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Abstracts

Objectives DNA methylation of paired box-1 (PAX-1) gene has been shown to be a potential biomarker for the detection of
high-grade cervical intra-epithelial neoplasia (CIN) and invasive cervical cancer. The objective of this pilot study was to quan-
tify and compare methylation percentage of PAX1 gene in benign cervical lesion, pre-invasive and invasive cervical cancer.
Methods A total of 200 screen positive women (VIA, VILI and Pap test) underwent colposcopy. Cervical scrapes taken
were taken and stored for DNA analysis and PAX 1 methylation status. Women with Swede score of 5 or more (n=98) were
biopsied. Cervical scrapes and biopsy were taken from women with obvious cervical growth (n = 14), without prior colpos-
copy. Sixty women were recruited to the study and allocated into three groups on the basis of histopathology, i.e., benign
cervix (Group 1; n=20), CIN 2/3 (Group 2; n=20) and invasive cervical carcinoma (Group; n=20). PAX 1 methylation
percentage was calculated from the DNA extracted from the cervical scrapes of the women recruited.

Results The mean PAX1 methylation percentage in benign lesions, CIN 2/3 and invasive cancer was 9.58% (SD +2.37%),
18.21% (SD +2.67%) and 24.34% (SD +4.09%), respectively, with p-value of <0.001.

Conclusions PAX 1 gene methylation has a promising role in identifying high-grade lesions and invasive cancer.

Keywords Cervical cancer biomarker - Cervical intra-epithelial neoplasia (CIN 2/3) PAX1 DNA methylation - Squamous
cell carcinoma cervix

Introduction

Cervical carcinoma has now emerged as the eighth most
common cancer worldwide. Globocan 2020 states that each
year an estimated 604,127 cancer cases are detected, and
341,831 deaths occur due to cervical cancer worldwide. [1]

Cervical cancer has the unique feature of having well-defined
pre-invasive lesions associated with progressive steps of carcino-
genesis. The slow but steady progression of this disease from
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pre-malignant to malignant is induced by the persistent infec-
tion with high-risk human papilloma virus (HR HPV). Follow-
ing HR HPV infection, high-grade precancerous lesions may
develop within 3-5 years [2], whereas further evolution to full
blown cancer requires another 10 years [3, 4]. Thus, cervical
screening should aim at preventing carcinoma by identification
and treatment of these high-grade lesions.

Epigenetic aberrations cause oncogene activation or
tumor suppressor gene inactivation [5]. These epigenetic
changes include histone modifications, nucleosome occu-
pancy and positioning, protein and non-coding RNA inter-
actions, as well as direct DNA modifications. The gradual
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buildup of these epigenetic modifications leads to develop-
ment of the pre-invasive lesions and cancer [6].

Molecular biomarkers based on DNA methylation have
gained the most attention and are well recognized in cervi-
cal cancer. Aberrant DNA methylation of promoters of up-
regulatory genes leads to inactivation of tumor suppressor
genes like p53 and transcriptional gene inactivation. DNA
methylation is also easier to detect in both histological and
cytological specimens. Studies have shown that certain
genes like paired box 1 gene (PAX1), SRY-box 1 (SOX1),
LIM homeobox transcription factor la (LMX1A) and NK6
homeobox 1 (NKX6-1), the junctional adhesion molecule 3
(JAM3), EPB41L3, TERC, TERT, CI30RF18, and CADM1
and MAL have been found to undergo aberrant DNA meth-
ylation during integration of HPV DNA in the host genome
[7-9].

A recent study conducted by PH Su et al. has shown the
role of PAX 1 gene in maintaining the on—off homeostasis
between the kinases and phosphatases in the cervical epithe-
lium. Epigenetic transformation through hypermethylation
of PAX1 gene disturbs this equilibrium and leads to cancer.
The authors further suggest that therapies targeting these
epigenetic transformations and the resultant reactivation of
the tumor suppressor may present with new possibility of
dealing with chemo- and targeted therapy resistance [10].

The aim of the present study was to evaluate methylation
status of paired box 1 gene (PAX 1) in cervical intraepi-
thelial neoplasia and cervical cancer. The objective was to
quantify and compare the status of methylated PAX1 gene
in benign lesions, pre-invasive and invasive cervical cancer.
The secondary objective was to compare the DNA methyla-
tion level with cytopathology report.

Material and Method

This was a pilot study, performed at University College of
Medical Sciences, Guru Tegh Bahadur Hospital, Delhi, a
tertiary care hospital catering to lower-middle-class popula-
tion from November 2016 to April 2018. A written informed
consent was taken from all patients, and ethical clearance
was taken from Institutional Ethics Committee.

Sample size was calculated with 80% power and 5%
level of significance using F-test for fixed affect one-way
ANOVA. Three groups were made including women with
chronic cervicitis (n=17), CIN 2/3 (n=17) and invasive
cancer (n=17), such that 51 women were included in the
study [11]. Women with biopsy proven diagnosis of CIN 2/3
and squamous cell carcinoma were recruited in the study.
Pregnant women were excluded in this research study to
avoid bleeding associated with cervical scrapes using a cyto-
brush. Women with HIV coinfection were excluded from the
study as methylation of host genes may be disrupted by HIV

infection and cross reactivity between HPV and HIV is still
under research. Women with prior surgery on the cervix,
previously treated CIN and any other coexisting cancer were
also excluded.

A total of 1680 sexually active women > 21 years
of age attending gynecology OPD were screened in
the gynecology OPD using Pap test followed by visual
inspection tests. Two hundred colposcopies were con-
ducted on screen positive women and 98 biopsies were
taken when calculated Swede score was more than or
equal to 5 [12]. On histopathology 59 women were found
to have chronic cervicitis or squamous metaplasia, 13
women had diagnosis of cervical intraepithelial neopla-
sia 1, 17 women had CIN 2/3, and 6 women were diag-
nosed to have squamous cell carcinoma. Out of the 59
women having chronic cervicitis on biopsy, samples of
17 women were selected on a random basis for further
DNA analysis and taken as controls. CIN 1 lesions are
known to be transient lesions, while CIN 2/3 are the trans-
forming lesions; hence, being true pre-invasive lesions,
women with CIN 2/3 were recruited for the study. Eleven
women having cancer cervix had presented with an obvi-
ous growth (screening tests not done and did not undergo
colposcopy) were also included in the study and biopsy
was sent from the growth. Thus, 17 women in each group
were recruited namely Group 1 (benign/ chronic cervici-
tis), Group 2 (CIN 2/3) and Group 3 (invasive SCC) using
colposcopy and/or direct biopsy.

Cervical scrapes for PAX 1 methylation analysis were
taken from all women who underwent colposcopy before
which a written informed consent was taken. Cervical
scrapes for PAX 1 methylation analysis were also taken from
women presenting with invasive cancer and frank cervical
growth.

Cervical scrapes were then stored at a temperature
of—20 deg till it was further processed for DNA analysis
and PAX -1 methylation status. The DNA was extracted
from the cervical scrapings and purified using the QIA amp
DNA Mini Kit (QIAamp®). The purified DNA was subjected
to Bisulfite conversion using the EZ-DNA methylation kit
(Zymo Research Corp.). PAX 1 gene promoter primers of
140 base pairs were obtained for carrying out the polymerase
chain reaction.

The bisulfite-modified DNA obtained from cervical
scrapes underwent Sanger sequencing according to the
manufacturers protocol (Eurofin services). Comparison
was made between Sanger-sequenced untreated DNA
and bisulfite-modified DNA enabling the detection of the
methylated cytosines. During the process of sequencing,
instead of labeling the products of all 4 sequencing reac-
tions with the same radioactive deoxynucleotide; each
dideoxynucleotide was labeled with a different fluores-
cent marker. When excited with a laser, four different
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kinds of products were detected and the fluorescence
intensity translated into a data “peak”. The results thus
produced were in the form of graphs. These sequencing
graphs were further processed for quantification of meth-
ylation status, by the BISMARK software. This software
captured the snap shot of a cell’s epigenomic state by
revealing its genome-wide cytosine methylation at single
base resolution. The output from this software discrimi-
nated between cytosines in CpG, CHG and CHH context
and enabled interpretation of their methylation data soon
after the sequencing run was completed, thus giving the
results in form of methylation percentages, after compar-
ing untreated PAX 1 promoter region primer and the DNA
extracted from the cervical scrapings.

Data were recorded using Microsoft Excel and analyzed
using MedCalc Statistical Software version 18.2.1. Quan-
titative data were represented as mean and standard devia-
tion and qualitative data as number and percentage. Kruk-
sal-Wallis test was applied to compare quantitative data
between two groups, while for qualitative data Chi-square/
Fisher test was used.

Results

We invited 51 women to participate in this study where
cervical scrapes were collected just before the colposcopic
guided biopsy. The demographic profile for all women is
shown in Table 1.

PAX 1 Methylation Levels According
to Histopathology

Cervical scrapes taken during colposcopy were analyzed for
PAX1 gene methylation levels. Due to problems like sam-
ple contamination and DNA degradation, results of only 48
samples could be obtained. Of these, 14 samples were of
benign lesions (Group I), 17 were CIN 2/3(Group 2) and
17 were invasive cancer (Group 3). The mean methylation

Table 1 Comparison of Histology and mean age of study participants

level in benign lesions was lowest, i.e., 9.58% (SD +2.37%),
while the mean methylation level in CIN 2/3 was 18.21%
(SD +2.67%) and mean methylation level in invasive cancer
was highest 24.34% (SD +4.09%), with p-value of <0.001.

(Fig. 1).

Receiver Operating Characteristic (ROC) Curve
Analysis of PAX1 Methylation for Invasive Cancer
Versus CIN 2/3

The ROC curve for analysis of PAX 1 methylation per-
centage in invasive cancer versus CIN 2/3 showed the area
under the curve was 0.865 with 95% CI (0.704 to 0.957)
with P-value of <0.0001. Best cutoff point was 21.8% at
which the sensitivity was 76.67% and specificity was 100%
(P<0.001). All cases of invasive cancer had PAX 1 methyla-
tion levels above the cutoff value of 21.8%. (Fig. 2).

Frequency of PAX 1 Methylation in Invasive Cancer,
Pre-Invasive Cancer and Benign Cervices

High frequency of PAX 1 methylation percentage was
observed with increasing severity of neoplasia. The per-
centage PAX 1 methylation for cancer group and CIN 2/3
was significantly higher. At a cutoff of 21.8% the PAX 1
methylation frequency for benign cervices was calculated to
be 0%; for CIN 2/3 it was 5.9% and for cancer cases it was
76.5% (Table 2).

Papanicolaou (Pap) Test

Pap test was performed in 40 women (excluding 11 women
with obvious growth). Interpretation of Pap test was done
using the 2001 Bethesda System. Positive test was seen in 21
(52.5%) out of the 40 women, i.e., 12 women were reported
to have unsatisfactory pap test twice consecutively, LSIL
was seen in two, HSIL in four and squamous cell carcinoma
in three respectively (Fig. 3).

Variables BIOPSY Total P value
Group 1 =benign  Group 2=CIN 2/3 Group 3 =Cancer cervix
lesions
Age 38.45+8.49 43.1+10.99 49.2+11.19 43.58+11.05 0.007%*
Age at marriage 18.5+2.14 17.45+1.96 16.6+1.5 17.52+2.01 0.009%*
Age at first intercourse 18.8+2.21 17.5+2.14 16.55+1.43 17.62+2.14 0.003%#*
Age at first child birth 21.2+2.07 19.25+2.02 18.4+1.47 19.62+2.19 <0.001%*
Age at menarche 14.45+1 13.95+1 13.75+1.02 14.05+1.03 0.085+
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Fig. 1 PAX 1 methylation
percentage in benign lesions, 30
CIN 2/3 and cancer. Distribu-
tion of PAX1 methylation
percentage in women having
benign lesions, CIN 2/3 and
cancer. Boxes, horizontal line
and whiskers represent 25-75%
quartile, median value and
range, respectively. The median
value for Group 1 (benign
lesions) was 10.19, range
5.8-12.38; for Group 2 (CIN
2/3) the median value was 18.8
with a range of 13.8-21.8, while
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Table 2 Frequency of methylation of PAX 1 (at cutoff of 21.8%) and
histopathology
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Fig.2 Receiver operating characteristic (ROC) curve analysis of
PAX1 methylation for cancer versus CIN 2/3

PAX-1 Methylation Status, Histopathology
and Cytology

Although statistically insignificant due to small data, corre-
lation between the three parameters showed that while Pap
test did not identify the high-grade lesions, performing PAX

Histopathology PAX 1 Methylation p-value
Benign cervices 0/14 (0%)

CIN 2/3 1/17 (5.9%) 0.0003
Cancer 13/17 (76.5%) 0.02

1 methylation analysis could help identify patients who have
a high propensity for progressing to cancer. Out of 8 women
with normal Pap test, 4 women with CIN 2/3 on biopsy were
identified as having high-grade lesions by PAX1 methyla-
tion analysis. Similarly, out of 12 women with unsatisfactory
pap report, 9 women had CIN 2/3, while one woman was
diagnosed with invasive cervical cancer on biopsy. She was
again picked up as high-grade lesion using the PAX 1 level
cutoff. (Table 3).

Discussion

Cervical cancer is caused by HPV and it’s not just the persis-
tent infection but the slow accumulation of various genetic
and epigenetic changes over several years which actually
causes cancer. This time period provides the clinicians with
the golden opportunity to detect it early and prevent further
morbidity and mortality. Cytology has been used over the
past century as the main screening tool but with drawback
of low sensitivity and false positive rate of 20%. (19) Even
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Fig. 3 Distribution of Pap 14
Smear Reports According to 1
Histopathology
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Table 3 COmparison of PAX-1 Pap Test Chronic Cervicitis CIN 2/3 Cancer cervix
methylation percentage,
histopathology and cytology NILM(n=8) 8.6%(n=4) 17.16%(n=4)
Inflammatory(n=11) 10.35%(n=10) 25.6%n=1)
Unsatisfactory(n= 12) 8.43%(n=>5) 18.09%(n=6) 28.5%mn=1)
LSIL(n=2) 21.8%(n=2)
HSIL(n=4) 19.08%(n=3) 21.6%n=1)
SCC(n=3) 25.5%n=3)
NILM(n=8) 8.6%(n=4) 17.16%(n=4)

NILM Negative for Intraepithelial Lesion or Malignancy, LSIL Low-Grade Squamous Intraepithelial
Lesion, HSIL High-Grade Squamous Intraepithelial Lesion, SCC Squamous Cell Carcinoma

though HPV testing has now become the standard test for
diagnosis, other low risk strains may not be picked up and
prevent early detection and addition of another molecu-
lar test may prevent such lapses. The use of genome wide
approach including next-generation sequencing and microar-
ray has allowed the identification of newer diagnostic param-
eters for the early recognition of cervical cancer. Studies
have now shown that altered DNA methylation especially
site specific hypermethylation of PAX 1 gene has a promis-
ing role in detection of pre-invasive and invasive cervical
cancer. The various studies conducted worldwide have vali-
dated the potential of PAX 1 methylation as the diagnostic
biomarker in cervical cancer molecular screening. Taiwan-
ese FDA has approved the use of PAX 1 methylation as an
adjunct to cytology in cervical cancer screening in 2016.
This pilot study was aimed to see whether PAX1 meth-
ylation helped detect the pre-invasive and invasive disease
in the Indian population. The present study showed that the
mean PAX 1 methylation in benign lesions was lowest, i.e.,
9.58% (SD +2.37%), while the mean methylation in CIN 2/3
was 18.21% (SD +2.67%) and mean methylation in invasive
cancer was highest at 24.34% (SD +4.09%). These findings
are in accordance with results obtained in a study conducted
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by Xu Jun et al. which showed that the mean methylation sta-
tus for normal, CIN 2/3 and cancer was 3.3%(SD +0.41%),
13.0%(SD +2.2%) and 26.3%(SD +3.5%), respectively. [11]

In another study by Lai HC et al., the authors concluded
that quantitative measurement of PAX1 hyper-methylation in
cervical scrapings is highly sensitive for detection of cervi-
cal cancer [13], while study conducted by Xu et al. showed
that methylated PAX-1 demonstrated greater ability to detect
cervical cancer with the sensitivity and specificity at the
cutoff point being 79.1% and 89.3%, respectively. [14]

The recent meta-analysis conducted by Kelly H et al.
showed that women with CIN 2/3 had remarkably high
DNA PAX 1 methylation than CIN 1. The study also found
that DNA methylation has higher specificity than cytology
ASCUS+ and higher sensitivity than HPV 16/18 genotyping
when used as triage test [15]. In the present study, although
the sample size was small, it was found that women with
normal pap smear who had high-grade lesion on biopsy cor-
responded with higher PAX 1 methylation levels in cervical
scrapes. Hence, PAX -1 methylation can be used as a useful
adjunct to cytology to increase the accuracy. In the present
times, it is not possible to do it at all levels and is considered
useful for research settings than clinical usefulness.
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This study can be considered as pioneering study in
Indian context, as not many studies have been conducted
in India and is still in research phase. Long-term study at
different centers is needed to prove its efficacy. In another
meta-analysis Fang et al. concluded that combined testing
for HPV and PAX 1 methylation was an effective triage tool
in cervical cancer screening program.

Conclusions

To summarize, in this biopsy affirmed pilot study, the PAX
1 gene methylation status obtained from the cervical scrapes
demonstrates significantly higher status in women with pre-
malignant and malignant lesions. PAX 1 methylation status
may accurately identify women with persistent and trans-
forming HPV infection and identify women with precancer-
ous lesions that are going to progress to cancer, with higher
precision. However, studies with larger sample size and with
HR HPV genotyping correlation need to be conducted before
PAX 1 methylation test can be considered as a triage test.
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