Am J Transl Res 2020;12(6):2814-2826
www.ajtr.org /ISSN:1943-8141/AJTR0102040

Original Article

Aberrant promoter methylation of NOTCH1 and NOTCH3
and its association with cervical cancer risk factors in
North Indian population

Lokesh Kumari Kadian?, Gulshan Gulshan?, Parul Ahuja’, Geetanjali Singhal®, Shivkant Sharma?, Smiti
Nanda?, Ritu Yadav*

1Department of Genetics, Maharishi Dayanand University, Rohtak, Haryana, India; 2Department of Obstetrics
and Gynaecology, PGIMS, Rohtak, Haryana, India; *Department of Biosciences and Bioengineering, IIT Bombay,
Mumbai, Maharashtra, India

Received July 31, 2019; Accepted January 21, 2020; Epub June 15, 2020; Published June 30, 2020

Abstract: Cervical cancer is the fourth most common type of cancer in women worldwide, and associated mortality
is highest in developing countries like India. Limited studies are available on the role of NOTCH signaling pathway
and promoter methylation in cervical cancer. In the current study, we investigated the promoter methylation status
of NOTCH receptor genes (mainly NOTCH1, NOTCH2, and NOTCH3) and its correlation with gene expression, clinico-
pathological factors, and prognosis of cervical cancer. A total cohort of 110 cervical cancer patients of North Indian
origin was enrolled in the study. From 28 of these patients, biopsies from adjacent non-cancerous tissue were avail-
able to serve as healthy controls. Promoter methylation status and mRNA expression level of NOTCH1, NOTCH2,
and NOTCH3 were determined by methylation-specific PCR (MSP) and real-time quantitative (RT-qPCR), respectively.
NOTCH1 and NOTCH3 promoters were methylated in 92% (P<0.0001), and 61% (P<0.001) of the cervical cancer
biopsies. We did not observe a statistically significant change in the promoter methylation level of NOTCH2. Further,
NOTCH1, NOTCH2, and NOTCH3 were down-regulated in cervical cancer biopsies, but the differential expression of
only NOTCH1 was found statistically significant. The promoter methylation levels of all three genes also showed a
statistically significant association with clinicopathological factors and HPV infection (Type 16 and 18) but we did
not observe a statistically significant relationship between their methylation status and gene expression. Overall our
results provide evidence of the altered methylation and expression status of NOTCH1 and NOTCH3 receptor genes
in cervical cancer. This study of NOTCH gene promoter methylation may provide a new perspective for early screen-
ing and diagnosis of cervical cancer.
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Introduction of the human papillomavirus (HPV) in the patho-
genesis of cervical cancer is well established as
a persistent infection by high-risk serotypes of
HPV (mainly type 16 and 18) confers a higher
risk of cervical cancer development. However,

infection by HPV alone is not sufficient as addi-

According to the World Health Organization,
570,000 new cases of cervical cancer are diag-
nosed annually, representing 6.6% of all female
cancers. Approximately 90% of cervical cancer-

related deaths occur in middle and low-income
nations, and India shares a significant burden
of this high rate of mortality [1]. More than
122,844 women in India get diagnosed with
cervical cancer, out of which 67,477 dies of the
disease every year [2]. In India, the incidence
rate of cervical cancer is close to 2% (1 in 53),
which is about twice (1 in 100) as high as in
more developed regions of the world [3]. Role

tional genetic and epigenetic alterations in the
affected women are required for progression
from precancerous disease to invasive cancer
(4, 5].

NOTCH pathway is an evolutionarily conserved
intercellular signaling pathway that regulates
interactions between physically adjacent cells,
patterning, cell fate decisions, cell proliferation,
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and growth [6]. NOTCH pathway gets triggered
by the interaction of NOTCH receptors (NOTCH1,
NOTCH2, NOTCH3, and NOTCH4) with NOTCH
ligands (DLL1, DLL4, JAG1, and JAG2) [7]. Each
NOTCH receptor is encoded by a different
NOTCH gene (NOTCH1, NOTCH2, NOTCH3, and
NOTCH4). Abnormal activation of the NOTCH
pathway plays a crucial role in tumor develop-
ment and progression in different malignant
cancers [8]. In a variety of cell types, the NOTCH
signaling impedes apoptosis and activates pro-
liferation, and in some cell types, it inhibits
tumor growth. Thus, depending on the cell type,
NOTCH genes can act as oncogenes or as
tumor-repressor genes. Further, this dual
nature of NOTCH genes is context-dependent
and varies in different malignancies [9].

NOTCH genes act as an oncogene in acute
T-cell lymphoblastic leukemia (T-ALL), breast
cancer, gastric cancer, and lung cancer [10-13].
Over-expression of NOTCH3 was observed in
human lung cancer cell line, and its inhibition
using targeted therapy decreased the prolifera-
tion of cells in vitro [13]. In small cell lung can-
cer, bladder cancer and in low-grade gliomas,
NOTCH signaling has the tumor-suppressive
role [14-16]. In small lung cancer cell lines, over
expression of NOTCH1 and NOTCH2 arrests the
growth of cells [14]. Inhibition of over-expressed
NOTCH receptors (NOTCH3 and NOTCH4) and
NOTCH ligand (JAG1) in pancreatic cancer tis-
sue resulted in tumor suppression while over-
expression of NOTCH2 was reported in pancre-
atic lesions and loss of expression of NOTCH2
inhibited progression of pancreatic cancer [17].
In embryonal brain tumor, NOTCH2 promotes
the progression of the tumor, whereas, NOTCH1
inhibit the tumor growth [18].

NOTCH signaling pathway also plays a crucial
role in the development and progression of cer-
vical cancer [19, 20]. Previous studies showed
that NOTCH1 is down-regulated in cervical can-
cer tissues in comparison to healthy cervix tis-
sues while NOTCH3 was found to be over-
expressed in cervical cancer tissues, promoting
proliferation and survival of tumor cells [21,
22]. The mechanism leading to deregulation of
NOTCH expression is not known yet. Recently, a
trend of increased tumorogenesis was found
with abnormal methylation pattern during the
multistage carcinogenesis of cervical cancer
[23]. Hypermethylation of CpG islands in pro-
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moter regions is usually coupled with decreased
gene expression and is very frequently found in
specific tumors [4]. The study of methylation
status of the NOTCH genes may provide a
potential mechanism through which they are
deregulated in cervical cancer. The abnormal
methylation status of the NOTCH pathway can
be used as a biomarker for early diagnosis and
can provide legitimate targets for cervical can-
cer therapy.

We explored the promoter methylation status
and gene expression of the NOTCH receptor
genes (NOTCH1, NOTCH2, and NOTCH3) in cer-
vical cancer patients to evaluate their associa-
tion in order to gain insight into the epigenetic
regulation of NOTCH signaling in cervical can-
cer. Further, we have studied the correlation of
promoter methylation with different clinico-
pathological factors and with HPV infection
(HPV16 and 18) in order to understand its
potential use in the early diagnosis of cervical
cancer. To our knowledge, no such studies on
promoter methylation of the NOTCH receptor
genes have been reported yet in cervical
cancetr.

Material and methods
Study design

The present study was conducted on cervical
biopsies collected from 110 married women
with cervical abnormalities (94 cervical cancer
biopsies, 16 chronic cervicitis biopsies) from
Department of Obstetrics and Gynecology,
Pandit Bhagwat Dayal Sharma Health Univer-
sity, Haryana, India, from September 2016 to
August 2018. From 28 of these patients, biop-
sies from adjacent healthy tissue were avail-
able, that served us as healthy control biopsies.
Written informed consent was obtained from all
enrolled cases, and relevant clinicopathologi-
cal parameters were collected after their clini-
cal examination. Pathologists carried out the
histopathological analysis of collected biopsies
and classified them to various grades of cervi-
cal tumors. All samples were processed in a
Biosafety Level Il laminar flow hood in the
Department of Genetics, Maharishi Dayanand
University, Rohtak, Haryana, India. Ethical
approval for sample collection was obtained
from the institutional human ethical committee
(IHEC) with Number IHEC/2016/80-13.06.16.
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Table 1. Primer for Real-Time PCR (RT-PCR) and Methylation specific PCR (MSP)

Name Forward Primer Reverse Primer tem?)r;::tTIrZ%° 0) ;Zd(l;%t)
MSP Primers
NOTCH1 (M) TGGTTTTTGAAAATTTTTAAACGA  ATAAAACTCAAAATCGAAATACGCT 61.5 263
NOTCH1 (UM) TTGGTTTTTGAAAATTTTTAAATGA AATAAAACTCAAAATCAAAATACACT 61.5 265
NOTCH2 (M)  TTTGTATTGGTTAAGTTAGCGAGTC GCGCGAAAAAATCTACTACGA 55.5 120
NOTCH2 (UM) TGTATTGGTTAAGTTAGTGAGTTGT TCCACACAAAAAAATCTACTACAAA 55.5 121
NOTCH3 (M)  TTGGGATTATAGGTCGGAGTTATC ACCGAACACCTCTAAAACCG 60.7 208
NOTCH3 (UM) TTGGGATTATAGGTTGGAGTTATTG CCAAACACCTCTAAAACCAAA 63 207
Real Time Primers
NOTCH1 TCGACGATTGTCCAGGAA GACACACACGCAGTTGTAG 58 110
NOTCH2 GTGTTGACTTCTGCTCTCTC AGTTGGACCTTCTCACTCA 58 110
NOTCH3 AGGCTTCACAGGAACCTA GCTGGTCCACGCATTT 58 110
GAPDH AGCGAGATCCCTCCAAA CTTGAGGCTGTTGTCATACT 58 110

(M-Methylated DNA specific primer, UM-Unmethylated DNA specific primer, °C: Celcius; bp: Base pair).

Sample collection and genomic DNA isolation

Fresh cervical biopsies were collected and pre-
served in RNA later solution (Invitrogen; Thermo
Fisher Scientific, Inc.) and stored at -80°C for
further processing. Genomic DNA Isolation
from tissue samples was performed by using
STE buffer -100 mM NaCl, 10 mM Tris, and 1
mM EDTA (Sisco Research Laboratories, India).
Briefly, tissues were crushed in Liquid N, and
re-suspended in STE buffer and then incubated
with 100 pg of proteinase K (Invitrogen; Thermo
Fisher Scientific, Inc.) at 55°C for 16 h. DNA
was extracted using phenol, chloroform, and
isoamyl-alcohol mixture (25:24:1) and further
precipitated by using ethanol. Extracted DNA
samples were stored at -20°C for future use.
The concentration and purity of genomic DNA
were determined by Nanodrop Spectrophoto-
meter (mySPEC, Sigma-SVi). Samples with an
0D, /0D, ratio between 1.8-2.0 were includ-
ed in the study. Additionally, the integrity of
genomic DNA was also confirmed by 0.8% aga-
rose gel electrophoresis.

Bisulfite conversion

300 ng of freshly isolated genomic DNA was
modified by Sodium bisulfite using MethylCode™
Bisulfite Conversion Kit (Applied Biosystems;
Thermo Fisher Scientific, Inc.) as per manufac-
turer’s instructions. Bisulfite conversion of DNA
was carried out at 98°C for 10 minutes fol-
lowed by 2.5 hours incubation at 64°C during
which unmethylated cytosine was converted
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into uracil completely. Bisulfite converted DNA
was stored at -20°C until further usage.

Primers for methylation specific PCR (MSP)
and real time quantitative PCR (qPCR)

For detection of promoter methylation, primers
specific for either methylated or unmethylated
promoter region (Table 1) were designed using
Methprimer online tool. Sequences for NOTCH
gene promoter regions were retrieved from
the Eukaryotic Promoter Database. Primers for
gPCR were designed using OligoAnalyzer 3.1
software. PCR were performed using Hot Start
Tag-DNA-polymerase (New England Biolabs,
USA), 0.2 mM dNTPs, 1 uM primers and by fol-
lowing cycling protocol: initial denaturation at
98°C for 10 minutes followed by 40 cycles of
95°C for 30 seconds, 55°C to 63°C for 30 sec-
onds and 72°C for 30 seconds; and a final
extension at 72°C for 10 minutes. The PCR
products were visualized after electrophoresis
on ethidium-bromide stained 3% agarose gel.

RNA extraction and reverse-transcription real-
time quantitative PCR

Since all biopsies were not sufficient for the iso-
lation of both DNA and RNA, therefore RNA was
isolated from only 70 cervical cancer biopsies
and 18 adjacent normal biopsies. RNA extrac-
tion was performed by Trizol reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) using manufac-
turer guidelines with slight modifications as
per requirement, and the concentration was
determined by Nanodrop Spectrophotometer
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Table 2. Socio-demographic and clinico-pathologi-
cal features of the cervical cancer study population

Sociodemographic &

Number of Percentage

Clinicopathological Features  Patients (N) (%)
Age

<55 years 42 38.18

>55 years 68 61.82
Age at time of marriage

<18 53 48.18

>18 57 51.81
Rural 86 78.18
Urban 24 21.81
Number of births

>3 60 54.54

<3 50 45.45
Number of abortions

0-2 101 91.81

<3 9 8.18
Menopause

Pre 43 39.09

Post 67 60.90
Menstrual Hygiene

Poor 72 65.45

Good 38 34.54
Histological grading

Cervicitis 16 14.54

Squamous Cell Carcinoma 90 81.81

Adenocarcinoma 2 1.81

Adenosquamous carcinoma 2 1.81
Differentiation degree

Unknown 46 48.93

Poor 8 8.51

Moderate 46 48.93

Well 10 10.64

(mySPEC, Sigma-SVi). 100 ng of RNA was used
for cDNA synthesis, which was carried out using
RevertAid First Strand cDNA Synthesis Kit
(Thermo Scientific# K1622). Quantitative real-
time PCR was performed using Maxima SYBR
Green/ROX gqPCR Master Mix (Applied Biosys-
tem; Thermo Fisher Scientific, Inc.) in Step One
Plus Real-Time PCR system (Applied Biosystem;
Thermo Fisher Scientific, Inc.). Cycling condi-
tions of 10 minutes at 94°C, 40 cycles of 95°C
for 15 seconds and 58°C for 45 seconds, 1
minute at 72°C were used for PCR. Expression
of the NOTCH genes was calculated relative to
GAPDH expression as ACt=Ct,,..,-Ct, ., Lar-
ger ACt values represent higher relative NOTCH
expression.
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Statistical analysis

GraphPad Prism 8 software (GraphPad, Cali-
fornia, USA) was used to perform the sta-
tistical analysis. Odds ratio (95% confidence
interval) and Fisher’s exact test were used to
compare the promoter methylation status of
NOTCH genes in cancer and normal biopsies
and to evaluate the correlation between the
promoter methylation pattern and the clinico-
pathological factors and HPV infection. Gene
expression levels of Notch genes in cervical
cancer and healthy tissues were compared
using Student’s t-test, and the correlation
between promoter methylation and gene
expression was studied using the Pearson
correlation coefficient and t-test. A p-value of
<0.05 was considered statistically signifi-
cant.

Results

Demographic and clinical features of cervical
cancer biopsies

Sociodemographic features and histological
grading of all cervical cancer cases included
in the study are shown in Table 2. Mean age
and age at marriage were 55.3 and 15.95
with an age range of 28-82 years and 14-21
years respectively. Most of the cases (84.4%)
were illiterate/just literate and belonged to
the rural background (60.3%). Bleeding after
menopause and bleeding during intercourse
were the main symptoms in cervical cancer
cases. Differentiation degree was unknown
for 41.8% cancer biopsies, while 41.8% biop-
sies showed moderate differentiation, 9.1%
showed well differentiation and 7.3% showed
poor differentiation.

Methylation profile of NOTCH1, NOTCH2 and
NOTCH3 in cervical cancer and in healthy biop-
sies by methylation-specific PCR (MSP)

In order to determine promoter methylation
pattern of NOTCH receptor genes, we analyzed
the methylation status of NOTCH1, NOTCH2,
and NOTCH3 in cervical cancer biopsies and
healthy biopsies (Figure 1). NOTCH1 and NOT-
CH3 promoters were found to be methylated
in 92% and 61% of cervical cancer biopsies
respectively while NOTCH2 promoter showed
methylation in only 36% biopsies. In the case of
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Figure 1. Representative images of Methylation specific PCR (MSP) analysis
for NOTCH1, NOTCH2 and NOTCH3 in cervical cancer biopsies. NOTCH1 and
NOTCH3 showed maximum methylation whereas Notch2 showed maximum un-
methylation (A) NOTCH1 MSP. L: 100 bp DNA ladder; P: samples positive for
methylation, N: samples negative for methylation (B) NOTCH2 MSP. L: 100 bp
DNA ladder; P: samples positive for un-methylated DNA, N: samples negative for
un-methylated DNA (C) NOTCH3 MSP. L: 100 bp DNA ladder; P: samples positive
for methylation, N: samples negative for methylation (M: methylation-specific

PCR and UM: unmethylation-specific PCR).

normal biopsies, NOTCH2 promoter was un-
methylated in 82% while NOTCH1 and NOTCH3
were un-methylated in 64% and 61% of the
biopsies respectively. Also, NOTCH3 promoter
was positive for both methylated and unmethyl-
ated DNA in 25% of normal biopsies which can
be a result of partial methylation. When we
compared the methylation status of individual
Notch genes in normal biopsies with that of cer-
vical cancer biopsies, a significant difference in
NOTCH1 (P=0.0001) and NOTCH3 (P=0.001)
promoter methylation was observed. Promoters
of Notchl and Notch3 gene are majorly methyl-
ated in cervical cancer biopsies and un-methyl-
ated in the healthy biopsies. We did not observe
a statistically significant difference of NOTCH2
promoter methylation between normal and cer-
vical biopsies in our cohort of samples (Table
3).

Relationship of promoter methylation of
NOTCH1, NOTCH2 and NOTCH3 with patient
age, menopause status and disease status

The relationship between the promoter methyl-
ation status of NOTCH genes with cervical can-
cer risk factors (age, menopause status, histo-
logical grading, and differentiation degree) was
analyzed by Fisher’s exact test and Odds ratio
calculation (95% Confidence interval) (Table 4).
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When methylation frequen-
cy of NOTCH1 and NOTCH2
promoter was compared
with individual age, a sig-
nificant difference was ob-
served between females
above the age of 55 years
and below 55 years. Similar
observations were obser-
ved for menopause status
of the women. Postmeno-
pausal women showed sig-
nificant association with
promoter methylation sta-
tus of NOTCH2 (P=0.004)
and NOTCH3 (P=0.01). We
did not observe a signifi-
cant relationship between
differentiation degree (well,
moderate and poor differ-
entiation) and methylation
frequency of NOTCH genes.
93% of NOTCH1 methylat-
ed biopsies belonged to
cervicitis and squamous cell carcinoma gra-
des showing a significant association (P=0.03)
amongst these. Women of age >55 years had a
higher frequency of NOTCH1 and NOTCH3 pro-
moter methylation while NOTCH2 promoter was
mainly unmethylated (84%) in this age group.
Women having cervicitis and squamous cell
carcinoma and exhibiting poor differentiation
degree had NOTCH1 promoter majorly methyl-
ated. This correlation study points towards the
possible involvement of NOTCH1 promoter
methylation status as early diagnosis and
severity marker in cervical cancer.

I

Detection of HPV infection in cervical cancer
samples

Out of 110 cervical cancer biopsies, 97% were
positive for HPV DNA. Amongst those, 84%
were HPV16 positive, and 73% samples were
positive for HPV18 (Table 5), as reported in our
previous study [24]. 56% samples were found
positive for both HPV16 and HPV18 infection.
The HPV infection has a high prevalence in cer-
vical cancer cases, and serotype 16 infection is
more frequent than HPV18 in cervical cancer
patients belonging to the northern part of India.
HPV16 infection exhibits statistically significant
positive association with methylation status of
Notch1 (P=0.003) and Notch3 (P=0.011) gene
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Table 3. Promoter methylation status of NOTCH1, NOTCH2 and NOTCH3 in normal and cancerous

biopsies

Gene Biopsies M UM M+UM OR 95% Cl p-value

NOTCH1 Healthy (N=28) 10 (36%) 18 (64%) 0 0.05 0.02-0.14  <0.0001
Cancer (N=110) 101 (92%) 9 (8%) 0

NOTCH2 Healthy (N=28) 5 (18%) 23 (82%) 0 0.4 0.16-1.1 0.11
Cancer (N=110) 39 (36%) 71 (65%) 0

NOTCH3 Healthy (N=28) 4 (14%) 17 (61%) 7 (25%) 0.15 0.05-0.46 0.001*
Cancer (N=110) 67 (61%) 43 (39%) 0

Gene Biopsies M UM M+UM OR 95% Cl p-value

NOTCH1 Healthy (N=28) 10 (36%) 18 (64%) 0 0.05 0.02-0.14  <0.0001
Cancer (N=110) 101 (92%) 9 (8%) 0

NOTCHZ2 Healthy (N=28) 5 (18%) 23 (82%) 0 0.4 0.16-1.1 0.11
Cancer (N=110) 39 (36%) 71 (65%) 0

NOTCH3 Healthy (N=28) 4 (14%) 17 (61%) 7 (25%) 0.15 0.05-0.46 0.001*
Cancer (N=110) 67 (61%) 43 (39%) 0

(M: Methylated; UM: Un-methylated; OR: Odds ratio; Cl: Confidence of interval; N: Number; *Significant at P<0.05).

while HPV18 infection showed a significant
positive association with only methylation sta-
tus of Notchl (P=0.012) gene. We did not
observe a strong positive association between
HPV infection and methylation of Notch2 gene.

Correlation of HPV infection with NOTCH1,
NOTCH2 and NOTCH3 promoter methylation in
cervical cancer

In order to study the possible effect of HPV
infection (Type 16 and 18) on modifications of
the NOTCH receptor genes, we checked corre-
lation of HPV infection with promoter methyla-
tion status of NOTCH genes. We found that the
HPV16 infection is significantly associated with
NOTCH1 (P=0.003), NOTCH2 (P=0.04) and
NOTCH3 (P=0.011) promoter methylation, whi-
le HPV18 infection is significantly associated
with only NOTCH1 (P=0.0122) and NOTCHZ2
(P=0.0001) promoter methylation. No signifi-
cant association was observed between cases
having co-infection by type 16 and 18 and pro-
moter methylation of NOTCH genes (Table 5).
The NOTCH1 promoter methylation increas-
ed with an increase in HPV16 and HPV18 infec-
tion while, the methylation level of NOTCH3
increased with an increase in HPV16 infection
only. On the other hand, number of cases with
NOTCH2 promoter methylation decreased with
increase in HPV16 and HPV18 infection. Our
data indicates that an infection by HPV (type 16
and 18) might modulate the promoter methyla-
tion status of NOTCH genes in cervical cancer
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cases which coincides with earlier studies
showing that HPV E6 protein regulates the
activity of Notch pathway in cervical cancer
[25]. Further, Notchl promoter methylation sta-
tus in addition to HPV16 infection status can be
a strong marker for early diagnosis and screen-
ing of cervical cancer.

Expression of NOTCH1, NOTCH2 and NOTCH3
in cervical cancer biopsies by real-time PCR

The biological significance of promoter methyl-
ation of NOTCH receptor genes in cervical can-
cer was evaluated by expression analysis of
NOTCH genes (NOTCH1, NOTCH2, and NOTCH?3)
in cervical cancer biopsies and normal biopsies
and significance was determined using Stu-
dent’s t-test. Gene expression data of NOTCH
receptor genes (NOTCH1, NOTCH2, and NOT-
CH3) in cervical cancer biopsies and healthy
biopsies is shown in Figure 2. In the current
study, only NOTCH1 gene expression showed
statistically significant difference in cervical
cancer biopsies and normal biopsies. We did
not observe a statistically significant difference
in expression of NOTCH2 and NOTCH3 (Table
6).

In our study, NOTCH1 showed significant down-
regulation (P=0.006) in cervical cancer tissues
in comparison to healthy tissues, indicating its
potential role as a tumor suppressor gene. Both
NOTCH2 and NOTCH3 showed substantial
down-regulation in cervical cancer tissues in
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Table 4. Relationship between promoter hypermethylation of NOTCH1, NOTCH2 and NOTCH3 and clinicopathological features

Clinico-pathological  Total Methylation status of Methylation status of Methylation status of
Factors (110) NOTCH1 OR (95% Cl) p-value NOTCH2 OR (95% Cl)  p-value NOTCH3 OR (95% Cl)  p-value
M (101) UM (9) M (39) UM (71) M (67) UM (43)

Age
<55 years 42 35 (83%) 7(17%) 0.15(.03-0.8) 0.03* 28 (67%) 14 (33%) 11 (4.3-24)  0.0001* 21 (50%) 21(50%)  0.48 (0.22-1.1) 0.07
>55 years 68 66 (97%) 2 (3%) 11 (16%) 57 (84%) 46 (68%) 22 (32%)

Menopause
Pre 43 40 (93%) 3(7%) 1.3(.3-5.5) 1 8 (19%) 35 (81%) 0.3(0.1-0.6)  0.004* 20 (47%)  23(53%) 0.37(0.17-0.82) 0.016*
Post 67 61 (91%) 6 (9%) 31 (46%) 36 (54%) 47 (T0%) 20 (30%)

Histological grading
Cervicitis & SCC 106 99 (93%) 7 (7%) 14 (1.9-95) 0.03* 37 (35%) 69 (65%) 0.54 (0.07-4) 0.61 64 (60%) 42 (40%) 0.5 (.04-3.5) 0.9
ADC & ASC 4 2 (50%) 2 (50%) 2 (50%) 2 (50%) 3 (75%) 1(25%)

Differentiation degree*
Poor 8 8 (100%) 0 Infinity 0.05* 3(38%) 5 (63%) 1.3(0.3-5.8) 1 4 (50) 4 (50) 1.7 (0.4-6.1) 0.7
Well & Moderate 56 36 (64%) 20 (36%) 18 (32%) 38 (68%) 21(38) 35 (63)

(M: Methylated; UM: Unmethylated; SCC: Squamous Cell Carcinoma; ADC: Adenocarcinoma; ASC: Adenosquamous Carcinoma; OR: Odd ratio; CI: Confidence of interval; *Significant at P<0.05).

Table 5. Correlation of HPV infection with NOTCH1, NOTCH2 and NOTCH3 methylation in cervical cancer

N Methylation status of Methylation status of Methylation status of
HPV Type (110) NOTCH1 OR (95% Cl) p-value NOTCH2 OR (95% Cl) p-value NOTCH3 OR (95% Cl) p-value
M (101) UM (9) M (39) UM (71) M (67) UM (43)
HPV16+ 90 87 (97%) 3 (3%) 15.6 (3.4-59) 0.003* 28 (31%) 62 (69%) 0.4 (0.14-1) 0.04* 60 (67%) 30 (33%) 3.7(1.39.4) 0.011*
HPV18+ 78 73 (94%) 5 (6%) 2.1(0.6-7.7) 0.012* 18 (23%) 60 (77%) 0.2 (.06-0.4) 0.001* 44 (56%) 34 (44%) 0.5(0.2-1.1) 0.19
HPV16+ & 18+ 60 58 (97%) 2 (3%) 4.7 (0.9-23) 0.07 18 (30%) 42 (70%) 0.6 (0.3-1.3) 0.2 40 (67%) 20 (33%) 1.7 (0.8-3.8) 0.2

(N: Number; HPV: Human Papillomavirus; M: Methylated; UM: Unmethylated; OR: Odd Ratio; Cl: Confidence of interval; *Significant at P<0.05).
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Figure2. NOTCH1 promoter hypermethylation significantly silenced gene expression. Expression analysis of (A)
NOTCH1, (B) NOTCH2 and (C) NOTCH3 genes in 70 cervical cancer and 18 normal tissues by Real-Time Quanti-
tative Reverse Transcription PCR. Relative expression level of each gene was determined using ACt=Ct(GAPDH)-
Ct(NOTCH) and expression level of GAPDH was used as internal control. Statistical significance determined by t-test
and *P<0.05 indicates a significant difference between cervical cancer and normal tissues.

Table 6. Comparison of gene expression levels (ACt) of NOTCH1,
NOTCH2 and NOTCH3 in cervical cancer patients and in healthy biopsies

groups one in which
NOTCH1 is methylated

Healthy biopsies (N=18) Cancer biopsies (N=70)

and second subgroup
had un-methylated NO-

Gene Mean+ SD Meanz SD (95%Cl) ~ p-value
NOTCH1 0.41+1.5 -1.32+2.47 0.50-2.95 0.006*
NOTCH2 -0.62+2.41 -1.17+£1.9 -0.52-1.6 0.31
NOTCH3 0.12+2.52 -0.57+2.2 -0.51-1.9 0.26

TCH1 promoter. NOTC-
H1 mRNA expression
in the methylated sub-

N: Number; SD: Standard Deviation; Cl: Confidence of interval; *Significant at P<0.05.

comparison to normal tissues, but the differ-
ence was not found to be statistically signifi-
cant. Non-significant change in gene expres-
sion of NOTCH2 and NOTCH3 might be a
consequence of the high degree of variation
in their gene expression levels amongst our
cohort of samples. Since individual Notch
receptors play different cell type-specific role;
therefore, NOTCH1 might be the major modula-
tor of the Notch signaling pathway in cervical
cancer. Since we did observe a statistically sig-
nificant difference in expression of Notch2 and
Notch3 genes therefore correlation studies
between methylation and gene expression
were performed only for Notchl gene.

Correlation of gene expression with NOTCH1
promoter methylation in cervical cancer

In order to study the potential effect of NOTCH1
promoter methylation status on corresponding
gene expression, we segregated cervical can-
cer and normal cervix biopsies into two sub-
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group of cervical cancer
is -1.46+2.49 and un-
methylated subgroup is
-0.9642.29 while that in methylated subgroup
of normal cervix biopsies is 0.11+0.81 and the
un-methylated subgroup is 0.67+1.76. In cervi-
cal cancer biopsies and normal cervix biopsies,
MRNA expression of NOTCH1 was considerably
high in un-methylated subgroup than in methyl-
ated subgroup, which indicates a negative cor-
relation between promoter methylation status
and NOTCH1 expression. However, Pearson
correlation analysis and unpaired t-test showed
an only small negative correlation, which might
be because of the small sample number in our
study. Further studies need to be done with
more samples to get a more conclusive result
about the promoter methylation mediated
expression of NOTCHL1 in cervical cancer.

Discussion

Cervical cancer is one of the common malig-
nancies in women worldwide, accounting for
17% of cancer deaths among women aged
between 30-69 years. Notably, in developing

Am J Transl Res 2020;12(6):2814-2826



Promoter methylation analysis of Notch receptor genes

countries like India, the prevalence and mortal-
ity rates of cervical cancer remain high due to
lack of screening and proper medical facilities
for treatment [2]. Age, multiple pregnancies,
abortions, and use of oral contraceptives play
an essential role in the development of cervical
cancer [26]. In our study, including women of
North India, we found that cervical cancer is
more prevalent among women older than 55
years, in post-menopause stages, belonging
to rural areas and who had poor menstrual
hygiene. Our data indicate a great need for
comprehensive screening of women living in
rural parts of India and the need for programs
to elaborate the importance of menstrual
hygiene in reducing risks of cervical cancer.

Abnormal promoter methylation in cancer cells
has achieved increasing recognition as an
essential mechanism for silencing of the tumor
suppressor genes and activation of oncogenes,
which eventually contribute to carcinogenesis
[27]. An altered methylation pattern represents
a stable and frequent change during cervical
carcinogenesis [28]. Furthermore, contrary to
genetic alterations, DNA methylation is revers-
ible that makes it useful for therapy purposes,
efforts are required to find and validate these
findings using population-based studies. Also,
increasing pieces of evidence have shown that
HPV infection hinders cellular DNA methylation
machinery and during HPV16/18 infection, cel-
lular DNA experiences epigenetic changes such
as abnormal DNA methylation [29, 30]. There-
fore, the knowledge of methylation changes of
signaling pathways genes in association with
viral infection is vital for targeted therapies.

Epidemiological data and molecular observa-
tions have revealed that persistent infection
by high-risk serotypes of HPV is a crucial risk
factor for cervical cancer development [26].
Previous studies have shown that the incidence
of infection by HPV type 16 and 18 in cervical
cancer is very high as compared to other HPV
types. The available literature shows that the
prevalence of HPV infection in women in differ-
ent parts of India ranges from 9 to 99% [31-34].
In our study; the prevalence of HPV infection
was much higher (97.3%) with a significant
infection of HPV16 (84.1%) and HPV18 (72.9%),
and in many cases, we observed co-infection
by HPV16 and 18. We analyzed the association
of HPV16 and 18 infections with the methyla-
tion status of the NOTCH genes (NOTCH1,
NOTCH2, and NOTCH3) and found that infec-
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tion by HPV16 and 18 is significantly associat-
ed with methylation status of NOTCH genes in
cervical cancer biopsies.

The NOTCH signaling pathway is an evolution-
arily conserved pathway involved in cell fate
determination, cell proliferation and apoptosis.
Aberrant NOTCH signaling is associated with
several diseases, including cancer, where the
state of the cell gets altered, and the cell adopts
a proliferative stage [8]. In cervical cancer, both
oncogenic as well as tumor-suppressive prop-
erties of Notch signaling have been described.
In some studies, it was found that NOTCH over-
expression has tumor-suppressive effects, like
inhibition of growth and activation of the apop-
totic pathway [21, 35, 36] while other studies
have established that increased Notch expres-
sion associated with the development of cervi-
cal cancer and contributes to the survival of
cancer cells [22, 25, 37]. These studies have
reported the deregulation of the NOTCH path-
way in cervical cancer, but till now, there are
very few studies on the molecular mechanism
of NOTCH pathway deregulation. For the first
time, to check the plausible epigenetic mecha-
nism of the NOTCH pathway deregulation, we
analyzed the promoter methylation status of
NOTCH receptor genes (NOTCH1, NOTCH2, and
NOTCHS3) in cervical cancer biopsies and nor-
mal biopsies and evaluated the effect of pro-
moter methylation on expression of these
genes.

NOTCH1 is one of the four receptors which are
involved in the NOTCH signaling pathway.
Previous studies have shown that NOTCH1 is
shown to exhibits both oncogenic as well as
tumor-suppressive functions in different can-
cers [10, 38, 39]. In cervical cancer, the role of
the NOTCHL1 is controversial. In some studies,
NOTCH1 expression was high in cervical cancer
while in others it was lower in comparison to
the normal cervix; however to best of our knowl-
edge, the methylation status of the NOTCHL1 in
cervical cancer is not described in any study
previously. An increased understanding of the
role of NOTCH1 methylation in the development
of cervical cancer may provide novel approach-
es into the process of tumorogenesis.

In the present study, NOTCH1 promoter was
methylated in 92% of cervical cancer biopsies
and only 36% healthy biopsies (Table 3). The
relative promoter methylation of NOTCH1 in
cervical cancer biopsies was found to be signifi-

Am J Transl Res 2020;12(6):2814-2826



Promoter methylation analysis of Notch receptor genes

cantly higher (P=0.0001) than normal biopsies.
Relationship of age and menopausal status
with promoter methylation is evidenced in pre-
vious studies showing that an increasing age
and menopause status increases the promoter
methylation level [40, 41]. In the present study,
a significant positive association of NOTCH1
promoter methylation was observed with age,
histological grading differentiation degree, and
with HPV16 and HPV18 infection. We report
for the first time that there is an increase in
NOTCH1 promoter methylation with the incre-
ase in age, severity of the disease, and HPV
infection (type 16 and 18). Our observations
highlight the importance of studying NOTCH1
promoter methylation along with HPV screening
as an early screening and diagnostic marker for
cervical cancer pathogenesis. To further study
the molecular implication of change in promot-
er methylation in cervical cancer biopsies in
comparison to healthy biopsies, we looked at
the corresponding effect on the expression of
these genes. The real-time PCR results showed
that NOTCH1 is significantly down-regulated
(P=0.006) in cervical cancer in comparison to
the normal cervix. In order to study plausible
promoter methylation mediated effect on gene
expression, we performed correlation analysis
which showed only small negative correlation
(Pearson correlation coefficient, r=-0.16) bet-
ween these in case of NOTCH1 in cervical can-
cer. However, we suspect that this might be
because of our small sample size, and further
investigations need to be performed on this
potential regulation mechanism.

The NOTCH2 receptor is another primary regu-
lator of Notch signaling, which plays an essen-
tial role in cell fate determination. In the current
study, we observed that only 35% of cervical
cancer biopsies were methylated and 65% of
cervical cancer biopsies were un-methylated
(Table 3). No statistically significant difference
in NOTCH2 promoter methylation status was
seen between cervical cancer biopsies and
healthy biopsies. However, we observed a sig-
nificant positive association of NOTCH2 pro-
moter methylation with age, post-menopausal
stage, and HPV16 and 18 infection. NOTCH2
promoter methylation showed an inverse rela-
tionship with age, menopause status and with
HPV infection (type 16 and 18) as the frequen-
cy of promoter methylation decreases with
increase in age, the menopause status and
HPV infection. Relationship of HPV16 and 18
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infections with the promoter methylation of
NOTCH?2 in cervical cancer patients is reported
only in the present study. Furthermore, in the
real-time PCR data, the difference in expres-
sion was not found statistically significant in
cervical cancer and healthy biopsies. In cancer,
the role of NOTCH2 remains controversial as
some studies in bladder cancer, medulloblasto-
mas, cervical cancer and in pancreatic cells,
have shown that NOTCH2 function as an onco-
gene, which advances the tumor progression
[15, 17, 18, 37] while an independent study
showed that the expression of NOTCH2 re-
mained unaffected in cervical cancer [21].

Our results showed that NOTCH3 promoter was
methylated in 61% cervical cancer biopsies
and only 14% of healthy biopsies. A significant
difference of NOTCH3 promoter methylation
was found between normal and cancer biop-
sies (P=0.001) as shown in Table 3. We obser-
ved a significant association of NOTCH3 with
menopause status and with HPV16 infection,
showing that NOTCH3 promoter methylation
increases with increase in age and HPV16
infection. Previous studies in cervical, ovarian,
and pancreatic cancer reported NOTCH3 as an
oncogene, where it helps in the proliferation
and survival of tumor cells [22, 25, 42, 43]. In
the current study, real-time PCR results did not
show a significant difference in NOTCH3 expres-
sion between normal biopsies and in cervical
cancer biopsies. Further, studies using more
number of biopsies might provide a better
understanding of the status of NOTCH2 and
NOTCH3 in cervical cancer.

The discovery and characterization of epigene-
tic targets may prove particularly attractive in
designing novel strategies for inhibiting cancer
development and progression. Here in this
study, we report for the first time about the
aberrant methylation of NOTCH receptor genes
in cervical cancer patients of North India and
their positive association with HPV infection
(Type 16 and 18) and other risk factors. This
study is particularly important because the pro-
moter methylation status of NOTCH genes may
provide a new perspective for early diagnosis
and treatment of cervical cancer. However, to
evaluate the potential benefits of NOTCH-
targeted therapy for cervical cancer, additional
research is needed to study the effect of altered
methylation on the NOTCH signaling pathway in
detail.
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