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Identification of hub genes to regulate neuroblastoma metastasis to bone marrow by bioinformatics analysis
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Abstract Objective: To investigate the central gene of bone marrow metastasis in neuroblastoma and its possible molecular mechanism
by bioinformatics analyses. Methods: The chip data set GSE42548 of the neuroblastoma gene bone marrow metastasis in the GEO (gene
expression omnibus) database was selected,and the differentially expressed genes were screened by the online analysis tool
Networkanalyst. DAVID database was used for GO(gene ontology) function analysis and KEGG (kyoto encyclopedia of genes and genome )
pathway analysis of the above differentially expressed genes. The online database STRING and Cytoscape software were used to construct
the protein—protein interaction( PPI) network , and the hub genes, hub modules and seed genes were screened , and the Venn diagram was
used to analyze the hub genes and seed. Results: The microarray data were analyzed and 990 differentially expressed genes were screened.
The GO and KEGG analysis results showed that the differentially expressed genes were related to signal transduction and biofilm synthesis,
and were enriched in Hematopoietic cell pathway. Ten hub genes,six hub modules and seventeen seed genes were obtained by
constructing PPl network screening. The key gene Cxcrd was identified by the Venn diagram. Conclusion: In this study, 10 hub genes
and 17 seed genes were screened out,among which Cxcr4 gene plays a key role in the bone marrow metastasis of neuroblastoma,
suggesting that the regulation relationship between CXCR4 and SDF -1 may provide new insights for the early diagnosis of the bone
marrow metastasis of neuroblastoma.
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Fig2 Visual analysis of differential genes

22 FHEyMER ML ENTERT

DAVID X} 990 4~ 2% 57 & I8 K GO Iy fik Mﬁ%ﬂ
KEGG il & 04T, 25 RN 3 ol 22 S R0k 2k
A EZZ 509494 #2 (BP) 4 : multicellular organ—
ism development,signal transduction,immune system

process,cell differentiation,innate immune response;

22 S IR I F S5 1 AL 73 (CC) A : mem—
brane, cytoplasm, plasma membrane, extracellular exo—
some,cytosol, KEGG 43T i/~ 22 7 25 1 7 Hematopoi
etic cell lineage "4, [RIZEFTE KEGG 11518 5 £k
PEEH R T Hematopoietic cell lineage 15§18 1%,
DL 4,

A
400 Category2BP mCC
L, 300
5]
=]
o
5200,
-
[
0
3
= 100 I
ODDDDD
v v O Y s
[ O >~ o] N z
N — N = (=3 O l\ 00 O o0
[y >~ a o 2l O v ['a) [=2Ye)
o o o o T = © <o [l
o O o 9 o O o o 9o 9
2L L
© O O O O O O O O O
G R N Y o
B
e myozerits
Tipe datstes el
Tibetusi
Transciptonel misreglaticn in cancar- .
 telreceporsigraling ety
Stapyiocace.s aureus fecior
Salranele tecior
Reltienof acth ctoseleor
Rag siraing savey
Batprinard eharoehyl metabc sy
Fleelet actair L]
Pragosome ] Gene nurbe
Petweys in cancar- .
Cagocn sigraing savey
Ostoc as derentaior . o5
Neurtropk n sicraing oatvey o
MEPK sicnaling oatwy [ B3
Levcocytz transendottel al m grador *
lig;:;"‘ ;:{ ~logyfP vlee)
flarratory meditc r2g.dor of TRP crar e .
Heme:ogo stic c2l ineage [ ] s
Gretaersus-ast dease
Gapjrcir N
For0 signlng oat ey X
e gamT Revedited pagocytasis )
2 psior Rl sigrang oat ey
ECHeceplorinterir .
Dopam erge sfrepse
Cytokie-cokirs receptor e zcion
Cholne Teataismin cancar
Chertokire signang satvey L]
Chagescissase (Aercan tparascmics )
Celladesonme cles (CAVS)
8 el receporsigraling ety
Amoehasis .
Adenagi sgrelrgncardonyocyes

3 i 5

Fold enrichment

3 ERRIEEE Top5 #1 GO EENT(A)K KEGG BEEE
SH(B)
Fig 3 GO enrichment analysis of differentially expressed gene
Top5(A ) and KEGG pathway enrichment analysis(B )

23 EAOR-FEQRANZAER M %0 S BT
K22 S FRIKEER T A B STRING $54la e 1
i'J A 845 AT AR A B EAE M 2%, Horp

WRAER—-NEA, i%%ﬁﬂﬁ%ﬁ%‘%ﬁwm
EIIETJ I EAE R R o A5 2 5 s 1Ak A 5
Cytoscape 4, 47 PPI INZE Gl 5. FIH Net—
work Analyzer 7387 T T PPL Y8R5, 1K1 6 2
LT Y 0 BE 9 53 A TEAE R 0 A (T 6A ), 5
PO RIRREE (] 6B) , F IR R K (K 6C) , fielil
gt A (& 6D ).



262 R EHKRE SR

HEMATOPOQIETIC CELL LINEAGE

O

Lymphoil Related
YD enirice eell
IL7 N
73 T ecell
Thymus
scF SCF CD8 Teell
17 - L7 - (o7 o ) o) _O
s S s e
Pro T cell DINF DM Lermediate Douhle-positive CD4 Teell
o £ wiidh,
A o cbz  cDs cDl - CD2 D2 cD3 cD2 D3
¢bls i Ghlx  cbi B i SDto3 D3 e e
dom goirs ¢D71 _ CDIl7 e i) D7 D3 Regulatory T cell
Dlzf  TdT (€Di2n TaT aT
HLADE
NKT cell
CD17 | cD2s cD3s | cp7 | coz | cps | ool | cpa | cos [NGHEN
. NK cell Precursor NK cell
hoid e Y o ) o} ..O
stem cell, p—y Y Y
Dotk pogative Pro B Cell Pre B Lcell Pre B 11 cell Immature B cell B Cell
D! CD10, cDe DD CD%)  CDL9 CD. D
CD34 S:mg;7 g:cnm} CDl¥  CDan S:Dz D21 S:Dl’? EDZ%]
Chag Ch22 D24 CDz2  CDad CDz2  CD24 cDzl  CD22
CDI17 c€hll7 €Dl CDaR_ CDI17 CD37  HIADR s:cm}) D24
TdT ADR D1 TAT Te D35 CD37
HLADR HLADR HLADR IM
D
Hematopoj
stem tel soF
I3 SCF
CD34 . ,
LSRG e
S
CFU-Mast Mast cell
SCF GMLSF GMCSF GMLSF
GMCSF IL3 L3 W IL3 WY I3 __O
i i Ry
] Basophilic
CFU-Bas Myeloh last Propine Basophil
[scr [ s [omesH
GMLSF GML.CSF
AL GMCSF I3 IL-3 GMCSF
SCFIL3 Ly ik N L5 oy -5 _O
vy p—y vy
B Eosinophilic N
CFU-E0 Myekh st s Eosinophil
FIEL | SCF | IL3 [oMCsE L5 |
FISL  GM-CSF
SCF IL4  TNF .
FiaL GM.CSF
CSF Lz IL-4 Mﬁ'elnid_ Related
GHMCSF THF endritic Cell
g g
CFU-MD i3 e IL3 e i3 N
e s GMLSF
Monshhst Promonocyte Monoeyte  MCSF Marrophage
CDIL  CDI3 CDUb D13 CDILL
cDl4  CDIS CDl4 (D33 D4
CDed CD&4  CDIlS D33
cDlls  CDIls CDll§ CDI5 CDed
Dl CDi%4 _CDl%
CDI% HLLDR LAD)

FIEL | SCF | IL3 [OMCSF| TNF | IL.4 | MSCF|

s DR] cD116] cD123] cD33 | conza] coizd cDed | cous| cois [IODISINGEIN

GMLSF FaL
G-CSF SCF _ G-CSF GMLSF GMLSF GMLSF
I3 _ GM.CSFILE G-CSF oy G-CsF oy G-CSF _O
p— Ry p— N
CFU-GM CFU-G Myebohhst Nﬁ““‘{,‘:"yﬂ' Neutraphil
cDIS  CD33 CDl3  CD1S cDl3  CDIS ¥e CDIlb
CD33  CDEd CD33  CDlis CD33  CDIl4 CDllb  CD1S CDIS
CDll4  CDILS Cplls  CDlal CDli&  CDIZ Ch33  CDllg CD33
CDlle CDIZl CDIzi CD124 CDIZ DI Chl# CDI&S
¢plx Dl CDiz5 _ CDi% cDIE DI
¢D1% Dl HLADE
HLADR

[FaL [ scF [escF] IL3 | 16 [ 1ii FIEL | SCF | IL.3 [GMCSH G-5CF

[isr [cp34 [FLADR] coute | coia: NI coiza] cpizal cDize] cpas | cois | coias enmel

AL
SCF I3 SCF L3 TR
GILCSF ILd GILCSF T4 EPD N EFD oy ERO _O
p— p— Ny
BFU-E CFUE Proerythroblast Eryihrocyte
cD33 CD3 cD35 D235 CD35  CDa4
Jorsg i CDZ35a CD33  CDs?
EFOR  HLA-DR CDZ35a

FIEL | SCF [oMOSF IL3 [ L4 | EFO | TFO |

[HLATR] EFOR | GDG2 | CD34 | CDLI7 | CD123 | CD3 | CDzsse] CD3s NODMMMNGERSN cDs? |

ol
S I By e
- E )] GHMCSF 1L -
ik} TRO N GMCSF I8 TRO i) TR0 ™y ThO N O
p—g N
BFU-MK CFU-ME g“;yh Plaielets
4 D1 E D cDl4
CDlle CDIZ cDlls cps  cDld 35 CDal
CDI% LR Jainy e} chye Rl CDaz  CD4g
HLLDR Dl eofls oin CDel

FIEL | SCF [ IL3 [ IL§ | IL.1l BMCSFMescSH TFO |

HLADE] CD33 | cD3d | IL11R | CD116 | cD123 | coiz6] coet | cos (GBI coss DOHAINNGEREN co4s |

04640 10631716
(z) Kanehisa Laboratories

AL OFIR FIRRYFA
&l 4 Hematopoietic cell lineage X 1§15 & &

Fig4 Hematopoietic cell lineage metabolic pathway map



Wt £, A S A 5 2 S R A B AR e B A P A R K] 263

S5HEABMRETERREEANEQ-EEHEEERMYE
Fig 5 Protein —protein interaction networks of differentially ex—
pressed genes in neuroblastoma
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