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[Abstract | Objective To screen the differentially expressed genes (DEGs) between multiple myeloma (MM)
patients and the healthy controls, to explore the pathogenesis of MM, and to provide a theoretical basis for gene
diagnosis and gene therapy. Methods Gene expression profiles of MM patients were obtained from GEO database.
Morpheus Online (https://so ftware. broadinstitute. org/morpheus/) was used to determine the chip-data quality control
and DEGs screening; DAVID Online (https://david. nciferf. gov/) was used to perform the gene ontology and
pathway enrichment analysis; STRING Online Chtzps://string-db. org/) was used to integrate the protein-protein
interaction (PPI) network, and Cytoscape was used to screen the modules of PPL. Results A total of 16 211 DEGs
(7 586 up-regulated genes and 8 625 down-regulated genes) were identified (P<Z0. 05). The up-regulated DEGs enriched
in biological process terms mainly involved 30 functional categories, like glycosphingolipid metabolic process, and the
down-regulated mainly involved 163 functional categories, like cell division; the up-regulated DEGs enriched in molecular
function terms mainly involved 29 functional categories, like protein binding, and the down-regulated mainly involved 59
functional categories, like histone binding; the up-regulated DEGs enriched in cellular component terms mainly involved
27 functional categories, like cytosol, and the down-regulated mainly involved 78 functional categories, like nucleoplasm.
The KEGG analysis showed that the up-regulated DEGs mainly involved 26 pathways, like lysosome related pathway,
and the down-regulated were mainly related to 27 pathways, like DNA replication. Ten genes, including CDK1, TOP2A,
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AURKB, BRCA1, CHEKI1, PTEN, RAD51, GMPS, CDC45 and CDKN2A, were the hub DEGs with highest enrichment.

Module analysis showed that the three most significant DEGs were mainly related to nuclear division, DNA replication

and nucleic acid metabolism process. Conclusion A series of DEGs between MM patients and the healthy controls have

been screened with a variety of bioinformatics methods, and gene and expression features of MM pathogenesis have been

explained in various perspectives, which may provide the basis for targeted diagnosis therapy of MM.

[Key words] multiple myeloma; differentially expressed genes; high-throughput microarray; bioinformatics
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Fig 1 Heat map of differentially expressed
genes (DEGs) in sample set GSE36474
The top 50 up-regulated genes and the top 50 down-regulated genes.
MM: Multiple

Red: Up-regulation; Blue: Down-regulation.

myeloma
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Tab 1 Gene ontology analysis of differentially expressed genes (DEGs) associated with MM

Expression Category Term Count Percent P value
¢
Up-regulated GOTERM_BP_DIRECT  GO:0006687-glycosphingolipid metabolic process 12 1.44 1.48E—06
GOTERM_BP_DIRECT = GO:0006351-transcription, DNA-templated 116 13.96 3.76E—05
GOTERM_BP_DIRECT = GO:0060333-interferon-gamma-mediated signaling pathway 12 1.44 1.41E—04
GOTERM_BP_DIRECT  GO:0051607-defense response to virus 19 2.29 1.55E—04
GOTERM_BP_DIRECT  GO:0060337-type | interferon signaling pathway 11 1.32 2.62E—04
GOTERM_MF_DIRECT  GO:0005515-protein binding 295 35.50 3.49E—04
GOTERM_MF_DIRECT  GO:0003700-transcription factor activity, sequence-specific DNA 62 7.46 3.97E—04
binding

GOTERM_MF_DIRECT  GO:0051287-NAD binding 8 0. 96 0.001 2

GOTERM_MF_DIRECT  GO:0008307-structural constituent of muscle 8 0. 96 0.001 2

GOTERM_MF_DIRECT  GO:0035091-phosphatidylinositol binding 11 1. 32 0.002 4
GOTERM_CC_DIRECT  GO:0005829-cytosol 197 23.71 7.99E—08
GOTERM_CC_DIRECT  GO:0005765-lysosomal membrane 33 3.97 9.11E—08
GOTERM_CC_DIRECT  GO:0005764-lysosome 29 3.49  2.43E—07
GOTERM_CC_DIRECT  GO:0043202-lysosomal lumen 16 1.93 1.59E—06
GOTERM_CC_DIRECT  GO:0005739-mitochondrion 82 9.87 1.88E—04
Down-regulated GOTERM_BP_DIRECT  GO:0051301-cell division 77 9.66 3.28E—35
GOTERM_BP_DIRECT GO:0006260-DNA replication 50 6.27 2.10E—30
OTERM_BP_DIRECT GO:0007067-mitotic nuclear division 60 7.52 2.93E—29
GOTERM_BP_DIRECT  GO:0034080-CENP-A containing nucleosome assembly 26 3.26 2.31E—24
GOTERM_BP_DIRECT  GO:0007062-sister chromatid cohesion 36 4.51 1.01E—23
GOTERM_MF_DIRECT  GO:0042393-histone binding 27 3.38 2.45E—12
GOTERM_MF_DIRECT  GO:0044822-poly(A) RNA binding 95 11.91 1.27E—11
GOTERM_MF_DIRECT = GO:0003677-DNA binding 122 15.30 3.35E—10
GOTERM_MF_DIRECT  GO:0005524-ATP binding 109 13.67 1.58E—09
GOTERM_MF_DIRECT  GO:0019904-protein domain specific binding 30 3.76 4. 76E—09
GOTERM_CC_DIRECT  GO:0005654-nucleoplasm 270 33.87 4.33E—53
GOTERM_CC_DIRECT  GO:0005634-nucleus 373 46.81 3.93E—40
GOTERM_CC_DIRECT  GO:0005737-cytoplasm 308 38.64 8.86E—19
GOTERM_CC_DIRECT  GO:0000775-chromosome, centromeric region 22 2.76  7.15E—16
GOTERM_CC_DIRECT GO: 0000228-nuclear chromosome 21 2.63 1.43E—15

The top 5 significant GO terms of each category of the up-regulated DEGs or down-regulated DEGs. respectively. MM: Multiple myeloma;

BP: Biological process; MF: Molecular function; CC: Cellular component
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Tab 2 KEGG pathway analysis of differentially expressed genes (DEGs) associated with MM
Expression Term Name Count  Percent (%) P value Genes
Up-regulated hsa04142 Lysosome 24 2. 89 2.33E—10 NAGLU, LIPA, GM2A, AP1Gl, PSAP,
ATP6AP1. HEXA. ATP6V1H, CTSA.
MANBA. ASAH1l, GLBl1. DNASE2, GNS,
LAMP1, LAMP2, NPC2, IDS, TPP1, IGF2R,
SMPD1, GALC, NEU1, GBA
hsa05203 Viral 22 2.65  5.62E—05 HIST1H2BC, LTBR, RBL2., HIST1H2BE,
carcinogenesis HIST1H2BF, IL6ST, HISTIH2BG, BAD,
HLAE, GTF2B, STAT3. GTF2H1., TRADD.,
IRF9. EP300. CDKNI1B, CDKN2A,
HIST1H2BI, BAX, GTF2A2, MAPK3, PIK3R2
hsa05160 Hepatitis C 14 1. 68 0.002 3 IRF9, TNFRSF1A, RNASEL. IFIT1, SOS1,
MAPK3, TLR3. SCARBl1. BAD, STAT1.
STAT3, PIK3R2, TRADD, STAT2
hsa00511 Other glycan 5 0. 60 0.004 8 HEXA, NEU1, MANBA, GLB1, GBA
degradation
hsa04146 Peroxisome 10 1. 20 0.005 3 ACOX2, ACOX1, ECH1, GSTK1, IDHI1,
MPV17, HSD17B4, DDO, PHYH, ACAA1
Down-regulated hsa03030 DNA replication 18 0.02 1.52E—14 POLA1, MCM2, RNASEH2A, MCM3, MCM4,
RNASEH2B, MCM5, RFC5, RPA1l, PRIMI,
DNA2, RFC3, MCM7, POLE2, RFC2, POLE3,
PRIM2, FEN1
hsa03460 Fanconi anemia 16 0. 01 3. 17E—09 USP1, EME1, BRCA2, BRIP1, RMI2, RMI1,
pathway BRCA1, RAD51, RPAl, FANCM, FANCD2,
FANCI. FANCG, FANCA, UBE2T, FANCB
hsa04114 Oocyte meiosis 19 0.02  7.18E—07 CDK1, YWHAZ, ANAPC5, CPEB3, PPP2R5C,
PPP3R1, PKMYT1, AURKA, ESPL1, CDC25C,
CDC27, SMC3, CDK2, CCNE2, YWHAH,
MAD2L1, YWHAQ. BUB1, FBXO5
hsa04914 Progesterone- 14 0.01  7.65E—05 CDK1, ANAPC5, CPEB3, PKMYT1, RAF1,
mediated oocyte CDC25C., CDC27, CDK2, CDC25A, MAD2L1,
maturation BUBI1, PIK3R5, CCNA2, AKT3
hsa05130 Pathogenic 11 0.01  4.92E—05 ACTB, ACTGl, CDC42, EZR. ARPC2,
Escherichia coli ARPCSL, TUBAS3C, TUBA3D, TUBB6,

infection

TUBA1B, TUBA1IC

The top 5 significantly enriched pathways of the up-regulated DEGs or down-regulated DEGs, respectively. MM Multiple myeloma
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Fig 2 Top 3 modules from the protein-protein interaction network

A: Enriched pathways of module 1; B: Enriched pathways of module 2; C: Enriched pathways of module 3
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Tab 3 Top 3 modules from the protein-protein interaction network and the related functions

Module  Gene set P value FDR Nodes
1 Nuclear 1. 49E—42 2.55E—40 ERCC6L, ZWILCH, CDCA5, BUB1B, CASC5, CDCA8, PDS5B, SMC3,
division AURKB, DSN1, SGOL1, RAD21, NUF2, KNTC1, BUB3, BUB1, CLASP2,

NDC80, ZWINT, CENPE, ESPL1, ZW10, BIRCS5, KIF2C, MAD2L1

Mitosis 1. 49E—42 2.55E—40 ERCC6L, ZWILCH, CDCA5, BUB1B, CASC5, CDCA8, PDS5B, SMC3,
AURKB, DSN1, SGOL1, RAD21, NUF2, KNTC1, BUB3, BUB1, CLASP2,
NDC80, ZWINT, CENPE, ESPL1, ZW10, BIRC5, KIF2C, MAD2L1
M phase 3. 26E—42 3.47E—40 ERCC6L, ZWILCH, CDCA5, BUB1B, CASC5, CDCA8, PDS5B, SMC3,
of mitotic AURKB, DSN1, SGOL1, RAD21, NUF2, KNTC1, BUB3, BUB1, CLASP2,
cell cycle NDC80, ZWINT, CENPE, ESPL1, ZW10, BIRC5, KIF2C, MAD2L1
2 DNA 3.29E—33 2.12E—30 CDT1, FEN1, RRM1, RFC3, RRM2, MCMS8, RFC2, PRIM1, RPA1, RECQL,
replication MRE11A, CDC7, CDC25A, POLA1, CDC45, ORC6, RAD51, DBF4, CCNE2,
POLE?2, MCM4, DNA2, MCM2
DNA 6. 43E—31 2.07E—28 FENI1, MCMS8, PRIM1, CDC45, ORC6, EXO1l, TOPBP1, CDT1, RRMI,
metabolic RFC3, RRM2, CDKN2A, RFC2, H2AFX, RPAl, RECQL, MRE11A, CDC7,
process KIF22, CDC25A, POLA1, RAD51, DBF4, CCNE2, POLE2, MCM4, DNAZ2,
MCM2
Cell cycle 3.53E—24 7.58E—22 PSMD10, CDKN1B, MCM8, KIF11, DBF4B, AURKA, PSMD9, CDC45,
RACGAP1, PSMB2, EXOl, CDT1, CDKNZ2A, UBE2C, H2AFX, RPAl,
MRE11A, CDC7, KIF22, CDC25A, POLA1, RAD51. DBF4, CCNG1, PSME1,
ANAPC5, MCM2
3 Nucleic acid 4. 26E—23 3.79E—20 TOP2A, RNASEH2A, MCM7, SRSF1, MCM10, TYMS. RAD54B, PABPNI,
metabolic CHEK1, RBBPS, HNRNPAl, GEN1, RFC5, GINS1, GINS2, FANCM,
process FUS, GINS3, GINS4, FANCA, FANCB, CDC6, CDC25C, FANCG, MSH6,
HNRNPM, NUDT21, FANCD2, HNRNPH1, ERCC4, HNRNPA2BI,
CDK2, MCM3, HNRNPD, SRSF3, SRSF4, MCM5, SNRPA1, RAD18
DNA 1. 38E—22 6.17E—20 TOP2A, RNASEH2A, MCM7, MCM10, TYMS, RAD54B, CHEK1, RBBPS,
metabolic GEN1, RFC5, GINS1, GINS2, FANCM, GINS3, GINS4, FANCA, FANCB,
process CDC6, CDC25C, FANCG, MSH6, FANCD2, ERCC4, CDK2, MCM3, MCM5,
RADI18
M phase 6. 16E—20 1.45E—17 FANCA, KIF23, TTK, FANCB, CDC6, CDC25C, PKMYT1, SMC4,

NCAPH, SMC2, RAD54B, MSH6, FANCD2, KIFC1, CHEK1, CDC27,
CDK2, PBK, NUSAP1, TIMELESS, CDK1, CEP55

FDR: False discovery rate
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