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Microarray combined with multiple bioinformatics for identifying hub hematopietic genes during recovery
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[Abstract] Objective To investigate the changes of global gene expression during bone marrow recovery period following
sublethal ionizing radiation (IR) in mice. Methods The mice were exposed to 4 Gy of “*Co v irradiation, and RNA samples
were extracted from bone marrow cells at day 0, 3, 7, 11 and 21 after irradiation and were subjected to microarray analysis for
identifying differentially expressed genes. Multiple bioinformatics analyses, including clustering analysis, gene ontology (GO)
analysis, and dynamic gene network analysis, were conducted to identify key hub genes, pathways and biological processes
during bone marrow recovery phase. Analysis was also made for the protein of the identified hub genes. Results Compared
with non-IR stimulation group., 1 302 differential genes were identified by global gene expression profiling of the irradiation-
damaged bone marrow. Clustering and GO analyses revealed that the immune response (especially hematopoiesis) associated
genes played a critical role in the body function recovery after IR injury. Twenty-five of the differential genes were defined as the
hub genes participating in two pathways including immune response and transcription/nucleosome assembly. Key node CCL3
improved the proliferation of hematopoietic stem cells (HSCs) by spontaneous down-regulation and increased degradation by
CtsG. Conclusion The 25 genes identified by microarray analysis and bioinformatics analyses may play critical roles in recovery
phase after IR. Key node CCL3 may increase the proliferation of HSCs by spontaneous down-regulation and increase of protein
hydrolyzation.
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Fig 1 Flow chart of bioinformatics analyses for
selecting hub genes and pathways related to IR

GO: Gene ontology; IR: Ionizing radiation
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Fig 2 Blood cell counts in mice after ionizing radiation (IR)

BMNC: Bone marrow nuclear cell; WBC: White blood cell; PLT: Platelet; RBC: Red blood cell. We used 6-8 mice at each time point. =+



+ 1296

TR R 2012 4E 12 L4 33 %

Zo R BT A3 E) 11 D ERE M (P<
0.001) ., B ttfu & 686 ANJEH ., Hrb 6 > E R
JSRH v ik R 3R 3k AR R R AT A NS T i & AR
Az FRAR AR (TR R R S5 BRI L BRI A
HiX 6 MREMBRERENRE BB, B THR
B E VRN A AT EE L R ATHH STEM
1.3. 6 B AEH GO 43 #r T fig . % & A B e i e A
ST EBI Bl AT T3 DI RE xR
SLR D) Re KA AT - AU B2 0 SR | e 3 R
A 45 3 1t 7 FHD 040 B B 43 21 55 5
2.4 ATRESHAGERARIHF RASTH
GO 43 M7 7 W58 34 76 i 35 M TR A 0 i B 8 M 3R
kES I HE (3t 686 A TE GO H Y 4 AR
B0 L DA T 20 b ) BH S 56 Hh S SR AR 22 S i
HAETIBE LR B, B P<To. 05 1E R i ik & %
PEIIRETR B e, A5 2 T 265 S TEALE B Mk U BE I
I 22 5 T

2843 T AE = ) i E B S A S R A R
TR M A W) 2 i FE AL HE . I N L A0 B K
Gy 2% AN RSt R AN R B R R D) RS S 5 R
2.5 ABEXEREXMB N KIKEDEEDRE

8030404L10Rik

1 265 5 KT 0t 5E R L R 58 W 45, I Hlk-core
TR L5 RFAE AR R 5 DR R A B ) 3 R
V) AF AR O 48, AR 4 I 4% v 4% 6 TR A o7 2 bR it
TR R UK DR A 90 4 v ) O AR iR R L B AT A IR 2% Ry
TEAEL . JH S PR E bR 30T Ja ik [R] Ag l  k i 45
3N 25 R 2%, A3l 25 R0 2% v 15 21 SC B A BRI,
A 1 R R L R TR R 2% DL ] 3,

G R 3 g AL, [ Pl fR R L, B 2R 3R 5
WIRIFFAE R IR G &, IR R/ MU IR D = 1
A 5 PR 7 Wy A CELAE T BB T L ZHH ELAE JH Y RE
A degree wfb, WBiTFHRILREMEZSET 2 4
FE P21 3 ZEMA 5 P28 4055 15 1 k-core=
6 MR I 3 A3 A+ M 2542 & 10 4 k-core=9
BRI, FRATRE X 25 A JE TR JE IR 5 514 I8
b SRS ADL 4 5k T A 3] 4 5 PR A A R R A A

i EBI B0 X k-core > 5 [ 3 B i 17 2)
RE T BRAT A B k-core=9(RI{; T & 3 47 i)+
M2 B HE D) FE S 5 R B M k-core=6 (BRI
TH 3 21 M2 3R 3 22 5% /MR % |
e TR ST,

3 ERE#HAREME

Fig 3 Gene co-expression network

Genes contained in significant gene ontology (GO) terms were analyzed and identified by gene co-expression network with the k-core algorithm.

Nodes represent the gene; edges indicate the interaction between genes. All the nodes were marked with k-core values. Genes with higher k-core

values are more centralized in the network and have a stronger capacity of modulating adjacent genes
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Fig 4 Validation of microarray results by real-time PCR
IR: Ionizing radiation. * P<C0.05, ** P<C0.01 vs 0 day; n=3, ¥+
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Fig 5 Change of CCL3 protein in mice bone marrow after IR
6 CtsGERF/NEEHEAMPARIEIETL
Fig 6 Change of CtsG protein in mice bone marrow cells after IR

IR: Tonizing radiation. * P<C0.05 vs 0 day; n=3, =+t



+ 1298 -

B EBEREM 201248 12 A8 33 %

303 i

B BEZH 2N B AR S Y e B ORI 5 R
T I 200 PR A R B A T, Fe 4 B0 40 | o) Al R 2T
200 e 25 L 40 ™ R O = T A R R AR IR AR B
o RGP 2 5] K b PR TS A L AR SOk
B, AR B AR S 4500 B B 2H S o 20 P AL R
4 b HL ] TG 1 T 240 M Chemopoietic stem
cell, HSCs) H 3& 55 (0 45 14 58 #0143 46 AH OC 19 15
53 AR R A AR LA A, HSCs 77
5 F 3 ML 5 (HSC niche) t, HSCs 9 32 5 40 il
(HSC supporting cells), 5% F§ K # #8 J& 5T 40 fg
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AL T — 28N T A B ROR R AL A
3T Bii /N (29 8 000~13 000) il it 5 G & F1H B
2 A B AR EAE 5 40 4 R DL R 2 4 1Y
SE TR R O I A0 S A AR E A AR L T
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lo)J& CC b 7RG — 6. i 92 MR LRI
J L I F A I 4 P S L B S A A L T
WEL 20 B, B Ok O A B NK 4 B SR, T
CCL3 AE & 41 il & 1 & /4HL 20 B A 384 7, 2 +F HSCs
FE T B KT L B G AT DA GR 4 20 i 7 28 6 2 1) 4 40
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Uitigl, Horh CtsG #EESE AT LLJK g CCL3 /Y 1 F
SERAA, DT AR kA T R AR TR, 2 R
W AT S, T LR B CCL3 A 6 5 )
WG MR 1 Rk B ORI RRAR, B S B WK 2 L 3L
mRNA ZEfb a3 52 B R S R R 3. e
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