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Original Article 
Assessing methylation status of PAX1 in cervical  
scrapings, as a novel diagnostic and predictive  
biomarker, was closely related to screen  
cervical cancer
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Abstract: Objective: Previous studies have demonstrated that levels of hypermethylation of paired boxed gene 1 in 
cervical tissues are associated with the grades of severities of cervical neoplasia in women, which suggests that 
testing for DNA methylation has a potential role in neoplasma screening. In this study, by testing methylation levels 
of PAX1 genes in cervical scrapings and cervical tissues of different lesion levels, aims to evaluate the diagnostic 
value of DNA methylation testing as a biomarker for early detecting cancerous changes in cervical tissues and to 
compare the efficacy between PAX1 methylation test and HPV test in detecting of cervical cancer. Methods: A total 
of 121 cervical scrapings were analyzed, including normal (n = 28), cervical intraepithelial neoplasm 1 (CIN1; n = 
32), CIN2/3 (n = 34), and invasive cancer (n = 27), which were all diagnosed by pathologic examination. Results: 
The values of PAX1 methylation reference in invasive cancer (mean [SE], 26.3 [3.5]) was significantly higher than 
CIN2/3 (13. 2 [2.2]) and the CIN1 (4.5 [0.45]; P < 0.001). The PAX1 promoter was hypermethylated in 100% of in-
vasive cancer tissue compared with 0% of normal tissue, 9% of CIN1, 44% of CIN2/3 (P < 0.01). Methylation levels 
of cervical scrapings and cervical tissues represent strong consistency within each group. In contrast, the HPV test 
result was positive in 17% of normal tissue, 81% of CIN1, 91% of CIN2/CIN3, and 92% of invasive cancer. Based on 
receiver operating characteristic (ROC) analysis, hypermethylation of PAX1 was a significant candidate in segregat-
ing cervical cancer from normal/cervical neoplasia cases (P < 0.001). At an optimal cutoff value, sensitivity and 
specificity between 80% and 93% were obtained. In conclusion, the current results indicated that the methylation 
density of PAX1 by pyrosequencing in cervical scrapings held a great promise for cervical cancer screening.
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Introduction 

In women, cervical cancer is the second most 
common malignancy in worldwide, which 
remains one of the main causes of deaths in 
women [1, 2]. Cervical cancer has a long pre-
invasive phase, which can last several years. 
The Bethesda System is used to define the dif-
ferent grades of dysplasia based on the 
descriptive terminology [3]. The low-grade 
squamous intraepithelial lesion (LSIL) compris-
es mild dysplasia and cervical intraepithelial 
neoplasia grade 1 (CIN1), whereas high-grade 
squamous intraepithelial lesion (HSIL) includes 
moderate to severe dysplasia, (CIN2 and CIN3) 
[4]. If left to no intervention, it is about 20% 

CIN2 progress to CIN3, 10-40% progress to 
invasive cancer [5, 6]. 

Human papilloma virus (HPV) infection is the 
main risk factor leading to cervical cancer [7, 8]. 
The HPV DNA test is performed as a triage for 
unequivocal Papanicolaou test results and for 
primary screening for cervical cancer in cervical 
scrapings [9]. However, HPV testing may lead to 
unnecessary referrals for colposcopy and 
unwarranted concern, which decrease its value 
in cervical cancer screening [10]. In addition, 
most infections are subclinical, transient, and 
uncancerous, which limited HPV test in the 
diagnosis of cervical cancer. Therefore, the 
identification of novel biomarkers for cervical 
cancer screening is important.
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It is obviously that many genetic and genes 
modification occur during tumorigenesis. 
Among those changes, histone deacetylation 
and aberrant promoter methylation of tumor-
suppressor genes could lead to its silencing 
functions and the significant carcinogenesis in 
the development of cancer [11, 12]. Since the 
discovery of aberrant DNA methylation pat-
terns in cancer cells, several studies have 
emerged, reporting atypical promoter hyper-
methylation of tumor suppressor genes in cer-
vical cancer [13-15]. The paired boxed gene 1 
(PAX1) is a member of highly conserved family 
of developmentally controlled genes that play a 
role in pattern formation during embryogenesis 
in vertebrates at transcriptional level [16]. 
Several studies show that PAX1 is frequently 
methylation silenced in cervical and ovarian 
cancers [17-20]. However, the role of frequent 
methylation silencing of the tumor suppressor 
PAX1 in the development of cervical cancer, 
and the functional role of PAX1 in carcinogene-
sis remains unknown. 

In the present study, we performed quantitative 
measurement of PAX1 gene methylation in cer-
vical scrapings and tissues, and compared the 
results between cervical scrapings and tumor 
tissues from the same patient. We further 
assess the ability of PAX1 methylation to sepa-
rate normal, LSIL and HSIL from squamous cell 
carcinoma (SCC) by using the receiver operat-
ing characteristic (ROC) analysis. 

Materials and methods 

Patients 

Approvals for this study were obtained from the 
Institutional Review Boards of the Central 
Hospital of Minhang District, Shanghai, China. 
Samples were obtained from patients with 

Pathologic examination of the cervical tissues 
were made and set as the golden standard of 
diagnosis. The exclusion criteria included preg-
nancy, systemic viral infections, presence of 
other cancers, absence of the uterine cervix, 
history of cervical neoplasia and previously 
diagnosed as immune compromise diseases. A 
total of 121 women, including 28 controls, 32 
with CIN1, 17 with CIN2, 20 with CIN3, and 27 
with invasive cancers were engaged in this 
study. 

DNA extraction 

Genomic DNA was extracted from the collected 
cells with a TIANamp Blood DNA Kit (QIAGEN 
Inc, Valencia, CA) according to the manufactur-
er’s protocol. The amount of extracted DNA was 
determined by NanoDrop 2000 spectropho-
tometer (Thermo Fisher Scientific Inc, Waltham, 
MA).

Sodium bisulphate treatment and pyrose-
quencing

Sodium bisulphate treated DNA was prepared 
using the EpiTect Bisulfate Kit (QIAGEN Inc, 
Valencia, CA) according to the manufacturer’s 
instructions. We used bisulfate pyrosequencing 
(BPS) to detect and quantify the patterns and 
levels of DNA methylation, which range from 
0% to 100% at each CpG site. The BPS primers 
were described as following, outside forward, 
5’-AAGTTTATTTTGGGTTTGGGGT-3’, outside re- 
verse, 5’-ACCCACCTCATCAACCCTCCC-3’; inside 
forward, 5’-GTGGAGAGTGTTTTGGGAGGG-3’, in- 
side reverse, 5’-AAATAACCRAAACTAAACCC-3’ 
(5’ cap of the primer is marked with biotin) in a 
nested PCR master mix reagent Kit (Roche 
Diagnostic, Mannheim, Germany). In nested 
PCR, we first used the outside primer (as 
described above) for amplification. The condi-

Table 1. The values of PAX1 methylation in the cervi-
cal scrapings 

Values of PAX1 methylation
N Age (Mean ± SE) Range (Mean ± SE)

Normal 28 36.1 ± 1.4 0-6.1 3.3 ± 0.41
CIN1 32 38.3 ± 1.3 0-10.2 4.5 ± 0.45
CIN2/3 34 39.7 ± 1.8 0-39.2 13.0 ± 2.2Ψ
Cancer 27 44.4 ± 1.6 0-65.6 26.3 ± 3.5*
ΨP < 0.001, comparing the CIN2/3 with the Normal and CIN1 
groups; *P < 0.001, comparing the invasive cancer with CIN2/3 
groups.

informed consent. Between July 2013 and 
September 2014, women referred for col-
poscopic examination or known cervical 
cancer at the Central Hospital of Minhang 
District was enrolled in this study. Healthy 
women were randomly invited into our 
study as healthy controls from those 
patients who visited the hospital for rou-
tine Papanicolaou test during the same 
period. Cervical scrapings and cervical tis-
sues were collected (preserved with the 
liquid nitrogen) and tumor suppressor 
genes were tested from the samples. 
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tions were set as follows: denaturation at 95°C 
for 5 minutes, 20 polymerization cycles (95°C 
for 40 seconds, the appropriate annealing tem-
perature for 40 seconds, and 72°C for 50 
seconds), and a final extension of 72°C for 5 
minutes. The product of the above PCR were 
set as templates for the following PCR and the 
inside primer were used for amplification. The 
conditions were the same as the above except 
that the polymerization cycle number were 35. 
The BPS followed was performed on the PSQ 
96 System (Pyrosequencing, Inc, Westborough, 
Mass), the sequencing primers are described 
as follows: 5’-GGGTAGGTTTTGGAG-3’.

HPV detection

Briefly, extracted DNA was amplified with biotin 
labeled primers that hybridized with HPV (PGMY 

primers) or b2-microglobulin. An aliquot of the 
amplified product was visualized after agarose 
gel electrophoresis. The integrity of the extract-
ed DNA and the HPV genotype were confirmed 
by hybridization with a strip containing probes 
for 27 HPV types and for the b2-microglobulin 
control, and visualized with streptavidin and 
alkaline phosphatase staining (Digene, Silver 
Spring, Md).

Statistical analysis 

Data analysis was carried out using statistical 
package Statistical Package for the Social 
Sciences Version 19 (IBM, NY). The Fisher 
exact and χ2 tests were used to analyze the sta-
tus of PAX1 methylation in the different groups. 
Receiver operating characteristic (ROC) curves 
were generated to confirm the accuracy of diag-

Figure 1. Representation of methylation status in cervical scrapings of healthy controls and cervical neoplasia. The 
methylation density of pyrosequencing is presented in the top of each tracing as the averaged methylation of the 
CpG sites analyzed. Normal (n = 28), cervical intraepithelial neoplasia grade 1 (CIN1, n = 32), cervical intraepithelial 
neoplasia grade 2 and 3 (CIN2/3, n = 34), cancer (n = 27).
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nosis of PAX1 methylation, and sensitivity and 
specificity. The statistical significance was set 
at P < 0.05.

Results 

PAX1 methylation levels in cervical scrapings

A total of 121 women enrolled in this study, 
which was specific enrichment for invasive cer-
vical cancer, CIN2/3, CIN1 and normal catego-
ries. Of 37 patients with cytologically proven 
CIN2/3, 32 had CIN1 and 27 had invasive can-
cers (Table 1). The status of methylation of the 
PAX1 gene was determined by pyrosequencing 
assays in cervical scrapings obtained from the 
patients with various degrees of cervical neo-
plasia and from the healthy controls. The levels 
of PAX1 methylation varied widely, depending 
on the extent of cervical dysplasia, and dis-
played a tendency closely related to the pro-
gression of cervical carcinogenesis (Figures 1, 
2). Specifically, invasive cervical cancers and 

tissues. Similarly, we found that PAX1 methyla-
tion correlated with cervical disease grade and 
was 100% positive in cervical cancers tissues 
(Figure 2). The PAX1 methylation levels were 
advanced in CIN2/3 group and cancer group as 
compared to control group and CIN1 group 
(Figure 2). There are no significant differences 
in methylation levels between cervical neopla-
sia tissues and cervical scrapings within each 
group, which is not statistically significant. But 
above all, linear regression analysis indicated 
that pyrosequencing methylation results were 
highly correlated between cervical scrapings 
methylation and tumor tissue methylation of 
PAX1 in 121 patient samples (Figure 3).

Receiver operating characteristic (ROC) curve 
analysis of PAX1

The cutoff value that distinguishes invasive 
cancer from noncancerous (CIN1-3 and normal 
tissue) was further determined on the data of 
PAX1 methylation rates in the subjects with dif-

Figure 2. The levels of PAX1 methylation in cervical scrapings and the corre-
sponding tissues was measured by pyrosequencing. Pyrosequencing results 
for methylation of PAX1 comparing cervical scrapings and tumor tissues 
from the same patient. Normal (n = 28), cervical intraepithelial neoplasia 
grade 1 (CIN1, n = 32), cervical intraepithelial neoplasia grade 2 and 3 
(CIN2/3, n = 34), cancer (n = 27).

Table 2. The status of PAX1 methylation and HPV infection in cer-
vical neoplasia and in healthy controls

N HPV positive (%) P PAX1 methylation P
Normal 28 10 (36%) 0 (0%)
CIN1 32 26 (81%) < 0.01 3 (9%) < 0.01
CIN2/3 34 31 (91%) < 0.05 15 (44%) < 0.01
Cancer 27 25 (92%) 27 (100%) < 0.01
*Cut-off-value of 4.1.

CIN2/3 had significant higher 
methylation values than the 
groups with less severe dis-
ease or normal controls (P < 
0.001) (Table 1). 

As shown in Table 2, the HPV 
infection rate in CIN1, CIN2/3 
and cancer group was signifi-
cantly higher than that of the 
control group, but it was not 
markedly different between 
CIN2/3 group and cancer 
group. Moreover, the high fre-
quency of PAX1 methylation 
was observed, where 100% 
were methylated in cervical 
cancers patients. Interestingly, 
the percentage of PAX1 meth-
ylation in cancer group was 
significantly higher than that 
of the control group (P < 0.01). 
These data confirmed that 
PAX1 methylation assay pro- 
ved superior to HPV positive 
rate testing in the detecting of 
high grade lesions in cervical 
neoplasia.

In this study, we also mea-
sured the levels of PAX1 meth-
ylation in the corresponding 
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ferent severities of cervical neoplasia. As 
shown in Table 2, a decreasing trend of meth-
ylation frequency was shown in invasive cancer 
followed by CIN2/3, CIN1 and normal tissues. 
In invasive cancer, the methylation rate was 
100%. In CIN2/3, methylation frequency had 
dropped to 44%. In CIN1/normal, the methyla-

tion frequency fell further to 9% and 0% respec-
tively (Figure 2; Table 2). At this cutoff value, 
specimens positive for invasive cancer were 
more significant than the noncancerous speci-
mens (P < 0.001). As a comparison, the HPV 
test result was positive in 92% of the invasive 
cancer and 69% of noncancerous specimens. 

Figure 3. Correlation between cervical scrapings methylation and tumor tissue methylation of PAX1. Linear regres-
sion analysis comparing average cervical scrapings methylation and tumor tissue methylation levels in all CpG 
sites by pyrosequencing (A) and from the first three CpG sites (B) in 121 patients. R ≥ 0.8 means highly correlation 
between cervical scrapings and tumor tissue PAX1 methylation levels. 

Figure 4. The ROC curve of PAX1 methylation for distinguishes between cervical cancer and cervical intraepithelial 
neoplasia. The area under the ROC curve (AUC) was calculated for the diagnosis of cancer vs. normal/CIN1-3 (A) 
and cancer vs. CIN2/3 (B). 
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Interestingly, HPV was present in 81% and 17% 
of the CIN1 and the normal tissues, respective-
ly, but PAX1 methylation was present in only 9% 
and 0%, respectively (Table 2). 

In ROC analysis of methylation levels of PAX1 
for cervical cancers versus normal and CIN1-3 
cases, we found that the area under the curve 
(AUC) was 0.88, which represents the accuracy 
of differentiate normal/CIN1-3 and tumor sam-
ples in terms of sensitivity (81%) and specificity 
(93%) (P < 0.001). For segregating cervical can-
cer from high-grade squamous intraepithelial 
lesion (CIN2/3), it showed that AUC was 0.51 
with a sensitivity of 32% and specificity of 90% 
(P < 0.01) (Figure 4).

Discussion

During the cervical cancer development, nor-
mal cervical cells gradually develop pre-cancer-
ous changes that turn into cancer. Cervical can-
cer evolves from pre-existing noninvasive 
premalignant lesions referred to as cervical 
intraepithelial neoplasias (CINs), ranging from 
CIN1 (mild dysplasia) to CIN2/3 (moderate/
severe dysplasia/carcinoma) [21, 22]. Infection 
with high-risk human papillomavirus (hr-HPV) is 
regarded as the vector that confers susceptibil-
ity to neoplastic conversion or that directly 
incites transmutation to a malignant pheno-
type in some infected epithelial cells [23]. HPV 
tests are appealing in cervical cancer. However, 
the HPV test has low specificity and is not rec-
ommended for screening purposes when it was 
used alone. Thus, we needed more specific and 
accurate biomarkers for cervical cancer screen-
ing. In the development of cancer, hypermethyl-
ation of CpG island promoters can inactivate 
tumor suppressor genes, affecting genes of the 
cell cycle, DNA repairing, cell-to-cell interac-
tions, apoptosis and angiogenesis [24]. In the 
scrapings of cervical cancer, the PAX1 gene is 
silenced by hypermethylation [17]. We here 
detected the degrees of PAX1 methylation in 
cervical cancer specimens, CIN2/3, CIN1 and 
normal specimens. We found a progressive 
increase in the level of PAX1 methylation in cer-
vical scrapings in the spectrum of cervical neo-
plasia and a significant increase of methylation 
levels in CIN2/3 and invasive cancer. It sug-
gests that hypermethylation of the PAX1 gene 
plays an important role in the development of 
cervical cancinogenesis. There were two signifi-
cant findings in this report: (1) we first reported 

on the levels and status of PAX1 methylation by 
pyrosequencing assays in cervical scrapings 
and tumor tissues from the same patient, and 
the levels of PAX1 methylation was highly cor-
related in two adjacent tissues; (2) we found 
that PAX1 methylation testing might significant-
ly improve the efficacy of cervical cancer 
screening. 

In present practice, the Papanicolaou test is 
useful in screening for cervical cancer, and the 
HPV testing is helpful in predicting and guiding 
the management of equivocal or low-grade 
Papanicolaou test results [25]. However, owing 
to its high false positive rate, the HPV test can-
not be used alone as a screening or diagnostic 
tool [25, 26]. In this study, the methylation lev-
els of the PAX1 gene was determined by pyro-
sequencing assays, and significantly associat-
ed with the cervical carcinogenesis and degrees 
of the cervix dysplasia. In addition, the methyla-
tion test of the PAX1 gene was both sensitive 
and specific in detecting cervical cancer from 
cervical scrapings, and thus could be a good 
candidate for testing of cervical cancer in vitro.

In this study, the method of quantitative detec-
tion of PAX1 gene methylation in cervical scrap-
ings by pyrosequencing could well distinguish 
cervical lesions between low-grade and high-
grade, between cancerous and noncancerous, 
which suggested great values of its clinical 
application. This method could to some extent 
distinguish between high-grade lesions and 
cervical cancer, which has brilliant prospect of 
development. Methylation Specific PCR (MS- 
PCR) on cervical tissues is a qualitative study, 
the result of which showed unsatisfactory sen-
sitivity and positive predictive value [27]. Not 
only that, the invasive operation of cervical tis-
sues sampling also limits its further clinical 
application. Our study also compared methyla-
tion levels of cervical tissues and cervical 
scrapings of patients in each group, the results 
of which represented strong consistency. There 
were no significant differences in methylation 
levels between tumor tissues and cervical 
scrapings within each group, which prompted 
that the quantitative detection of the levels of 
methylation of cervical scrapings could well 
reflect that of the tumor tissues. 

In conclusion, our results demonstrated that 
pyrosequencing PAX1 methylation results were 
highly correlated between cervical scrapings 
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and tumor tissue. In cervical scrapings, as a 
biomarker for cervical cancer screening in clini-
cal application, PAX1 methylation test by pyro-
sequencing assays might significantly improve 
the efficacy of cervical cancer screening. 
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