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Abstract: Osteoporosis (OP) is a disease characterized by bone loss, imbalance of bone metabolism and destruction
of trabecular microstructure, and associated with menopause. Studies have shown that immune related lympho-
cytes are involved in bone metabolism. However, the molecular mechanisms hidden in the interaction of lympho-
cytes with OP need to be further studied. In the present study, we investigated the expression profiles and differ-
ences of INcRNAs, mRNAs, circRNAs and miRNAs in peripheral blood lymphocytes of patients with postmenopausal
OP using lllumina-based complementary DNA (cDNA) deep sequencing (RNA-seq). 70 IncRNAs, 475 mRNAs, 260
circRNAs and 13 miRNAs were differentially expressed in patients with postmenopausal osteoporosis (OP group)
compared with healthy controls (NC group). The functions of differentially expressed IncRNAs, circRNA, miRNA and
potential targeting genes were predicted by Gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) analysis. Complex IncRNA-miRNA-mRNA and circRNA-miRNA-mRNA regulatory networks were constructed
based on differentially expressed RNAs. Taken together, our study indicated that IncRNAs, mRNA, circRNAs and
miRNA could associate with the occurrence of postmenopausal OP and may be as possible biomarkers and target

genes in lymphocytes for OP.
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Introduction

Osteoporosis (OP) is the most common bone
disease characterized by a systemic impair-
ment of microarchitecture and bone mass that
results in fragility fractures. It has been devel-
oped as the most common geriatric disease,
especially in postmenopausal women [1]. Tra-
ditionally, osteoporosis has been regarded as
an endocrine disease [2]; nevertheless, it is
also well established that chronic inflammatory
diseases are associated with OP [3]. Increasing
evidences have shown a close connection
between immune deficiency syndrome and OP,
and although major osteoporotic risks, such as
estrogen deficiency and advanced age, were
observed, inflammatory background has been
considered as an another pathogenetic factor
[4, 5]. Lymphocytes have been shown to play a
role in postmenopausal OP through regulating
bone metabolism [6]. Conversely, cytokines

produced by osteocyte can promote lympho-
cyte differentiation and lead to the expansion of
lymphocyte so as to further regulate the bal-
ance of bone metabolism [7]. This emphasizes
an urgent demand for new biomarkers for a
more reliable prediction of OP diagnosis and
therapy.

Long non-coding RNAs (IncRNAs) with length
longer than 200 nucleotides are defined as
transcripts that are not translated into protein
[8]. It is found that although IncRNA does not
encode proteins, it plays an important role in
regulating gene transcription through two ways:
trans and cis. Trans means that IncRNA regu-
lates the genes far away from its transcriptional
point, and cis refers to the INcRNAs that IncRNA
acts on the genes close to its transcriptional
location [9]. Compared with microRNAs (miR-
NAs) those inhibit the gene expression at post-
transcriptional level, IncRNAs can participate in
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Table 1. Characteristics of the study subjects

OP group NC group

Traits (n=3) (n=3)
Age (years) 55.6£3.2 49.7+0.58
Height (cm) 161.3+7.77 163.3+1.53
Weight (kg) 55+2.60 65+4.3

Menarche age (years) 16.7+1.53 15.3+1.15
Menopause age (years) 49.7+1.53 46.7+2.08
Forearm T-score -1.03+1.39 0.63+1.33
Hip T-score -2.47+0.46 0.97+1.47
Femoral neck T-score -2.63+0.72 0.33+0.87
Femur T-score -1.9+0.89 0.67+0.63

epigenetic regulation, transcriptional and post-
transcriptional regulation by different mecha-
nisms [10]. IncRNA MEG3 inhibits osteogenic
differentiation through down-regulating miR-
133a-3p and its expression is increased in
bone marrow stem cell of ovariectomized mice
and OP patients [11]. LncRNA DANCR up-regu-
lated in blood mononuclear cells promoted
bone resorption through releasing TNF-o« and
IL-6 and finally resulted in OP [12]. LncRNA
NTF3-5 promotes osteogenic differentiation
and bone regeneration through down-regulat-
ing miR-93-3p [13].

Circular RNA (circRNA) is another non-coding
RNA predominantly found in the cytoplasm in
mammalian cells. Compared with linear RNAs,
circRNAs are resistant to exonuclease-mediat-
ed degradation and have a stable structure due
to the absence of 5’ and 3’ ends [14]. Increasing
evidences have demonstrated that circRNAs
can be used as a sponge of miRNA to counter-
act the inhibitory effect of mMRNA mediated by
mMiRNA by competing endogenous RNA (ceRNA)
network [15, 16]. CircRNA_007438 was up-
regulated during osteoclastogenesis and tar-
geted miRNA-6338 and miRNA-7028-3p, and
circRNA_005108 was down-regulated during
osteoclastogenesis and targeted miRNA-6975-
3p, MiRNA-6516-5p, miRNA-486b-5p and miR-
NA-31-3p [17]. circRNA BANP and circRNA ITCH
regulated osteogenic differentiation through
combining with miRNA146a and miRNA34a,
which targeting PDGFRA and DUSP1, respec-
tively [18].

So far, the expression profiles and functions of
INncRNAs, mRNAs, circRNAs and miRNAs are
extremely unknown in skeletal system, specifi-
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cally during postmenopausal osteoporosis. To
explore the underlying molecular regulation of
non-coding RNAs for postmenopausal osteo-
porosis, differentially expressed patterns of
INcRNA, mRNAs, circRNAs and miRNAs was
examined in peripheral blood lymphocytes of
postmenopausal OP patients and healthy con-
trols by Illumina-based complementary DNA
(cDNA) deep sequencing (RNA-seq). GO and
KEGG pathway analysis were done based on
the function of mMRNAs that mediated by differ-
entially expressed IncRNAs, circRNAs and
miRNAs.

Materials and methods
Patients and samples

The total number of peripheral blood lympho-
cyte samples we used for this study is six,
including three patients with postmenopausal
osteoporosis (OP group; age range 52-58 years)
and three healthy controls (Control group; age
range 49-50 years). Osteoporosis was defined
by spine or hip bone mineral density (BMD)
T-score < -2.5 SD and healthy control was
defined by spine or hip bone mineral density
(BMD) T-score > -1.0 SD. The detailed charac-
teristics of the study subjects are summarized
in Table 1. All patient samples were obtained at
the time of diagnosis or relapse and with
informed consent at the Second Affiliated
Hospital of Harbin Medical University.

Isolation of peripheral blood lymphocytes

Thirty milliliters of fresh heparinized elbow
venous blood samples from patients’ was sus-
pended with PBS and added into the lympho-
cyte separation solution with the same volume.
After centrifugation at 950xg for 20 min, the
cells at the interface were moved into a new
tube containing 10 ml PBS and then centrifuga-
tion at 250xg for 10 min. Cells were then sus-
pended with 5 ml PBS and centrifugation at
250xg for 10 min. The prepared peripheral
blood lymphocytes were resuspended with 1
ml Trizol, subsequently moved into liquid nitro-
gen for 10 min and stored at -80°C until used.

RNA isolation and RNA-seq analysis

Total RNA was isolated from the peripheral
blood lymphocytes using Trizol reagent (Sigma-
Aldrich, St. Louis, MO, USA) according to the
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manufacturer’s protocol. 5 pg of RNA was used
as input material for the RNA sample prepara-
tions. Sequencing libraries were generated
using RNase R digested and rRNA-depleted
RNAs or NEBNext Multiplex Small RNA Library
Prep Set for lllumina (NEB, USA) by NEBNext
Ultra Directional RNA Library Prep Kit for
Ilumina (NEB, USA) following manufacturer’s
recommendations. After cluster generation on
a cBot Cluster Generation System using HiSeq
PE Cluster Kit v4 cBot or TruSeq SR Cluster Kit
v3-cBot-HS (lllumia), the library preparations
were sequenced on an lllumina Hiseq 2500
platform.

Differential expression analysis

Differential miRNA and circRNA expression
analysis of two samples was performed using
the DEGseq [19]. Cuffdiff provides statistical
routines for determining differential expression
in digital transcript or gene expression data
using a model based on the negative binomial
distribution [20]. P-value < 0.05 were assigned
as differentially expressed.

Target gene prediction and competing endog-
enous RNA (ceRNA) network analysis

Predicting the target genes and binding sites of
miRNA were performed by miRanda (Enright et
al, 2003) [21]. Cis role of target gene prediction
was performed by searching coding genes 100
k/10k downstream and upstream of IncRNA
and trans role of target gene prediction was
identified by calculating the expressed correla-
tion between IncRNAs and coding genes with
custom scripts. The IncRNA/circRNA-miRNA-
MRNA ceRNA network was constructed accord-
ing to the common target miRNAs of the
IncRNA/circRNAs and mRNAs.

GO and KEGG enrichment analysis

Gene Ontology (GO) enrichment analysis was
used on the target gene candidates of differen-
tially expressed miRNAs and the source genes
of differential circRNAs. We used KEGG
Orthology Based Annotation System [22] soft-
ware to test the statistical enrichment of the
target gene candidates in KEGG pathways. GO
terms and KEGG pathways with a P-value <
0.05 were considered significantly enriched by
differential expressed genes.
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Results

Differential expression analysis of IncRNAs,
mMRNAS, circRNA and miRNAs

Hierarchical clustering revealed IncRNAs,
MRNAs, circRNA and miRNAs expression in OP
and normal peripheral blood lymphocyte sam-
ples. A total of 70 significantly expressed Inc-
RNAs were obtained, including 39 up-regulat-
ed IncRNAs and 31 down-regulated IncRNAs
(Figure 1A). Meanwhile, top 5 up-regulated
IncRNAs, including IncRNA_000180 (2.57-fo-
Id), INcRNA_000386 (2.50-fold), IncRNA RP11-
885N19.6 (2.17-fold), IncRNA AP006222.2
(2.16-fold) and IncRNA_000285 (2.01-fold),
and down-regulated IncRNAs, including Inc-
RNA_000283 (-3.61-fold), IncRNA_000416
(-3.43-fold), IncRNA RP11-525A16.4 (-2.17-
fold), IncRNA_000483 (-1.99-fold) and Inc-
RNA_000647 (-1.96-fold). Moreover, a total of
475 mRNAs were detected to be differentially
expressed (Figure 1B). Among them, 264 and
211 were up-regulated and down-regulated in
OP groups compared with control groups,
respectively. Meanwhile, top 5 up-regulated
MRNAs, including HLA-DQA1 (5.25-fold), FOL-
R3 (4.61-fold), COX14 (4.60-fold), NXF3 (4.39-
fold) and HLA-DRB5 (4.36-fold), and down-reg-
ulated mRNAs, including COQ10A (-12.5-fold),
ZBTB37 (-12.0-fold), UQCC1 (-11.2-fold), PPBP
(-4.91-fold) and RETN (-3.20-fold).

In the same way, a cluster was generated and
analyzed with hierarchical clustering for the
often differentially regulated 260 circRNAs
(Figure 1C). 106 of these circRNAs were up-
regulated and 154 were down-regulated in OP
groups. Meanwhile, top 5 up-regulated cir-
cRNAs, including circRNA_0010452 (4.64-
fold), circRNA_0022348 (4.21-fold), circR-
NA_0015566 (4.13-fold), circRNA_0003323
(4.12-fold) and circRNA_0013121 (4.08-fold),
and down-regulated circRNAs, including cir-
cRNA_0021739(-8.51-fold),circRNA_0011269
(-4.41-fold), circRNA_0019693 (-4.29-fold), cir-
cRNA_0005245 (-4.12-fold) and circRNA_OO-
10349 (-3.98-fold). A total of 13 miRNAs were
specifically dysregulated, including 3 up-regu-
lated miRNAs and 10 down-regulated miRNAs,
respectively, in OP patients compared with con-
trols (Figure 1D). Meanwhile, top up-regulated
miRNAs, including miR-181a-2-3p (1.15-fold),
miR-10a-3p (0.81-fold) and miR-5009-5p (0.79-
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Figure 1. Expression profiles of mRNAs, IncRNAs, circRNAs and miRNAs. Hierarchical clustering of all differentially expressed mRNAs (A), IncRNAs (B), circRNAs (C)
and miRNAs (D) in peripheral blood lymphocytes of postmenopausal OP groups and control groups.
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Figure 2. GO analysis of the biological function of mMRNAs, IncRNAs, circRNAs and miRNAs. Go terms of up- (A) and down-regulated mRNAs (B), up- (C) and down-
regulated IncRNA co-located mRNAs (D), up- (E) and down-regulated IncRNA co-expressed mRNAs (F), up- and down-regulated mRNAs producing differentially
expressed circRNAs (G) and targeting by miRNAs (H) with top 20.
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fold), and down-regulated miRNAs, including
miR-3190-5p (-1.03-fold), miR-3690 (-0.98-
fold), miR-1299 (-0.97-fold), miR-668-3p (-0.90-
fold) and miR-655-3p (-0.87-fold).

Functional enrichment analysis

Gene ontology (GO) enrichment analysis of
significantly differentially expressed mRNAs
showed that the up-regulated mRNAs were
associated with 371 biological processes (BPs)
such as cell differentiation, 29 molecular func-
tions (MFs) such as sequence-specific DNA
binding RNA polymerase Il transcription factor
activity, and 14 cellular components (CCs) such
as SetlC/COMPASS complex (Figure 2A).
Moreover, down-regulated mRNAs were associ-
ated with 155 BC such as innate immune
response, 22 MF such as ceramidase activity,
and 15 CC such as organelle envelope (Figure
2B).

Functional enrichment analysis was also
applied on the differentially expressed IncRNA-
targeted mRNAs, including co-located and co-
expressed mRNAs. The up-regulated IncRNA-
targeted mRNAs (co-located) were associated
with 130 BPs such as negative regulation of
developmental process, 13 MFs such as pro-
tein-tyrosine sulfotransferase activity, and 10
CCs such as PRC1 complex (Figure 2C).
Moreover, down-regulated IncRNA-targeted
mMRNAs (co-located) were associated with 132
BPs such as regulation of ossification, 29 MFs
such as acetylgalactosaminyltransferase activ-
ity, and 14 CCs such as proteasome activator
complex (Figure 2D). The up-regulated IncRNA-
targeted mRNAs (co-expressed) were associat-
ed with 142 BPs such as macromolecule bio-
synthetic process, 27 MFs such as nucleic acid
binding transcription factor activity, and 31 CCs
such as membrane-bounded organelle (Figure
2E). Moreover, down-regulated IncRNA-target-
ed MRNAs (co-expressed) were associated
with 138 BPs such as cellular metabolic pro-
cess, 33 MFs such as mRNA binding, and 43
CCs such as organelle (Figure 2F).

Functional enrichment analysis applied on the
differentially expressed circRNAs showed that
the up-regulated and down-regulated mRNAs
producing differentially expressed circRNAs
were associated with 52 BPs such as ubiquitin-
dependent protein catabolic process, 16 MFs
such as sequence-specific DNA binding, and
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19 CCs such as chromatin (Figure 2G).
Functional enrichment analysis applied on the
differentially expressed miRNAs showed that
the up-regulated and down-regulated mRNAs
targeted by miRNAs were associated with 243
BPs such as regulation of cell communication,
43 MFs such as protein binding, and 55 CCs
such as intracellular part (Figure 2H).

KEGG pathway enrichment analysis for signifi-
cantly differentially expressed mRNAs showed
that up-regulated mRNAs were associated with
23 pathways such as Systemic lupus erythema-
tosus, Inflammatory bowel disease (IBD) and
Graft-versus-host disease, and down-regulated
MmRNAs were associated with 14 pathways
such as Rheumatoid arthritis, Malaria and
Legionellosis (Figure 3A). With regard of differ-
entially expressed IncRNAtargeted mRNAs,
including co-located and co-expressed mRNAs,
up- and down-regulated IncRNA-targeted
MRNASs (co-located) were associated with path-
ways such as Osteoclast differentiation and
MAPK signaling pathway (Figure 3B). More-
over, up- and down-regulated IncRNAtargeted
MRNAs (co-expressed) were associated with
pathways such as Thyroid hormone signaling
pathway and T cell receptor signaling pathway
(Figure 3C). With regard of differentially
expressed circRNAs and miRNAs, up- and
down-regulated mRNAs producing differentially
expressed circRNAs were associated with path-
ways such as Allograft rejection and Graft-
versus-host disease, respectively (Figure 3D).
The up- and down-regulated mRNAs targeted
by miRNAs were associated with pathways
such as AMPK signaling pathway and Oxytocin
signaling pathway, respectively (Figure 3E).

Construction of ceRNA network

Through merging the common targeted miR-
NAs, we constructed a network of IncRNAs-
miRNAs-mRNAs with a total of 70 IncRNAs, 13
miRNAs and 459 mRNAs (Figure 4A), and cir-
cRNAs-miRNAs-mRNAs with a total of 260 cir-
cRNAs, 13 miRNAs and 459 mRNAs (Figure
4B). Moreover, IncRNAs and circRNAs were
found to share a common binding site of miRNA
response elements. For example, IncRNA_0O-
0406, IncRNA ENSTO0000613780.4, circR-
NA_0016760 and circRNA_0018034 are
ceRNA of miR-10a-3p targeting IL2RB, SOX4,
PLCXD1, EPG5, IKZF2, PTAFR, TGFBR3, LMTK2
and PVRL1. Whereas, IncRNA_000037, Inc-
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Figure 4. IncRNAs/circRNAs-miRNAs-mRNAs regulation network. INcRNAs-miRNAs-mRNAs with a total of 49 In-
cRNAs, 13 miRNAs and 315 mRNAs (A) and circRNAs-miRNAs-mRNAs with a total of 228 circRNAs, 13 miRNAs
and 315 mRNAs (B). Go annotation of IncRNAs/circRNA-miRNAs-mRNAs with a mode of up-down-up (C) or down-
up-down (D) with top 20. KEGG pathway enrichment analysis of INcRNAs/circRNA-miRNAs-mRNAs with a mode of

up-down-up (E) or down-up-down (F) with top 20.

RNA_000655, IncRNA_000187, IncRNA_000-
361, circRNA_0022625, circRNA_0025901
and circRNA_0004790 are ceRNA of miR-1299
targeting ADAMTS10, MSR1, ADTRP, PVRL1,
STEAP4, TOX, PLCXD1, C5AR2 and RBP7.

Functional enrichment analysis showed that
INcRNAs/circRNAs-miRNAs-mRNAs with a mo-
de of up-down-up were associated with BPs

1506

such as negative regulation of cellular bio-
synthetic process, MFs such as binding, and
CCs such as nuclear chromatin (Figure 4C).
IncRNAs/circRNAs-miRNAs-mRNAs with a mo-
de of down-up-down were associated with BPs
such as ascending aorta development, MFs
such as 17-beta-hydroxysteroid dehydrogenase
(NAD+) activity, and CCs such as rhabdomere
(Figure 4D).
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KEGG pathway enrichment analysis for Inc-
RNAs/circRNAs-miRNAs-mRNAs with a mode of
up-down-up showed association with pathways
such as Inflammatory bowel disease (IBD),
HTLV-I infection and Allograft rejection (Figure
4E). Whereas, IncRNAs/circRNAs-miRNAs-mR-
NAs with a mode of down-up-down were associ-
ated with pathways such as Leishmaniasis,
Malaria and Staphylococcus aureus infection
(Figure 4F).

Discussion

Bone formation and absorption maintain a
dynamic balance to maintain bone health. The
disorder of bone metabolism causes bone
related diseases, especially osteoporosis,
which can lead to a decrease in bone density,
the deterioration of bone microstructures and
increase the risk of fracture [23, 24]. Recently,
the functions of non-coding RNAs such as miR-
NAs, IncRNAs and circRNAs have been de-
scribed in many diseases including cancers
[25, 26]. In our study, the expression profiles of
INcRNA, mRNA, circRNA and miRNA were
detected using RNA-seq analysis, which acts as
a relatively novel platform for gene expression
data. The RNA-seqisto determine the sequence
of all the transcripts expressed by a particular
organization at a specific time and to analyze
the changes in the structure of the transcrip-
tional sequence, at the same time, the expres-
sion of mMRNA and gene polymorphism at the
genomic level are also analyzed [27].

A total of 70 IncRNAs, 475 mRNAs, 260 cir-
cRNAs and 13 miRNAs were significantly
expressed in postmenopausal OP groups com-
pared with control groups. Among differentially
expressed IncRNAs, IncRNA MALAT1 had been
found overexpressed in osteosarcoma patients
and associated with prognosis, tumor size, clin-
ic stages, distant metastasis and clinicopathol-
ogy [28], and knockdown of IncRNA MIAT
enhanced osteogenic differentiation of human
adipose-derived stem cells [29]. circRNA_0O-
10763 was up-regulated in our OP groups com-
pared with control, whereas it was up-regulated
in osteoclasts compared with monocytes and
down-regulated in osteoclastogenesis [17].
miR-99b-5p and miR-758-3p were down-regu-
lated in our OP groups compared with control,
whereas they were previously showed up-regu-
lated during osteoclast differentiation [30] and
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in the rapidly proliferating osteosarcoma cell
lines [31]. miR-3190-5p was down-regulated in
our OP groups compared with control and in
MC3T3-E1 cells exposed to fluoride, one of the
most potent agent for OP [32]. These results
suggest an important role of the special RNAs
in bone metabolism. In addition, we reported
that TMEM176B up-regulated in our OP groups
compared with control was related to osteogen-
ic differentiation of myoblasts [33]. CENPM,
CENPA, RRM2, SHCBP1, KIFC1, DTL, TOP2A,
and SLC2A1 were up-regulated, whereas CSTA
was down-regulated, in our OP groups com-
pared with control. However, microarray analy-
sis used in the previous study showed a con-
trary expression in osteoporotic bone tissue
compared with us [34]. These confused find-
ings may be exampled by the differences in
measurement techniques and sample sour-
ces.

GO enrichment analysis showed that signifi-
cantly differentially expressed mRNAs were
associated with 526 BPs, 51 MFs and 29 CCs,
including immune system process, G-protein
alpha-subunit binding and cell-cell adherens
junction, IncRNA targeted co-located mRNAs
were associated with 262 BPs, 42 MFs and 24
CCs, including sulfation, acetylgalactosaminyl-
transferase activity and PRC1 complex, and
INcCRNA targeted co-expressed mRNAs were
associated with 280 BPs, 60 MFs and 74 CCs,
including organic substance metabolic pro-
cess, protein domain specific binding and
membrane-bounded organelle. The differen-
tially expressed mRNAs producing differentially
expressed circRNAs were associated with 52
BPs, 16 MFs and 19 CCs, including ubiquitin-
dependent protein catabolic process, sequ-
ence-specific DNA binding and chromatin. The
differentially expressed mRNAs targeted by
miRNAs were associated with 243 BPs, 43 MFs
and 55 CCs, including regulation of cell com-
munication, protein binding and intracellular
part. Immune response-related biological pro-
cesses were covered by many differentially
expressed RNAs in postmenopausal OP, which
were agreement with our description that a
relationship is existed between osteoporosis
and immune system, and other studies were
also stated [7].

KEGG pathway enrichment analysis showed
that differentially expressed RNAs were associ-
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ated with pathways such as Type Il diabetes
mellitus, Osteoclast differentiation, Rheumatoid
arthritis, NF-kB, MAPK, AMPK, Toll-like recep-
tor, T and B cell receptor signaling pathways,
while PPAR and Insulin signaling pathways were
not significant difference between OP and con-
trol, which was partly consistent with the previ-
ous study in the mandible of ovariectomized
mice [35]. In addition, also reported that the
differentially expressed genes were associated
with MAPK, PPAR, Toll-like receptor and Type |
diabetes mellitus signaling pathways [34]. OP is
highly prevalent in patients with rheumatoid
arthritis who are also accompanied with activa-
tion of Toll-like receptors [36]. MAPK/NF-kB
signaling pathway has been found to be associ-
ated with trabecular structure and osteoclasto-
genic differentiation in diabetes-related osteo-
porosis [37].

ceRNAs are of great importance in regulating
gene expression [38]. Here, this is our first
time to construct IncRNA/circRNA-miRNA-
MRNA ceRNA network of OP based on our RNA-
seq data and we found 70 IncRNAs (e.g. MIAT,
C150rf54, RP11-96H19.1 and RP11-13A1.1),
260 circRNAs (circRNA_0004790, circRNA_00-
25901, circRNA_0008189 and circRNA_0022-
625), 13 miRNAs (e.g. miR-3678-3p, miR-3190-
5p, MiR-1299 and miR-181a-2-3p) and 459
MRNAs (e.g. RUNX3, COL5A3, TMEM8A and
TLR4). Moreover, GO and KEGG pathway analy-
sis showed that IncRNA/circRNA-miRNA-mRNA
ceRNA network was associated with negative
regulation of biosynthetic and metabolic pro-
cess and Inflammatory bowel disease (IBD) sig-
naling pathway, etc. Our results indicate an
important role of IncRNAs and circRNAs in the
occurrence of OP through competing miRNA
response elements.

In summary, our findings show significant differ-
ences in the expression of IncRNAs, mRNAs,
circRNAs, and miRNAs between postmeno-
pausal OP patients and healthy controls, and
the functions of the RNAs were also identified
based on our RNA-seq analysis. These differen-
tially expressed RNAs may be as possible bio-
markers and target genes in lymphocytes for
OP.
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