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Abstract

Background: Diabetic foot ulcer (DFU) is a common complication in diabetic patients, posing sig-
nificant health risks. However, its molecular mechanisms remain incompletely understood. Methods:
The diabetic foot ulcer dataset GSE143735 from the GEO database was utilized for differential gene
expression analysis using the limma package, followed by functional enrichment analysis and
Gene Set Enrichment Analysis (GSEA). Weighted Gene Co-expression Network Analysis (WGCNA)
was employed to construct co-expression networks and identify key modules, followed by Protein-
Protein Interaction (PPI) network construction using the STRING database. Visualize and obtain
target genes through Cytoscape. The differential expression of core genes in diabetes foot ulcer
and normal samples was demonstrated by gene expression calorimetry. miRNA prediction web-
sites were utilized to identify miRNAs regulating core genes. Results: A total of 1778 differentially
expressed genes were identified. Functional enrichment analysis revealed involvement of these
genes in biological processes such as wound healing and cell adhesion. WGCNA and PPI network
analysis identified core genes CCNB1 and ASPM, and demonstrated their low expression in disease
samples through heatmaps. While miRNA prediction further elucidated their potential roles in
diabetic foot ulcers. Conclusions: CCNB1 and ASPM are down regulated in diabetic foot ulcers,
suggesting their potential importance in the development of this condition.
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2.1. BERTR R immBIRE SRR

EIX TR g, BE PRI Iz B 4 GSE143735 Mo B & M GPL11154 A=) GEO ¥4l g
(http://www.ncbi.nlm.nih.gov/geo/) " F# . GSE143735 G3E 9 MK IR LBz Al 4 AN IEFFEA, HFiR
IVBE PR AP A 5002 ) 22 S 3R IE 2 K (DEGS)

2.2. DEGs HIlfi%

R AL “limma” FT GSE143735 [J5EH A B (RS FTS 5ol 1E . Benjamini-Hochberg 7772 H
TR LG p A . R I (FDR)THE S HUE(FC) . i1k DEGs [Fbri#fEsE P <0.05, [logFC| > 1.5,
fEH KL El, 3543 DEGs %13

23. TIREESR O

F RUAAA 53 BT (GO) AT i #B 35 LR AN 3L (R 20 7 B4 B (KEGG) 70 BT A2 1Al 25 R o fig AR W 24 A2 1 55
Jiide AWTTUR 3 UKL 1) 22 7k R 51 32 4\ KEGG rest API
(https://www.kegg.jp/kegg/rest/keggapi.html)FREX T F#7) KEGG Pathway fI3EEERE, PALIEAE =, ¥
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Giit o AT SR .

2.4. GSEA &7

XfF Gene set enrichment analysis (GSEA), FZATTM GSEA (DOI:10.1073/pnas.0506580102,
http://software.broadinstitute.org/gsea/index.jsp) M 4 3k 74 T GSEA #fF:(version 3.0), FR4F 5905 AR IE 5
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BT UIRIZR, G 7 e, AMRATIE S I TEEE /N T 0.25 MR, [HIE R ME grey Bk
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STRING ##% FE (http:/string-db.org/) & FEW S « VP73 MBS BT A~ 1 AT FH R 5 - 85 U BAE H
FERIE, IR THRC IR AN IR LR . AT UK ZE S R K R AN B STRING #d e, M i 1t
Itz O FER ) PPL 2% (BB > 0.4). Cytoscape B4 AT LU A2 SR (L AE W 2% 43 B A — 4 (2D) T 41
1o AR 58I Cytoscape HAT X string Hdfs 22 JE BT PPL 48 HEAT AT AL AN N AZ Oo B ] o S FRAT T
PPI %% 5 N\ F| cytoscape X fF, i AP EEMCC, MNC, Degree, Closeness, EcCentricity) ) 7l t1 5 AH
KNI P AR I E U &R, AL G 3 A O 2E R 513

2.7. BERRIAERE

FATME T R £ heatmap % PPT 45 Hh -4 31 (1% 0 J2: RAE B R0 /2 0507 0 £ GSE 143735 FE R 3%
IRFERE R RIS EAR T AEL TR o3 DRAE R PRV AL 15007 A IE 8RR AR 8] (R 3R IE 22 5

2.8. miRNA

FATFIFH miRNA 00 R 5ok R AL 25 L K ) miRNA {5 2. ERATBE TSR, T 78 L5
TargetScan (https://www.targetscan.org/vert_80/), miRTarBase
(https://mirtarbase.cuhk.edu.cn/~miR TarBase/miR TarBase 2022/php/index.php)fiiidk i 75 4% 0o 3 K ] miRNA.
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Figure 1. Differential gene analysis. A total of 1778 DEGs
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Figure 5. Heat map of the core gene in the combined matrix of the data sets
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Table 1. A summary of miRNAs that regulate hub genes
= 1. #ZDOEEHEX miRNAs LR

Databases Gene miRNA
TargetScan
CCNBI1 hsa-miR-183-5p.1
ASPM None
miRTarBase
CCNB1 hsa-miR-132-3p hsa-miR-212-3p hsa-miR-24-3p
ASPM hsa-miR-193b-3p hsa-miR-215-5p hsa-miR-192-5p

1 Targetsacan P 3l HH T & B CCNB1 2 K] [ AH 9% miRNA 7 hsa-miR-183-5p.1.

£ miRTarBase [l 17l & B CCNB1 A ) AH5¢ miRNA 2 hsa-miR-132-3p. hsa-miR-212-3p.
hsa-miR-24-3p; ASPM #: R f{J#H 2% miRNA /& hsa-miR-193b-3p. hsa-miR-215-5p. hsa-miR-192-5p.
4. ¥ig

W PRI JE 15977 A2 Wl PR R 1) — i L HL ™ B RORE . HE HIEA S M . IRE I THLH T
TERMNRTT I7E 2 R EE[13]. WFFUR RS R 2t R AL SR E AR | A8 A8 A 40 28 Dl e e 5 45
YR, MEBHAN L, BRI, ARG NIEZE, MR N IhERE TIE, N R tfe ™ i,
ZIALGURMEAE [ 14]. Pl BHXSXEEHLH], FRATAT CABCTH S0 PERVE ST SEms, indp R4 7). 2
SRR AT, AT B b R 2 50 (VR T T RCR AT o AL, 1 R PR 25895 1) 43 T BIL LS
AT 5 R AR JE o 3@ VR NI TR0 AR BIL,  FRATTRT Al v U A, IR
R TR e, a0 WS AR A L ZERE RAF A B P2 ) A0 ORRp 2 A8 A 55, DT k2D W P A2 15 ) K
R RE, G EANR, IRARZEIE IR L 50 1 7 T HLHD T 250 B ARV U BRI R R X
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A 2

8 LT R A SR YT 7 B B S B AW SRR R, AT AR B 2 R TR A
N PRIF B 57 IR T AR I SR AN A B . DR, SRR R WH R A2 35920 161 43 T WL T T R A 24
M7 kR R EE., HAT CCNB1 1 ASPM T4 R 2 5t I B ARV E AL AN 48 . DR, 7 22
35 BIBIE FERIRANAR T AL RE RIS 2 3547 T PR R BL, DL &% CCNB1 AT ASPM (13677 SR,
NIFRFTEETT T IE R BRI AHE . AT FE 1) £ R IR AE N PRI e 0 B, CCNBI Il ASPM 1)
FILKFRAR, I HBEEHRIEACPRIPER, S EHE %=,

CCNBI (Cyclin BO)BFR 4 i & 18 71 B1, ‘B E40ME 1) G2/M Wilalie & E3AE A, 540 it
N L0y 3430, Pt 40 i 70 RS BE 15] [16] [17]. CCNBI &40 JE I o B B, oA T4
RILFRe SFEA MR, 2 EAEE, MM mfEs . B HEIES M RE g R
¥ B BRI AN, CONBI 7E 2 P (1 AR R e v iy I o B B2 A £, G P AR e 0 L PR 45
HIFFLUER, CCNBI1 o] LAYTERE I p53 {5 5 0 ok el (0 4t Mo o BA . S22 AR T~ AR sgma 18] L4
KW FIE R, CCNBI EWE R I RAE T T fefe s HEAEH . bR 44K %R 7 CCNB1 5
PRI RREZ B )% B o ITAESRIGTIA K IN, CCNBI AT HEAE Ji2 Wikl R 55 (DN EWbs £, A8 T
R 5 o A 5 [ 19]. A B R W] CONBI #4 5E AUEUR 0 FR % (GDM) VB LE IR T 2E W)
PREI[20]. CCNBI i ] 585 05 JRIF 1 28995 28 (DN) A AR HLIIAR DG, v DN B4 T 2 Wi Fg e 1va
JTRE R [21]0 BEHTHAA R T KRG D @& IBEFe e & 17, CCNBI ] B2 B Bk A% F1 16 AH O 1038 75 HRAX
AIL, SR ARG TN A4 [22]. CCNBI LE M 45 BF M 2L B TRl w AE N TiUs bR & 4[23], CCNBI
S5 A0 A A GE 5, DR T Re S O A AR e 1 4E M G ST R R A A SR AR DG . S R
AR D2V T CCNBI £ 2 Rl 3G fE/EH - B RTX T CCNB1 S50 bR A2 15t 57 8] 1Y)
KA T — D FikmeAsiN, FATIBE AN CCNB1 KR IA AT B8 5S040 i A W+ 0k, 5%
i) & A SIS SR AR RE 0, AN N E 35 P G « X ANIF 4 R A Bh TUR ANEEfE CCNB1 7EREIR
T R RO I BARIE R, IR AT RBTIEST Tk R AR

ASPM (Abnormal Spindle-Like Microcephaly-Associated Protein)& —Fl SN kA RE H, 1E
A 2207 RGPS L AP R AR R /NS R 45 R E L MERI[24] [25] [26], ASPM @25
S ZEANARNE AR, S T ARG TR E . ASPM JLK S5 R E LA, R RER I
KRR I T BERFAE T RR[27] IEHE RGBT LRI, ASPM AMUTEIEH WA KRG K E R RIEER, M
LA RS B R AE AR St AT R B B . IS 7CIERE ASPM £ T 5 P (EC) i it 2
k5 BERZER SR EAFRMAR, ASPM BEUKINH] 7 EC 4 rIsE5E . i AMIRZE, AIYEN ECIGITH)
TEAERREE R 28] St W FIE TR Y, ASPM RI REAE Ay filides I 24 v ) B LR 15 38, R IR0 va T 44t 70
FI[29]. BT ASPM 1E IR 5T BE2H SR IV E 4> 4L 55 [30]. ASPM [ 3 RIBEH ixiEME K B
44 bk (89 (DLBCL) i 2 0 22 A I PR i BRAFAE AN R TS AHOC, ASPM UTER nTHIfI 4H M 2B K 5 4t
VAT IF SR 4R 5 3, AT REAE v DLCBL JHR A A5 AT B TN A= b 543 1] IX SR 9T 45 Sk — b
SCRET FRATTRIHEN, ASPM 7T fi 368 1ok 5 M) 248 P s G FH AW 12 2 A S 3845 2 5 0 DR A2 05005 (1) R AR R e
HARFRIA T RE T B g A2 PR, sema AL ZAMIE SR AR RE ), TSz Al 2. FRAr1m
WL ASPM 1 FRAK T e S8 AR e oA S, DI T 5 its . SR G UL it g, FRA1HE
I CCNB1 H1 ASPM H] RELERE PRI A2 15527 1 A L] o A7 72 R 52

UG R FRAT T T EDE B0 0T, (BB SR E . B, BATARIEAT R R i %k 5
BRIGBIPISEE R EGIE CCNB1 1 ASPM [\ D)RE. A, 7EARSRIIMIFAH, BATEHEHE—PIRRIX LI IE
B PR/ J5t 2 T BN AL, DASOE R BRI SeJ (K] ()6 97 7
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