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Objective: To investigate the factors affecting lymph node metastasis (LNM) in patients with cervical cancer and the predictive 
efficacy of serum tyrosine kinase receptor 1 (Tie-1), serum Forkhead Framing Protein O3a (FoxO3a), and protein kinase D1 (PKD1).
Methods: Cervical cancer patients were categorized into 60 cases of LNM-positive group and 320 cases of LNM-negative group 
according to whether LNM occurred or not. The levels of serum Tie-1, FoxO3a and PKD1 were tested. Multivariate logistic regression 
analysis was conducted to identify the risk factors for cervical cancer induced lymph node metastasis (LNM). Receiver operating 
characteristic (ROC) curves were plotted to analyze the predictive value of various indicators for LNM in cervical cancer.
Results: The percentage of patients with FIGO stage IIa, combined paracervical infiltration and myometrial infiltration was 
significantly higher in the LNM-positive group than in the LNM-negative group (P<0.05). Huanz serum levels of Tie-1 and PKD1 
in the LNM-positive group were significantly higher than those in the LNM-negative group, and the relative expression of FoxO3a was 
significantly lower than that in the LNM-negative group (P<0.05). The results of logistic regression analysis showed that FIGO stage, 
parietal infiltration, myometrial infiltration, serum Tie-1, PKD1 were LNM-positive in cervical cancer patients (P<0.05), and low level 
of relative expression of serum FoxO3a was a protective factor (P<0.05). The cutoff of serum Tie-1, FoxO3a, and PKD1 levels for 
predicting the occurrence of LNM in cervical cancer were 1.97 ng/mL, 0.54, and 113.26 μg/L, and the area under the ROC curve 
(AUC) was 0.852, 0.827, 0.844, respectively.
Conclusion: Serum Tie-1, FoxO3a and PKD1 have certain predictive efficacy for lymph node metastasis, and the combination of 
these tests can improve the predictive accuracy.
Keywords: cervical cancer, lymph node metastasis, Tie-1, FoxO3a, PKD1, predictive efficacy

Introduction
Cervical cancer is one of the four most common cancers in the world and has the second highest incidence rate, 
especially among women.1 In recent years, the overall incidence and mortality rates of cervical cancer have shown 
a decreasing trend with the increased awareness of screening and the worldwide use of human papillomavirus (HPV) 
vaccines.2 However, the incidence of early-stage cervical cancer has increased, and 15–20% of these patients develop 
lymph node metastasis (LNM), which is one of the major risk factors affecting the prognosis of early-stage cervical 
cancer patients, and the survival rate of patients with lymph node metastasis is significantly decreased.3 The evaluation of 
LNM is crucial for the development of the treatment plan for patients with cervical cancer and for determining the 
prognosis, and, according to the most recent guideline, the presence or absence of lymph node metastasis determines the 
stage of cervical cancer patients, and different stages directly affect the choice of treatment plan for patients.4 Therefore, 
accurate preoperative assessment of whether lymph node metastasis is present is important for optimizing treatment 
strategies, reducing postoperative complications, and improving patient prognosis. Although there are several methods 
for the assessment of LNM, all of them have certain limitations. In recent years, with the deepening of molecular biology 
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research, some serum markers have been found to play an important role in tumor development and metastasis. Tyrosine 
kinase receptor 1 (Tie-1) is a receptor tyrosine kinase expressed on cell membranes and plays an important role in the 
process of vascular development and neovascularization. Studies have shown5 that Tie-1 is aberrantly expressed in 
a variety of cancers, including lung and breast cancers, and is closely related to the processes of angiogenesis, invasion, 
and metastasis of cancer, and may promote cancer progression. Serum forkhead box protein O3a (FoxO3a) serves as 
a central transcription factor that transcriptionally regulates a variety of physiological and pathological processes 
involved in apoptosis, cell proliferation, cell cycle, survival, and DNA damage.6 FoxO3a plays an important role in 
a variety of cancers, and its aberrant expression is closely related to tumorigenesis, for example, in cancer, it is common 
to see the down-regulation of FoxO3a gene, which makes FoxO3a known as a tumor suppressor.7 In addition, the 
expression level of FoxO3a is correlated with the degree of tumor differentiation, depth of infiltration, distant metastasis, 
staging and histological classification in some types of cancer (eg colorectal cancer).8 Protein kinase D1 (PKD1) 
A serine/threonine protein kinase of the PKD family is involved in the regulation of cell proliferation and apoptosis 
processes. During cell proliferation, PKD1 can promote cell cycle progression, while during apoptosis, PKD1 may inhibit 
apoptosis by regulating the activity of apoptosis-related molecules.9 In addition, by inhibiting the activity of PKD1, the 
proliferation and invasive ability of tumor cells can be inhibited, providing new ideas for cancer treatment. Although 
previous studies have revealed Tie-1 FoxO3a The role of PKD1 in cancer, but research on their specific role and 
predictive value in cervical cancer LNM is still relatively limited. This study aims to further explore the impact of these 
molecules on LNM in cervical cancer and analyze their potential value as predictive indicators. By collecting and 
analyzing the clinical characteristics and serum Tie-1 FoxO3a We hope that the expression level of PKD1 can provide 
new basis and ideas for early diagnosis, treatment selection, and prognosis evaluation of cervical cancer. In addition, this 
study also used methods such as multiple logistic regression analysis and ROC curve analysis to more accurately evaluate 
the predictive performance of these molecules, which is also the novelty of this study in terms of methodology.

Information and Methods
General Information
380 cases of cervical cancer patients diagnosed and treated in our hospital from January 2022 to May 2024 were selected 
for the study. Inclusion criteria: ① all meet the diagnostic and treatment criteria of cervical cancer10 and are diagnosed as 
squamous carcinoma or adenocarcinoma by pathological tests; ② the score of physical status (ECOG) is not more than 2, 
and the score of Carpenter’s score is more than 70; ③ all of them are the first time onset of the disease and have not 
received radiotherapy before participating in the study; ④ there are no malignant lesions of other tissues and organs 
except cervical cancer; ⑤ they can communicate normally, and have normal mental health and are clear consciousness. 
Exclusion criteria: ① combined with other malignant tumors; ② the presence of distant metastases; ③ heart, liver, 
kidney and other vital organs can tolerate radiotherapy; ④ contraindications to radiotherapy; ⑤combined with hemor
rhagic disease; ⑥ allergic to contrast media; ⑦ bone marrow dysfunction can not tolerate radiotherapy. All patients were 
diagnosed by pathology and divided into 60 cases of LNM-positive group and 320 cases of LNM-negative group 
according to the occurrence of LNM.

Data Collection
This study collected detailed clinical and pathological characteristics of all patients, including age FIGO Stage (determined 
according to the classification criteria of the International Union of Obstetrics and Gynecology), degree of differentiation 
(high differentiation, moderate differentiation, low differentiation), tumor size (represented by maximum diameter), 
histological type (squamous cell carcinoma, adenocarcinoma, etc)., parametrial invasion, depth of muscular invasion, and 
vascular invasion. All data collection follows strict standardized processes to ensure accuracy and consistency of the data.

LNM Judgment: The diagnosis of lymph node metastasis is mainly based on pathological examination results. 
During the surgery, the excised lymph node tissue needs to undergo pathological section examination to confirm the 
presence of cancer cell infiltration. The specific diagnostic criteria include: ① visible cancer cell infiltration in lymph 
node tissue; ② The morphology and structure of cancer cells are consistent with the primary tumor; ③ Based on 
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imaging and clinical information, exclude the possibility of tumor metastasis from other parts. In this study, all 
diagnoses of lymph node metastasis were reviewed and confirmed by at least two pathologists to ensure accuracy and 
consistency of the diagnosis.

Detection Method
Serum Tie-1 and PKD1 levels were measured by enzyme-linked immunosorbent assay (ELISA): 10 mL of peripheral 
venous blood was collected from all subjects in an anticoagulation tube, and the required reagents and samples were 
prepared, including standards, test samples and detection antibodies. All reagents and samples should be equilibrated to 
room temperature. Pre-coagulate the specific antibody on a high affinity ELISA plate to ensure that the capture antibody 
binds specifically to the target antigen. Dilute serum samples appropriately using 1× Assay Buffer according to the kit 
instructions to ensure that the target protein concentration in the sample is suitable for detection. The diluted sample and 
standard are added to the wells of the enzyme plate and incubated to allow the target protein in the sample to bind to the 
solid phase antibody. After incubation, the enzyme plate needs to be washed thoroughly to remove unbound material to 
minimize background noise. Horseradish peroxidase-labeled detection antibody is added and incubated to bind the 
detection antibody to the target protein. The plate is washed again after incubation to remove unbound detection 
antibody. The color development substrate TMB is added and the color is developed away from light. The intensity of 
the color reaction is proportional to the concentration of the target protein in the sample. Terminate the reaction and read 
the absorbance: add the termination solution to terminate the color reaction, then read the absorbance value on the 
enzyme marker and calculate the concentration of target protein in the sample by comparing with the standard curve.

The relative expression of FoxO3a was detected by real-time quantitative PCR: 10 mL of peripheral venous blood 
was collected from all the study subjects in anticoagulation tubes, and the serum was separated, frozen, resuscitated and 
purified according to the steps prompted by the assay kit (Invitrogen, USA), and the RNA (RNA) was measured by an 
ultramicro spectrophotometer (Thermo Fisher Scientific, USA, model: Nano-Drop-2000). 2000) was used to determine 
the concentration of ribonucleic acid (RNA). The extracted RNA was reverse transcribed to generate cDNA, which was 
performed under low temperature conditions to ensure the accuracy and stability of the reaction. Specific primers and 
probes were designed according to the target gene (FoxO3a). The reaction solution was prepared at low temperature 
according to the instructions of the PCR kit, including the addition of template cDNA, primers, probes, dNTPs, MgCl2 
and other components. The configured reaction solution was placed in a PCR instrument for the reaction. The real-time 
quantitative PCR reaction consisted of three phases: pre-denaturation, PCR cycle and melting curve, and each cycle 
consisted of three steps of denaturation, annealing and extension, and 40 cycles were run. The fluorescence signal 
intensity of each cycle was collected by the real-time quantitative PCR instrument and the Ct value curve was plotted. 
The relative expression of target genes was calculated using the ΔΔCt method or the 2^-ΔΔCt method.

Statistical Methods
SPSS25.0 software was used for data processing and the measurement data was expressed as “x� s”. Independent 
sample t test was used for comparison between two groups. The count data were expressed as n%, and χ2 test was used. 
Multivariate Logistic regression analysis was used to analyze the risk factors for LNM in cervical cancer, and the 
working curve (ROC) of the subjects was drawn. The area under the curve (AUC) was calculated to test the value of 
serum Tie-1, FoxO3a, and PKD1 in predicting the occurrence of LNM in cervical cancer. Test level α=0.05.

Results
Comparison of Clinical Features of Patients Between LNM Positive Group and LNM 
Negative Group
The proportion of patients in the LNM positive group with FIGO stage IIa and concomitant para-uterine infiltration and 
muscular layer infiltration was significantly higher than that in the LNM negative group (P < 0.05), as shown in Table 1.
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Comparison of Serum Tie-1, FoxO3a, and PKD1 Levels Between the LNM-Positive 
Group and the LNM-Negative Group
The levels of serum Tie-1 and PKD1 of huanz in the LNM positive group were significantly higher than those in the 
LNM negative group, and the relative expression level of FoxO3a was significantly lower than that in the LNM negative 
group (P < 0.05), as shown in Table 2

Multivariate Logistic Regression Analysis of Risk Factors for LNM of Cervical Cancer
The positive or negative LNM of cervical cancer patients was taken as the dependent variable (“1” = LNM positive, “0” = LNM 
negative, and FIGO stage, intrauterine infiltration, muscular layer infiltration, serum Tie-1, FoxO3a, and PKD1 were taken as the 
independent variables (FIGO stage II A, intrauterine infiltration, and muscular layer infiltration were all 1= “Yes”, 0= “No”, 
serum Tie-1, FoxO3a, and PKD1 were all continuous variables). Logistic regression analysis showed that FIGO stage, parauterine 
infiltration, muscular layer infiltration, serum Tie-1 and PKD1 were the independent risk factors for LNM positivity in cervical 
cancer patients (OR > 1, P < 0.05). The low relative expression of serum FoxO3a was the protective factor (OR < 1, P < 0.05). See 
Table 3 and Figure 1

Table 1 Comparison of Clinical Features of Patients Between LNM-Positive and LNM-Negative Groups 
(x� s, %)

Factor LNM Positive  
Group (n=60)

LNM Negative  
Group (n=320)

t/χ2 P

Age (years) 52.26±6.12 50.73±7.49 1.491 0.137

FIGO staging Stage 1a 0 (0.00) 52 (16.25) 39.712 <0.001
Stage 1b 19 (31.67) 179 (55.94)

Stage IIa 41 (68.33) 89 (27.81)

Degree of differentiation Low 13 (21.67) 67 (20.94) 1.548 0.461
Middle 41 (68.33) 201 (62.81)

Tall 6 (10.00) 52 (16.25)
Tumor size (cm) 4.23±1.22 4.09±1.97 0.531 0.596

Histological type Squamous carcinoma 51 (85.00) 260 (81.25) 0.478 0.490

Non-squamous cell carcinoma 9 (15.00) 60 (18.75)
Parauterine infiltration Have 24 (40.00) 52 (16.25) 17.813 <0.001

Without 36 (60.00) 268 (83.75)

Muscular layer infiltration Have 30 (50.00) 82 (25.63) 14.442 <0.001
Without 30 (50.00) 238 (74.38)

Vascular infiltration Have 6 (10.00) 15 (4.69) 2.731 0.098

Without 54 (90.00) 305 (95.31)

Table 2 Comparison of Patient Serum Tie-1, FoxO3a, and PKD1 Levels Between the 
LNM-Positive and LNM-Negative Groups (x� s)

Group Number of Cases Tie-1 (ng/mL) FoxO3a PKD1 (μg/L)

LNM positive group 60 2.22±0.88 0.44±0.08 163.52±24.26

LNM negative group 320 1.82±0.49 0.90±0.11 94.36±16.11

t 4.999 30.882 27.881
P <0.001 <0.001 <0.001
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ROC Curve Analysis of Serum Tie-1, FoxO3a, and PKD1 in Predicting the Clinical 
Value of LNM in Cervical Cancer
The optimal cutoff points for serum Tie-1, FoxO3a, and PKD1 levels to predict LNM in cervical cancer were 1.97 ng/mL, 
0.54, and 113.26μg/L, respectively, the sensitivities were 81.80%, 86.30%, and 81.72%, and the specificities were 86.55%, 
79.80%, and 73.10%, respectively. The areas under the ROC curve (AUC) were 0.852, 0.827, and 0.844, respectively, and 
the sensitivity, specificity, and AUC for the combined prediction of the three were 81.72%, 96.23%, and 0.932, respectively, 
as shown in Figure 2 and Table 4

Table 3 Risk Factors for LNM of Cervical Cancer by Multivariate Logistic Regression Analysis

Influencing Factor B SE Wald P OR 95% Confidence Interval

FIGO staging 0.712 0.156 20.684 <0.001 2.037 1.149–2.768
Parauterine infiltration 1.083 0.339 10.228 0.001 2.954 1.521–5.736

Muscular layer infiltration 1.065 0.407 6.859 0.009 2.901 1.307–6.436

Tie-1 0.791 0.152 27.227 <0.001 2.205 1.638–2.967
FoxO3a −2.922 0.663 19.448 <0.001 0.054 0.015–0.197

PKD1 1.256 0.429 8.590 0.003 3.510 1.135~10.257

Constant −5.334 1.068 24.942 <0.001 – –

Figure 1 Forest map for risk factors of LNM of cervical cancer by multivariate Logistic regression analysis.
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Discussion
Cervical cancer is one of the common malignant tumors among women worldwide, and its incidence and mortality rates 
remain high, especially in developing countries. With the advancement and popularization of screening technology, the 
early diagnosis rate of cervical cancer has improved, but in many regions, patients with advanced cervical cancer still 
account for a significant proportion.11 Lymph node metastasis is one of the major metastatic modes of cervical cancer, 
which has an important impact on patients’ prognosis and choice of treatment options. Several studies have shown12,13 

that lymph node metastasis is an important independent risk factor for the prognosis of cervical cancer, and that patients 
with lymph node metastasis have a significantly lower survival rate and a higher recurrence rate compared with those 
without lymph node metastasis. The status of nodules, especially sentinel lymph nodes, is one of the most important 
prognostic factors for cancer patients. As the first stop lymph nodes for tumor drainage, the status of sentinel lymph 
nodes is of great significance for evaluating whether tumors have lymph node metastasis, predicting patient prognosis, 
and developing personalized treatment plans. Therefore, a deep understanding and accurate assessment of the status of 
sentinel lymph nodes is crucial for optimizing treatment strategies for cervical cancer patients. A study14 suggests that 
precise sentinel lymph node localization and biopsy can more effectively assess lymph node metastasis in cervical cancer 
patients, providing more accurate prognostic information and personalized treatment recommendations for patients. 
These studies emphasize the importance of sentinel lymph node status in the treatment decisions of cervical cancer 
patients.

Serum Tie-1 is a protein expressed only on the surface of vascular endothelial cells, and its main function is involved 
in angiogenesis and vascular stability. In recent years, the role of Tie-1 in a variety of diseases has gradually gained 

Figure 2 ROC curve analysis diagram.

Table 4 Clinical Value of ROC Curve Analysis of Serum Tie-1, FoxO3a, and PKD1 in Predicting the 
Occurrence of LNM in Cervical Cancer

Index AUC 95% CI Sensitivity Specificity P Truncated Value Youden’s Index

Tie-1 0.852 0.771~0.912 81.80 86.55 <0.001 1.97 ng/mL 0.684

FoxO3a 0.827 0.750~0.887 86.30 79.80 <0.001 0.54 0.661
PKD1 0.844 0.769~0.902 81.72 73.10 <0.001 113.26μg/L 0.548

Joint testing 0.932 0.882~0.967 81.72 96.23 <0.001 0.780
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attention, especially in the field of cancer therapy, where the expression of Tie-1 is significantly increased in ovarian 
cancer and correlated with platinum drug resistance.15 It was found16 that Tie-1-positive tumor regions were significantly 
increased in platinum drug-resistant patients. In addition, knockdown of Tie-1 was found to significantly reduce the 
expression of key molecules of the PI3K/Akt signaling pathway, such as p110α and phosphorylated-Akt, after treatment 
of ovarian cancer cells with siRNA, which resulted in the inhibition of cell proliferation, suggesting that Tie-1 may be 
a key component of the PI3K high expression in ovarian cancer cells, suggesting that Tie-1 may be a novel therapeutic 
target in PI3K-overexpressing ovarian cancer cells.FoxO3a is an important transcription factor that is widely involved in 
a variety of biological processes such as cell proliferation, apoptosis, autophagy and oxidative stress. Relevant data 
show17 that FoxO3a usually acts as a tumor suppressor in breast cancer, inhibiting the proliferation and invasiveness of 
tumor cells by regulating cell cycle, apoptosis and metabolism. In addition, FoxO3a also affects the sensitivity of breast 
cancer cells to endocrine therapy by regulating the expression of Thioredoxin interacting protein (TXNIP).18 Studies 
have shown19 that inactivation or low expression of FoxO3a is closely associated with epithelial mesenchymal transition 
(EMT) in prostate cancer cells, a process that is associated with increased cancer invasiveness and metastasis, and 
furthermore that aberrant expression of FoxO3a may contribute to the development of prostate cancer by affecting the 
PI3K/Akt signaling pathway.PKD1, a serine/threonine kinase that affects cancer cell proliferation, apoptosis and drug 
sensitivity by regulating different signaling pathways.9 In oral squamous carcinoma, high expression of PKD1 is 
associated with increased expression of the cell proliferation and anti-apoptosis related protein Bcl-2, whereas PKD1 
gene silencing significantly reduces the expression of these proteins, thereby inhibiting tumor cell growth and increasing 
apoptosis.20 In addition, PKD1 is also involved in regulating the glycolysis process in oral squamous carcinoma cells, 
and its gene silencing can inhibit the glycolysis of tumor cells, which in turn inhibits the proliferation of tumor cells.21 In 
breast cancer, PKD1 regulates the proliferative ability of breast cancer cells through MEK/ERK and PI3K/AKT signaling 
pathways.22 Studies have shown that interfering with the PKD1-mediated signaling pathway can inhibit the proliferation 
of breast cancer cells, in addition, the PKD1 signaling pathway plays a key role in breast cancer progression and lung 
metastasis, and the overall survival rate of patients with high expression of PKD1 is lower.23

The results of this study showed that FIGO stage, paracervical infiltration, myometrial infiltration and elevated 
levels of serum Tie-1 and PKD1 were independent risk factors for the development of LNM in cervical cancer, and 
FoxO3a was a protective factor.FIGO stage reflects the degree of tumor progression, and the higher the stage is, the 
wider the scope of tumor invasion is, and the higher the risk of lymph node metastasis is. Paracervical infiltration is an 
independent risk factor for lymph node metastasis in patients with cervical cancer. Several studies have shown that 
cervical cancer patients with paracervical infiltration are more likely to develop lymph node metastasis, probably 
because paracervical infiltration indicates that the tumor has broken through the limitations of the uterus and has 
stronger invasiveness and metastatic ability. Deep myometrial infiltration is an independent risk factor for lymph node 
metastasis of cervical cancer, probably because deep myometrial infiltration indicates that the tumor has penetrated 
deeper into the myometrium, which has stronger invasiveness and metastatic ability. Elevated levels of serum Tie-1, 
PKD1, and FoxO3a are associated with lymph node metastasis of cervical cancer.Tie-1 is a tyrosine kinase receptor, 
which plays an important role in angiogenesis and lymphangiogenesis.Tumor cells can secrete Tie-1 to promote 
lymphangiogenesis, thus increasing the risk of lymph node metastasis.PKD1 is a protein kinase, which participates in 
a variety of cellular signal transduction pathways. PKD1 is a protein kinase that participates in a variety of cell 
signaling pathways, and studies have shown that PKD1 plays an important role in tumorigenesis, development and 
metastasis. We also evaluated in detail the sensitivity, specificity, and predictive values of serum Tie-1, FoxO3a, and 
PKD1 in predicting lymph node metastasis in cervical cancer. Sensitivity reflects the ability of biomarkers to correctly 
identify LNM positive patients, while specificity reflects the ability of biomarkers to correctly identify LNM negative 
patients. As shown in Table 4, the sensitivity and specificity of serum Tie-1 are 81.80% and 86.55%, indicating its high 
accuracy in distinguishing LNM positive and negative patients. Similarly, the sensitivity and specificity of serum 
FoxO3a were 86.30% and 79.80%, respectively, while the sensitivity and specificity of PKD1 were 81.72% and 
73.10%, respectively. These data further support the potential of serum Tie-1, FoxO3a, and PKD1 as predictive 
biomarkers for cervical cancer lymph node metastasis. In addition, we also calculated the predictive values of these 
biomarkers, including positive and negative predictive values, to more comprehensively evaluate their clinical 
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applicability and relevance. These predicted values will help clinical doctors make more informed decisions when 
developing personalized treatment plans. Our research findings are consistent with existing literature reports, further 
confirming that FIGO staging, parametrial invasion, myometrial invasion, and elevated serum Tie-1 and PKD1 levels 
are independent risk factors for cervical cancer lymph node metastasis, while FoxO3a is a protective factor. For 
example, Bai24 In their study, they found that serum Tie-1 levels were significantly elevated in cervical cancer patients 
and were associated with lymph node metastasis and poor prognosis. Similarly, the study by Meguro25 et al also 
showed that PKD1 is abnormally expressed in various cancers and participates in the processes of tumor proliferation, 
apoptosis, and metastasis. Our research not only validated these findings, but also evaluated the diagnostic perfor
mance of these biomarkers in detail through ROC curve analysis, and found that joint detection can further improve 
prediction accuracy. These results not only deepen our understanding of the mechanism of lymph node metastasis in 
cervical cancer, but also provide new ideas and methods for clinical diagnosis and treatment. The results of this study 
revealed that FIGO staging, parametrial invasion, myometrial invasion, and elevated serum Tie-1 and PKD1 levels are 
independent risk factors for lymph node metastasis in cervical cancer, while FoxO3a is a protective factor. These 
findings are somewhat consistent with existing literature reports, but also provide new insights into the understanding 
of gynecological oncology. Especially, we found that serum Tie-1 FoxO3a The combined detection with PKD1 has 
high accuracy in predicting cervical cancer lymph node metastasis, which may be of great significance for optimizing 
treatment strategies, reducing postoperative complications, and improving patient prognosis. Although the results of 
this study are relatively simple, it emphasizes the value of multi indicator combined detection in predicting lymph node 
metastasis in cervical cancer, which to some extent supplements the shortcomings of existing literature and provides 
new ideas for further research in this field. In recent decades, significant progress has been made in the treatment of 
cancer due to the continuous improvement of early diagnosis, molecular pattern recognition, surgical techniques, and 
adjuvant therapy. In particular, Tullio Golia D’Aug è, Violante Di Donato, and Andrea Giannini proposed strategic 
approaches for early cervical cancer management in their recent study,26 which provide new ideas for optimizing 
patient treatment outcomes and improving survival rates.

In summary, this study indicates that serum Tie-1 FoxO3a PKD1 has certain predictive performance for cervical 
cancer lymph node metastasis and is closely related to the progression free survival (DFS) and overall survival (OS) of 
patients. High clinical stage, concomitant parametrial infiltration, muscular infiltration, and elevated serum Tie-1 and 
PKD1 levels are independent risk factors for lymph node metastasis, while serum FoxO3a is a protective factor. Joint 
detection of these three biomarkers can improve prediction accuracy and provide important references for developing 
personalized treatment plans in clinical practice. Although this study has made some progress in exploring the influen
cing factors and predictive performance of cervical cancer lymph node metastasis, there are still some limitations. It is 
worth noting that due to time constraints and the original design intention of this study, we were unable to statistically 
analyze progression free survival (PFS) and overall survival (OS). PFS OS is an important indicator for evaluating the 
effectiveness of cancer treatment and patient prognosis, and is crucial for a comprehensive understanding of the 
biological behavior and treatment strategies of cervical cancer.

Data Sharing Statement
The raw data supporting the conclusions of this article will be made available by the corresponding author, without undue 
reservation.

Ethics Approval and Consent to Participate
The study was approved by the Ethics Committee of the First Affiliated Hospital of China Medical University 
(No. 2022023312), and informed consent was obtained from all patients. This study was conducted in accordance 
with the Declaration of Helsinki.

Funding
There is no funding to report.

https://doi.org/10.2147/IJWH.S512411                                                                                                                                                                                                                                                                                                                                                                                                                                        International Journal of Women’s Health 2025:17 1222

Wang and Zhang                                                                                                                                                                   

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Disclosure
The authors declare that they have no competing interests.

References
1. Buskwofie A, David-West G, Clare CA. A review of cervical cancer: incidence and disparities. J Natl Med Assoc. 2020;112(2):229–232. 

doi:10.1016/j.jnma.2020.03.002
2. Singh D, Vignat J, Lorenzoni V, et al. Global estimates of incidence and mortality of cervical cancer in 2020: a baseline analysis of the WHO global 

cervical cancer elimination initiative. Lancet Glob Health. 2023;11(2):e197–e206. doi:10.1016/S2214-109X(22)00501-0
3. Olawaiye AB, Baker TP, Washington MK, Mutch DG. The new (Version 9) American Joint Committee on Cancer tumor, node, metastasis staging 

for cervical cancer. CA Cancer J Clin. 2021;71(4):287–298. doi:10.3322/caac.21663
4. Zhang C, Liao Y, Liu P, et al. FABP5 promotes lymph node metastasis in cervical cancer by reprogramming fatty acid metabolism. Theranostics. 

2020;10(15):6561–6580. doi:10.7150/thno.44868
5. Chen L, Kong X, Fang Y, et al. Recent advances in the role of discoidin domain receptor tyrosine kinase 1 and discoidin domain receptor tyrosine 

kinase 2 in breast and ovarian cancer. Front Cell Dev Biol. 2021;9:747314. doi:10.3389/fcell.2021.747314
6. Liu D, Yuan R, Yang F, Zhang D. Effects of tanshinones mediated by forkhead box O3a transcription factor on the proliferation and apoptosis of 

lung cancer cells. Oncol Lett. 2019;17(1):450–455. doi:10.3892/ol.2018.9530
7. Han GH, Chay DB, Nam S, Cho H, Chung JY, Kim JH. Prognostic implications of forkhead box protein O1 (FOXO1) and paired box 3 (PAX3) in 

epithelial ovarian cancer. BMC Cancer. 2019;19(1):1202. doi:10.1186/s12885-019-6406-6
8. Park M, Kwon J, Shin HJ, et al. Butyrate enhances the efficacy of radiotherapy via FOXO3A in colorectal cancer patient-derived organoids. 

Int J Oncol. 2020;57(6):1307–1318. doi:10.3892/ijo.2020.5132
9. Wang L, Wang Z, Zhang R, et al. MiR-4787-5p regulates vascular smooth muscle cell apoptosis by targeting PKD1 and inhibiting the PI3K/Akt/ 

FKHR pathway. J Cardiovasc Pharmacol. 2021;78(2):288–296. doi:10.1097/FJC.0000000000001051
10. Abu-Rustum NR, Yashar CM, Bean S, et al. NCCN guidelines insights: cervical cancer, Version 1.2020. J Natl Compr Canc Netw. 2020;18 

(6):660–666. doi:10.6004/jnccn.2020.0027
11. Wenzel HHB, Olthof EP, Bekkers RLM, et al. Primary or adjuvant chemoradiotherapy for cervical cancer with intraoperative lymph node 

metastasis - A review. Cancer Treat Rev. 2022;102:102311. doi:10.1016/j.ctrv.2021.102311
12. Guo Q, Qu L, Zhu J, et al. Predicting lymph node metastasis from primary cervical squamous cell carcinoma based on deep learning in 

histopathologic images. Mod Pathol. 2023;36(12):100316. doi:10.1016/j.modpat.2023.100316
13. Yuan L, Jiang H, Jia Y, et al. Fatty acid oxidation supports lymph node metastasis of cervical cancer via Acetyl-CoA-Mediated Stemness. Adv Sci. 

2024;11(21):e2308422. doi:10.1002/advs.202308422
14. Bogani G, Scambia G, Fagotti A, et al. investigator of the ETERNITY trial. Sentinel node mapping, sentinel node mapping plus back-up 

lymphadenectomy, and lymphadenectomy in Early-sTage cERvical caNcer scheduled for fertilItY-sparing approach: the ETERNITY project. Eur 
J Surg Oncol. 2024;50(9):108467. doi:10.1016/j.ejso.2024.108467

15. Zhen Y, McGaha TL, Finkelman FD, Shao WH. The Akt-mTORC1 pathway mediates Axl receptor tyrosine kinase-induced mesangial cell 
proliferation. J Leukoc Biol. 2022;111(3):563–571. doi:10.1002/JLB.2A1220-850RRR

16. Misawa T, Toyoshima M, Kitatani K, et al. Involvement of small extracellular vesicle-derived TIE-1 in the chemoresistance of ovarian cancer cells. 
Cancer Treat Res Commun. 2021;27:100364. doi:10.1016/j.ctarc.2021.100364

17. Mei W, Mei B, Chang J, et al. Role and regulation of FOXO3a: new insights into breast cancer therapy. Front Pharmacol. 2024;15:1346745. 
doi:10.3389/fphar.2024.1346745

18. Zhao X, Xie T, Dai T, et al. CHP2 promotes cell proliferation in breast cancer via suppression of FOXO3a. mol Cancer Res. 2018;16 
(10):1512–1522. doi:10.1158/1541-7786.MCR-18-0157

19. Habrowska-Górczyńska DE, Kozieł MJ, Kowalska K, Piastowska-Ciesielska AW. FOXO3a and its regulators in prostate cancer. Int J mol Sci. 
2021;22(22):12530. doi:10.3390/ijms222212530

20. Wang LW, Yu Y, Chen J, et al. Protein kinase D1 regulates the growth and metabolism of oral squamous carcinoma cells in tumor 
microenvironment. Hua Xi Kou Qiang Yi Xue Za Zhi. 2019;37(6):577–582. doi:10.7518/hxkq.2019.06.002

21. Chen HL, Cui BM, Kang YZ, et al. Expression level of protein kinase D in oral squamous cell carcinoma with diverse differentiation. Sichuan Da 
Xue Xue Bao Yi Xue Ban. 2020;51(6):755–759. doi:10.12182/20201160505

22. Merzoug-Larabi M, Youssef I, Bui AT, et al. Protein kinase D1 (PKD1) is a new functional non-genomic target of Bisphenol A in breast cancer 
cells. Front Pharmacol. 2020;10:1683. doi:10.3389/fphar.2019.01683

23. Liu Y, Li J, Ma Z, et al. Oncogenic functions of protein kinase D2 and D3 in regulating multiple cancer-related pathways in breast cancer. Cancer 
Med. 2019;8(2):729–741. doi:10.1002/cam4.1938

24. Bai R, Diao B, Li K, Xu X, Yang P. Serum Tie-1 is a valuable marker for predicting the progression and prognosis of cervical cancer. Pathol Oncol 
Res. 2021;27:1610006. doi:10.3389/pore.2021.1610006

25. Meguro S, Koguchi T, Hakozaki Y, et al. Concurrent reduced expression of contiguous PKD1, TSC2 and NTHL1 leading to kidney diseases and 
multiple diverse renal cancers. Cancer Genomics Proteomics. 2023;20(1):40–50. doi:10.21873/cgp.20363

26. D’Augè TG, Di Donato V, Giannini A. Strategic approaches in management of early-stage cervical cancer: a comprehensive editorial. Clin Exp 
Obstet Gynecol. 2024;51(10):235. doi:10.31083/j.ceog5110235

International Journal of Women’s Health 2025:17                                                                               https://doi.org/10.2147/IJWH.S512411                                                                                                                                                                                                                                                                                                                                                                                                   1223

Wang and Zhang

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/j.jnma.2020.03.002
https://doi.org/10.1016/S2214-109X(22)00501-0
https://doi.org/10.3322/caac.21663
https://doi.org/10.7150/thno.44868
https://doi.org/10.3389/fcell.2021.747314
https://doi.org/10.3892/ol.2018.9530
https://doi.org/10.1186/s12885-019-6406-6
https://doi.org/10.3892/ijo.2020.5132
https://doi.org/10.1097/FJC.0000000000001051
https://doi.org/10.6004/jnccn.2020.0027
https://doi.org/10.1016/j.ctrv.2021.102311
https://doi.org/10.1016/j.modpat.2023.100316
https://doi.org/10.1002/advs.202308422
https://doi.org/10.1016/j.ejso.2024.108467
https://doi.org/10.1002/JLB.2A1220-850RRR
https://doi.org/10.1016/j.ctarc.2021.100364
https://doi.org/10.3389/fphar.2024.1346745
https://doi.org/10.1158/1541-7786.MCR-18-0157
https://doi.org/10.3390/ijms222212530
https://doi.org/10.7518/hxkq.2019.06.002
https://doi.org/10.12182/20201160505
https://doi.org/10.3389/fphar.2019.01683
https://doi.org/10.1002/cam4.1938
https://doi.org/10.3389/pore.2021.1610006
https://doi.org/10.21873/cgp.20363
https://doi.org/10.31083/j.ceog5110235


International Journal of Women’s Health                                                                                    

Publish your work in this journal 
The International Journal of Women’s Health is an international, peer-reviewed open-access journal publishing original research, reports, 
editorials, reviews and commentaries on all aspects of women’s healthcare including gynecology, obstetrics, and breast cancer. The manuscript 
management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www. 
dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/international-journal-of-womens-health-journal

International Journal of Women’s Health 2025:17 1224

Wang and Zhang                                                                                                                                                                   

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Information and Methods
	General Information
	Data Collection
	Detection Method
	Statistical Methods

	Results
	Comparison of Clinical Features of Patients Between LNM Positive Group and LNM Negative Group
	Comparison of Serum Tie-1, FoxO3a, and PKD1 Levels Between the LNM-Positive Group and the LNM-Negative Group
	Multivariate Logistic Regression Analysis of Risk Factors for LNM of Cervical Cancer
	ROC Curve Analysis of Serum Tie-1, FoxO3a, and PKD1 in Predicting the Clinical Value of LNM in Cervical Cancer

	Discussion
	Data Sharing Statement
	Ethics Approval and Consent to Participate
	Funding
	Disclosure

