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Abstract: Angiogenesis related genes (ARGs) associated with the occurrence, development and prognosis of
cervical cancer (CC) were screened using bioinformatics methods, and then the related prognostic risk model
was constructed and verified. Firstly, the expression profile and clinical characteristics of CC patients were
searched and differentially expressed ARGs were extracted from TCGA database. Through Lasso Cox regres—
sion analysis, the ARGs for predicting prognosis were then selected to construct a relevant model. Further—
more, external validation was performed with the GSE52903 and GSE44001 datasets. Finally, the mechanism
of CC prognosis was discussed by gene set enrichment analysis (GSEA). Fifteen prognosis—related ARGs were
selected out, including EFNA 1, ITGAS, EPHB4, NRP1, CDHS5, PLAU, BMP6, DLL4, JUN, CA9, MMP1, BA-
IAP2L1, SERPINF1, F2RL1 and FGFR2. Kaplan—Meier survival curves based on GSE52903 and GSE44001
datasets showed that the overall survival (0OS) (P=0.005) and disease—free survival (DFS) (P<0.001) of high-
risk group were significantly lower than those of low-risk group. Receiver operating characteristic (ROC)

curve analysis showed that, in the GSE52903 validation set, the area under the curve (AUC) values at 1 year,
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3 years and 5 years were 0.84, 0.77 and 0.73, respectively, and the C—index was 0.72, and in the GSE44001
validation set, the AUC values were 0.71, 0.72 and 0.70, respectively, and the C—index was 0.70, indicating

that the model has a strong predictive effect on the prognosis of CC patients. The pathways enriched by

GSEA are mainly involved in DNA replication, extracellular matrix (ECM) receptor interactions, complement

and coagulation cascades, the processes of which are closely related to cervical carcinogenesis and progres—

sion. These results suggest that the 15 key ARGs may be potential biomarkers for the prognosis of CC.
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Fig.1 Analysis of angiogenesis DEGs in CC

(A) Volcano map of DEGs between the normal and tumor groups. Red and green dots represent the upregulated and downregu—

lated DEGs, respectively; (B) Venn diagram of intersection genes. Yellow indicates the downregulated genes, blue indicates the

upregulated genes and gray intersecting parts indicate the genes that overlap.
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Fig.2 Enrichment analysis of the CC prognostic gene set

(A) GO enrichment analysis of prognostic genes; (B) KEGG pathway enrichment analysis of prognostic genes; (C) Protein—protein

interaction network of prognostic genes; (D) Functional enrichment of prognostic genes and driving genes.
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Table 1 Related parameters of 15 angiogenesis prognosis model genes

Gene Coefficient HR Lower limit of CI Upper limit of CI P value
FGFR2 -0.188 281 925 0.692 253 912 0.480 296 205 0.997 749 876 0.048 604 807
F2RL1 0.024 313 692 1.239 101 227 1.003 917 551 1.529 380 425 0.045 893 328
SERPINF1 -0.038 250 892 0.674 516 630 0.461 816 758 0.985 180 109 0.041 628 772
BAIAP2LI1 0.157 804 210 1.232 002 475 1.010 933 107 1.501 414 967 0.038 665 595
MMP1 0.094 936 232 1.215 371 197 1.040 846 987 1.419 158 787 0.013 657 302
CA9 0.120 662 338 1.288 881 287 1.075 720 436 1.544 281 316 0.005 936 119
JUN 0.075 208 882 1.326 614 545 1.085 573 722 1.621 176 081 0.005 735 695
DLL4 0.065 320 131 1.258 157 323 1.071 080 787 1.477 908 920 0.005 173 724
BMP6 0.129 831 454 1.228 642 394 1.063 783 157 1.419 050 604 0.005 093 065
PLAU 0.092 617 820 1.327 653 133 1.088 973 121 1.618 646 786 0.005 064 001
CDH5 0.126 317 951 1.249 885 681 1.076 251 610 1.451 532 524 0.003 467 708
NRP1 0.017 054 977 1.309 270 294 1.100 082 242 1.558 236 863 0.002 414 379
EPHB4 0.034 745 903 1.371 852 589 1.120 223 010 1.680 004 348 0.002 227 807
ITGAS 0.033 082 229 1.425 499 532 1.215 843 050 1.671 308 576 0.000 012 500
EFNA 1 0.172 882 991 1.495 046 363 1.248 381 869 1.790 448 647 0.000 012 300
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Fig.3 Evaluation of ARGs and prognostic markers of CC

(A) Filtration of the best A value corresponding to the best partial likelihood deviation value, the dashed line on the left repre—
sents the threshold for the 15 most valuable genes; (B) The best coefficient value corresponding to each gene obtained through the

best A value; (C) Model gene coefficient diagram; (D) Somatic mutation map of patients in the high-risk and low-risk groups.
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Fig.4 Validation of the model

(A~B) Kaplan—Meier survival curves in the two GEO external datasets; (C~D) ROC curves for 1-, 3—, and S5—year survival rates in

the two GEO external datasets.
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Table 2 Clinical characteristics and risk scores of CC patients based on univariate and multivariate Cox regression

Type HR

HR.95L

HR.95H

P value

Univariate Cox regression analysis

Age 1.011 356 236
Grade 1.281 313 013
Tumor 1.508 045 183
Node 2.043 749 412

5.627 643 472

Risk score

Multivariate Cox regression analysis

Age 0.998 823 279
Grade 0.665 657 284
Tumor 1.515 388 634
Node 3.086 682 825

8.496 779 744

Risk score

0.966 925 975
0.621 238 269
0.758 441 729
0.774 336 857
2.330 672 267

0.947 327 719
0.291 810 427
0.796 010 652
1.031 512 299
2.851 767 593

1.057 828 068
2.642 726 824
2.998 516 810
5.394 179 056
13.588 513 280

1.053 118 075
1.518 450 266
2.884 889 425
9.236 546 059
25.315 971 120

0.622 263 141
0.502 139 531
0.241 394 934
0.148 882 975
0.000 122 399

0.965 225 978
0.333 416 547
0.205 717 421
0.043 858 171
0.000 122 395

72: HR.95L A= Kbk 69 95% F 13 X 18] T Fk; HR.9SH A =R ed 95% F 45 X ja) Lrk,

Notes: HR.95L, lower limit of 95% confidence interval for risk ratio; HR.95H, higher limit of 95% confidence interval for risk

ratio.
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Fig.5 A nomogram and clinical prognostic analysis of CC patients
(A) Prognostic nomogram; (B) The correlation curve of the ARG model (5—year and 7-year); (C) Forest map of CC prognostic cha—
racteristics analyzed by both univariate and multivariate Cox regression.



S o, e
186 o B B 2024 4
04 041
g 2
5 0 £ 0
= GO_COLLAGE OK(HNV ATION = KEGG_COMPLE R AND_COAGULATION_CASCADES
= GO_EXTRACELLULANS ]XJ)]S-\SSH\’IB].Y == KEGG_DNA_REPLICA’
_041~ GO_NEGATIVE_REGULAT \Q GULATI 04 ECM_RECEPTOR_INTE
: = GO_NUCLEOTIDE_EXCISION_RE RSBREINOISION_COMPLEX_STABILIZATION * | = KEGG_FOCAL_ADHESION
== GO_PLASMINOGEN_ACTIVATION \ == KEGG_HYPERTROPHIC_CARDIOMYOPATHY _]
== GO_T_CELL_HOMEOSTASIS == KEGG_NUCLEOTIDE_EXCISION_REPAIR
[ | | [ |
| | [l HII‘HH\I I i [EIRAUER CEEEy (N i
LR | 111 | | 1 N | I Ay
High expression <-----------------> Low expression High expression <---------—-------> Low expression
(A) (8)
=
B WREEEREK GSEA B&EST

(A) it GSEA #4749 GO 4#7; (B) ilit GSEA #4749 KEGG 547,

Fig.6 GSEA of the prognosis-related ARG
(A) GO analysis via GSEA; (B) KEGG analysis via GSEA.
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