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Cervical cancer (CC) was considered to be the most common gynaecological cancer, with an estimated 
342,000 deaths worldwide each year, as the majority of patients were diagnosed at an advanced 
stage of the disease. The purpose of this study was to evaluate the predictive value of multi-locus 
methylation assay for the early detection of CC. The cervical exfoliated cell samples from 492 HPV-
positive females with cervical lesions were collected and subjected to methylation detection of gene 
FAM19A4, EPB41L3 and PAX1 after bisulfite conversion. The levels of gene methylation in patients 
with different severity of cervical lesions were evaluated and compared. The receiver-operating 
characteristic (ROC) curve was established and efficacy indexes such as sensitivity, specificity and area 
under the curve (AUC) were calculated to assess the diagnostic value of DNA methylation detection at 
multiple gene loci for CC. The methylation levels of FAM19A4, EPB41L3 and PAX1 were significantly 
increased with the grade of cervical squamous intraepithelial lesions. The sensitivities of FAM19A4, 
EPB41L3 and PAX1 alone for high-grade squamous intraepithelial lesion (HSIL) and CC diagnosis were 
84.6%, 86.3% and 88.0%, respectively; when three markers were combined by a logistic regression 
model, the sensitivity was 88.0%, with a high specificity of 97.7% and AUC of 0.957 (95% CI 0.937–
0.977). Methylation status of FAM19A4, EPB41L3 and PAX1 were highly specific and effective for 
monitoring the progression of cervical lesions and the tri-gene methylation assay could be used as a 
triage tool for CC early screening. 
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TCT	� Thinprep cytologic test

Over the past few decades, cervical cancer (CC), with the increasing morbidity, has been seriously harming human 
health and becomes a leading cause of female death worldwide in modern society1. The persistent infection of 
high-risk human papillomavirus (hrHPV) is an important factor in the development and progression of CC, 
and almost all patients with CC are HPV-positive2. Currently, cervical liquid-based cytology examination and 
hrHPV testing have been proposed as the main CC screening methods. However, the sensitivity and specificity 
of these methods are limited, leading to an increase in colposcopy referrals, thereby increasing the physical and 
mental burden on women3,4. Therefore, a cost-benefical screening strategy with high accuracy and feasibility is 
urgently needed to predict the occurrence of CC in high-risk patients.

Recent studies have shown that genomic and epigenetic abnormalities are present in the early stages of 
tumorigenesis. DNA methylation is an epigenetic mechanism that results in heritable silence of genes without 
changes to their coding sequences5. The occurrence of a variety of tumors is associated with methylation changes 
in genomic DNA, and these tumor-specific changes are often detected at an early stage. It has been proved that 
hypermethylation modification of the promoter regions of the tumor suppressor genes is positively correlated 
with the degree of cervical lesions, making DNA methylation detection a promising tool for CC diagnosis6,7.

The methylation status of cytosine (C) in CpG dinucleotides in the promoter regions of human genes such 
as FAM19A4, EPB41L3 or PAX1 has been found to be significantly different in cancerous cervical exfoliated 
cells, compared to normal cervical exfoliated cells8–10. However, previous studies usually had small sample sizes 
and mostly focused on a single gene, resulting in low sensitivity and specificity for diagnosing CC. In a previous 
background study, we collected and analyzed a large number of 450k methylation array data from public 
databases, including 259 tissue samples with different degrees of cervical lesions, and finally screened genes 
of FAM19A4, EPB41L3 and PAX1 by differences in methylation levels and disease correlation. In addition, we 
collected 53 clinical samples for 450k methylation array testing and validation. This exploratory study aimed to 
develop a methylation-detection panel containing three genes (FAM19A4, EPB41L3 and PAX1) and investigate 
the predictive value of polygenic methylation assay in CC screening, so as to provide more references for early 
diagnosis and treatment.

Materials and methods
Study participants and samples
The cervical exfoliated cell samples from participants used in the experiment were all from Obstetrics and 
Gynecology Hospital Affiliated to Fudan University, Shanghai, China from March 2023 to May 2023, with a 
total of 492 consecutive cases. According to the WHO 2020 pathological classification criteria for CC and 2020 
American Cancer Society guidelines, the clinical samples used in the trial were divided into control group (151 
cases), low-grade squamous intraepithelial lesion (LSIL) group (107 cases), high-grade squamous intraepithelial 
lesion (HSIL) group (121 cases), and CC group (113 cases). The control group was diagnosed with a normal 
or inflammatory cervix by HPV screening and thinprep cytologic test (TCT). The histopathological report 
was verified by two professional pathologists with associate senior titles and above. Specimens are collected 
by a stationary physician and baseline clinical characteristics were obtained from all participants at the time of 
admission. This study complied with the Declaration of Helsinki and was approved by the Institutional Ethics 
Committee of Obstetrics and Gynecology Hospital Affiliated to Fudan University. All participants provided 
written informed consent.

Inclusion criteria for all subjects were as follows: (a) Patients with HPV infection who were not pregnant and 
had not received vaginal medication or vaginal irrigation within 7 days prior to visit; (b) Patients with cervical 
inflammation or intraepithelial neoplasia or CC; (c) Patients and their families agreed to participate in the study 
and signed an informed consent. Exclusion criteria for all subjects were as follows: (a) Patients with a history of 
pelvic chemoradiotherapy; (b) Patients with a history of cervical and uterine surgery; (c) Patients treated with 
antibiotics in the last 1 week; (d) Patients who were menstruating at the time of enrollment; (e) Patients with 
HPV infection and vaginal lesions but no cervical inflammation.

DNA extraction and bisulfite transformation
Samples were collected using a disposable cervical sampling swab and stored in cell preservation solution 
(PreservCyt Solution, Hologic, National Machinery: 20140197) at − 80℃. Genomic DNA extraction was 
performed from cervical exfoliated cells using UE Genomic DNA Miniprep Kit (Suzhou Youyi Landi 
Biotechnology, catalog number: UE-MN-MS-GDNA-250 ). 40–1000 ng of genomic DNA was taken and 
transformed into bisulfite-converted DNA (bisDNA) according to the instructions of the recommended 
bisulfite conversion kit EZ DNA Methylation-Gold (ZYMO RESEARCH, catalog number: D5006), and finally 
bisDNA was eluted with 20  µl of ultrapure water and stored at − 20 ℃ until analysis. The gene methylation 
assay, as previously described11, firstly used bisulfite to treat CpG dinucleotides on genomic DNA, and bisulfite 
treatment would produce different transformation effects on CpG dinucleotides in different methylation states: 
if the cytosine (C) in CpG dinucleotide was methylated, it would remain unchanged after treatment; If the 
cytosine (C) in the CpG dinucleotide was not methylated, it would be converted to uracil (U) after treatment. 
Subsequently, the methylation status was quantitatively analyzed using the fluorescent probes that specifically 
identified untransformed CpG dinucleotides.

Methylation-specific PCR (MSP) analysis
The bisDNA from the previous step was used as a template for methylation-specific PCR (MSP) amplification 
using Hongshi PCR Analysis System (SLAN-96 S), and the specific primers could only amplify the methylated 
genes, so as to detect the methylation status of the three genes FAM19A4, EPB41L3 and PAX1. ACTB was set 
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as the internal reference gene to monitor the extraction effect of each sample and the amplification of the PCR 
reaction, in order to effectively avoid false negatives. When the Ct value of the ACTB gene was ≤ 32.0, the sample 
test result was valid. The Ct value was defined as 45.0 when the gene was not amplified. Calculated the ΔCt value 
for each target gene, where the target gene ΔCt = Ct (FAM19A4/EPB41L3/PAX1)-Ct (ACTB). MSP program 
setting were as follows: 94℃ for 30 s in stage 1, 94 ℃ for 5 s and 60 ℃ for 30 s in stage 2 (stage 2 for 45 cycles). 
A blank control and a positive control were included in each assay.

The primers and probes were designed by us and not derived from other publications or patents. The 
primers and probes were both synthesized by Shanghai Sangon Bioengineering and these specific sequences 
were summarized in Table 1. All primers were lyophilized powder and dissolved in TE buffer at PH8.0. PAGE 
electrophoresis did not contain miscellaneous bands. Determined with a visible-ultraviolet spectrophotometer, 
the OD260 nm/OD280 nm was between 1.6 and 2.0. All probes were lyophilized powder and stored in brown 
tubes, with a purity of HPLC grade. The probes were also dissolved with TE buffer at PH8.0. Visible-ultraviolet 
spectrophotometer determined that OD260nm/OD280nm was between 1.6 and 2.0. The probes had a specific 
absorption peak at the fluorescein excitation wavelength of 494  nm (FAM fluorophore) or 576  nm (ROX 
fluorophore). We selected PerfectStart™ II Probe qPCR SuperMix (TransGen Biotech, catalog number: AQ711) 
with the best amplification efficiency and reaction stability as the raw material for the MSP reaction.

Statistic analysis
All acquired data were analyzed and visualized using SPSS 17.0 and GraphPad Prism 8 software. For continuous 
variables, normal distribution data presented as means ± standard deviation were compared using t-test between 
two groups or one-way analysis of variance (ANOVA) among multiple groups. Skewed distribution data 
expressed as median value (interquartile interval) were analyzed using the Mann-Whitney U test between two 
groups or Kruskal–Wallis H test among multiple groups. Categorical variables were expressed as percentage and 
evaluated using Fisher’s exact test. Receiver-operating characteristic (ROC) curves were established and logistic 
regression analysis was performed to assess the clinical predictive value of polygenic methylation assay for HSIL 
and CC. A two-tailed p value < 0.05 was considered to be statistically significant.

The ΔCt data of each target gene were analyzed separately using SPSS 17.0, and the software automatically 
generated a ROC curve. According to the coordinate point data from SPSS 17.0, excel was used to calculate 
“sensitivity + specificity”, and the point with the largest value was the optimal cut-off value.

Results
Characteristics of study participants
According to the inclusion criteria, a total of 505 subjects were selected, and according to the exclusion criteria, 
492 subjects were finally recruited. They were divided into four groups according to the results of pathological 
tests from the hospital: control group (151 cases), LSIL group (107 cases), HSIL group (121 cases) and CC group 
(113 cases) (Fig. 1). The age distribution of the four groups was normal and there were no significant differences 
in these groups (P > 0.05, Table 2). The age range for the control group was 20–62 years old (38.00 ± 15.36). For 
the LSIL group, the age range was 31–64 years old (40.25 ± 12.28). The HSIL group ranged in age from 26 to 
74 years old (41.88 ± 11.64), while the CC group ranged in age from 28 to 78 years old (40.50 ± 12.47). It could 
be concluded that the incidence of cervical intraepithelial neoplasia and CC is tending towards a younger age 
group, with the majority of each group being under 35 years old. Obviously, both the HSIL and CC groups had a 
higher proportion of hrHPV16/18 infection compared to the control and LSIL groups (p < 0.05, Table 2).

Relationship between gene methylation and cervical lesions
The methylation degree of FAM19A4 (Fig. 2A), EPB41L3 (Fig. 2B) or PAX1 (Fig. 2C) was further compared in 
the four groups. According to the principle of MSP, a smaller ΔCt value usually indicated a higher methylation 
level of the target gene. As shown in Fig. 2, the methylation levels of all three genes were significantly higher 
in the HSIL and CC groups than in the control and LSIL groups (p < 0.05), and the CC group had higher gene 
methylation degree compared to the HSIL group (p < 0.05). However, it showed no significant difference between 
control group and LSIL group (p > 0.05). It could be seen that the higher the methylation level of the target gene, 
the greater the risk of cervical malignancy, especially HSIL and CC, indicating a positive correlation between the 
degree of gene methylation and the severity of cervical lesions. In particular, the CC group included two sample 
types, squamous cell carcinoma (SCC) and adenocarcinoma (AC), and there was no significant difference in 
the degree of methylation of the three genes between the two cancer types, as shown in supplementary Fig. 1 
(p > 0.05).

Gene FAM19A4 EPB41L3 PAX1 ACTB

Forward primer ​G​G​G​T​C​G​G​T​T​T​T​T​T​T​T​T​C​G​T​T ​T​T​T​T​T​T​G​T​T​G​T​A​G​G​A​G​A​T​A​T​
C​G​A​G​G ​G​T​A​G​T​G​A​C​G​G​G​A​A​T​T​A​A​T​G​A​G​T​T​G ​T​G​G​T​G​A​T​G​G​A​G​G​A​

G​G​T​T​T​A​G​T​A​A​G​T

Reverse primer ​G​A​A​C​C​C​T​A​A​A​T​C​C​G​T​C​T​T​C​C​T​T ​C​C​C​T​A​C​G​C​C​A​A​A​A​C​G​A​A​A​A ​C​A​A​A​C​C​C​A​A​A​A​T​A​A​A​C​T​T​C​A​T​C​C
​A​A​C​C​A​A​T​A​A​A​A​
C​C​T​A​C​T​C​C​T​C​C​C​
T​T​A​A

Probe ​T​A​G​G​C​G​T​T​T​T​T​T​T​C​G​A​G​C​G​T​T​T​C​G ​C​G​G​G​G​G​T​T​T​A​C​G​T​T​T​A​G​A​G​A​T ​A​T​T​G​T​C​G​A​G​A​T​T​G​A​C​G​T​G​G​A​G​G​
A​T​A​C​G

​A​C​C​A​C​C​A​C​C​C​A​A​C​
A​C​A​C​A​A​T​A​A​C​A

Table 1.  Specific sequences of probes and primers (5′–3′).
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Diagnostic potential of target gene methylation for HSIL and CC
ROC analysis was conducted to evaluate the predictive value of gene methylation levels including FAM19A4, 
EPB41L3 and PAX1 to diagnose HSIL and CC patients. To differentiate the HSIL + CC cases from the 
control + LSIL cases (Fig.  3B), cut-off value of ΔCt was 10.445 (sensitivity, 84.6%; specificity, 96.1%) for 
FAM19A4, 9.08 (sensitivity, 86.3%; specificity, 95.3%) for EPB41L3, and 10.015 (sensitivity, 88.0%; specificity, 
97.7%) for PAX1. To differentiate the CC cases from the HSIL cases (Fig. 3C), cut-off value of ΔCt was 5.375 
(sensitivity, 68.1%; specificity, 66.9%) for FAM19A4, 2.665 (sensitivity, 54.9%; specificity, 81.8%) for EPB41L3, 
and 4.955 (sensitivity, 81.4%; specificity, 58.7%) for PAX1. Consistent with the previous result that there was no 
significant difference in gene methylation degree between control group and LSIL group, it was also of low value 
in the diagnosis of LSIL (Fig. 3A, p > 0.05). Meanwhile, it could be seen that the methylation levels of the three 

Group Cases
Age
>35 vs. ≤35 hrHPV 16/18  infection Other types of HPV infection

Control group 151 56 (37%)  vs. 95 (63%) 71 (47%) 80 (53%)

LSIL group 107 45 (42%)  vs. 62 (58%) 56 (52%) 51 (48%)

HSIL group 121 40 (33%)  vs. 81 (67%) 76 (63%) * 45 (37%)

CC group 113 53 (47%)  vs. 60 (58%) 93 (82%)* 20 (18%)

Table 2.  Baseline characteristics of the participants (n = 492). Data are expressed as case (percentage), 
*p < 0.05 vs. control.

 

Fig. 1.  Flow chart of inclusion and exclusion to the current analysis.
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Fig. 3.  ROC curve of FAM19A4, EPB41L3 and PAX1 for predictive values to differentiate the LSIL cases from 
control (A), the HSIL + CC cases from the control + LSIL cases (B) and the CC cases from the HSIL cases (C). 
All AUC and p values are shown in (D), and additional information, such as sensitivity and specificity, can be 
found in the "Results" section.

 

Fig. 2.  ΔCt value of FAM19A4 (A), EPB41L3 (B) and PAX1 (C) in different groups. A smaller ΔCt value 
indicates a higher degree of methylation of the target gene. *p < 0.05 vs. control or LSIL group, &p < 0.05 vs. 
HSIL group.
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genes had higher diagnostic value for HSIL + CC (Fig. 3B), but their specificity and sensitivity in differentiating 
HSIL from CC were relatively low (Fig. 3C). All area under the curve (AUC) and p values were shown in Fig. 3D.

We further performed logistic regression analysis to determine the scoring weights of the three target genes in 
the model, and established a combined scoring formula based on the ΔCt values of the three target genes. Then, 
the optimal scoring threshold were determined based on the principle of the largest Youden index. After analysis, 
the scoring formula for value at risk (VAR) of the logistic regression model differentiating the HSIL + CC cases 
from the control + LSIL cases was: VAR = 6.498 − 0.107*ΔCt (FAM19A4)-0.167*ΔCt (EPB41L3)-0.305*ΔCt 
(PAX1). As shown in Fig. 4A, VAR cut-off value was 0.599 with 88% sensitivity and 97.7% specificity (AUC, 
0.957; 95%CI, 0.937–0.977; p < 0.0001). However, the scoring formula differentiating the CC cases from the HSIL 
cases was: VAR = 1.475 − 0.105*ΔCt (EPB41L3) -0.157*ΔCt (PAX1). As shown in Fig. 4B, VAR cut-off value 
was 0.257 with 78.8% sensitivity and 62% specificity (AUC, 0.752; 95%CI, 0.691–0.814; p < 0.0001). Apparently, 
compared with the single target gene prediction model, the combined tri-gene methylation assay had higher 
sensitivity, specificity and AUC for predicting HSIL + CC cases (Fig. 4A). It was worth noting that in the logistic 
regression model of tri-gene methylation assay that differentiated HSIL from CC, the sensitivity, specificity, and 
AUC were relatively low, and the role of gene FAM19A4 even did not reach a statistically significant level which 
was not included in the above formula (p > 0.05, Fig. 4B).

Discussion
For the first time, we simultaneously detected methylation alterations in genes FAM19A4, EPB41L3, and PAX1 
in patients with HPV-positive cervical lesions in a large population, and explored their relationship with disease 
progression. The major new findings of this study were: (i) methylation levels of these three genes were markedly 
elevated in HSIL and CC patients and could be considered as new biomarkers accurately distinguishing between 
HSIL + CC cases and control + LSIL cases; (ii) The methylation degree of all three genes had high sensitivity and 
specificity for the diagnosis of HSIL + CC, especially the diagnostic performance of the tri-gene methylation 
assay was more prominent; (iii) methylation levels of the three genes were positively correlated with the severity 
of cervical lesions, and they had significant differences in group HSIL and CC. Although slightly inferior, 
methylation assay of the three genes still had considerable sensitivity and specificity for distinguishing between 
HSIL and CC, which could act as novel indicators to monitor disease progression; (iv) Consistent with the 
findings of previous studies2, although all of the included subjects were HPV-positive, patients in groups HSIL 
and CC seemed to have a higher proportion of hrHPV16/18 infection.

CC is one of the most common malignant tumors in women with extremely high morbidity and mortality 
rate12. Although nearly 90% of CC burden worldwide occurs in developing countries, significantly lower 
screening rates are usually reported among women in these countries than those in developed countries13. To 
date, 228 genotypes of HPV have been identified. Persistent infection of hrHPV (currently 14 HPV types are 
termed high-risk, mainly with HPV16 and HPV18, and all HPV tests aim at their detection) usually results in 
the development of malignancy of cervix14.

Scientific screening, rational triage of risk groups and active interventions are critical to effectively prevent 
disease progression, improve prognosis and reduce fatality. Cervical liquid-based cytology examination is 
mainly used to stain the exfoliated cells from the cervix to observe morphological changes and then determine 
whether the cells are cancerous. The specificity of cytology examination is high, but the sensitivity is low, which 

Fig. 4.  ROC curve of logistic regression analysis for predictive values to differentiate the HSIL + CC cases from 
the control + LSIL cases (A) and the CC cases from the HSIL cases (B). AUC is 0.957 (95% CI, 0.937–0.977) for 
A (88% sensitivity, 97.7% specificity, p < 0.0001) and 0.752 (95%CI, 0.691–0.814) for B (78.8% sensitivity, 62% 
specificity, p < 0.0001).
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is easy to lead to missed diagnosis and treatment. The judgment of cytology results needs to be interpreted by 
professional pathologists under the microscope, and as a result, results are susceptible to subjective decisions3. 
HPV testing is an etiological examination to detect whether the cervix is infected with HPV virus through 
nucleic acid testing for pathogens4. The sensitivity of HPV testing is high, but the specificity is poor. The false-
positive rate is relatively high, and it is impossible to distinguish between transient infection and pathogenic 
infection. Transient HPV infection will not develop into cervical precancerous lesions or CC, which is easy to 
increase the rate of colposcopy referral and cervical tissue biopsy, causing unnecessary suffering to women15.

Aberrant genomic DNA methylation of cervical exfoliated cells is a common epigenetic alteration in the 
process of CC. HPV can induce hypermethylation of the promoter of certain tumor suppressor genes in the host, 
thereby causing gene silencing and participating in the occurrence of CC16. The quantitative detection of DNA 
methylation of related genes can act as a new means for CC screening, which has important clinical value for 
monitoring high-risk populations17–22.

The FAM19A4 gene, a member of the TAFA family, is expressed at low levels in most normal tissues 
and slightly higher in brain tissue, and is generally thought to be involved in the immune response as an 
immunomodulator with the function of preventing pathogen invasion23,24. It was found that the promoter of 
FAM19A4 gene had a high degree of abnormal methylation in cervical precancerous lesions and CC, and the 
methylation detection of FAM19A4 gene promoter had a higher specificity than cytology examination and HPV 
testing in CC screening25. Luttmer et al.26 found that the sensitivity of FAM19A4 methylation assay, cytology 
examination and HPV16/18-genotyping testing for the detection of cervical lesion (grade ≥ CIN 3) was 75.6%, 
85.6% and 72.2%, respectively, and the specificity was 71.1%, 49.8% and 57.4%, respectively. According to 
another study, patients with a positive FAM19A4 methylation test could be directly referred for colposcopy, 
while a negative test could predict a transient HPV infection and a low risk of CC27. In our study, methylation 
levels of FAM19A4 gene promoter had a higher sensitivity and specificity for the diagnosis of HSIL + CC, at 
84.6% and 96.1%, respectively. The sensitivity and specificity of further differentiating HSIL from CC were 68.1% 
and 66.9%, respectively.

EPB41L3 (erythrocyte membrane protein band 4.1 like 3), also known as 4.1B or DAI-1, is an important 
membrane skeleton protein belonging to the protein 4.1 family. As a candidate tumor suppressor gene, EPB41L3 
inhibits cell overgrowth by inducing cell apoptosis and arresting the cell cycle28. It was found that the expression 
of EPB41L3 in various malignant tumors such as CC was significantly down-regulated compared with that in 
normal tissues, and the aberrant methylation of its promoter played an important role in the regulation of the 
expression of EPB41L3 genes29. Boers et al.30 showed that the sensitivity and specificity of EPB41L3 promoter 
methylation for the screening of CIN3 cervical precancerous lesions reached 79% and 88%, respectively, with a 
high clinical value for the diagnosis of cervical lesions in HPV-positive patients. In our study, methylation levels 
of EPB41L3 gene promoter had a higher sensitivity and specificity for the prediction of HSIL + CC, at 86.3% 
and 95.3%, respectively. The sensitivity and specificity of further differentiating HSIL from CC were 54.9% and 
81.8%, respectively.

PAX1 has been revealed to be a key tumor suppressor gene that regulates cell differentiation and maturation. 
In cervical cells, once the PAX1 gene promoter is methylated, it will cause the gene to be silenced or inactivated, 
thus losing the function of inhibiting tumor growth and resulting in CC, which has been widely recognized and 
studied internationally31. In 2010, Lai’s research team32 found that PAX1 methylation assay has a sensitivity of 
78% and a specificity of 91% for CIN3 + cervical precancer. In 2014, Kan’s study33 confirmed that methylation 
detection of PAX1 has an 86% sensitivity and 85% specificity for CIN3 + cervical precancer. In another study, 
Yang L et al.34 found that in non-HPV16/18 hrHPV-positive populations, PAX1 methylation detection had 
a sensitivity and specificity of 86.2% and 75.5%, respectively, for CIN2 cervical precancerous lesions, while 
CIN3 cervical precancerous lesions had a sensitivity and specificity of 90% and 69.3%, respectively, which were 
significantly better than cytology detection. According to the latest research, hypermethylation of PAX1 was 
positively associated with high HPV viral load, especially HPV16/18, and PAX1 methylation had a specificity 
of 86.6% for detecting CIN2+35. From our experimental data, the methylation detection of gene PAX1 also 
had high sensitivity and specificity for the diagnosis of HSIL + CC, which is 88.0% and 97.7%, respectively. The 
sensitivity and specificity of further differentiating HSIL from CC were 81.4% and 58.7%, respectively.

Although the methylation status of these three genes has been assessed separately in several cervical cancer 
early screening studies, and there are several approved kits on the market, the innovation of our research is that 
for the first time, these three genes have been detected and validated simultaneously in a larger sample. We 
would be interested in developing a three-gene assay to significantly improve the sensitivity and specificity of the 
test. There are currently no kits on the market that contain all three genes. In addition, the accuracy of disease 
prediction by methylation assay also depends on the genomic CpG loci selected in each study. Through initial 
testing, we identified the optimal genetic detection site and designed our own probe and primer sequences to 
improve the sensitivity and specificity of the assay.

Meanwhile, there were also some limitations in this study. First of all, previous studies may have biased 
results due to small sample sizes, and in order to obtain more accurate conclusions, we studied the correlation 
between methylation levels of these three genes and CC in a larger sample population. However, in subsequent 
studies, further sample collection for validation is needed, due to the fact that the variability of sensitivity and 
specificity depending on the characteristics of the study population. Second, due to the fact that there was no 
difference in methylation degree of the three genes in the control cases and the LSIL cases, other screening 
indicators need to be further explored and confirmed for cervical lesions below HSIL. Last but not least, on 
the basis that both HSIL and CC cases had high methylation levels of FAM19A4, EPB41L3 and PAX1 and high 
rates of hrHPV16/18 infection, further studies are needed to investigate the relationship between methylation 
alterations and hrHPV16/18 viral load. Moreover, further basic researches are needed to explore the mechanism 
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of these tumor suppressor genes with abnormal methylation status in the pathogenesis of CC, so as to provide 
more effective and precise therapies and interventions.

Conclusion
In all, this exploratory study aimed to explore the possible role of methylation detection in CC screening. We 
firstly provided evidence that the methylation levels of FAM19A4, EPB41L3 and PAX1 increased as cervical 
lesions worsened, thus promising to be new biomarkers for monitoring disease progression. In particular, 
if possible, the combinationed performance of tri-gene methylation assay and logistic regression model will 
have the greatest predictive value. Our experimental results revealed that methylation detection of these three 
genes has extremely high sensitivity and specificity for HSIL and above, including CC. however, if further 
differentiation between HSIL and CC is required, additional ancillary evidence may be necessary to ensure that 
the diagnosis is not flawed.

Data availability
Data are available from the corresponding author on request.
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