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Objective: To analyze the relationship and predictive value of Netrin-1 expression and ultrasonic blood flow parameters with the
severity of cervical intraepithelial neoplasia (CIN).

Methods: A retrospective analysis was performed on 115 patients diagnosed with CIN and 37 patients with chronic cervicitis, all of
whom underwent surgical intervention. The expression levels of Netrin-1 were evaluated through immunohistochemical staining and
quantitative fluorescence PCR. Doppler ultrasound was employed to quantify flow index (FI), vascularization index (VI), and
vascularization flow index (VFI) using VOCAL software. Statistical analyses, including correlation analysis, logistic regression,
and receiver operating characteristic (ROC) curve analysis, were conducted to assess the predictive value of Netrin-1 expression and
ultrasound-derived blood flow parameters.

Results: FI, VI, and VFI increased with CIN grade, showing significant differences between CIN II, CIN III, and the control group (P
< 0.05). Netrin-1 levels were negatively correlated with FI, VI, and VFI (correlation coefficients of —0.287, —0.309, and —0.298; P <
0.05). Logistic regression indicated that Netrin-1 positivity was a protective factor against CIN III, while FI, VI, and VFI were risk
factors. The AUC for Netrin-1 was 0.712, with sensitivity and specificity of 76.4% and 79.5% (P < 0.05).

Conclusion: Netrin-1 expression is significantly reduced in CIN patients, whereas Doppler ultrasound-derived blood flow parameters
—FI, VI, and VFI—are markedly elevated. Both Netrin-1 levels and these ultrasound parameters exhibit a strong correlation with the
severity of cervical lesions. Notably, Netrin-1 is negatively correlated with FI, VI, and VFI. Furthermore, Netrin-1 positivity serves as
a protective factor against CIN III lesions, while elevated levels of FI, VI, and VFI are associated with increased risk for these lesions.
The expression levels of both Netrin-1 and ultrasound parameters provide valuable predictive insights for the early screening,
diagnosis, and prevention of cervical cancer.
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Introduction

Cervical intraepithelial neoplasia (CIN) is a precancerous lesion of cervical cancer, classified into three grades. CIN I is
considered a low-grade precancerous lesion with a relatively low risk of malignancy, while CIN II and III have a higher
risk of cancer progression. With environmental changes and advancements in medical technology, the detection rate of
CIN has increased.

Studies indicate that over two-thirds of CIN III cases can progress to carcinoma in situ, with severe cases potentially
advancing to invasive cervical cancer, posing a significant threat to patient health.' Surgical intervention remains the
primary treatment for cervical cancer and high-grade CIN. For women seeking to preserve fertility, cervical conization is
frequently performed; however, the high recurrence rate post-surgery adversely affects clinical outcomes and prognosis.
Clinically, CIN often presents without obvious symptoms, leading most patients to remain asymptomatic. Consequently,
early diagnosis and detection are critical in reducing the incidence of cervical cancer. Currently, CIN detection primarily

International Journal of Women’s Health 2025:17 43-51 43
Received: 21 August 2024 © 2025 Liu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

Accepted: 10 December 2024
Published: 7 January 2025

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Liu et al

relies on invasive examinations that are complex and time-consuming.” Thus, the identification of more precise
biomarkers to predict the occurrence and progression of CIN is of paramount importance.

Netrin-1, the first axon guidance factor identified within the netrin family, is recognized for its dual role in axonal
guidance, where it can exert both attractive and repulsive effects. Additionally, it is involved in various physiological
processes, including neuronal migration, angiogenesis, and anti-apoptotic activities.> Domestic studies have demon-
strated that Netrin-1 is expressed in proliferative fibrous tissue and vascular endothelial cells at the junction between the
endometrium and myometrium in adenomyosis, suggesting its potential role in the development of adenomyosis through
the promotion of angiogenesis and neural fiber proliferation.*

Currently, the relationship between neural and vascular factors and adenomyosis has become a research focus.
However, the expression of Netrin-1 in cervical diseases and its relationship with disease severity have not been fully
elucidated. Additionally, ultrasound-derived blood flow parameters play a crucial role in assessing tumor vascularity.’
Utilizing Doppler ultrasound and associated software analysis, parameters such as flow index (FI), vascularization index
(VI), and vascularization flow index (VFI) can be obtained, allowing for an objective evaluation of tumor blood supply.®
This study aims to explore the expression of Netrin-1 in CIN patients and analyze its correlation with ultrasonic blood
flow parameters in disease severity assessment. Through retrospective analysis of clinical data of CIN patients and
patients with chronic cervicitis, we attempt to validate whether Netrin-1 and ultrasonic blood flow parameters can serve
as potential biomarkers and auxiliary diagnostic methods for early screening, diagnosis, and prevention of cervical cancer
transformation.

Materials and Methods
Clinical Data

A retrospective analysis was conducted on the clinical data of 115 patients with CIN admitted to our hospital from
January 2022 to January 2024, and they were included in the observation group (pathological examination showed 42
cases of CIN I, 39 cases of CIN II, and 34 cases of CIN III). Additionally, 37 patients with chronic cervicitis during the
same period were selected as the control group.

Inclusion and Exclusion Criteria

Inclusion Criteria

Participants were included if they were clinically diagnosed with CIN or chronic cervicitis based on relevant diagnostic
tests;* were females aged 18 to 70 years; had undergone surgical treatment at our institution; had lesion tissues collected
during surgery that were confirmed by immunohistochemical staining pathology; had no prior history of radiotherapy or
chemotherapy before surgery, and no hormonal treatment within the six months preceding surgery; and had complete and
reliable clinical data available for analysis.

Exclusion Criteria

Patients were excluded if they exhibited severe dysfunction of vital organs; had abnormalities in immune function,
coagulation function, or hematopoietic function; had a history of malignant tumors; presented with cognitive impairment
or consciousness disorders; or had undergone previous cervical surgery.

The baseline data, including age, body mass index (BMI), and disease duration, were comparable between the two
groups (P > 0.05). All patients underwent a preoperative three-dimensional energy Doppler ultrasound examination due
to abnormal findings in cervical cytology. This examination was conducted prior to surgical intervention to acquire
detailed vascular parameters and lesion characteristics.

In this study, the decision to perform surgical intervention for CIN I was based on individualized clinical assessments,
taking into account factors such as the persistence of lesions, patient age, immune status, and risk of progression. Surgical
treatment was deemed necessary in cases where CIN I lesions recurred or presented potential risk factors for progression.
This approach adhered to ethical guidelines, ensuring that treatment decisions prioritized patient safety and minimized
the risk of disease progression. All procedures received approval from the Ethics Committee, and informed consent was
obtained from all participants.
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Methods

This study protocol was approved by the ethics committee of Hebei Petro China Center Hospital, N0.2975913. Informed consent
was obtained from all study participants. All the methods were carried out in accordance with the Declaration of Helsinki.

Immunohistochemical Staining

Paraffin tissue sections were prepared at a thickness of 4 pm, and staining was conducted according to the kit instructions.
During the staining process, the working concentration of the Netrin-1 monoclonal antibody was diluted to 1:100. Pathological
tissue sections served as positive controls, while phosphate-buffered saline (PBS) was used as a negative control in place of the
primary antibody. Positive cells were identified by their distinct cell structure and brown or tan staining.

To semi-quantitatively evaluate Netrin-1 positivity, the staining intensity of the cells was classified into grades: 0 for
no staining, 1 for pale yellow, 2 for tan, and 3 for brown. Additionally, the percentage of positive cells within the sample
was assessed, categorized as follows: 0 for no positive cells, 1 for less than 25% positive cells, 2 for 25% to 50% positive
cells, and 3 for more than 50% positive cells.

The final score was calculated by multiplying the staining intensity by the percentage of positive cells. A score of 2
points or higher was considered immunohistochemically positive (+), while a score below 2 was deemed negative (-).

Netrin-I mRNA Expression Level in Pathological Tissues

Fluorescence quantitative PCR technology was used to detect the expression level of Netrin-1 mRNA in pathological
tissues. Total RNA was extracted from tissue samples using Trizol (Sigma, USA). Reverse transcription reaction was
performed, followed by PCR amplification, with -actin as an internal reference. The PCR amplification conditions were
set as follows: pre-denaturation at 95°C for 30 seconds, followed by 40 cycles of denaturation at 95°C for 5 seconds, and
extension at 60°C for 35 seconds. The specific primer sequences are shown in Table 1 below. Finally, the expression level

of Netrin-1 mRNA was calculated using the 272" method.

Ultrasonography

A GE ES8 hitachi ultrasound diagnostic instrument was used for transvaginal cervical ultrasound examination in non-
menstruating patients, with a probe frequency set between 5 to 10 MHz. Prior to the examination, patients were
instructed to empty their bladders and assume the lithotomy position. The ultrasound examination commenced with
routine disinfection of the external genitalia, after which the probe was covered with a condom and a coupling agent was
applied. The probe was then gently inserted into the vagina until it reached the vaginal fornix.

During the examination, the size, echogenicity, continuity of the cervical endometrial line, and any thickening of the
cervix were recorded and evaluated. If a mass was detected, its size, internal echogenicity, and hemodynamic character-
istics were further assessed.

The blood FI, VI, and VFI were calculated using VOCAL software at the site of strongest blood flow signal. All
ultrasound examinations and blood flow data measurements were performed by the same professional physician. The
cervix was scanned three times at the lesion site for each patient, and the average value was statistically analyzed.

Statistical Analysis

Data were processed using the SPSS 20.0 software package. Numerical data were presented as means (+ standard deviation)
and analyzed using one-way ANOVA for comparisons among multiple groups. When ANOVA indicated significant
differences, post-hoc analyses were conducted for pairwise comparisons. Categorical data were expressed as n (%) and

Table | Primer Sequences

- - Primer Sequences

Netrin-I Upstream 5-AAGCCTATCACCCACCGGAAG-3’
Downstream 5-GCGCCACAGGAATCTTGATGG
B-actin Upstream 5-AGAGGGAAATCGTGCGTGAC
Downstream 5-CAATCGTGACCTGGCCGT-3'
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analyzed using the chi-square test. Pearson correlation was used to assess the relationship between Netrin-1 expression and
ultrasound blood flow parameters (FI, VI, and VFI). Multivariate logistic regression was conducted to identify factors
associated with CIN severity. Receiver operating characteristic (ROC) curves were used to evaluate the predictive value of
Netrin-1 and ultrasound blood flow parameters. A P-value < 0.05 was considered statistically significant.

Results
Netrin-1 Fluorescence Quantitative PCR Expression Level and Immunohistochemical

Staining Results

The expression level of Netrin-1 mRNA in the observation group was significantly lower than in the control group (P <
0.05). Additionally, mRNA expression levels of Netrin-1 decreased progressively across CIN I, II, and III, with
significant differences observed compared to the control group (P < 0.05). Microscopic analysis showed that the positive
expression rate of Netrin-1 protein in the observation group was also lower than that in the control group (P < 0.05).
Moreover, there were statistically significant differences in the positive expression rates of Netrin-1 protein among the
pathological tissues of patients with CIN I, II, and III (P < 0.05), as presented in Table 2.

Comparison of Ultrasound Blood Flow Parameters Levels in Patients with Different

Degrees of Lesions

The ultrasound blood flow parameters FI, VI, and VFI were all significantly higher in the observation group compared to
the control group (P < 0.05). Additionally, in the observation group, the levels of FI, VI, and VFI increased progressively
from CIN I to CIN III, with statistically significant differences noted between patients with CIN II and III and the control
group (P < 0.05), as detailed in Table 3.

Correlation Between Netrin-1 and Ultrasound Blood Flow Parameters Fl, VI, and VFI
Netrin-1 showed a negative correlation with ultrasound blood flow parameters FI, VI, and VFI (=—0.287, —0.309,
—0.298, P < 0.05), as shown in Figure 1.

Table 2 Netrin-| Fluorescence Quantitative PCR Expression Level and
Immunohistochemical Staining Results [x £ s, n (%)]

Group n Netrin-l mRNA | Netrin-1 Protein Expression
+ —
Control 37 0.62+0.25 29 (78.38) 8 (21.62)
Observation | 115 0.38+0.14* 32 (27.83)* 83 (72.17)
| 42 0.4740.13* 18 (42.86)" 24 (57.14)
I 39 0.340.13*° 10 (25.64)* 29 (74.36)
I 34 0.29+0.10>° 4(11.76)** 30 (88.24)

Notes: Compared with the control group, P < 0.05; compared with the | group, °P < 0.05.

Table 3 Comparison of Ultrasound Blood Flow Parameters
Levels in Patients with Different Degrees of Lesions (¥ =+ s)

Group n FI (dB) VI (%) VFI (dB)
Control 37 33.51+3.13 0.81+0.13 0.64+0.28
Observation | 115 | 38.65+4.24* 1.85+0.77% 1.27+0.53*

I 4 34.49+3.28 0.87+0.14 0.81+0.32

I 39 | 39.07+4.13*® | 1.73+0.65*° | 1.32+0.55%°

n 34 | 43.59+5.22*°C | 3.18+1.14*>< | 1.78+0.60%><

Notes: Compared with the control group, *P < 0.05; compared with the | group,
®P < 0.05; compared with the Il group, P < 0.05.
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Figure | Correlation between Netrin-| and Ultrasound Blood Flow Parameters Fl, VI, and VFI.

Analysis of Factors Affecting the Severity of CIN

Using the occurrence of Grade III lesions in CIN patients as the dependent variable and Netrin-1 expression level,

ultrasound blood flow parameters FI, VI, and VFI as independent variables, multiple logistic regression analysis was
conducted. The results showed that Netrin-1 positivity was a protective factor for Grade III CIN lesions, while FI, VI,

and VFI were risk factors for Grade III CIN lesions, as shown in Table 4.

Predictive Value of Different Indicators for CIN Grade lll Lesions

The AUC area for Netrin-1 was 0.732, with sensitivity and specificity of 76.4% and 79.5% respectively, which were

higher than other indicators (P < 0.05), as shown in Table 5 and Figure 2.

Table 4 Analysis of Factors Affecting the Severity of CIN

Factor p S.E. | Wald X? P OR (95% CI)

Netrin-1 | 0.301 | 0.129 5.526 0.020 | 0.745 (0.574~0.957)
FI 0.363 | 0.167 4.879 0.031 | 1.441 (1.038~1.976)
Vi 0.254 | 0.121 4517 0.035 | 1.287 (1.023~1.625)
VFI 0.356 | 0.133 12.569 0.011 | 1.423 (1.091~1.844)

Table 5 Predictive Value of Different Indicators for CIN Grade llI

Lesions
Indicator | AUC 95% CI Sensitivity (%) | Specificity (%)
Netrin-1 0.732 | 0.318~0.826 76.4 79.5
FI 0.676 | 0.549~0.931 70.9 74.5
Vi 0.631 | 0.439~0.816 724 73.8
VFI 0.704 | 0.523~0.767 72.6 76.6
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Figure 2 ROC curves for predicting CIN Grade Il lesions using different indicators.
Notes: A (Netrin-1); B (Fl); C (VI); D (VFI).

Discussion
Research indicates that in endometrial diseases, endometrial invasion, neovascularization, and neural fiber proliferation
all play important roles.” ! Netrin-1 is a secreted protein with a molecular weight of 80 kD, its main function is to guide
the growth and development of neuronal axons in specific directions through regulation by its receptors.'> However, due
to the diversity of its receptors, the action of Netrin-1 can be either attractive or repulsive.'® Vascular and neural
structures have anatomical similarities, and research'* suggests that fluoxetine can upregulate the expression of HIF-1a-
Netrin/VEGF cascade proteins, thereby promoting angiogenesis and improving long-term functional recovery after
ischemic stroke. Furthermore, research'’ indicates that Netrin-1 can induce angiogenesis of endometrial lesions by
interacting with CD146 in vascular endothelial cells, playing an important role in neurovascularization of endometriosis.
Therefore, Netrin-1 not only promotes the proliferation of vascular endothelial cells but also promotes their migration
and adhesion. In this study, we found that the expression of Netrin-1 was significantly increased in the cell membrane,
cytoplasm, and cell-cell junctions of fibrous proliferative tissues. Compared to the control group, the positive expression
rate of Netrin-1 protein in CIN patients from the observation group was significantly lower, with a decreasing trend
observed as the lesions progressed. This indicates that Netrin-1 may have an important protective role in the development
of CIN, although its specific mechanism of action remains unclear and warrants further investigation. Additionally,
neurovascularization is essential for the survival of metastatic tissues and tumors. A prior research indicates that
interleukin-1 (IL-1), a pro-inflammatory cytokine secreted by macrophages, may regulate the generation of neural
cells by stimulating ectopic endometrial stromal cells.'® Recent studies have also found that Netrin-1 can inhibit cell
apoptosis by increasing the proportion of regulatory T cells and reducing the infiltration of T cells and macrophages,
thereby reducing lung ischemia-reperfusion injury in mice.'” Therefore, we speculate that Netrin-1 may be involved in
the physiological and pathological processes of vascular genesis and inflammatory response in CIN patients through
different pathways. In conclusion, the treatment of CIN still faces challenges, and Netrin-1, as an important regulatory
factor, may play a crucial protective role in the development of CIN. However, its specific mechanism is unclear and
further research is needed for in-depth exploration.

In recent years, with the widespread application and development of Doppler ultrasound technology, its importance in
the diagnosis and treatment of cervical lesions has gradually become prominent.'® Compared to traditional two-
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dimensional imaging, Doppler ultrasound offers a visual representation of abnormal blood flow signals within lesion or
cancerous tissues, facilitating accurate differentiation of blood flow patterns in lesions, cancerous tissues, and surround-
ing areas.'” By employing computer software for combined analysis, hemodynamic parameters such as FI, VI, and VFI
can be directly obtained, enhancing clinical treatment and analysis. FI reflects the total number of blood cells detected
during three-dimensional scanning, VI indicates the number of vessels identified at the lesion site, and VFI represents the
cumulative vascular information and blood cell counts detected in the affected area.”” In the early diagnosis of cervical
dysplasia and carcinoma, vaginal ultrasound, as an intracavitary ultrasound technique, has a high image resolution and
can accurately detect abnormal blood flow signals within lesion foci, possessing high clinical utility. Several studies have
shown that in early cervical dysplasia and carcinoma, vaginal ultrasound can clearly display cervical layer structures,
accurately analyze the infiltration of lesions or carcinomas and surrounding tissue conditions, and has high
sensitivity.?!*

The results of this study showed that the Doppler ultrasound blood flow parameters FI, VI, and VFI values in the
observation group were significantly elevated in the observation group compared to the control group. As the severity of
the lesions increased, the values of FI, VI, and VFI showed a corresponding rise, indicating the presence of neoangio-
genesis at the lesion sites of CIN patients. This enhancement in blood flow perfusion correlates with the worsening of the
lesions, consistent with findings from previous related studies.”” >° Pearson correlation analysis results showed that
Netrin-1 was negatively correlated with FI, VI, and VFI values. Logistic multivariate analysis showed that Netrin-1
positivity was a protective factor for CIN grade III lesions, while FI, VI, and VFI were risk factors for CIN grade III
lesions.

Moreover, this study preliminarily investigated the predictive value of Netrin-1 expression and Doppler ultrasound
blood flow parameters for the severity of CIN. According to the results of clinical ROC curve analysis, an AUC greater
than 0.7 indicates a certain predictive value, while an AUC greater than 0.85 suggests a higher predictive value. The
findings revealed that the AUC for Netrin-1 was 0.732, with a sensitivity of 76.4% and a specificity of 79.5%, surpassing
those of other indicators. This indicates that Netrin-1 expression possesses a significant predictive value for assessing the
severity of CIN. Therefore, closely monitoring the dynamic changes in this marker is crucial for predicting and guiding
timely clinical interventions.

It is important to acknowledge that, despite the positive findings regarding the relationship and predictive value of
Netrin-1 expression and Doppler ultrasound blood flow parameters in assessing the severity of cervical intraepithelial
neoplasia (CIN), this study has several limitations: 1) Small sample size: The relatively small sample size may restrict the
reliability and generalizability of the findings. 2) Retrospective study design: The retrospective nature of this analysis
may introduce information bias and issues related to incomplete data, making it difficult to rule out the influence of other
potential confounding factors. 3) Failure to consider other relevant factors: Beyond Netrin-1 and Doppler ultrasound
parameters, there are likely other factors that could impact CIN, such as viral infections (eg, high-risk HPV), genetic
predispositions, and lifestyle factors (eg, smoking, sexual activity), all of which are known to influence the development
and progression of CIN. Viral infections may interact with Netrin-1 expression, potentially modulating its role in disease
progression. Genetic factors could predispose individuals to variations in Netrin-1 expression or alter vascular responses
that can be measured by Doppler ultrasound. Additionally, lifestyle factors may affect blood flow parameters or influence
the body’s response to CIN, thereby indirectly impacting the outcomes measured in this study.

Although this study did not account for these variables, their potential impact on the results should be acknowledged.
Future studies that include these factors could provide a more comprehensive understanding and strengthen the clinical
applicability of Netrin-1 and Doppler ultrasound as predictive markers.

Conclusion

In summary, patients with CIN display low expression of Netrin-1 and high expression of Doppler ultrasound blood flow
parameters FI, VI, and VFI—which are closely associated with the severity of the patient’s condition. There is a negative
correlation between Netrin-1 expression and the Doppler ultrasound parameters FI, VI, and VFI. Netrin-1 positivity
serves as a protective factor for CIN grade III lesions, whereas elevated FI, VI, and VFI are considered risk factors for
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these lesions. The expression levels of both Netrin-1 and the ultrasound parameters provide valuable predictive insights

and guidance for early screening, diagnosis, treatment, and prevention of cervical cancer.
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