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[Abstract] Objective: To investigate the diagnostic value of DNA methylation levels of the host genes SOX1, JAM3, ZNF671, and
DLX1 for cervical intraepithelial neoplasia grade 2 or worse (CIN2+) in women positive for human papillomavirus (HPV) 16/18, and to
construct a risk stratification model to optimize cervical cancer screening strategies. Methods: Cervical exfoliated cell samples were
collected from HPV16/18-positive women attending the General Hospital of Eastern Theater Command between April 2023 and May
2024. DNA methylation levels of the four host genes were measured using bisulfite-converted pyrosequencing. Samples were grouped
according to histopathological diagnosis (normal, low - grade histology, high - grade histology, cancer) , and intergroup methylation
differences were compared. Logistic regression was used to construct a predictive model for CIN2+, and its diagnostic performance was
assessed in both training and testing datasets. Results: The methylation levels of all four host genes increased progressively with lesion

severity and were significantly higher in the CIN2+ group than in the CIN1-group (P < 0.001) , demonstrating high diagnostic
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specificity. Among them, ZNF671 exhibited the best performance as a single biomarker, with an area under the curve (AUC) of 0.741.
The combined model of ZNF671 and SOX1 achieved AUCs of 0.801 and 0.745 in the training and testing sets, respectively, with a
specificity up to 87% , outperforming any individual gene. Conclusion: The DNA methylation levels of SOX1, JAM3, ZNF671, and

DLXT1 are closely associated with the severity of cervical lesions and exhibit potential value for triage. In particular, ZNF671 shows

strong predictive performance for CIN2 + in HPV16/18 - positive women, and may serve as an auxiliary biomarker for identifying

precancerous lesions. The combined model incorporating SOX1 further improves diagnostic accuracy.

[Key words] cervical cancer; DNA methylation; ZNF671; triage strategy; HPV16/18
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Table 1 Primer sequences for host gene methylation

Gene  Primer Sequence(5'—3")

DLX1 F GTAGGAATGGTTTTTGGTAGATAGAG
AAAATAACCCCTCCCCAAACT
GGGATTTTTTAGGTTTTTAGAATAG
GGAGTAGGAGAAAGGGTGATTGA
ACATTTTATTTCTATCAAACTATCCCTAAC
GTTAGGAGGAAGTAGTATTTAT
AGGGTTTTGGTAGGTTGG
CCCCAAACCCTAATCTCCCA
GTTGTAGTTGGTTTTTTAGTAATTT
GGTTTTTTTAGGGTATTTGGGATTAGTA
ACCTCCAACTCCAAAACTACAACTTCT
GGGTATTTGGGATTAGTATA

ZNF671

JAM3

SOX1
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F: forward primer; R: reverse primer; S: pyrosequencing primer.
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Table 2 General characteristics of patients

Category
CIN1-(n=91) CIN2+(n=50)
4223 +11.71 45.30+9.49 0.158

Characteristic

Age(years,x + 5)

HPV genotyping[ n(%) | 0.644
HPV16 64(70.33) 37(74.00)
HPV18 27(29.67) 13(26.00)
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Figure 1 Distribution of host gene DNA methylation levels across different pathological grades
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Figure 2 Differences in host gene methylation levels between CIN1- and CIN2+ groups
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Figure 3 Diagnostic capability of individual host genes in distinguishing between the CIN2+ group and the CIN1- group
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Table 3 Diagnostic performance metrics of individual host gene biomarkers
Gene Cut-off AUC Sensitivity Specificity PPV NPV ACC
SOX1 0.354 0.672 0.500 0.857 0.658 0.757 0.730
JAM3 0.359 0.688 0.460 0.923 0.767 0.757 0.759
ZNF671 0.309 0.741 0.580 0.868 0.707 0.790 0.766
DLX1 0.351 0.681 0.520 0.824 0.619 0.758 0.716

ME, JR A ARG LS S B A 2 (I B
7

F4 BAEBEERMZRS Logistic Bl)FE B
Table 4 Construction of a stepwise logistic regression

model with combined host genes

Step Selected variables AlIC
Initial model SOX1,JAM3,ZNF671,DLX1 109.07
Step 1 SOX1,JAM3,ZNF671 107.08
Step 2 SOX1,ZNF671 106.62
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0.75 1
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o
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= SOX1(AUC=0.665,95%CI: 0.548-0.782)
= ZNF671(AUC=0.753,95%CI: 0.644-0.863)
== Combined model (AUC=0.801,
0 95%C1:0.712-0.891)
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A:ROC curve of the models in the training set. B: ROC curve of the models in the testing set.
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Figure 4 ROC curves of combined model, ZNF671, and SOX1 in the training and testing sets
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Table 5 Diagnostic performance parameters of the combined model,ZNF671,and SOX1 in the training and testing sets

Model Dataset Cut-off AUC Sensitivity Specificity PPV NPV ACC
Combined Training 0.361 0.801 0.615 0.867 0.750 0.776 0.768
model Testing 0.361 0.745 0.727 0.677 0.444 0.875 0.690
ZNF671 Training 0.288 0.753 0.692 0.783 0.675 0.797 0.747

Testing 0.288 0.695 0.727 0.581 0.381 0.857 0.619
SOX1 Training 0.422 0.665 0.487 0.850 0.679 0.718 0.707
Testing 0.422 0.695 0.545 0.871 0.600 0.844 0.786
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