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Abstract Obijective To establish a tumor prognostic risk assessment model related to target

genes of the miR-34 family. Methods Target genes of the miR-34 family were screened, and the
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scores of miR-34 target genes were assessed in 16 tumor types. Univariate Cox regression analysis
was used to identify the tumor type with the strongest correlation between miR-34 target gene
scores and overall survival (OS). Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) analyses were performed to elucidate the functional roles and signaling
pathways of miR-34 target genes. A prognostic risk model based on the miR-34 target genes was
constructed using univariate Cox and LASSO regression analyses. Quantitative real-time PCR
(gPCR) and dual-luciferase reporter assays were conducted to validate whether the target genes
bind to miR-34 and measure their RNA expression levels in the relevant tumors. Additionally, the
risk score was integrated with other clinical indicators to develop a nomogram prediction model
for patient survival. Results A total of 65 target genes of the miR-34 family were screened. The
cancer type exhibiting stronger correlation between the target gene scores and OS was lung
adenocarcinoma (P = 0.003, HR= 5.150). Furthermore, miR-34 target genes were predominantly
enriched in oxidative stress pathways and various tumor-related processes. Three genes, LDHA,
GALNT?7, and SATB2, were identified as core components of the prognostic analysis model for
lung adenocarcinoma. Additionally, the constructed nomogram model demonstrated robust
predictive performance. Conclusion The risk model and prognosis model of lung adenocarcinoma
constructed based on the key target genes of miR-34 have good predictive performance.
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Fig.1 Primer sequence

Gene Primer sequences

GALNT? Forward: TATCTACCGTCTTGAGGGCTGG

Reverse: TGCCTGCGATTCAGGACGACTA

SATB2 Forward: CAAGAGTGGCATTCAACCGCAC



Reverse: ATCTCGCTCCACTTCTGGCAGA
LDHA Forward: GGATCTCCAACATGGCAGCCTT

Reverse: AGACGGCTTTCTCCCTCTTGCT
[S-actin Forward: GGCACCCAGCACAATGAA

Reverse: TAGAAGCATTTGCGGTGG
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Fig.1 Prediction of miR-34 target genes and their expression in different cancers
7E: A:Venn plots of mMiRNA-mRNA relationship pairs obtained through screening from three

databases; B: Heat map of the expression of the top50 target genes with the coefficient of variation



among cancer types.
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Fig.2 Cancer types with differences in miR-34 target gene scores

7E: A: The miR-34 target gene score. The scattered points are the scores of miR-34 target genes.



The middle part of the red line segment represents the average. The two ends represent the
evaluation distance between the standard deviation and the average; B: Cancer types with
significant differences in miR-34 target gene scores. The scattered points are the scores of miR-34
target genes. The middle part of the red line segment represents the average. The two ends
represent the evaluation distance between the standard deviation and the average; C: Univariate
Cox regression was used to analyze the cancer types most correlated with survival by miR-34
target gene scores.
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Fig.3 GO and KEGG enrichment of miR-34 target genes
7#: A: GO function analysis bubble chart; B: KEGG function analysis bubble chart.
The horizontal axis represents the ratio, with a larger value indicating a more significant
enrichment. The vertical axis is the corresponding name of the enrichment of differentially
expressed genes. The size of the bubbles indicates the number of enriched differentially expressed

genes. The color of the bubbles ranging from red to blue indicates that the value of P. Adjust is



getting larger and larger, suggesting that the enrichment is becoming less significant.
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B 4 BT miR-34 SEERME LUAD RKIER
Fig.4 Construction of the risk model of LUAD by miR-34 target genes
7E: A: Univariate Cox regression model was used to analyze the prognostic genes related to the
OS of patients; B: The dual-luciferase reporter gene assay verified the targeted binding
relationship of miR-34 with SGPP1, HOXA13 and VPS37B; C: The expression of five genes in
LUAD tissue microarrays was detected by gPCR; D: The screening process of the cross-validation
process parameter A; E: Dynamic Process Diagram of LASSO-based Variable Screening; F:
Distribution of risk scores between high-risk and low-risk patients; G: Distribution of survival
status between high-risk and low-risk patients; H: Kaplan-Meier curves for high-risk and low-risk
patients; I: ROC curve; P<0.05, "P<0.01 vs Control group.
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& 5 LUAD XU ARZ 5 E
Fig.5 Validation of the LUAD risk model
7E: A: Distribution of risk scores between high-risk and low-risk patients; B: Distribution of risk
survival status between high-risk and low-risk patients; C: Kaplan-Meier curves for high-risk and
low-risk patients; D: ROC curve.
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B 6 ET miR-34 BEERME LUAD FEHER
Fig.6 The prognostic model of LUAD was constructed based on the target genes of miR-34
7E: A: Univariate Cox regression analysis was used to analyze clinical indicators related to
prognosis; B: Multivariable Cox model forest map; C: A nomogram constructed using the
information of RiskScore, AJCC and T staging; D: Calibration curve of 1-3-5-year survival rate.
3 Wig
FESRAET, miR-34 ZURIERVE iR R A BAIE ] 2 5 R e, Horb iR D ag
FEIE I R U 2 A FEEE R R T B IR, EFLE T, miR-34c EEHEIT S
G2/M HARH RS2 m 4 A 5 A . £5 5P S Y, miR-34a/b/c & i fis & W AR TN O S
20 L P 08 5, e #2 R) Noteh 1 3 4042 28 . A SOl GO At KEGG 37, B9l T miR-34
FIRHRERAE L R R th 2 5 Z R D Re@ s M 2 M5 Sl . [N, RS T 16 Fioe
AE A FEASH) miR-34 ERAPFIr, JFAEH AL & Cox [MIHHr, 45 R E7R miR-34 BLIEA
PP OS SRR M IE & LUAD #1 BLCA, {H i T{Eik— L% BLCA ' miR-34 55
HAHRHE LR 2 15 45 SAH LR DR 3R IE 7K P RN, e X LUAD 5790 f XU
PR . SR miR-34 SEEEIAVE 0 B ERRY, E LUAD Hifiiiie HOXA13, GALNT7,
SATB2, SGPP1, LDHA, KLF4, VPS37B. FOSL1 % 8 MK, S Akl fifik
PO IGAE A IE R, 40 GALNT7. SATB2. LDHA. KLF4, FOSL. iR J5 s:mid et &

Rl 45 35 [ Sz 56 2 L SGPP1, HOXAL3, VPS37B 5 miR-34 F i A EAEsR M g4 . Hit—#



i3 qRT-PCR ##ik, ##¢ GALNT7. SATB2 #1 LDHA 1EJy LUAD )& 4 B Y 47

Scott et al™N@ it 2 ML I R B SIIE ] GALNT7 7E 7T 5 AR 22 B wf el
7N SATB2 #E LUAD 44U A549/CDDP Aliffurhid ik, HEFTEHZ: LDHA Risv{E
N LUAD AN SRR IAIE S R A A B A SE TR S FaAmt2 . [RIU, 4 e 28 56 TR B 3
RN H A RIS PRy, IR & HAb IR SRR, I T LUAD Ik PR 3 A A7 T
TS R

Zi LPrik, AWPiEid s miR-34 ZURMEAT b, MIEE T LUAD XY B2 15
WG AR ARG B B 26 B, REREAE— B FEPE -9 LUAD B4 170 B SR VR 7 SR (35 B

S5k

[1] Calin G A, Dumitru C D, Shimizu M, et al. Frequent deletions and down-regulation of micro-
RNA genes miR15 and miR16 at 13914 in chronic lymphocytic leukemia[J]. Proc Natl Acad Sci
USA, 2002, 99(24): 15524-9. doi:10.1073/pnas.242606799.
[2] Hwang H W, Mendell J T. microRNAs in cell proliferation, cell death, and tumorigenesis[J].
Br J Cancer, 2006, 94(6): 776-80. doi:10.1038/sj.bjc.6603023.
[3] Agostini M, Knight R A. miR-34: from bench to bedside[J]. Oncotarget, 2014, 5(4): 872-81.
doi:10.18632/oncotarget.1825.
[4] RWE, wELE, 4§, 55 miR-29a /XA & 2 0 i it BTH3 70 T[], 2l
BE R K25 244R, 2025, 60(4): 604-10. doi:10.19405/j.cnki.issn1000-1492.2025.04.003.
[4] Zhu Y Y, Ling H J, Niu K, et al. miR-29a mediates the molecular regulation of
dihydroartemisinin on B7H3 in lung adenocarcinoma[J]. Acta Univ Med Anhui, 2025, 60(4):
604-10. doi:10.19405/j.cnki.issn1000-1492.2025.04.003.
[5] Daugaard I, Knudsen A, Kjeldsen T E, et al. The association between miR-34 dysregulation
and distant metastases formation in lung adenocarcinoma[J]. Exp Mol Pathol, 2017, 102(3):
484-91. doi:10.1016/j.yexmp.2017.05.012.
[6] Sui J, Xu S Y, Han J, et al. Integrated analysis of competing endogenous RNA network
revealing IncCRNAs as potential prognostic biomarkers in human lung squamous cell carcinoma[J].
Oncotarget, 2017, 8(39): 65997-6018. doi:10.18632/oncotarget.19627.
[7] Heagerty P J, Zheng Y. Survival model predictive accuracy and ROC curves[J]. Biometrics,
2005, 61(1): 92-105. doi:10.1111/j.0006-341X.2005.030814.X.

[8] Jiang L, Hermeking H. miR-34a and miR-34b/c Suppress Intestinal Tumorigenesis[J]. Cancer



Res, 2017, 77(10): 2746-58. doi:10.1158/0008-5472.CAN-16-2183.

[9] Achari C, Winslow S, Ceder Y, et al. Expression of miR-34c induces G2/M cell cycle arrest in
breast cancer cells[J]. BMC Cancer, 2014, 14: 538. doi:10.1186/1471-2407-14-538.

[10] Li Y, Zeng C, Hu J, et al. Long non-coding RNA-SNHG7 acts as a target of miR-3
4a to increase GALNT?7 level and regulate PI3K/Akt/mTOR pathway in colorectal cancer
progression[J]. J Hematol Oncol, 2018, 11(1): 89. doi:10.1186/s13045-018-0632-2.

[11] Ge X, Gao J, Sun Q W, et al. miR-34a inhibits the proliferation, migration, and invasion of
oral squamous cell carcinoma by directly targeting SATB2[J]. J Cell Physiol, 2020, 235(5):
4856-64. doi:10.1002/jcp.29363.

[12] 2= #F, 2= 3, Ji/MI, 2% microRNA-34a 4% KLF4 & 5 R 178 45 B & 5-Fu i 24
HRIE ], A EE, 2020, 29(2): 148-53.

[12] Li N, Li Y, Wan X Y, et al. KLF4 transcription factor regulated by microRNA-34a in 5-fu
chemotherapy resistance of colorectal cancer[J]. China Cancer, 2020, 29(2): 148-53.

[13] Yang S, Li Y, Gao J, et al. microRNA-34 suppresses breast cancer invasion and metastasis by
directly targeting Fra-1[J]. Oncogene, 2013, 32(36): 4294-303. d0i:10.1038/0nc.2012.432.

[14] Scott E, Hodgson K, Calle B, et al. Upregulation of GALNT?7 in prostate cancer modifies
O-glycosylation and promotes tumour growth[J]. Oncogene, 2023, 42(12): 926-37.
doi:10.1038/s41388-023-02604-X.

[15] Wang Z, Zhou L, Chen B, et al. microRNA-660 enhances cisplatin sensitivity via decreasing
SATB2 expression in lung adenocarcinoma[J]. Genes, 2023, 14(4): 911.

doi:10.3390/genes14040911.



