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Abstract: To identify hub genes of osteoporosis by integration analysis using microarray data, the osteoporo—
sis—related gene expression data were collected from public databases, i.e. GEO and ArrayExpress, and then
the genome—wide global significance (GWGS) method was applied to integrate the identified data and screen
the differentially expressed genes (DEGs). GO and KEGG pathway analysis of the DEGs were used for the
functional annotation. Protein—protein interaction (PPI) network was constructed to find the hub genes. Three
datasets that met the inclusion and exclusion criteria were included in the analysis. The top 200 DEGs were
selected according to the GWGS values. These genes were mainly enriched in three GO terms, including cel-
lular response to lipopolysaccharide, apoptotic process, and inflammatory response. Osteoporosis related sig—

naling pathway, i.e. osteoclast differentiation, was enriched in KEGG pathway analysis. The PPI network
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analysis identified 10 hub genes of osteoporosis. Nine of them have been reported to be related to the develo—

pment of osteoporosis, while the gene ELANE has not been reported to be related to osteoporosis. ELANE

was found to have high expression in human bone marrow, mouse bone marrow and bone. This indicates that

it could be involved in the pathogenesis of osteoporosis. Results from this study may be helpful for further

understanding the molecular pathogenesis of osteoporosis.
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significance (GWGY); differentially expressed genes (DEGs)
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Table 1 Basic characteristics of the included study (n=3)

ID Platform Sample size (low : high) Outlier removed (low : high) Age (years) Sex Tissue type
GSE56815  GPLOG[HG-U133A] 40 : 40 4(2:2) 54~60 Female PBMs
GSE7429  GPLIG[HG-U133A] 10 : 10 1(1:0) 50~60 Female B cells
GSE7158  GPL570[HG-U133_Plus_2] 12: 14 2(0:2) 20~45 Female PBMs

E: “low X AA% BMD, “high”4X.% % BMD; PBMs X & 518 s 45 4m A
Notes: “low” represents low BMD, and “high” represents high BMD; PBMs are peripheral blood monocytes.
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Table 2 The top 20 genes with the highest GWGS values

Rank Gene Full name Chromosome location
1 EGR2 E3 SUMO-protein ligase EGR2 10q21.3
2 CEACAMS Carcinoembryonic antigen related cell adhesion molecule family 19q13.2
3 LTF Lactotransferrin 3p21.31
4 DEFA4 Neutrophil defensin 4 8p23.1
5 CAMP Cathelicidin antimicrobial peptide 3p21.31
6 LCN2 Neutrophil gelatinase—associated lipocalin 9q34.11
7 FOLR3 Folate receptor gamma 11q13.4
8 MMP8 Neutrophil collagenase 11q22.2
9 GZMB Granzyme B 14q12
10 CD24 Signal transducer CD24 6q21
11 ZEB2 Zinc finger E-box—binding homeobox 2 2q22.3
12 CRISP3 Cysteine rich secretory protein family 6pl12.3
13 IFI441, Interferon—induced protein 44-like 1p31.1
14 HLA-DQA1 Major histocompatibility complex, class 11, DQ alpha 1 6p21.32
15 ZFP36 mRNA decay activator protein ZFP36 19q13.2
16 ELANE Neutrophil elastase 19p13.3
17 ZNF652 Zinc finger protein 652 17¢21.32~q21.33
18 HP Haptoglobin 16q22.2
19 JUNB Transcription factor jun—B 19p13.13
20 CTSD Cathepsin D 11p15.5
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Table 3 Top 10 items of GO analysis

GO Gene number P value Genes

GO: 0071222~cellular response 9 3.30E-05 ZFP36, LCN2, ARG1, CAMP, PDE4B, CX3CR1, CD180,

to lipopolysaccharide ADAM9, CXCL10

GO: 0006915~apoptotic process 18 1.60E-04 ITGB3BP, PTPN6, MZB1, S100A9, NFKBIA, GZMB,
ZBTB16, PMAIP1, GZMH, STAT1, AIM2, LCN2, MAP1S,
CD2, MFSD10, XAF1, PPP1R15A, C1D

GO: 0006954~inflammatory response 14 2.69E-04 AKT1, ITGAL, PTGER2, CCR1, HCK, S100A9, PTX3,
PFAV1, TNIP1, AIM2, CD180, CXCL10, S100A12, BLNK

GO: 0006955~immune response 14 7.32E-04 IL1R2, CRIP1, CCR1, PGLYRP1, HLA-DMB, PFAV1, GZMH,
AIM2, HLA-DQA 1, CXCL10, CEACAMS, DPPS, IFI6, GBP2

GO: 0045638~negative regulation 4 1.08E-03 ZFP36, NFKBIA, ITPKB, ZBTB16

of myeloid cell differentiation

GO: 0031295~T cell costimulation

GO: 0050832~defense response to fungus

GO: 0019221 ~cytokine—mediated signaling pathway
GO: 0009612~response to mechanical stimulus

GO: 0060337~type I interferon signaling pathway

[V RS O

1.62E-03 AKT1, PTPN6, PDPK1, CD247, CD24, HLA-DQA 1
3.07E-03 DEFA4, S10049, IL17RA, S1004 12

3.13E-03 CEBPA, IL1R2, IL2RB, FLT3, CCR1, HCK, IL17RA
3.90E-03 BTG2, JUND, STAT1, JUNB, CITED2

5.21E-03 EGR1, XAF1, STAT1, GBP2, IFI6
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Table 4 Top 10 items of KEGG enrichment pathway
KEGG Gene number P value Genes
hsa04380: osteoclast differentiation 8 2.54E-03  AKT1, LILRAS, JUND, NFKBIA, FCGR2A, STAT1, JUNB, BLNK
hsa05166: HTLV-I infection 11 3.17E-03  ZFP36, EGR1, AKT1, IL1R2, ITGAL, IL2RB, EGR2,
NFKBIA, HLA-DMB, HLA-DQA 1, CTNNB1
hsa05140: leishmaniasis 6 3.28E-03  PTPN6, NFKBIA, FCGR2A, HLA-DMB, STAT1, HLA-DQA 1
hsa04062: chemokine signaling pathway 9 4.85E-03  AKTI1, CCR1, HCK, CX3CR1, NFKBIA, FOX03, STAT1,
PF4V1, CXCL10
hsa05145: toxoplasmosis 6 2.00E-02  AKT1, PDPK1, NFKBIA, HLA-DMB, STAT1, HLA-DQA 1
hsa05202: transcriptional misregulation 7 3.15E-02  CEBPA, IL1R2, IL2RB, FLT3, ELANE, GZMB, ZBTB16
in cancer
hsa04640: hematopoietic cell lineage 5 3.51E-02  IL1R2, FLT3, CD2, CD1C, CD24
hsa05213: endometrial cancer 4 3.75E-02  AKT1, PDPK1, FOX03, CTNNB1
hsa05152: tuberculosis 7 4.01E-02  AKT1, CAMP, CTSD, FCGR2A, HLA-DMB, STAT1, HLA-DQA 1
hsa05150: staphylococcus aureus infection 4 4.12E-02  ITGAL, FCGR2A, HLA-DMB, HLA-DQA 1
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Fig.1 PPI network analysis results

A larger node means a greater degree; the dark nodes are the hub
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Table 5 Basic information of the hub genes (n=10)

Gene Degree Full name Chromosome location
AKT1 44 RA C-alpha serine/threonine—protein kinase 14932.33
ELANE 25 Neuirophil elastase 19p13.3
STAT1 25 Signal transducer and activaior of transcription 1-alpha/beta 2q32.2
CXCL10 24 C-X-C motif chemokine 10 4q21.1
ARG1 24 Arginase—1 6q23.2
PTPN6 23 Tyrosine—protein phosphatase non-receptor type 6 12p13.31
CTSD 23 Cathepsin D 11p15.5
CAMP 22 Cathelicidin antimicrobial peptide 3p21.31
EGR1 21 Early growth response protein 1 5q31.2
LCN2 20 Neuirophil gelatinase—associated lipocalin 9q34.11
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