B1, SRSF5, FUBPI, KHSRP, and
SRC. By comparing the expression of these genes in MSCs
and PMSCs of postmenopausal osteoporosis patients and a

© Annals of Translational Medicine. All rights reserved.

Page 9 of 11

healthy group of postmenopausal women, the results were
consistent with our analysis. The spliceosome, a large and
dynamic multimegadalton small nuclear ribonucleoprotein
composed of small nuclear RNAs associated with proteins,
is responsible for removing introns from precursor mRNA
(pre-mRNA) and generating mature, spliced mRNAs.
To further elucidate the significance of this research, it
is important to clarify the role of each of these 5 genes.
For example, SF3BI, is a key subunit of the U2 small
nuclear ribonucleoprotein (snRNP) which is required
for the correct assembly of the splicing complex to the
branch-point sequence (18,19). At present, research on
this gene has remained focused on its relation to tumors
and the pathogenesis of myelodysplastic syndrome. This
research has determined that recurrent somatic mutations
in SF3B1 have been detected in human cancers, including
hematological malignancies and solid tumors, and is thus
pertinent to prognosis. Another hub gene, SRSFS, is a
member of the serine/arginine (SR)-rich family of pre-
mRNA splicing factors, which constitute part of the
spliceosome. It has been identified as a glucose-inducible
protein that promotes tumor cell growth (20). The hub
gene, FUBPI, is a master regulator of transcription,
splicing, and translating via its bindings to single-stranded
DNA (ssDNA) and RNA. It is an important activator
or inhibitor of the transcription and translation of its
target genes and promotes cell proliferation, inhibits
cell apoptosis, and enhances cell migration by regulating
complex networks (21). The overexpression of FUBPI can
lead to changes in the expression of its target genes, such as
abnormal expressions of oncogene MYC. This MYC-ERRa
pathway drives metabolic reprogramming during osteoclast
differentiation and is an important regulator of physiological
and pathological bone loss (22). Different spatial-temporal
expression patterns of FUBPI found in bone may be closely
related to postmenopausal osteoporosis. KHSRP (KH-
type splicing regulatory protein), also known as KSRP,
is a single-stranded nucleic acid-binding protein (23).
It has been observed that its interaction with SMAH
in multipotent mesenchymal C2C12 cells impairs their
ability to bind to primary myogenic miRNAs (commonly
called myomiRs) and promote their maturation. This hub
gene also prevents myomiR maturation from promoting
osteoblastic differentiation of C2C12 cells. Atherosclerosis
and osteoporosis is thought to have a common risk factors
and mechanism of inflammation, suggest they may have
comorbidities. KHSRP has proven to be of low density
lipoprotein receptor unstable RNA binding protein,
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inhibits the formation of low density lipoprotein receptor,
which affects lipid metabolism, leading to atherosclerosis
of the arteries (24-26). Thus, KHSRP may be a biomarker
to identify the association between the two diseases.
The last of the top 5 hub genes identified was SRC, a
nonreceptor protein tyrosine kinase that is widely expressed
in vertebrate cells. The presence of this protein in the
brain, osteoclasts, and platelets has been noted to be at a
level 5,200 times higher than in most other cells. Studies
have shown that when E2 binds to ERa, SRC forms the
complex, SHP2-c-Src, in a non-genomic manner which
weakens RANKL stimulation-induced c-Src activation,
resulting in impaired actin ring formation and reduced
bone reabsorption (27). At the same time, Src was also
considered as one of the important protein targets of
Rhizoma Drynariae in a network pharmacological study
of Rhizoma Drynariae, a traditional Chinese medicine
with anti-inflammatory and anti-oxidative effects on bone
(28-31). To conclude, through combining bioinformatic
analysis with gene expression and microarray analysis, our
study has discovered the abnormal expression of genes and
pathways in patients of postmenopausal osteoporosis. This
discovery puts researchers one step closer to determining
how the molecular mechanism of osteoporosis develops in
postmenopausal women.
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