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W OE. BY @S AMZLFHESNIL3 o IL-3+ Fafe B -F (stem cell factor, SCF ) #5890 R 4 R IR JE K 28
( bone marrow-derived mast cells, BMMCs ) # £ 5% ik 3k B A AR #4125 i@ %, Akl (mastcell, MC ) #4Rk I3 Fxfoh
BT R AR A, Tk A GEO #4048 & T 4K IL-3 A= IL-3+SCF # 5§49 BMMCs #9 2 B & ik 4% 4 GSE35332, KA R %
Ao 25+ F K B (differentially expressed genes, DEGs) , 4% £4 T & DAVID 444 % xt DEGs #t47 2 B A4kt (gene
ontology, GO ) Few#fik B 5 & F 207 A4 F KEGG (Kyoto encyclopedia of genes and genomes, KEGG ) #5947, &
J STRING 12 £ 4% 1 57 DEGs #9 % @48 2 M %, @it Cytoscape # 444 MCODE #4 if sb AR 22 A B, Z5R  i@id R k44
ST HESE GSE35332, kimit it 1339 A DEGs, H ¥ LiEAE 723 A, TiAKAE 616 4>, i@id Cytoscape #4449 MCODE
MR Eh 6 MR E, 5 %% Psmd8, Psmd6, Psmdl4, Psmc4, Psma6 #= Psma3., GO #» KEGG 5 #7 %= AR 42k B
FREPEFG M, MHC I £ F 2865 RIT EAodn T 12 FIRHEF @ 5 AR 4T 42 & Epstein-Barr 5 7 2%
FAak@%., G0 AFAT GEO £ Aili A iz &5k, AIMRAEX T #5690 K BMMCs & B Rk i 5
PR EF, FEAIN 6 MEAKRALZERIEEZEG S MR, A BEAPT MC RINESRA I a5 8
X KA TUIEEF; 25REEN,; EPFEEF
RESES: R332 XEARIRED: A XEHS: 1671-7414 (2024 ) 01-016-07
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Screening of IL-3 and IL-3+SCF Induce Differentially Expressed Genes and
Signaling Pathways in Bone Marrow-derived Mast Cells Based
on Bioinformatics

CAO Jun', JIN Jieyu', ZHANG Sheng', QIAO Longwei’, LIANG Yuting' ( 1. Clinical Laboratory Center, the First
Affiliated Hospital of Soochow University, Jiangsu Suzhou 215006, China; 2. Center for Reproduction and Genetics,
Suzhou Municipal Hospital Affiliated to Nanjing Medical University, Jiangsu Suzhou 215000, China )

Abstract: Objective To identify the differentially expressed genes and pathways of bone marrow-derived mast cells (BMMCs)
of mice induced by IL-3 and IL-3+stem cell factor ( SCF ) using bioinformatics analysis, which may provide a foundation for in
vitro culture and functional study of mast cells (MC ) . Methods The matrix data of GSE35332 dataset in IL-3 and IL-3+SCF
induced BMMCs was downloaded from the GEO database, and the R software was applied to screen differentially expressed
genes (DEGs). The gene ontology (GO) and Kyoto encyclopedia of genes and genomes (KEGG) pathway enrichment analysis of
EDGs were performed based on the online tool DAVID database. The protein interaction network was constructed by STRING
database and hub genes were screened through MCODE plugin of the Cytoscape software. Results The GSE35332 data set
was analyzed by R software, and 1 339 DEGs were screened, including 723 up-regulated genes and 616 down-regulated genes. A
total of 6 hub genes were screened through the MCODE plugin of Cytoscape software, namely Psmd8, Psmd6, Psmd14, Psmc4,
Psma6 and Psma3. GO and KEGG analysis showed that the hub genes were concentrated in proteolysis, antigen processing
and presentation of exogenous peptide antigen via MHC class I, proteasome-mediated ubiquitin-dependent protein catabolism
process, and Epstein-Barr virus infection. Conclusion This study found that there were significant differences in BMMCs gene
expression profiles in mice induced by two modes and 6 hub genes participated in ubiquitin-dependent protein decomposition
process through bioinformatics based on the GEO database, providing help for further research on MC vitro culture and function.
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JER AN ( mast cell, MC ) 238 1fiL T~ 4 it 52 5
ML A, TR e AE T I A
RERMFLZFZU, S5 1RBRE AN,
TEVF 2 RAEVEY I . 20 2V SRNHT I g H 5 5 g
il B EAE Y HAT, AR MC A G
Y5 9 P g 2 A P P B 9 S R o 2 R B
YRR RS . 5 I MC REHE AR MC
% (HMC-1) . AMC %& (LAD2) . /M MC %

(MC/9, P815 ) FHIK R FE B Pk 41 i %% ( RBL-2H3 )
A5 H K SEAH R AT Se Bl = I K A M ) R TR
TS (Fe e RI) BiiGALRE Ty, A LEHEGTHL1%
ANRETE AT IR AP LR EOR B ML, JRAR
1 3209/ BB B R PR AY MC ( bone marrow-derived
mast cells, BMMCs ) H.& a4 MC 5, b
HRSMIEZE MC ()6 BT, ARSMEFRR MC #
ETEWMARK K F R8I FRS . A
% -3 (interleukin-3, IL-3) J&H#I0F5E 1 & B
XFRMCAERKRERFENAERHEFZ—, BEARERE
T2 M ) MC 3456 5 A D Re . (R B S B A5
AP, M IL-3 55 5% 1 BMMC 1] %3k Fe e RI,
gh4 IgE, A RUIRIAR A B0 TA41E T (stem
cell factor, SCF ) XFx>N CD117/c-Kit S AY LA,
TEMC 3858 . Btk FER . A0S DO el i &
PEE AR P, Lantz A Huff B9 BF58IES: ), SCF
HIL-3 A 197 3 KA, /NI BMMCs 1 3 1 %
ik Fe & RIJFFFURIE B o0 M ks . DL T DL, B
IL-3 5 SCF FI IL-3 I #5 55 19 /)y Bl BMMCs J2: £+
R, KREryptR R, MCIEEBRCH#
SE A AE ST WAORL P 1 2 A A BT, X 2E A i b
MC 7EAN[FIESL T R B[R DI RE . Tk 264 5
[ ELARRRAE ) MC & B R SR e i ez 1
I, BF 5% IL-3 5 IL-3+SCF 43 51 %5 5 19 /) B
BMMCs 225, KA B T HIRE2# 5. T
ARk, BRI R HOR 5 ARG BAs i 4 & BT
TEC TN T AR pEsE ikl S
P JE 0 BT A DGR L, s AR T SR R
(3R YT R S R, AR HE RN A (5 B
=203 B R S E AR HT IL-3 5 TIL-3+SCF 2303 S/
F BMMCs 125 73R8 36K . ARHFSY B 7Rl o 3L A
IR K G FE ( gene expression omnibus, GEO ) 3 #F
Bfh TL-3 55 (9 BMMCs 5 IL-3+SCF 3 [6] 15 5 (14
BMMCs [} 22 5 3RIRFE P, IR AT & 55017,
THERRAEE, it — L ] MC FEAH GBI H Y
RIFEHL SRR YT R S g2 Bty ) .

1 #MRl5FE
1.1 ##% %K M Gene Expression Omnibus( GEO,
https://www.ncbi. nlm.nih.gov/geo/ ) (¥ /% T %% SCF

7S/ BUE BE 40 M ) MC J3 1k % 2k PR 30k B dis 4
GSE35332, iZith ik H GPL1261 V15, 34§ IL-3
5 BMMCs Fll IL-3+SCF # [A] 15 5 BMMCs ) &
RIFIREE R, PIZL4 6 M EW¥EE .
1.2 GEO AR BB £ Rk A B ik R
F R &K (4.0.2 A ) limma A% E0HE PE ThR ik
Fe £ SNk, Ll [logfold change (FC)| > 512,
adjusted P < 0.001 AT e, £56 BARHERIHOA
22 S RIBM LN (differentially expressed gene,
DEGs ) . FIH R A2l kL BRI SHr A
13 2FAXRAGTEARRED TSN &
A DAVID ( Version 6.8, http://david. ncifcrf. gov )
ELL T R T3 A K (gene ontology, GO) 1)
it b S st # 3L I 5 L4l B B2 45 (Kyoto
encyclopedia of genes and genomes, KEGG ) i#
BT, L GO LIEEsrHTF DEGs YIRE R4
Wi (biological process, BP) | 4 Mg 4H 5>
( cellular component, CC) }/rFHifE ( molecular
function, MF) ; KEGG il % & 4 4> H7 %I DEGs {5
Sl AT AES, DL DEGs £/ B 40 I )
MC iF53rfbid B fE T, S MC ZhagFoef £t
PSR . AHSCAH IR K2R A GraphPad Prism 6.0 i
HEREL,
1.4 DEGs *f & #) & G Ju ZAF M 25 BAR 283K B 49
B | H String (http://string-db.org ) £ £k T. H.
PLHAEE > N 0.98 Xt DEGs #4 # 2 (5t 1A AE ]
( protein-protein interaction, PPI) W 4% €. %
Cytoscape 3.8.0 F 4%+ PPI 45 R AT v AL 7 .
| Cytoscape X AF 1 #) MCODE i {F #:47 D BE#R
B4, LA Degree cutoff = 2, Node score cutoff = 0.2,
K-score =2, Max. depth = 100 MFRrUAEFBEH PPI
() 5 AR, 35 F DAVID 7E£k T HL XS rpr 81 22
(L R A T D e & 4R
2 &R
2.1 GEO ## 4% /4L & DEGs # /6 & FoA1 1R
limma % GSE35332 B dlu R BEAThRifEfl, Arififl
Ja BAEA B 2B AKE ARl 7E IL-3 I IL-3+SCF
755 /0N BB B 40 B o3 Ak SR MC R 7 2 £ a v LA
llogfold change (FC)| > 512, adjusted P < 0.001 S
PEAREIL S E R 13394 ( 723 4 LEF 616 1~ T )
DEGs, WK 1,
2.2 DEGs # GO #= Pathway & %& & #7 i i
DAVID 74k T ELX} IL-3 Fl IL-3+SCF %5/ NS
AL 53T MC PRI 1) DEGs A THIRE = 5
W1, R PRI TH S A GO 4 H, GO-BP 4
Hrr, LA DEGs 3% & EAENR At . i
Tizfi. /NG EANEMETHS . EATE M



18

B 56 12

-
2R

#3239 H 1 202441  J Mod Lab Med, Vol. 39, No. 1, Jan. 2024

BTN P0G S L . TIEA DEGs £%
S5 RN AV G SR RNA Z0L T Cajal
IMARBIEVERS . T diffsrfk . AR U N Al NITK/

) DEGs =B T7E 40 BN AN A | Jo5 JE R it 2%
4, M N VAR DEGs E 8 S MK . A% K N i
W%, 1 GO-MF ) F & EEEAREE . ¥

NF-«k B {55 M #7 . £ GO-CC & H, LA FR4s G 1 SRR 45 A S 5400 - A ZhR &5 .
A B
Volcano
4000} : :zz
w
2000 isd
8 o -
-2 000+ 1389318 ::m
-4 000 {+ i
-6 000 1 L L f &
o 2 4 8 g iz 3 8 8 8 § 8 8 2 % 8§ 8§
e LI R OO O O
A: ERFFEREGIONE, 26, B FEEE g6, DETHEER, B: 2550507 20 (7 HEE A,
1 DEG FikigEA L
x1 DEGs BJ GO ##7 (Top 5)
FEHIEA GO %&H GO %5 TR M A P{H
FHEEERN GO-BPA&H 60:0006629 i At ky) 484x 107
60:0015992 iz 10 705 107
G0:0007264 /NG EANFIESET 20 157x10™
60:0015031 EHE 36 226x 107
60:0030278 Elalihi 6 233x 107
GO-CC %H G0:0070062 PSP 170 328x 107
G0:0016020 JFf 327 932x 107
60:0005925 K B 47 644x 10"
G0:0005737 A 281 8.81x10™
G0:0005829 AN T 93 635x 107
GO-MF 4 H G0:0005515 EHEETEY)) 177 142x 107
G0:0098641 RO AS S 24 153x107°
G0:0005525 GTP A HEH 28 473x10°
G0:0035091 TENREEMLELS & 12 787x 107
G0:0008289 flg B & 21 233x 107
THRER  Go-BP£&H G0:0042254 BRI A 11 139x 107
G0:1904874 Sk RNA 2T Cajal IMARYIE T 5 56x10*
G0:0030217 T 4k 7 747% 10"
G0:0006979 EER A s 12 952%10™
G0:1901222 NIK/NF-kappaB {555 18 #1715 4 9.83x 107
GO-CC %H G0:0005737 AT 256 L15x 107"
G0:0005634 Al 229 1.19x10™
G0:0005730 2 50 7.11x10°
G0:0005654 AMpk 85 828x107
(0:0005788 YA 12 7.07x10°
GO-MF 4 H G0:0044822 poly(A) RNA 45471 69 316107
G0:0000166 WimsE & h 89 1.00x 107
60:0005515 BA%AN 151 321 %107
60:0005524 ATP 454 65 264% 10"
60:0004386 FRIE e 1 12 834x10*

e GO: FEFEARIK, BP: A4 FE, CC: 4, MF: 0TIk,
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KEGG il i & %0 ¥ W~ , VR DEGs B4
EREHER . BT S A H 4, W R

BEEFBEHLE (TOP10)

mmu04966: 5 A5 4 il
mmu0480: 7%t H ALl
mimu00330: 57 % B R R S AR A Liat
mmu03030:DNAK i
mmu04914: B RR A5 55 40 A R
mmu5323: R %
mmu04668: TNF{5 Si@B
mmu00564: it 98 A7 A Qs
mmub5169: Epstein-Barr {5 #E 18 4
mmu00190: FALB R
mmu04071: IR A5 Sl EE
mmu04142: FE

DEGs F 2 & TR IA . 4105 . Epstein-Barr
TRREERA TN BT, LR 2,

mmu04 110: £ i 34
mmu04380: T F 4 71 N
mema03008: 70 B2t 0 B B2 B REE
monu05202: 8o 5% % o U m TRAER

mmu04360:4 55| §
mmu00230: B LigH
mmu04141: 3 F R P E T
mmu01100: A%

0 10 20 30 40 50 60 70

DEGs JI SR S 5 42 4% HI R EARRLY ¥ i L
B 2 DEGs B KEGG B&EHS 1T

23 XBARBx Y TIHE N DEGs £,
A4 PPLIESY > 0.98 #4748 PPT W 4%, ULIA| 3A.
18 3 Cytoscape #4: XF PPI W 4% 18] ¢ 47 ml ¥ 4k .
N, HARF] 163 AN M 334 S50, Hohar Tl
Fon LIHIEH, g HFER TIRERE, 3%
X} DEGs (%) PPI W25 AT, ULIK 3B 407, &

SrHEA T 6 0 1 B IE R 431 J& Psmd8, Psmdé6,
Psmdl14, Psmc4, Psma6 Fll Psma3. Xf#x 4l 3L [k
1T GO-BP #l KEGG i % & - #r, TEE TR
FIFOKf#E . MHC 12853 FAr S0P 2 AT 1
2 ZMAE TR 1 R i FE & EB R R 45
A A

Psmd14

A.PPI WZ& K], 2rfs, LRSER; 2, FREE. B. XCHDLH PPI A,
E 3 DEGs EBEERERD T

3 it

AER AL (MC ) AR R AL G B 48 A 25—
- o e N vl by N o
AL A HES, 45 R A BERE P R o R
FEMEH ", 1879 4F, MC 1 X% EHRLICH P
s M H B TR R A T — A 22 Lok — B
Gl AR, BB AR AT MC R I

HFEATHNFEAMBIE . 2018 4%, H 5% M B+ A
F1 GENTEK™ 4 BAFE Immunity 2 T3 & 93¢, 38
N T /N IR MC SRR T B 8 B i A5 MC SRR T
BRI I T A, AR, SRR E JE A MC
IR L BB e AR ik im 12405 MC
B ELAR PRI J2: MC A5 S0 30 56 1 B Rl 2 )
i, BT, X MC S R A T AR
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AR, IL-3 2R/ MC e Ve ok
AT, 7 MC /b BRI A EZAER . SCF 24k
R MC A A7 FF (2 HA 58 () 2R 7 . BT
W], SCF ufighrllh IL-3 /389 MC 434k, 7 MC 1%
PRI AR TL-3 K P B R VE Y RS
B, IL-3 #i1 SCF B ek MC I I 1gE @Rz
14 Fe & RI {3 15 A P9 W8 Bl UKL AG TR A 1), BROR
KA W FE NN SCF /] LLiE S MC [ 386 5 A1 43
A U B KA MC B35 3 A AR 52 4
T SCF. 7 SCF H: I @b/ BB AL, 257 1L-3
FLRENS 1055 P SCF PRI T 3 B0 MC B2k U2,
CEERFIE 45 AR N, il IL-3 5% / Fi1 SCF i 3/
B BE T 4N b i MC B9 ThRE W] REAF 76 22 b
LTO % MV BF 598 % % M, IL-3+SCF 53 1) BMMCs
HHAR W BT T84 SCF iR, Fce RIS
S0 MC B kL G 3 BRI, T R IL-3 5 S
BMMCs M| T4 . b fi ]38 1o JE R Fak it i R 3
Heck 3 5 7£ SCF % 5 1Y BMMCs 2635 T i,
W] SCF B 50 T BMMCs 36580, LTO % " A7
i 5% HP A SE T Hek %& B 76 SCF 75 5 1) BMMCs
I TNE, 5 BMMCs B0k BEARAR G, (HIL P
S ] RE S HAD SR B T2, IR AR
IL-3 i1 IL-3+SCF W F 525X 5% 5% (1) BMMCs 1) 2% 5
FIRFEN, S MC DIRei R 3 ok

AHFFEHET GEO #8546} SCF 55/ Bl -l
4 Jifg 1] MC 43 1k 9 35 R 2 8 B0 48 GSE35332 i
1538, LA [logfold change (FC)| > 512, adjusted P
< 0.001 A FfikEbrfE, HGEL 1339 4~ DEGs ( &
1A) , Hp 723 48 EAREA, 616 4K F 83
K, W1 20 4~ DEGs DAEIAE WoR, WK 1B, &
fiEL R X E AL AT DEGs 20ATiS &8, 4
1255 5 LA |logfold change (FC)| > 2 1%, 4 K iifi tedn
WER), 34530 DEGs id %, H2ZESEEHER K,
1 Z %) DEGs 78 J5 S243 H A 5 I i 25 7= 5 KT
REHE. 2RI, L |logfold change (FC)|
> 512, adjusted P < 0.001 M ifipkhrii, MC 1E50k
REART, Wb R MR, 1TO 45
DK/ B Ifi T 40 L AE IL-3 1 IL-3+SCF PR i n
BAEH, #baikF AW H R IE A BMMCs,
1 MC 15346 % & 1 1t ) 52 Z2 Fpoai g 7 0 HO=:
SCF sz U, 30t AT AR 5 0 o 11 ) K e 22
SAREUECKR ) DEGS.

W5, FATTE 5k DAVID B FE 4 BT % 303 2
DEGs S& M iitiz . Rlhsfs . d4ifefE i & NIK/
NF- k B {5 5l IR S UM C (R 1) o BIRE
FW, NF-xB ZIGENH SRR+ 5 2 i 2 A Yt 2
HYIME, AT S E S 5 FE T .

WEBE . A TR GE I M G DA K R E RN P A
WHoE R W], IxB iEEE G r LU L IgE (Y 25 Al
J1Z 4K Fe & RIfAC Iy G 4L MC, - HET 38 MC
kL 21, ik 28 DEGs 255 NF- k B 5 538 i 42
IR, TEVS K MC {753l BEAR DGR SERT, AR AN ]
15507 AOREERE MC RI4IBiR . gbsh, TR
H Cytoscape B ALtk i 6 MXALFERH, 53518
Psmd8, Psmd6, Psmdl4, Psmc4, Psma6 F1 Psma3
(E3) o AL H A HX 20 J5E PN 32 202 4R 1
PR3 ( proteasome subunits, PSs ) 4147, 7F EH A%
b, EEEAE S ERTFEOBESY, £
PLZ FZHENARC T P 2R - BAMR RS
(ubiquitin-proteasome system, UPS) 2 5= % 1) 41 Jits N
FEERBHAE A TR R4 T H D R R
PER DT ZH BRI B M A R S R IR, BT
UPS W M A A LTI 77 1l . UPS (B 2Pk
TESRIZEAIML P IC W, S 4 M e A
SR IREE Y, EARRE . {5,
4 3 FE AN N T4 R R 34 32 UPS Y™ 4% I 45
B, MC A0 D RS U fE B I8 2 1 g s 2
NGRS A S RN, 3K PS5 TR 42 sl 42 )
% MC KB WA CHHE R R . 76 MC K&
ek AEZAAE L, BT R Z &
TR A A AR AL AT 2 TRIARBI ST
T H X A DX 2 502 ZR A 1 2 1 o A Rl ot
2, 278 MC 2 5 RYA G AT e 5 UPS UG,
X — R UK A B MC 58 R R & 55 5 DR s i
TR

ficer . FATIE A i A A B R AR A
K% . MHC 12857 1 S B0 38 22 A
T ZFRAMMME R B0 A Qe B S EB i 7 /8
YUAEAH DG . AT, MC ZEAS Mt B/ RAE
PRI, UL SRS WO 2 i P B R v e T
SR MHZd R 2O T MC 2B H Y
KSR, 7= AR S AR K ) R
FWE R E AT Y WA RSMIFSE R, MC B
B RPURRE S CD8” T IS (b FG 5, % %
i B MC P fil 40 A MHC T 2R B M I 52
MR, JFAT CD8 T 4ifusri IL-2, THE -y
FEREA R A -1 o7 JREREGERT, MC 6
ik CD8" T 40 A S5 BNERAL TR AL T T A TR
ARk RE P A E T MC 7€ EB R &
FEVEH AT, BF P05, X Eeitoe sl
AR 1AM P LEYE B 2 B R A

Zr LR, AW T GEO Bl i i A=
5B I8, KB IL-3 FI IL-3+SCF 5 F5 4 5K
T/ BMMCs $E R KA AA7E I B 25 57
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