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JE4rHr T CDKN3 7E 34 FAS [7] Mg 20 2R 4R 3 1 5
HAPFRIBGE O FET A EE %, CDKN3 7 32
Tl g v AKX W R A (&1 1D, P <0.05) o 4R 1,
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Fig.1 Expression changes of CDKN3 in tumors

A :Data from the GTEx database demonstrate CDKN3 mRNA expression levels in healthy tissues from multiple organs| log, (TPM +1) ] ;B:The ex-

pression of CDKN3 in tumor cell lines was different from normal cell lines in CCLE database ; C ; Expression differences of CDKN3 in 26 tumor tissues and

neighboring normal tissues in TCGA database ; D ; The expression of CDKN3 in 34 tumor tissues and neighboring normal tissues was different in TCGA and

GTEx databases; * P <0.05, “*P<0.01, ***P<0.001 vs normal tissu
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Fig.2 Correlation between CDKN3 expression level and tumor pathological stage was analyzed by GEPIA2 platform
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Fig.3 Prognostic analysis of the expression level of CDKN3 on OS in patients with different tumors

A : The relationship between the expression levels of OS and CDKN3 in patients with different tumors under Cox proportional risk model in TCGA da-
tabase ; B : Kaplan — Meier curve in TCGA database showed the relationship between the expression level of OS and CDKN3 in ACC, GBMLGG, KIPAN,
LGG, KIRC, LUAD, MESO, UVM, KIRP, LIHC, PAAD and PCPG patients; C ; The relationship between OS and CDKN3 expression levels in pancan-

cer (39 cancer types) in the TCGA database.

Ja A 17 (post progression survival , PPS) IG5 & 4=
TEMH (recurrence free survival, RFS) $(#& L) & CD-
KN3 ik DL 4T Meta 53 #fr I A2 J80 1 ZR AR &T (8]
5) . Meta 3frZR G 45 R s, Bk B 4h , CDKN3 7R
HoAthy 3 Fh e v ) i ik S S5 AN RBiUS ARG
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Fig. 4 Prognostic analysis of CDKN3 expression level on DFS in patients with different tumors

A :Relationship between DFS and CDKN3 expression in patients with different tumors under Cox proportional risk model in TCGA database; B :Kap-
lan — Meier curves in TCGA database showed the relationship between DFS and CDKN3 expression levels of ESCA, KIPAN, KIRP, LIHC, TGCT, ACC,
CESC, LUAD, MESO, PAAD, SARC and THCA ;C; Relationship between DFS and CDKN3 expression levels in pancancer (39 cancer types) in the TC-

GA database.
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MRFR o R, U B WG A8 f 22 [R) 1% 2 1 A DG A%
FEERGE 5 R BRI, W2 AR DGR B IR . AR 5T 38
% ESTIMATE J7 418 T 4% 1743 ( ImmuneScore )
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NOTE:Weights and between-subgroup heterogeneity test are from random-effects model

B S5 ZFLARE.INEE . fhEfnBE%ETIM OS,PFS,DMFS PPS #1 RFS 5 CDKN3 RikKFHXFR
Fig.5 The relationship between OS, PFS, DMFS, PPS and RFS and CDKN3 expression levels in

breast cancer, ovarian cancer, lung cancer and gastric cancer groups

A :The relationship between OS, PFS, DMFS, PPS, RFS and CDKN3 expression in four cancers; B : The meta-analysis summarizes the data in Figure

SA to generate a forest map.

FEE J5t 3 43 ( StromalScore ) o 73 # . 78 7E ACC,
CESC .LUSC ,PCPG,STAD ,STES . TGCT #1 UCEC X
8 Ff i rp , CDKN3 357K -5 Stromalscore . Immu-
nescore A1 ESTIMATEScore #H5 (& 7) o

2.4 CDKN3 RIEKEEMBREERESMER
RFFAREMIMER O THRE CDKN3 7E i S ein

7R RTEAE AN (EL, ABEFE LA T CDRN3 K kK-
5 AR B e v G e A A 5 22 TB] Y AR S, CD-
KN3 £ CESC ,LUSC \TGCT #1 THYM H ik 5K
SR PERE AL o TR TS (K] 8A) o TMB Al
MSLJR G B 6 J7 19 A )b B W) AS BF 58 PR AG T
CDKN3 3% 3K 7K °F- 5 TMB I MSL 2 [i] 14 4 5 7 o £E
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The expression level of CDKN3 (log,TPM)

The degree of infiltration
B 6 TIMER ##E & FIR4GH) 6 Mife R AR (B AE.CD4* T 42, CD8* T 41k,
R 4R A | E IR AR SRR B ) iR B TR E 5 CDKN3 RiZKFHXFR
Fig.6 The relationship between the degree of infiltration of 6 kinds of immune cells (B cells, CD4* T cells, CD8 * T cells,
neutrophils, macrophages and dendritic cells) and the expression level of CDKN3 obtained from the TIMER database
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7 ACC,CESC.LUSC.PCPG.STAD .STES.TGCT %1 UCEC &1 CDKN3 XAk ¥
5 Stromalscore . Immunescore 1 ESTIMATEScore gJ#H % {4
Fig.7 Correlation of CDKN3 expression levels in ACC, CESC, LUSC, PCPG, STAD, STES,
TGCT and UCEC with Stromalscore, Immunescore and ESTIMATEScore

COAD . STES , SARC , STAD , PRAD , LUSC , LIHC Al
UVM H1, CDKN3 £ik/KF- 5 TMB 52 1EAH 3¢ {H7E
GBMLGG 1, CDKN3 557K -5 TMB 2 fH 56 (&
8B). B4k, CDKN3 [ 321k 5 GBMLGG ,LGG . LU-
AD, COAD, READ, BRCA, STES, KIPAN, STAD
PRAD ., UCEC KIRC ,LUSC . PCPG . ACC F KICH
(1) MSI 2 IEAH G (Bl 8C) o AR — L1417
CDKN3 A7k 5 A F LB A& S (MMR ) 5[5
(PMS2 .MSH6 ,MSH2 . MLHI #1 EPCAM ) % ik 7k 3%
Z AR DG, DAl CDKN3 7R 26 97 I
fHo & 8D i, CDKN3 5 K Z ¥4 i  MMR
FE B FAR B IO, (A R, TE R 240
e, CDKN3 [ 2535 7K F- 5 MSH2 F1 MSH6 % 1F4H
X

2.5 CDKN3 RixKFEEHYMRMEERX K X
W7 CDKN3 K3k K V-5 245 1) J 1 =2 8] i AH 26 7k
CDKN3 [k /K- 5 Bl Je MR L SUE b2 & IR
FRSLRED A5 8 Fh 2 Wy 1) i 2 IEAH G (P <0.01)
M5 Haterumalide NA F g AR BH | v0 F1] /N BE B
558 R v = ARG (P <0.01)

2.6 PPIM4EHMEMBREENT £ GeneMA-
NIA @A AR 33608 e L 4R

A3 T AR AR FH R ) sl 19000 5 2 W) 15 6L o
¥4 % CDKN3 ) PPL 4% (18] 10A) . GO B4
b FE(BPs) 3225 40 i JE A AH ¢ . KEGG 4y B 4
A}, CDKN3 =% & 42 (1) 1[5 2 40 i ) 30 4 ifd o
1 p53 {5545 (& 10B)

2.7 CDKN3 Rif/KFES5EE CNV fnBELKF
FIXFE  FIH GSCA F-H LR CNV LA 5L
A1 CDKN3 mRNA 23K Z [6] /) 5¢ R #E 4T Spearman
ORI, 45 R W, 7F LUSC, HNSC , BLCA |
COAD . SARC #l CESC 1, CDKN3 mRNA 7k 3 5
CNV 2R EIEMIE(P <0.05,E 11AB) . SRM7E
THCA .KIRP , LAML  KIRC , LIHC , LGG = KICH
HBAT ISR B FIAH D (B 11A) o BeAh , AR5
54T T CDKN3 mRNA 7K P55 H B AR K SF- 22 7]
(A 6. % GBM, THYM . KICH . KIRC #1 KIRP
Hh HERZH I o, CDKN3 mRNA 7K F- 5 H B 3G
6K 7% Y1 A 56, JL H 7E LIHC | SARC, STAD #I
LUSC % B 5 (P <0. 0001, 11) .

2.8 CDKN3 xf HCC AR ZTHMENE B
58 5T I IR B (I FE AR 51T Western blot # I, 45
S 7R CDKN3 7E HCC 441 b 1 3238 K-8 TR 55
HAU(E12A) . KT d#E—AF58 CDKN3 %} HCC {2
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B8 CDKN3 RizZKTESRELBEMBREREE R BHEXYE
Fig.8 Correlation between CDKN3 expression levels and immune checkpoints in different tumor types
A ; Correlation between CDKN3 expression levels and immune checkpoint molecules in CESC, LUSC, TGCT and THYM ;B ; Correlation between CD-
KN3 expression levels and TMB in COAD, STES, SARC, STAD, PRAD, LUSC, LIHC, UVM and GBMLGG;C  Correlation between CDKN3 expression
levels and MSI in GBMLGG, LGG, LUAD, COAD, READ, BRCA, STES, KIPAN, STAD, PRAD, UCEC, KIRC, LUSC, PCPG, ACC and KICH;
D Correlation of CDKN3 expression level with MMR, MSH2 and MSH6.

9 CDKN3 Ri&/KF54Y) R 2 EFHEXE

Fig.9 Correlation between CDKN3 expression level and drug response

10 PPI M4EHEFEREED T
Fig. 10 PPI network construction and pathway enrichment analysis
A :PPI network of CDKN3 ;B :Biological process(BPs) of CDKN3 enrichment through GO.
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A C

11 CDKN3 RZKFEERE CNV FIRELKFEHXR
Fig.11 Relationship between CDKN3 expression level and CNV and methylation level

A :Spearman correlation analysis between CDKN3 mRNA level and CNV ;B Spearman correlation analysis between CDKN3 mRNA level and its meth-

ylation level ;C: Scatter plot and Spearman regression line of 8 tumors with strong positive correlation between CDKN3 mRNA level and its CNV; D Scat-

ter plot and Spearman regression line of 8 tumors with strong negative correlation between CDKN3 mRNA level and its methylation level.
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2O ST AR SRR B RE AR HEATIZ 0 0T, AR R
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A B D Control siRNA - - +
normal HCC CDKN3siRNA - + -
Control siRNA
CDKN3 MMP2
B-actin MMP9
B-actin
0.5
=) . =
E 2 04} isid CDKN3 siRNA 215 ] MMP2
232 2 sk
£ o3k T & A MMP9  *xx
A& e 03 g
o 5 5 1.0
ggo2r T o
o g £
O35 0lf 5 05
g
normal HCC % 0
—
A Control  Control ~ CDKN3

siRNA siRNA
Control siRNA CDKN3 siRNA Control siRNA CDKN3 siRNA

Migration Invasion
E 12 CDKN3 3 HCC EBFBEMHMI x 400
Fig.12 Effects of CDKN3 on HCC migration and invasion x400
A :Western blot results showed that the expression level of CDKN3 in HCC and paracancer tissues was different; B: The results of Wound Helaing ex-
periment showed changes in the invasion ability of HepG2 cells after CDKN3 silencing; C : Transwell assay showed the changes of migration and invasion a-
bility of HepG2 cells after CDKN3 silencing; D : Western blot results showed the expression changes of MMP2 and MMP9 in HepG2 cells after CDKN3 si-

lencing; *# P <0. 01 vs normal tissue; ** * P <0.001 vs Control siRNA.

A EdU DAPI Merge C  Control siRNA - - +
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Protein relative expression
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ZA //\

Control siRNA ~ CDKN3 siRNA

7))\

Contro
B 13 CDKN3 Xt HCC #5aF1AT-RI# I x 400
Fig.13 Effects of CDKN3 on proliferation and apoptosis of HCC x400

CDKN3 siRNA Control siRNA @@

A:EdU staining showed the change of HepG2 cell proliferation after CDKN silencing; B : JC-1 staining showed the apoptosis level of HepG2 cells after
CDKN silencing; C:Western blot results showed the expression changes of Bax, Bcl-2 and PCNA in HepG2 cells after CDKN3 silencing; * * * P <0. 001
vs Control siRNA.
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Expression of CDKN3 in tumors and its correlation with prognosis
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To investigate the expression changes of cyclin-dependent kinase inhibitor 3 ( CDKN3) in
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DEGs to screen for genes related to AF. Machine learning methods such as the least absolute shrinkage and selec-
tion operator ( LASSO) , support vector machine recursive feature elimination ( SVM-RFE ), and random forest
(RF) were utilized to screen potential biomarkers for AF. Immune infiltration analysis was conducted and the AF
rat model was replicated for validation. Results A total of 377 DEGs were obtained, mainly enriched in pathways
such as B cell receptor signaling and chemokine signaling. Machine learning algorithms identified matrix metallo-
proteinase 13 (MMP13) as a potential biomarker for AF. In AF samples, memory B cells, plasma cells, MO mac-
rophages, and M1 macrophages were higher than in PF samples, while resting CD4 memory T cells and resting den-
dritic cells were lower than in PF samples. MMP13 showed a positive correlation with MO macrophages, activated
mast cells, and immature B cells, and a negative correlation with resting mast cells. Experimental results showed
that MMP13 expression levels were higher in rat AF samples compared to the control group. Conclusion The on-
set of AF involves various immune cells and signaling pathways. MMP13 is significantly upregulated in AF tissue
and correlates with multiple immune cells, making it a potential novel biomarker of AF.

Key words anal fistula; weighted gene co-expression network analysis; machine learning; biomarker; immune
infiltration
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different tumors and its effect on tumor staging, prognosis and immunotherapy. Methods The expression charac-
teristics of CDKN3 in different cancers using data from TCGA, CCLE, ICGC, and GTEx databases were evaluated.
The GEPIA2 platform and Kaplan-Meier analysis were utilized to assess the effect of CDKN3 on tumor pathological
staging and survival prognosis. The TIMER platform was employed to explore the influence of CDKN3 on the tumor
immune microenvironment and immunotherapy. Its effect on immune checkpoint and key immunotherapeutic predic-
tors using bioinformatics methods was explored. The GeneMANIA tool was used to construct the protein-protein in-
teraction ( PPI) network of CDKN3. Kyoto Encyclopedia of Genes and Genomes ( KEGG) and Gene Onotology
(GO) enrichment analyses were conducted to explore the biological processes and signaling pathways associated
with CDKN3. The effect of CDKN3 on HepG2 cell proliferation, invasion, migration, and apoptosis was validated
through transfection with CDKN3 siRNA. Results CDKN3 was found to be widely overexpressed in tumors. High
expression of CDKN3 was often associated with advanced pathological staging and poor survival prognosis. CDKN3
expression was negatively correlated with most immune checkpoints and positively correlated with tumor mutation
burden (TMB) , microsatellite instability (MSI) , and mismatch repair (MMR) genes. CDKN3 was associated with
cell cycle, cellular senescence, and the p53 signaling pathway. Furthermore, EdU staining, JC-1 staining, Tran-
swell, and Wound Healing assays confirmed that CDKN3 promoted HCC cell proliferation, invasion, and migration
while inhibiting apoptosis. Conclusion Abnormal expression of CDKN3 is closely related to tumor staging, prog-
nosis, and immune microenvironment characteristics, making it a potential prognostic marker and immunotherapy
adjuvant target in cancer.
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