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Investigation of Diagnostic Biomarkers for
Osteoporosis Based on Differentially Expressed Gene
Profile with QCT and mDixon-Quant Techniques
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Objective: To develop a comprehensive differential expression profile for osteoporosis based on two independent
data sources.

Methods: Using a hindlimb unloading (HLU) rat model to mimic osteoporosis syndrome in humans (animal experi-
ments), the significant differentially expressed mRNAs in osteoporosis were analyzed using RNA-seq. The enriched GO
terms as well as KEGG signaling pathways were also deeply investigated. Using clinical specimens to verify the func-
tions of potential hub genes (biomarkers) for osteoporosis (clinical experiments), 128 suspected cases for osteoporo-
sis from January 2019 to December 2020 were randomly selected and analyzed by quantitative computed tomography
(QCT) as well as modified Dixon quantification (mDixon-Quant) techniques in the Tianjin hospital. Among these,
80 patients out of 128 suspected cases were finally diagnosed as the osteoporosis group. Meanwhile, 48 patients
were selected for osteopenia group. There was no significant age and gender difference across participant subgroups.
The protein levels of potential hub genes (FST, CCL3, and RAPGEF4) were determined by ELISA double antibody sand-
wich method for osteopenia and osteoporosis groups from peripheral blood.

Result: In the RNA-seq analysis, compared with control group, a total of 803 differentially expressed mRNAs were
identified, including 288 up-regulated and 515 down-regulated mRNAs. Of these, FST, CCL3, CPE, RAPGEF4, IL6, MDFI,
PDZD2, and GATM were primary hub genes (biomarkers) for osteoporosis. These differentially expressed genes were
significantly enriched in GO terms related to extracellular matrix process and KEGG signaling pathways including osteo-
clast differentiation. In the functional experiments, the protein expression level of FST, CCL3, and RAPGEF4 displayed
a specific expression pattern between osteoporosis patients and control group. The protein concentration of FST was
23.63 � 6.39 ng/mL in osteoporosis patients compared as 48.36 � 9.12 ng/mL in osteopenia group (P < 0.01).
Meanwhile, CCL3 was 1.03 � 0.64 ng/mL in osteoporosis patients vs 0.56 � 0.24 in osteopenia group (P < 0.01)
and RAPGEF4 was 53.58 � 11.42 ng/mL in osteoporosis patients vs 66.47 � 13.28 ng/mL in osteopenia group
(P < 0.05), respectively.

Conclusion: This study has identified potential gene biomarkers (the genes with most significantly differential expres-
sion and useful for distinguishing osteoporosis from other bone disorders) and established a differential expression
profile for osteoporosis, which is a valuable reference for future clinical research.
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Introduction

Osteoporosis is a systemic bone disease, which is charac-
terized by compromised bone strength that can lead to

an increased risk of fracture caused by loss of bone density,
bone quality, the destruction of bone microstructure, as well
as the increase in bone brittleness1. Currently, osteoporosis is
one of the major public health problems throughout the
world2. The social as well as economic burden initiated by
osteoporosis has grown rapidly due to the steady increase of
the aging population, which comprises the majority of osteo-
porosis patients. By 2020, it is estimated that approximately
14 mn adults over the age of 50 are affected by osteoporosis
worldwide3. To date, various factors have been demonstrated
as closely associated with the risk of osteoporotic fracture,
which include genetical, behavioral, medical as well clinical
variables4. For instance, it is suggested that low peak bone
mass is connected to an increased risk of osteoporotic frac-
ture5. Meanwhile, numbers of medical disorders, such as
female sex (especially postmenopausal women), BMI < 23
kg/m2, diabetes mellitus, malnutrition, a sedentary lifestyle,
smoking, excessive alcohol, vitamin D deficiency, lack of sun
exposure, hypogonadism with low estrogen and progesterone
levels, number of falls, end-organ failure (including cardiac,
liver, and renal abnormalities), and preexisting bone mineral
abnormalities as well as hypo gonadal states contribute to a
considerable amount of osteoporosis cases6. At the same
time, the long-term use of chemotherapy such as
unfractionated heparin (by inhibiting osteoprotegerin and
enhancing osteoclastic bone resorption) and coumadin
(by inhibiting gamma-carboxylation of osteocalcin) could
also depress the bone density of an individual, which is also
considered as a potential risk factor.

Osteoporosis is considered as an inevitable symptom
of aging. At this moment, a specific chemotherapy for this
condition is still lacking, and only basic treatments are avail-
able, such as aerobic and resistance exercise associated with a
high protein (leucine and creatine) supplement between
meals7. Clinically, taking Calcium 1000 mg/day and Vitamin
D 800 IU/day supplementation, regular weight-bearing exer-
cises for 30 min three times a week, and smoking cessation
are recommended for bone loss prevention8.

Importantly, osteoporosis is a time-critical emergency,
as the disease might progress rapidly, requiring an effective
early diagnosis method. The WHO has established a diag-
nostic criterion for osteoporosis on the basis of bone mass
density (BMD) T-scores9. Due to the complexity of BMD
T-scores, other imaging methods have been generated for
osteoporosis. DXA and quantitative computed tomography
(QCT) are the primary administrations popularly utilized in
clinic10. Additionally, some potential biomarkers have been
initiated in clinical research gradually, which are generally
released from osteoblasts and typically are measured in
serum11. For instance, the bone-specific alkaline phosphatase
(BSAP) as well as osteocalcin have been testified for osteopo-
rosis diagnosis12. At the same time, the bone turnover
markers have been initiated recently for postmenopausal

osteoporosis13. This is based on the fact that the process of
bone turnover includes two independent processes: the
removal of old bone (resorption) as well as the laying down
of new bone (formation). The N-terminal propeptides of
type I procollagen (PINP) and C-telopeptide of type I colla-
gen (CTX-I) have been suggested as the markers of bone for-
mation and resorption, which have been recommended for
clinical use already. However, the application of these
markers is still controversial. First of all, these markers seem
to be solely for postmenopausal women, not for all the indi-
viduals. Moreover, these markers are subject to several
sources of variability, such as feeding conditions (resorption
decreases) and recent fracture (all markers increase for sev-
eral months). At the same time, these markers are not useful
for diagnosis of osteoporosis and do not improve prediction
of bone loss or fracture within an individual. To this end,
more studies are necessary to explore the use of bone turn-
over markers for assessment of the bone safety of new medi-
cations. In summary, due to missing tissue specificity, the
sensitivity of these biomarkers are still inferior and they pro-
vide limited applications in the diagnosis of osteoporosis as
well as the prediction of bone mass. Overall, the diagnosis,
which depends on biomarkers, is emerging as the major
obstacle for osteoporosis study.

Based on inflated misdiagnosis rates and poor accuracy
of diagnosis, osteoporosis has been difficulty to treat clini-
cally. In addition, the efficiency of biomarkers used in clinic
is far from satisfactory. Therefore, it is urgent to establish a
differentially expressed profile of potential biomarkers (the
genes with most significantly differential expression and use-
ful for distinguishing osteoporosis from other bone disor-
ders) for osteoporosis. At this moment, there is a lack of
public resources for human osteoporosis, such as the GEO
or TCGA database. To this end, we established an osteoporo-
sis rat model and the differentially expressed genes were
explored by RNA-seq and bioinformatics methods. Of the
potential biomarkers, the most significant were further inves-
tigated and confirmed in clinic using human osteoporosis
patient serums. All of these promising outcomes enriched
the early diagnosis of the disease, which provided great help
for osteoporosis study.

Material and Methods

Animal Experiments

Animal Handling
All the animal procedures were conducted according to the
National Institutes of Health guide for the administration
and utilization of laboratory animals. The protocol developed
in the study was initially approved by the Animal Care and
Use Committee of Tianjin Hospital (2019012). The male
12-week-old Sprague Dawley (SD) rats were housed individ-
ually in a standard temperature-controlled, specially designed
animal facility using a procedure of 12:12 h light:dark cycle
and free access to chow diet and water.
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Hindlimb Suspension Procedure
The osteoporosis in rats was successfully generated by
hindlimb unloading (HLU) model procedure, where the
immobilization symptoms were achieved by tail suspension,
as previously established14,15. In the process, the tail of HLU
rat was washed completely using 70% isopropanol and sub-
sequently coated using benzoin solution. After that, a strip of
adhesive tape was applied to the tail, which was suspended
by passing the tape through a fish-line swivel. The swivel
was normally connected with a metal bar on the top of the
cage. The forelimbs of the rat were allowed to touch the grid
floor so that it could move around as well as freely access to
food and water. The suspension height was adjusted every
day accordingly, which was mainly to prevent the hindlimbs
from touching the supporting surface to maintain a suspen-
sion angle of approximately 30�16. The rats used for the
HLU groups and the normal control groups were sacrificed
at day 28 (10 rats each), respectively. Bones of the lower
extremities were collected for subsequent experiments.

Micro-Computed Tomography (μCT) Scan
The left femurs of both groups of rats were scanned using
μCT (Skyscan 1276, Bruker microCT, Kontich, Belgium) for
the high-quality images of the trabecular and cortical bone.
The scanning parameters were finally set as follows: 17.5 μm
spatial resolution, 70 kV, 200 uA, and 498 ms of integration
time. The length of region of interest (ROI) was 1977 μm,
starting from 262 μm proximal to the distal epiphyseal plate
of the femur. The trabecular microarchitecture of the two
groups were compared with the following values: bone vol-
ume fraction (bone volume/total volume, BV/TV), trabecular
thickness (Tb.Th), trabecular number (Tb.N), as well as tra-
becular separation (Tb.Sp).

RNA-seq
High-throughput sequencing service was provided by Cloudseq
Biotech (Shanghai, China). High-throughput sequencing and
subsequent bioinformatics analysis of the transcriptome were
performed by Cloud Seq Biotech (Shanghai, China). To put it
simply, the Ribo Zero rRNA elimination Kit (Illumina, US)
was developed to remove total RNA, according to the manu-
facturer’s instructions. The RNA library was constructed by
means of rRNA-depleted RNA samples with the TruSeq
Stranded Total RNA Library Prep Kit (Illumina, USA). The
quality analysis and quantification of the library were devel-
oped on the bioanalyzer 2100 system (Agilent Technologies,
USA). The 10 pM libraries were denatured into single-stranded
DNA molecules, captured on Illumina flow cells, amplified in
situ in the form of clusters, and 150 cycles of sequencing were
performed on the Illumina Hiseq sequencer according to the
manufacturer’s instructions.

Differential Gene Analysis
The limma package in R language was developed to analyze
the differentially expressed mRNAs between different groups,
taking the absolute value of the log-transformed differential

expression multiple (Log2FC) > 1 and P-value < 0.05 as stan-
dards for analysis.

Functional Enrichment Analysis
For the obtained differentially expressed genes, we used
the“clusterProfiler” function package in R language for
enrichment analysis of GO (including Biological Process,
Molecular Function, and Cellular Component) and KEGG
Pathway. When P-value < 0.05, we considered the
corresponding entries to be significantly enriched.

Protein–Protein Interaction (PPI) Networks
The STRING database is a database for the functional
protein–protein interaction analysis and prediction17, of which
the interaction pairs with a combined score greater than or
equal to 0.4 (confidence score ≥ 0.4) were retained. At the
same time, the Cytoscape (https://cytoscape.org/, version 3.7.2)
was developed to visualize the PPI network18. The molecular
complex detection method (MCODE) was plugged in Cyto-
scape software to identify the significantly functional clustering
modules, with the MCODE score > 2 as a threshold.

Clinical Experiments

Imaging Analysis
A total of 128 suspected cases for osteoporosis from January
2019 to December 2020 were randomly selected and ana-
lyzed by quantitative computed tomography (QCT) as well
as modified Dixon quantification (mDixon-Quant) tech-
niques in the Tianjin hospital.

The inclusion criteria were as following: (i) age:
40–70 years; (ii) suspected case for osteoporosis.

The exclusion criteria were as following: (i) other exis-
ting orthopaedic disease; (ii) existing blood diseases and
tumors; (iii) refusal to sign the informed consent.

This study was in line with the medical ethics stan-
dards and approved by the hospital ethics committee. All
treatment and testing were performed only when informed
consent of patients or their families were received. Using
these criteria, 80 patients out of 128 suspected cases were
finally diagnosed as osteoporosis group. At the same time,
48 patients were selected for osteopenia group. There was no
significant age and gender difference across participant sub-
groups. The characteristics of participants recruited for the
study is shown in Table 1.

TABLE 1 Characteristics of participants recruited for the study

Group Case Age (year)

Gender

Male Female

Osteopenia 48 53.16 �4.48 26 22
Osteoporosis 80 56.38 �5.02 45 35
t or X 2 0.16 2.58
P 0.19 0.11
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Lumbar Vertebral Bone Marrow Fat Content
Measurement
The fat content was measured with Ingenia 3.0 TMR scanner
(Philips Healthcare), with a 32-channel body coil, 6-echo
mDixon-Quant gradient echo sequence, sagittal scan. The
parameters were set up as follows: TR, 5.6 ms; TE, 0.98 ms;
4TE, 0.7 ms; flip angle, 3�; voxel, 2.5 mm � 2.5 mm
� 3 mm; matrix, 160 � 140; excitation frequency, one time;
layer thickness, 3 mm; FOV, 400 mm � 350 mm � 231 mm;
scanning time, 15 s. All data was transferred to the post-
processing workstation using ISP software (version 7, Philips
Healthcare), automatically generating fat score images for
measurement. The most central image of the lumbar spine in
the sagittal position was selected for the region of interest
(ROI) on the L1-L3 vertebral body. The ROI required the
largest range to be included in the entire vertebral body as
well as avoid the cortical bone, endplate and intervertebral
disc. All measurements were performed independently by
two residents, and the average value of the measurements
was taken.

Quantitative CT (QCT) Diagnostic Criteria for
Osteoporosis
The criteria was based on the diagnostic standard of the
International Society for Clinical Bone Density: QCT average
BMD > 120 mg/cm3 as normal; 80~120 mg/cm3as bone loss
while <80 mg/cm3 as diagnose osteoporosis.

QCT Bone Mineral Density (BMD) Measurement
The low-dose thoracic CT and QCT BMD measurements
were performed by GE 16-row CT on the upper edge of the
first lumbar spine (L1) to the lower edge of the third lumbar
spine (L3). The CT scanning images were transmitted to the
QCT-BMD measuring station (mindways), and the ROI was
marked in the cancellous bone regions of L1, L2, and L3 ver-
tebral bodies respectively.

ELISA Investigation for Biomarkers
The patients were divided into two groups based on previous
standard: osteoporosis group (80 patients) and osteopenia
group (48 patients).

The concentrations of potential biomarkers (FST, the
antibody purchased from Abcam 232761; and CCL3,
the antibody purchased from Abcam 1796381 as well as
RAPGEF4, the antibody purchased from Abnova
H00011069-M01) were determined by the ELISA double
antibody sandwich method, and the specific operation was
carried out in strict accordance with the kit instructions
(purchased from Abcam). The samples were freshly prepared
and extracted from the peripheral blood of patients in differ-
ent groups. Dilution process was followed with standard pro-
tocol: the standard wells were set up on the enzyme-labeled
coating plate; 100 mL of standard products was added to the
first and second wells, following 50 μL of standard diluent
(PBS); the volume of each well was maintained at 50 μL,

Fig 1 Analysis of differentially

expressed genes for osteoporosis

using HLU rat. (A) Representative μCT
images in cross-sectional plane in rat

distal femur after 4 weeks of HLU

(n = 6). (B) Trabecular BV/TV analysis

of distal femur (n = 6). (C) The

volcano map of differentially

expressed mRNAs between two

groups. The horizontal axis represents

the multiple of differential expression

(Log2FC), the vertical axis represents

�log10 (FDR). The red dots indicate

up-regulated genes, and the blue dots

indicate down-regulated genes.

(D) The heat map of differentially

expressed mRNAs. The horizontal axis

represents sample, vertical axis

represents different gene.
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which generated series concentration as 24, 16, 8, 4, and
2 μg/L; the blank control wells were performed without sam-
ples and enzyme-labeled reagents. The 10 μL of the sample
was gently mixed with 40 μL of dilutant from each standard
well, which was subsequently evaluated on the enzyme-
labeled coated plate. The mixture was sealed and incubated
at 37�C for 30 min. Afterward, the liquid was discarded, and
the wells were spun dry following five thorough washes with
washing solution. The 50 μL of enzyme-labeled reagent was
added to each well, except for blank control, with another
incubation and wash. For the development of color, a combi-
nation of 50 μL of color developer A and B was added to
each well. The mixture was shaken gently and mixed well
following a color development at 37�C for 30 min. A total of
50 μL of stop solution was applied to terminate the reaction.
The final concentration of each biomarker was measured by
the absorbance (OD value).

Statistical Analysis
The data was established using Excel 2013 software database,
following processing with SAS 9.4 and SPSS 19.0 statistical
software data analysis. The continuous variables were tested
by normal distribution, which were expressed as Mean � SD.
The student t-test in SAS 9.4 was used for data comparison as
the P < 0.05 indicated the significant difference.

Results

Characterization of Osteoporosis in HLU Rat Model and
Differentially Expressed Gene Analysis
In this study, the HLU rat model was generated to mimic
osteoporosis syndrome. The trabecular bone in the distal
femur declined gradually at time of HLU, shown as the μCT
images as well as trabecular BV/TV ratio of distal femur
(Fig. 1A,B). The rats from control and HLU groups at week

Figure 2 GC and KEGG enrichment results for osteoporosis. (A) The top GO term enrichment results with the largest number of genes. The horizontal

axis represents the number of enriched genes and the vertical axis represents the name of each GO term. (B) The enrichment results of the KEGG

pathways with the largest number of genes. The horizontal axis in the figure indicates the number of genes enriched, and the vertical axis indicates

the name of each KEGG pathway. (C) The PPI network for the potential target genes for osteoporosis.
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4 were selected for the RNA library establishment. Based on
the differential analysis, osteoporosis group (HLU rat) dem-
onstrated 803 differentially expressed mRNAs, with 288 up-
regulated ones and 515 down-regulated ones (Fig. 1C,D)
compared with control group. Of these, FST, CCL3, CPE,
RAPGEF4, IL6, MDFI, PDZD2, and GATM were primary
hub genes (biomarkers) for osteoporosis (with most signifi-
cant difference between two groups).

Enrichment Analysis Results and Protein—Protein
Interaction (PPI) Analysis
By performing GO and KEGG enrichment analysis on these
803 differentially expressed mRNAs, it could be suggested
that these differentially expressed genes were significantly
enriched in GO terms related to extracelluar matrix process
(Fig. 2A) and the KEGG signaling pathways including osteo-
clast differentiation, mineral absorption, and so on (Fig. 2B).

The STRING database was processed to construct a
PPI network for potential hub genes. The MCODE plug-ins
here indicated three significant clustering modules (Fig. 2C).
The cluster 1 included FST, CCL3, and RAPGEF4 genes. IL6
and PDZD2 contributed to cluster 2, while CPE, MDFI, and
GATM composed cluster 3, respectively. These eight genes
were shown to be the key target genes for osteoporosis
formation.

Fig 3 Clinical diagnosis of osteoporosis patients using imaging methods. (A, B) The QCT imaging for control and osteoporosis patients respectively.

(C, D) The comparison between control and osteoporosis patients using mDixon-Quant techniques.

TABLE 2 Selected gene concentrations were compared
between osteopenia and osteoporosis groups

FST
(ng/mL, x � s)

CCL3
(ng/mL, x � s)

RAPGEF4
(ng/mL, x � s)

Osteopenia group 48.36 � 9.12 0.56 � 0.24 66.47 � 13.28
Osteoporosis group 23.63 � 6.39 1.03 � 0.64 53.58 � 11.42
t 7.06 6.86 1.37
P <0.01 <0.01 <0.05
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Clinical Diagnosis of Osteoporosis Using Imaging
Techniques
A total of 128 suspected cases for osteoporosis were further
investigated using QCT and mDixon-Quant techniques.
These methods could efficiently distinguish between osteopo-
rosis and osteopenia patients (Fig. 3). With the double insur-
ance plan, 80 patients were finally diagnosed as osteoporosis
group for the subsequent analysis.

External Verification of Hub Gene Functions for
Osteoporosis
Next, we sought to verify the functions of hub genes as bio-
markers for osteoporosis diagnosis. Since genes in cluster
1 showed a promising difference between two groups by the
RNA-seq, we studied the protein expression level of FST,
CCL3, and RAPGEF4 using ELISA method. As indicated in
Table 2, the protein concentration of FST was 23.63
� 6.39 ng/mL in osteoporosis patients compared as 48.36
� 9.12 ng/mL in osteopenia group (t = 7.06, P < 0.01).
Meanwhile, CCL3 was 1.03 � 0.64 ng/mL in osteoporosis
patients vs 0.56 � 0.24 in osteopenia group (t = 6.86,
P < 0.01) and RAPGEF4 was 53.58 � 11.42 ng/mL in osteo-
porosis patients versus 66.47 � 13.28 ng/mL in osteopenia
group (t = 1.37, P < 0.05), respectively. These outcomes
suggested that these three genes could be latent biomarkers
for osteoporosis patients in clinic.

Discussion

Effective Biomarkers are Required for Osteoporosis
Osteoporosis has been currently acknowledged as the most
prevalent bone disorder in the world, especially for elder
people. In the normal situation, the amount of bone lost
should be equal to the amount of new bone formed. How-
ever, when this balance becomes “uncoupled”—as the conse-
quence of aging, unbalance of hormones, changes in serum
calcium levels—there is a net loss of bone, which is the initi-
ation of osteoporosis. To date, osteoporosis is recommended
by the world health organization (WHO) as a T-score of
�2.5 standard deviations (SD) below the BMD of a healthy
younger person of the same sex19. The calculation of BMD
as well as diagnosis of osteoporosis mainly depend on the
techniques of dual energy X-ray absorptiometry (DXA)20.
Nowadays, researchers have been trying to find break-
throughs in the early screening and diagnosis of osteoporosis
and have made considerable progress in these areas, but the
effect is far from satisfactory21. On one hand, the current
imaging detection technology inevitably has human errors,
which has contributed to a high misdiagnosis rate. On other
hand, due to incidence of osteoporotic fracture increases
with advancing age, the prevention of osteoporosis is a pri-
mary public health concern worldwide. Unfortunately, only a
small proportion of the elderly population pay attention to
the imaging analysis for osteoporosis during a routine physi-
cal examination. For this purpose, an effective biomarker

based on the differentially expressed gene profile is a top
priority.

Investigation of Differentially Expressed Genes for
Osteoporosis
At this moment, a public open resource for human osteopo-
rosis is still missing, like GEO or TCGA database. Therefore,
we established an osteoporosis animal model using HLU rat.
HLU rat had been previously established in our laboratory,
which is a well-accepted animal model for dysmotility syn-
drome including osteoporosis17,22. Using this innovative
model, it could be demonstrated that 803 genes displayed a
specific expression pattern between control and osteoporosis
groups (Fig. 1). Under the normal circumstance, adult bone
mass results from peak during adolescence and is subse-
quently maintained until perturbations in the bone process
of remodeling cycle. This well-regulated procedure is bal-
anced between bone-forming osteoblasts and bone-resorbing
osteoclasts23. Therefore, it was reasonable to speculate these
differentially expressed genes were enriched in GO terms
related to extracellular matrix process and the KEGG signal-
ing pathways including osteoclast differentiation (Fig. 2).
Among these candidates, eight primary hub genes including
FST, CCL3, CPE, RAPGEF4, IL6, MDFI, PDZD2, and GATM
were subdivided into three clusters by PPI investigation. FST
stands for TGF-β superfamily antagonist follistatin, therapy
dose-dependently of which increased cancellous bone mass
up to 42% and improved bone microstructural indices in
mice24. Actually, various inhibitors of the activin receptor
signaling pathway (IASPs), like FST, have become the latent
therapeutics for some bone remodeling disorders based on
their ability to increase muscle and bone mass.

Potential Hub Genes were Confirmed by External
Clinical Experiments
Since the differentially expressed genes were hypothesized
from rat tissue, whether they presented the same results in
human being was an important concern for us. To this end,
we performed an ELISA assay using osteoporosis patients
(shown in Table 1). In a study by Farangis et al., the circulat-
ing chemokines were detected by ELISA immediately after
blood collection according to the manufacturer’s guidelines
for control and osteoporosis patients. Similar to the results
here, three members of CCL including CCL2, CCL3, as well
as CCL5 were elevated in osteoporosis patients25, whereas
the mean contents of CCL3 were (936.39 � 204) pg/mL and
(134.5 � 4.58) pg/mL in osteoporosis patients and controls,
respectively. They claimed that CCL3, through binding to
CCR1 and CCR5, could stimulate CCL5 secretion from osteo-
blasts. Since CCL5 manipulates several important osteoclast
functions and CCL3 is secreted predominantly by osteoclasts,
it is meaningful to hypothesise that communication between
osteoclasts and osteoblasts could be regulated by these two
chemokines.
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Limitations of the Study
Certain limitations should be acknowledged in this study.
For instance, one significant aspect was that the differentially
expressed gene profile was generated from rat model, which
clear initiated a concern about extra-species differences. Sec-
ond, even though we performed a PPI analysis for the hub
gene interactions, the internal connections between these
genes and osteoporosis have not been fully explored yet,
which required in vivo study for further verification Third,
external verification of hub gene functions for osteoporosis
was collected from only one hospital. The sample size was
limited. To further develop the clinical application, more
participants including different gender and personality traits
should be recruited in the study. To address these issues, we
would take further steps and more efforts to consider the
aspects mentioned above.

Conclusion
In conclusion, in the light of the fact that there remains no
gold standard clinical diagnostic biomarkers for osteoporosis
patients, we established a comprehensive expression profile
for osteoporosis using HLU rat model. Several potential bio-
markers were initiated and verified by clinical osteoporosis
specimen. Overall, we shed light on questions and challenges
posed by osteoporosis, and provide tremendous help for
future understanding of the disease.
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