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Purpose: To investigate different expression profiles of long non-coding RNAs (IncRNAs) and
mRNAs between male osteoporosis and normal control by high throughput RNA sequencing.
Methods: We obtained the different expression profiles of long non-coding RNAs
(IncRNAs) and mRNAs between male osteoporosis and normal control by high throughput
RNA sequencing. Compared to normal control, we identified the differentially expressed
genes (DEGs), differentially expressed IncRNAs (DEIncRNAs) and the nearby targeted
DEGs of DEIncRNAs in male osteoporosis. Functional annotation was used to further
study the functions of DEGs in male osteoporosis. The DEIncRNAs-DEGs interaction
network was constructed. One DEIncRNA-nearby targeted DEG interaction pair of
LINC02009-CCR2 was validated in vitro.

Results: Totally, 3296 DEGs, 204 DEIncRNAs and 168 DEIncRNAs-nearby targeted DEGs
pairs were obtained. The most significantly up-regulated and down-regulated DEIncRNAs in
male osteoporosis were Loc105372801 and KCNQ1OT], respectively. Osteoclast differen-
tiation and chemokine signaling pathway were significantly enriched pathways in male
osteoporosis. Based on the DEIncRNAs-DEGs interaction network in male osteoporosis,
we obtained several interaction pairs including SNHGS-SYNCRIP-HBAI-HBB, HCG27-HLA
-C, LINC02009-CCR2, and LOC101926887-IFITI-IFIT2/IFIT3/IFIT5. The expression of
LINC02009 and CCR2 was down-regulated in keeping with the RNA sequencing data.
Conclusion: Identified DEIncRNAs-DEGs interaction pairs may be involved in the devel-
opment of male osteoporosis, which make a contribution to underlying the mechanism of
male osteoporosis. Among which, the validated DEIncRNAs-nearby targeted DEGs interac-
tion pair of LINC02009-CCR2 may be important regulators in the development of male
osteoporosis.

Keywords: male osteoporosis, RNA sequencing, differentially expressed IncRNAs,
differentially expressed genes, osteoclast differentiation, in vitro validation

Introduction

Primary osteoporosis is characterized by decreased bone mass, low bone mineral density
(BMD) and loss of microarchitectural integrity with consequent increases the risk of
fracture." Primary osteoporosis mainly occurs in postmenopausal women and senile
men. Like postmenopausal osteoporosis, male osteoporosis is becoming a serious health
problem worldwide with aging.* The loss of BMD is approximately 1% per year in
senile men and 20% of senile man aged over 50 years suffer an osteoporosis-related
fracture.® One third of men with osteoporosis suffer a hip fracture, a major risk factor for
osteoporotic fracture-related death.*
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In the last decades, there has been considerable effort
to uncover the mechanisms underlying osteoporosis, espe-
cially the postmenopausal osteoporosis. Bone loss of

induced by remodeling imbalance
5

osteoporosis was
between bone resorption and bone formation.* Calcium,
parathyroid hormone,® estrogen’ and vitamin D* are well-
recognized regulators in osteoporosis. Multiple cytokines
such as interleukin-1 (IL-1), IL-6, macrophage colony-
stimulating factor (M-CSF), tumor necrosis factor-a
(TNF-a)) and receptor activator of nuclear factor-kB ligand
(RANKL) were found to be involved in osteoporosis.”'’
Immune system plays a crucial role in osteoporosis as

well *#

However, the molecular mechanisms of osteoporo-
sis in men are not fully known.

Recently, accumulated evidence has indicated that long
non-coding RNAs (IncRNAs) are involved in various biolo-
gical progress by regulating the gene expression at transcrip-
tional, epigenetic, or post-transcriptional levels."' " It is
reported that IncRNAs can alter the modification and loca-
tion of transcription factors, act as precursor for siRNAs or
miRNAs, regulate the alternative splicing of pre-mRNAs
through SR complex, regulate histone modification by inter-
acting with modification factors and bind to chromatin mod-
ification complexes to regulate chromatin remodeling and
structure.'* Previous studies have reported that several
IncRNAs such as DNACR and MEG3 are associated with
postmenopausal osteoporosis.'>!!?

In this study, we investigated different expression profiles
of IncRNAs and mRNAs between male osteoporosis and
normal control by high throughput RNA sequencing.
Differentially expressed IncRNAs (DEIncRNAs) and differ-
entially expressed genes (DEGs) in male osteoporosis were
further identified. Since IncRNAs can regulate the expression
of their nearby gene by cis-regulatory effects,'’ the nearby
targeted DEGs of DEIncRNAs in male osteoporosis were
identified as well. To further study the functions of DEGs in
male osteoporosis, functional annotation was carried out.

Materials and Methods

Patients and Samples

We collected full blood samples from three men with osteo-
porosis and two healthy men. Detailed full blood collection
was as follows: (1) the full blood was collected with BD
tube (2.5 mL per tube) at room temperature (18-25°C); (2)
the full blood was slowly reversed and mixed 8 to 10 times
to mix well with the anticoagulant in the BD tube; (3) the
full blood was placed vertically at room temperature for

12-24 h to fully contacted with the RNA stabilizer in the
BD tube; (4) the full blood was transferred to the refrigerator
at —20°C for 24 h, then transferred to the refrigerator at
—80°C for long-term preservation.

The inclusion criteria of male osteoporosis were as
follows: (1) according to world health organization
(WHO) standards, patients whose T-score of the femoral
neck or lumbar vertebrae or total hip is <-2.5 were diag-
nosed as osteoporosis; (2) patients had a new vertebral
compression fracture with no trauma history; (3) patients
had no prior history of drug use that might affect bone
metabolisms such as glucocorticoids, thyroid hormone,
parathyroid hormone, fluoride, calcitonin, thiazides, barbi-
turates, antiepileptic drugs, vitamin D and calcium. The
exclusion criteria of male osteoporosis were as follows: (1)
patients had diseases that affect bone metabolic such as
kidney disease, liver disease, thyroid disease, diabetes,
hyperprolactinemia, rheumatoid arthritis, ankylosing spon-
dylitis, chronic abdominal bay absorption adverse symp-
toms, malignant tumor, blood disease and abnormal
reproductive system and related medical history; (2)
patients had traumatic fractures. In addition, the inclusion
criteria of normal controls (men with degenerative osteoar-
thritis of the lumbar spine) were as follows: (1) individuals
were matched by gender, ageand frequency of the case
group; (2) T-scores of the femoral neck and lumbar ver-
tebrac (L;4) and total hip are all >-1. The exclusion
criteria of normal controls were as follows: (1) People
with a previous history of orthopedic system disease. The
detailed information of participants is shown in Table 1.
All the participants submitted the signed informed consent.
The protocol for this study has been approved by the
Ethics Committee of Beijing Friendship Hospital, Capital
Medical University (2017-P2-084-01).

RNA Sequencing

We isolated total RNA from these five blood samples
through the TRIZOL reagent (Invitrogen, Carlsbad, CA,
USA). Nanodrop ND-2000 spectrophotometer (Thermo
Scientific, Wilmington, DE, USA) was used to test the
concentration and purity of total RNA. 2% agarose gel
was used to check the integrity of RNA. We also obtained
the RNA integrity number (RIN) value by an Agilent 2100
Bioanalyzer. The threshold for cDNA library construction
was as follows: (1) the total amount of RNA was more
than Spg; (2) the concentration of RNA was more than
200ng/mL; (3) the value of OD260/280 was 1.8-2.2.
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Table | Patients Characteristics in RNA Sequencing
Case | Case 2 Case 3 Control | Control 2
Age (years) 60 82 68 71 69
BMI(Kg/M?) 31.8 16.73 225 22.7 30.5
BMD-T (femoral neck) —4.2 —4 -2.5 0.5 —-0.3
BMD-T (total lumbar vertebrae, L,.4) -3.0 —4.4 -3.0 -0.6 1.0
BMD-T (total hip) -38 -3.5 -23 0.4 0.7
History of smoking No No No No No
History of Alcohol No No No No No
History of coffee or carbonated drinks No No No No No
Family history of matrilineal family No No No No No
Lack of physical activity No No No No No
Bone metabolism-related diseases No No No No No
Bone metabolism-related drugs No No No No No

Abbreviations: BMI, body mass index; BMD, bone mineral density.

We removed ribosomal RNA by Ribo-Zero Magnetic
kit (EpiCentre, Madison, WI, USA). RNA was fragmented
into about 200 base pairs randomly. By using Truseq RNA
sample Prep Kit (Illumina, Inc., San Diego, CA, USA),
cDNA library was constructed. Firstly, the first cDNA
strand was synthesized with RNA fragments primed with
random hexamer primers. Secondly, we synthesized
the second cDNA strand with dUTP instead of dTTP.
Thirdly, end repair, 3’end adenylation and adapter ligation
of double-stranded cDNAs were performed with End
Repair Mix. Lastly, the second cDNA was digested by
UNG enzyme (Illumina, Inc., San Diego, CA, USA).
After the construction of the cDNA library, we amplified
the library by performing polymerase chain reaction
(PCR) for 15 cycles. Then, the amplified cDNA library
was purified and quantified by Certified Low Range Ultra
Agarose (Bio-Rad) and Picogreen (Molecular probes) on
TBS380 (Turner Biosystems), respectively. The bridge
PCR on cBot was performed by Truseq PE Cluster Kit v3-
cBot-HS. In the end, sequencing of each library was per-
formed by Illumina HiSeq 2000.

Data Processing

The FASTQ sequence data derived from RNA-seq results
were obtained through Base Calling. After removed the
low-quality reads by cutadapt (http://cufflinks.cbcb.umd.

edu/), we obtained the high-quality clean data. Fasta and
gff files of human reference genome (Ensemble GRCh38.
p7) were downloaded from NCBI. TopHat (http://tophat.
cbeb.umd.edu/) and Ensemble gene annotation were used
to align clean reads to Ensemble GRCh38.p7. Cuffquant
(http://cufflinks.cbcb.umd.edu/) was used to determine the

expression of both mRNAs and IncRNAs and outputted
the normalized data. The DEGs and DEIncRNAs in male
osteoporosis compared to normal control were obtained by
using an R package, DEGseq. P-value <0.05 was the
threshold of DEGs and DEIncRNAs in male osteoporosis.
The heat-maps of top 50 up- and down-regulated DEGs
and DEIncRNAs expression profile were performed with
cluster in R language.

Protein-Protein Interaction (PPI)
Network of DEGs

Based on Biological General Repository for Interaction
Datasets (BioGRID) (http://thebiogrid.org/), we explored
the proteins interacted with proteins encoded by the top 10

up-regulated and down-regulated DEGs in male osteoporo-
sis. After removing these proteins that were not belonging to
DEGs, we constructed the PPI network of top 10 up- and
down-regulated DEGs in male osteoporosis.

Nearby Targeted DEGs of DEIncRNAs

In order to identify the target DEGs of DEIncRNAs, the
DEGs transcribed within a 100 kbp window upstream or
down-stream of DEIncRNAs were researched and consid-
ered as nearby cis targets of DEIncRNAs. The network of
DEIncRNA-near targeted DEGs was constructed by using
Cytoscape.

Functional Annotation of All DEGs and
Nearby Targeted DEGs of DEIncRNAs
To further study the biological functions of identified all of
DEGs and nearby targeted DEGs of DEIncRNAs, we
performed the Gene Ontology (GO) function and Kyoto
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Encyclopedia of Genes and Genomes (KEGG) pathway
enrichment analyses of DEGs by online GeneCoDis3 soft-
ware. False discovery rate (FDR) <0.05 was regarded as
the cut-off for significant GO terms and KEGG pathways.

DEIncRNAs-Nearby Targeted DEGs

Interaction Network

Firstly, we constructed the DEIncRNAs-nearby targeted
DEGs interaction network by using all of the
DEIncRNAs and DEGs in male osteoporosis compared
to normal control. Then, this DEIncRNAs-nearby targeted
DEGs interaction network and the male osteoporosis-
specific PPI network were merged with the top 10 up-
and down-regulated DEGs.

In vitro Validation

One DEIncRNA-nearby targeted DEGs interaction pair of
LINC02009-CCR2 was selected randomly for validation.
A total of 36 full blood samples (16 cases) from male osteo-
porosis patients and healthy individuals (20 normal controls)
were used for validation of CCR2 and LINC02009. The
clinical information of these individuals was shown in the
supplementary Table 1. We performed QRT-PCR in an ABI
7500 real-time PCR system. Relative gene expression was
analyzed using 27" method. The human GAPDH gene
was used as an endogenous control for mRNA expression in

the analysis. All the participants submitted the signed
informed consent. The protocol for this study has been
approved by the Ethics Committee of Beijing Friendship
Hospital, Capital Medical University (2017-P2-084-01).

Results

LncRNAs and mRNAs Expression Profile
A total of 3296 DEGs (1428 up-regulated DEGs and 1868
down-regulated DEGs) were obtained. A total of 204
DEIncRNAs including 57 up-regulated DEIncRNAs and 147
down-regulated DEIncRNAs were obtained. The top 10 up-
and down-regulated DEGs and top 10 up- and down-regulated
DEIncRNAs were shown in Tables 2 and 3, respectively. The
heat-maps of the top 50 up- and down-regulated DEIncRNAs
and DEGs expression profile are illustrated in Figure 1.

PPl Network of DEGs in Male

Osteoporosis

The PPI network consisted of 101 nodes and 105 edges
(Figure 2). Based on this network, HLA-C (degree=18),
KRT1 (degree=17) and IFIT1 (degree=15) were three hub
proteins in male osteoporosis.

Nearby Targeted DEGs of DEIncRNAs
After searching the DEGs transcribed within a 100 kbp
window upstream or down-stream of DEIncRNAs, we

Table 2 Top 10 Up- and Down-Regulated DEGs in Male Osteoporosis

Gene Log2 (Fold-Change) Log2 (Fold_Change) Normalized P-value Regulation
HBB 38273358104 37.8935156174 <0.001 up
DAAM2 4.049243519 3.669401032 <0.001 up
KRT1 2.88216351 2.502321023 <0.001 up
ILI8RI 2.716745816 2.336903329 <0.001 up
HLA-C 2.151771966 1.77192948 <0.001 up
IFITI 2.132595751 1.752753264 <0.001 up
PFKFB2 1.940854019 1.561011533 <0.001 up
SIPAIL2 1.929315008 1.549472521 <0.001 up
WLS 1.717446143 1.337603657 <0.001 up
ILIR2 1.470397971 1.090555485 <0.001 up
HLA-DRB5 —3.99524647 —4.375088957 <0.001 down
FOLR3 —2.983447932 —3.363290418 <0.001 down
TMTCI —2.97323309 —3.353075577 <0.001 down
PSMG4 —2.693022247 —3.072864733 <0.001 down
HBGI —1.616140812 —1.995983298 <0.001 down
LTF —1.424026283 —1.803868769 <0.001 down
HBA2 —1.177883217 —1.557725703 <0.001 down
HBAI —1.128790938 —1.508633424 <0.001 down
RPS26 —1.080222198 —1.460064685 <0.001 down
GM2A —1.033452527 —1.413295014 <0.001 down
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Table 3 Top 10 Up- and Down-Regulated DEIncRNAs in Male Osteoporosis

LncRNA Log2 (Fold-Change) Log2 (Fold-Change) Normalized P-value Regulation
LOCI105372801 0.96622827 0.586385784 <0.001 up
LOCI101927627 2.285128177 1.90528569 1.32E-10 up
HCG27 1.024098323 0.644255837 2.66E-07 up
TMX2-CTNNDI 21.64147797 21.26163548 5.55E-06 up
LOCI100129931 0.798952481 0.419109995 2.14E-05 up
LOC284454 1.281770969 0.901928482 2.88E-05 up
LOC643072 1.419376435 1.039533948 4.27E-05 up
LOCI105371816 0.965234582 0.585392095 6.21E-05 up
LOCI105377730 1.776493958 1.396651472 8.72E-05 up
LOCI105376569 1.588230215 1.208387728 0.0001675 up
KCNQIOTI —0.323016511 —0.702858997 <0.001 down
NEATI —0.54808287 —0.927925356 <0.001 down
MALATI —0.116697115 —0.496539601 <0.001 down
LOCI105370807 —3.663913842 —4.043756329 <0.001 down
LOCI105374981 —0.187292593 —0.56713508 2.68E-12 down
LOCI105374162 —0.135681661 —0.515524148 9.99E-12 down
LOCI105377885 —0.786844269 —1.166686756 1.65E-09 down
LOCI10537678I —0.138693678 —0.518536164 1.33E-08 down
LOCI105376332 —1.392317423 —1.772159909 4.61E-07 down
LOCI105377872 —0.788495895 —1.16833838I 1.00E-06 down

obtained 168 DEIncRNAs-nearby targeted DEGs pairs
which consisted of 116 DEIncRNAs and 162 DEGs. The
DEIncRNAs-nearby targeted DEGs network is illustrated
in Figure 3. LOC101926887 (degree=5), LOC100131626
(degree=5) and TMX2-CTNNDI1 (degree=5) were the top
three DEIncRNAs covered most nearby targeted DEGs.

Functional Annotation of All DEGs and
Nearby Targeted DEGs of DEIncRNAs

Firstly, we performed the functional enrichment analysis of
all DEGs. In the GO enrichment analysis (Figure 4A—C),
apoptotic process (FDR=4.78E-14), regulation of apoptotic
process (FDR=8.32E-10), protein binding (FDR=3.42E-86),
nucleotide binding (FDR=1.69E-22), nucleus (FDR=2.15E-
73), cytoplasm (FDR=3.48E-72) were significantly enriched
GO terms in male osteoporosis. Oxidative phosphorylation
(FDR=3.52E-11), pyrimidine metabolism (FDR=8.20E-09),
osteoclast differentiation (FDR=8.54E-09) and chemokine
signaling pathway (FDR=5.61E-15) were significantly
enriched pathways in male osteoporosis (Figure 4D). The
detailed signaling pathway of osteoclast differentiation is
shown in Figure 5. Then, we performed the functional
annotation of nearby targeted DEGs of DEIncRNAs. Based
on the GO enrichment analysis (Figure 6), type I interferon-
mediated signaling pathway (FDR=2.66E-05), cytokine-

mediated signaling pathway (FDR=3.78E-05), protein bind-
ing (FDR=4.34E-09), zinc ion binding (FDR=9.54E-06),
cytoplasm (FDR=1.26E-09) and cytosol (1.30E-06) were
significantly enriched GO terms of nearby targeted DEGs
of DEIncRNAs in male osteoporosis. However, we did not
obtain an enriched pathway for nearby targeted DEGs of
DEIncRNAs in male osteoporosis based on the KEGG
enrichment analysis.

DEIncRNAs-Nearby Targeted DEGs

Interaction Network

After merged the DEIncRNAs-nearby targeted DEGs
interaction network and the PPI network (involved top
10 up- and down-regulated DEGs), we obtained key
DEIncRNA-nearby targeted DEGs (top 10 up- and down-
regulated DEGs) interaction network (Figure 7).

QRT-PCR Confirmation of DEGs

To manifest the expression of high throughput RNA
sequencing for male osteoporosis, we compared the results
of qRT-PCR and RNA sequencing of DEIncRNA-nearby
targeted DEGs interaction pair LINC02009-CCR2. In
Figure 8, expressions of LINC02009 and CCR2 were all
down-regulated and consistent with our RNA sequencing
results.
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Dataset Dataset Dataset Dataset
HLA-DRB5 15 I case RTEL1-TNFRSF6B 15 I case
C9orfg84 normal SPECC1L-ADORA2A normal
HBG1 LOC105379392
MBNL3 LOC101929866
HBG2 1 LOC105377885 1
BIRC2 SNHG5
TMTC1 LOC105377068
PSMG4 ZNF625-ZNF20
MPEG1 05 LYPLAL1-AS1 05
VCAN : LOC105375943 :
GM2A LOC105374769
CPVL LOC105370807
RPS13 LOC105379251
CYBB 0 LOC105375942 0
CD52 LOC105374771
HLA-DRA LOC105377113
ANXA1 LOC101927723
ANXA2 -0.5 MALAT1 -0.5
RPS26 LOC105374809
LYz LINC01004
DUSP6 LOC102724380
CD74 -1 KCNQ10T1 -1
FCN1 LOC145474
GSTP1 LOC105370567
LRP1 LOC105374981
WARS 15 LOC100129434 15
AHNAK : LOC101926898 :
TSC DLEU1
SLCOS5A1 LOC105374162
CD44 UGDH-AS1
HBA2 LOC105377896
HBA1 LOC105369816
FOLR3 LOC105377872
LDHA LOC105374476
SOCS3 LOC105376991
AAM LOC284023
SLC11A1 LOC105376001
ALPL LOC105378524
BCL6 LOC101929506
GCA LOC105369477
ACSLA1 LOC102724748
AQP9 LOC105378980
PYGL ZFP91-CNTF
HBB LOC100129550
PFKFB2 LOC101929007
IL1R2 LOC101928007
FLOT2 LOC105372491
CXCR1 NEAT1
NAMPT LOC105373511
HAL LOC105376332
KCNJ15 LOC101927580
IFITM2 TMX2-CTNND1
MME LOC646762
HCLS1 LOC105373058
CSF3R MAGI2-AS3
SIPA1L2 LOC101929974
XPO6 LOC105370047
CLEC4E FLVCR1-AS1
ERGIC1 LOC100506159
SLA LOC105376781
PGD LOC102723741
PREX1 LOC101926887
PHC2 LOC105371857
APMAP LOC105372807
IFIT1 AIRN
MMP25 LOC105378620
DUSP1 LOC105373465
SYNE1 LOC105373110
FKBP5 LOC105376287
IL18R1 LOC284454
SMAP2 LOC105371816
FCGR3B SNHG20
FRAT2 NPHP3-ACAD11
IFIT2 FLJ32255
LS LOC100130872
TSC22D3 HCG27
HLA-DRB1 LOC100507103
SESN3 LOC105376004
TBCEL LOC105374848
BNIP3L RAB4B-EGLN2
RPL32 LOC102724231
RPL12 MMP25-AS1
RPL37 LOC105372801
RPL11 LOC105370359
RPL26 LOC105378415
RPL7 LOC101927627
RPS23 LOC100129931
RPS25 LINC01579
RPL21 CYP1B1-AS1
LTF LINCO1127
RPL36A LOC105377067
RPS24 LOC643072
CA1 LOC105375769
CDC34 LOC105376569
HBD ST20-AS1
SLC4A1 STX16-NPEPL1
HLA-C LINC01093
KRT1 LOC105374102
OSBP2 LOC105377730
PRDX6 LOC105376568

SNwhAO

Figure | The heat-maps of top 50 up- and down-regulated DEGs and DEIncRNAs in male osteoporosis. (A) the heat-map of top 50 up- and down-regulated DEGs in male
osteoporosis. Row and column were used to represent DEGs and samples, respectively. The color scale was used to represent the expression levels of DEGs. (B) the heat-
maps of top 50 up- and down-regulated DEIncRNAs in male osteoporosis compared to normal control. Row and column were used to represent DEIncRNAs and samples,
respectively. The color scale was used to represent the expression levels of DEIncRNAs.
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ILF2 CSTA HLA-B
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CAND1 UPF2
SARNP
CULS “\\ CYTIP
DCUN1D1 BCOR
GIPAILD HP IL1RAP
CALMi UBC
cD14 CLY HBA’ SLCA4A1
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EED
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Figure 2 The male osteoporosis-specific PPl network. The PPl network was consisted of 101 nodes and 105 edges. Ellipses (nodes) were the proteins encoded by DEGs
and ellipses with black border represented the proteins encoded by DEGs which belonged to the top 10 up- and down-regulated DEGs in male osteoporosis. Red and blue
colors were used to represent up- and down-regulation in male osteoporosis, respectively.

Discussion

Accumulated evidence has emphasized the importance of
IncRNAs in various cancers and other diseases, such as
osteoporosis.''* Herein, we obtained the IncRNA and
mRNA expression profiles between male osteoporosis
and normal control by high throughput RNA sequencing.
Based on functional annotation, we identified several
DEIncRNA-DEGs interaction pairs, which may be asso-
ciated with the process of male osteoporosis.

Compared to normal control, HBB (hemoglobin sub-
unit beta) was the most significantly up-regulated gene,
while HBAI was a significantly down-regulated gene in
male osteoporosis. HBB and HBAI encode the § and o 1
subunit of hemoglobin, respectively. As a major compo-
nent of hemoglobin, iron is an important factor of bone
metabolism. Iron can disorder the process of bone forma-
tion, make toxic effects on osteoblasts and reduce the

recruitment of osteoblastic-lineage cells.'® It is pointed

out that hemoglobin level is related to BMD and bone
mass negatively and independently.'” Moreover, higher
bone loss was found in men with lower hemoglobin level
than women with lower hemoglobin level.'” Moreover, we
found an interaction of “SNHG5-SYNCRIP-HBAI-HBB”
based on the DEIncRNA-nearby targeted DEGs interaction
network. SYNCRIP (synaptotagmin binding cytoplasmic
RNA interacting protein) was a down-regulated gene in
male osteoporosis compared to normal control. SYNCRIP
has been reported to be involved in bone morphogenesis
protein signaling pathway.'® These three DEGs (HBAI,
HBB and SYNCRIP) may be involved in the pathogenesis
of male osteoporosis by their interactions. Small nucleolar
RNA host gene 5 (SNHGY) is a member of the non-protein
-coding multiple snoRNA host gene family which was
significantly down-regulated in male osteoporosis in our
study. SNHGS5 has been reported to be associated with
various cancers.'>*° SNHGS5 is involved in gastric cancer
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Figure 3 The DEIncRNAs-nearby targeted DEGs interaction network in male osteoporosis. The DEIncRNAs-nearby targeted DEGs interaction network was consisted of
278 nodes and 168 edges. Ellipses and rhombuses were used to represent the DEGs and DEIncRNAs in male osteoporosis, respectively. Red and blue colors were used to

represent up- and down-regulation in male osteoporosis, respectively.

cell proliferation and migration.'” SNHG5 can be served
as a tumor marker of malignant melanoma®® and promotes
tumor cell survival in colorectal cancer.'” However, no
association between SNHGS and male osteoporosis has
been reported. Our study suggested that down-regulated
SNHGS5 may play an important role in male osteoporosis
through regulating the expression of SYNCRIP, HBB and
HBAL

Based on the male osteoporosis-specific PPI network,
major histocompatibility complex, class I, C (HLA-C) was
a hub gene, which was up-regulated in male osteoporosis
compared to normal control. HLA-C is a member of the
HLA HLA class
I molecule consists of a heavy chain and a light chain

class I heavy chain paralogues.

which plays a key role in the immune system.

Accumulated evidence has demonstrated the relationship

1

between the immune system and bone*' T cells play

a crucial role in the formation and activity of osteoclast

and osteoblast in multiple skeletal diseases, such as
osteoporosis.”> The production of T-lymphocyte, T-helper
and T-cytotoxic cells is decreased with aging.23
Additionally, other osteoporosis-related factors including
estrogen, calcium, parathyroid hormone, and vitamin
D play a regulatory in immune system.”> The role of
immune system in the pathogenesis of osteoporosis is
mainly induced by decreased estrogen and secondary
hyperparathyroidism.*® In this study, HLA-C was
a targeted nearby cis-DEG of HCG27 (HLA complex
group 27). In this study, HCG27 was a significantly up-
regulated IncRNA in male osteoporosis. Our finding
emphasized the importance of HCG27 in the process of
male osteoporosis.

Interferon-induced protein with tetratricopeptide repeats
1 (IFITI) was another hub gene based on PPI network which
was up-regulated in male osteoporosis. Depending on the
DEIncRNAs-nearby targeted DEGs interaction network,
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IFITI could be interacted with three other up-regulated
DEGs including [FIT2, IFIT3 and [FIT5. These four genes
were interferon-induced proteins that contain tetratricopep-
tide repeats.”* As an innate immune bottleneck, IFITI is
expressed during the response of osteoblasts to immune
cytokine interferon-B.>> IFIT?2 is a regulator of innate immu-
nity as well. Both /FIT1 and IFIT2 play a role in the fracture
healing process in osteoporosis,”® which provides new clues
for osteoporotic fracture repair therapies. LOC101926887
can interact with the IFITI-IFIT2, IFITI-IFIT3 and IFITI-
IFIT5 interaction pairs. In addition, LOC101926887 was one
of the up-regulated IncRNA covered most nearby targeted
DEGs. Through regulating the expression of targeted nearby
DEGs ([FIT1, [FIT2, [FIT3, IFITI5 and LIPA),
LOC101926887 may be an important regulator of male
osteoporosis. LOC100131626 and TMX2-CTNNDI1 were
the other two DEIncRNAs that covered most nearby targeted
DEGs in male osteoporosis. LOC100131626 was a down-
regulated IncRNA in male osteoporosis containing five tar-
geted nearby DEGs (KMT24, ATP5SL, UBE4A, CD3D and
CD3E). TMX2-CTNNDI was an up-regulated IncRNA in

male osteoporosis containing five targeted nearby DEGs
(CTNND1, TMX2, ZDHHCS5, CLP1 and YPEL4). These
two DEIncRNAs may play crucial roles in male osteoporosis
through regulating their nearby targeted DEGs as well.

Compared to normal control, Locl105372801 and
KCNQIOT1 was the most significantly up-regulated and
down-regulated DEIncRNA in male osteoporosis, respec-
tively. No previous studies have reported functions of
Loc105372801 and KCNQI1OT1 in male osteoporosis.
KCNQ1  opposite  strand/antisense  transcript 1
(KCNQIOT1) is only expressed on the paternal allele.”’
KCNQIOTI is closely related to the pathogenesis of
familial Beckwith-Wiedemann syndrome.”® Loss of
imprinting of KCNQ1OT1 locus by epigenetic disruption
is related to colorectal carcinogenesis.”’ ' A novel tetra-
nucleotide repeat polymorphism (rs35622507) within
KCNQIOT! confers risk for hepatocellular carcinoma.*”
KCNQIOTI involves in breast cancer through the epige-
netic suppression of the cyclin-dependent kinase inhibitor
1C.2"' The precise function of KCNQIOT]1 in male osteo-
porosis needs further research.
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terms.

In our study, chemokine signaling pathway was
a significantly enriched pathway in male osteoporosis.
As one of the DEGs enriched in chemokine signaling
pathway, C-C motif chemokine receptor 2 (CCR2) is
a receptor for ligands like monocyte chemoattractant
protein-1 (MCP-1). CCR2 is served as a regulator of

bone loss, which is expressed on preosteoclasts and
osteoclasts.*> The MCP-1/CCR2 axis has been demon-
strated to be involved in fusion and maturation of osteo-
clast and bone resorption.**** In addition, gene variants
of MCP-1 and CCR?2 are reported to be risk factors for

osteoporosis.®> In young adult mice, knockout of the
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Figure 8 QRT-PCR verification results. The X-axis was indicated different samples and the Y-axis was indicated the relative level of CCR2 mRNA (A) and LINC02009

IncRNA (B) for qRT-PCR results.

Ccr2 results in delay in fracture healing***” In the
present study, CCR2 and LINC02009 were all signifi-
cantly down-regulated in male osteoporosis, which was
validated by qRT-PCR. CCR2 was a nearby targeted
DEG of a down-regulated DEIncRNA, LINC02009.
Our result suggested that LINC02009 may be associated
with the process of osteoporosis by regulating the
expression of CCR2 and other nearby targeted DEGs
including lactotransferrin (LTF) and leucine-rich repeat
containing 2 (LRRC2).

Osteoclast differentiation was another significantly
enriched pathway for DEGs in male osteoporosis which
was demonstrated to be crucial pathway of osteoporosis.
These DEGs enriched in osteoclast differentiation may be
important regulators in male osteoporosis as well.

Taken together, identified several DEIncRNA-nearby tar-
geted DEGs interaction pairs such as SNHGS5-SYNCRIP-
HBAI-HBB, HCG27-HLA-C, LINC02009-CCR2, LOCI10
1926887-IFITI-IFIT2, LOC101926887-IFITI-IFIT3 and
LOC101926887-IFITI-IFIT5 may play an important role in
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the pathogenesis of male osteoporosis. The validated
DEIncRNA-nearby targeted DEGs interaction pair of
LINC02009-CCR2 may be important regulators in the process
of male osteoporosis as well. Our findings may contribute to
underlying the function of IncRNAs and mechanism of male
osteoporosis and provide new clues for novel diagnostic and
therapeutic strategies for male osteoporosis. However, there
are limitations to our study. Firstly, the sample size in the RNA
sequencing is small, larger numbers of blood samples or bone
samples are further needed for further validation of identified
IncRNAs and genes. Secondly, we did not validate the expres-
sion of identified other DEIncRNAs and DEGs in male osteo-
porosis or any cell lines. Thirdly, we did not perform the deeper
mechanism study of male osteoporosis, some in vivo or in vitro
experiments are further needed.
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