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Background: Even though novel therapies based on aberrant DNA methylation could be of 

particular importance for the treatment of cervical cancer (CC) because the oncoproteins E6/E7 of 

high-risk human papillomaviruses, the causative agents for developing CC, have the capacity to bind 

and upregulate DNA methyltransferases (DNMTs), to our knowledge, no previous studies have eval-

uated the expression of this enzyme in CC in relation to survival outcomes. The purpose of the study 

was to evaluate the expression of DNMT1 in CC and its association with survival outcomes.

Methods: The study population consisted of 76 women treated for primary CC and followed 

up by the University of Alabama at Birmingham (UAB) cancer registry. The expression of 

DNMT1 was examined using immunohistochemistry, and the degree of expression of DNMT1 

was expressed as a percentage of cells positive for DNMT1 and its intensity. Cox proportional 

hazards model was used to assess the relationship between the degree of expression of DNMT1 

and overall survival after adjusting for relevant covariates.

Results: The expression of DNMT1 was significantly higher in CC cells compared to that in 

the normal cervical epithelium. A higher percentage of cells positive for DNMT1 and a higher 

intensity score for DNMT1 were significantly associated with poor survival outcome (hazard 

ratio [HR] =4.3, P=0.03 and HR =4.9, P=0.02, respectively).

Conclusion: Our findings suggested that the degree of expression of DNMT1 could be con-

sidered as a target in the epigenetic treatment of CC. Replication of our results in other study 

populations with CC could create the opportunity of using DNMT inhibitors to treat CC.

Keywords: DNMT1, cervical cancer, survival outcome

Introduction
Cervical cancer (CC) is the third most commonly diagnosed cancer and the fourth 

leading cause of cancer death in women worldwide.1 The American Cancer Society 

estimated that in the United States, ~12,990 new cases were diagnosed and 4,120 died 

from this cancer in 2016.2 The addition of platinum-based chemotherapy to adjuvant 

radiotherapy (chemoradiation)3 has improved the survival of advanced-stage CC 

patients over radiotherapy alone, but the 5-year relative survival remains 57% and 

16% for regional and distant disease, respectively.4 Since CC affects relatively young 

women in their prime of life, especially in developing countries, it is an important 

cause of lost life-years affecting not only the woman but also the well-being of the 

entire family as women play a major role in driving a successful family environment. 

This observation indicates the need for novel and tailored treatments to improve the 

outcomes in this disease, especially in developing countries where CC is diagnosed 

at advanced stages due to lack of screening programs.
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Novel therapies based on aberrant DNA methylation 

could be of particular importance for the management of 

CC because the oncoproteins E6/E7 of high-risk human 

papillomaviruses (HR-HPVs), the causative agents for 

developing CC, have the capacity to bind and upregulate 

DNA methyltransferases (DNMTs), the enzymes respon-

sible for the methylation of CpGs in mammals. Despite this 

plausibility for higher expression of DNMTs in CC and that 

aberrant DNA methylation associated with DNMT1 plays 

pivotal roles in the neoplastic progression via CpG island 

hypermethylation associated with gene silencing,5,6 to our 

knowledge, no previous studies have evaluated the expres-

sion of this enzyme in CC in relation to survival outcomes. 

Documentation of the degree of expression of DNMT1 and 

its association with CC outcomes is important since it may 

create the opportunity of using DNMT inhibitors (DNMTis) 

to treat CC. This is particularly important because a growing 

body of research has shown that DNMTis are also capable 

of upregulating immune signaling in epithelial cancer cells 

through demethylation of endogenous retroviruses and 

cancer testis antigens. In addition, clinical trials are currently 

testing the efficacy of combining epigenetic therapy and 

immunotherapy to treat certain cancers, but not CC.7

Based on this background, the purpose of this study was 

to evaluate the expression of DNMT1 in CC and its associa-

tion with survival outcomes.

Methods
study population
The study population consisted of 76 women (20 African 

American [AA] and 56 Caucasian American [CA]) who were 

treated for primary CC and followed up by the University of 

Alabama at Birmingham (UAB) cancer registry. Paraffin-

embedded specimens of cancer tissues were available for 

all women. Women were diagnosed with either cervical 

adenocarcinoma (AC; n=35) or squamous cell carcinoma 

(SCC; n=41). Information on age, race, mode of treatment, 

stage and vital status was provided by the cancer registry. 

The patients were not given chemotherapy or radiation 

prior to surgery and were subsequently treated with such 

therapies. The staging of CCs was based on the American 

Joint Committee on Cancer TNM staging system. The study 

was approved by the institutional review board of UAB 

with a waiver of informed consent as we did not have direct 

contacts with our study participants. In order to meet patient 

data confidentiality, all specimens used in the study were 

stripped of identifiers and only coded identifiers were used 

throughout the study.

Immunohistochemical assay for DnMT1
Immunohistochemical staining and its assessment for 

DNMT1 were performed following a previously published 

protocol using a polyclonal antibody specific for DNMT1 

(H-300, sc-20701).8 Briefly, the slides containing 4 µm-thick 

paraffin tissue sections were deparaffinized in xylene, placed 

in 0.01 M citric acid, pH 6.0, and boiled in a pressure cooker 

set at full power for 10 minutes. After antigen retrieval, the 

sections were cooled, rinsed in deionized H
2
O (dH

2
O) and 

placed in 3.5 N HCl for 15 minutes at room temperature to 

open the DNA. The sections were rinsed with dH
2
O and 

treated with 3.0% H
2
O

2
 for 5 minutes to quench endogenous 

peroxidase activity. Sections were incubated with preim-

mune goat serum (3%) for 20 minutes at room temperature 

to suppress nonspecific staining and then subsequently 

incubated with DNMT1 antibody (1:100 concentration) 

for 1 hour at room temperature. After washing thoroughly 

with Tris-buffered saline, the primary antibody was 

detected using a multispecies system (Signet Laboratories, 

Inc., Dedham, MA, USA). The antibody–antigen complex 

was visualized using a 3,3-diaminobenzidine substrate kit 

according to the manufacturer’s instructions (Biogenex, 

Inc., San Ramon, CA, USA) and lightly counterstained with 

hematoxylin. Slides were sequentially dipped in 70%, 95% 

and 100% ethanol (3 minutes each) and were then allowed 

to dry slightly. Finally, slides were dipped in xylene three 

times (3 minutes each) after which they were protected 

with cover slips.

assessment of immunostaining
Immunostaining for DNMT1 was localized mainly in the 

nuclei of cells. Nuclear staining in cells with or without 

cytoplasmic staining was interpreted as a positive reaction. 

The degree of expression of DNMT1 in the nuclei was 

recorded independently by two observers (WCB and SGB) 

as a percentage of cells positive for DNMT1 based on a 

visual assessment of the intensity of brown reaction prod-

uct within the cell nucleus on a scale of 0 (no staining) to 

4+ (intense staining). All evaluations were done separately 

in the basal, bottom-half and top-half layers of the normal 

cervical epithelium. This approach is time consuming but 

allows obtaining a more accurate estimate on the percent-

age of cells positive for DNMT1 in the normal cervical 

epithelium. One reading was given for cancerous lesions. 

The degree of expression of DNMT1 was reported as the 

total percentage of cells positive at any intensity (1–4+) and 

as an intensity score that was derived by multiplying the 

percentage of cells positive for DNMT1 at each intensity 
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score by the appropriate intensity score. Except for CC, the 

percentage of cells positive for DNMT1 or the intensity score 

in the basal, bottom-half and top-half layers of the normal 

epithelium was averaged to obtain the average degree of 

DNMT1 expression. The readings from the two observers 

were averaged for each cell or lesion type (normal or CC), 

and thus, the degree of DNMT1 expression reported is the 

average of the two observers.

Data analysis
The correlation between the percentages of cells positive for 

DNMT1 and its intensity score was tested using Spearman’s 

rho (r) correlation coefficient. The differences in the median 

percentage of cells positive for DNMT1 and the median 

intensity score for DNMT1 between the normal cells and 

CC cells found in the same specimen of AC and SCC were 

determined using the median test. We tested the differences 

in the characteristics of the women (age, race, stage of cancer, 

mode of treatment, histological subtype of cancer, survival in 

months and vital status) by median percentage of cells posi-

tive for DNMT1 (median =77.5%) and the median intensity 

score for DNMT1 (median =0.9625) using Pearson’s chi 

square test for categorical variables and median test for con-

tinuous variables. The median percentage of cells positive 

for DNMT1 or the median intensity score was based on the 

entire sample, AC and SCC combined (n=76). We assessed 

the relationship between the median percentage of cancer 

cells positive for DNMT1 and the median intensity score for 

DNMT1 in those cells and overall survival after adjusting 

for covariates, namely, age, race (AA vs CA), histological 

subtypes of CC (AC vs SCC), stage of the cancer (1 and 2  

vs 3 and 4) and the mode of treatment (surgery alone vs 

surgery along with radiation therapy or chemotherapy or 

both). In addition, we also determined whether overall 

survival differed between ACs expressing higher degree of 

DNMT1 compared to SCCs expressing a similar degree of 

DNMT1. The overall survival was defined as the time elapsed 

between the date of diagnosis and death or the date of last 

contact. Survival curve was estimated by the Kaplan–Meier 

method, and a multivariate analysis was performed using 

Cox’s proportional hazard regression model. Because of the 

small sample size of the study, we did not stratify the data 

by race or subtype of the CC.

Results
The study population consisted of 46% and 54% of women 

diagnosed with cervical AC and SCC, respectively. Spearman’s 

rho (r) correlation coefficient between the percentages of cells 

positive for DNMT1 and its intensity score was 0.95 for 

both normal and cancer cells (P,0.0001). Figure 1 shows 

the categorical scatter plot of percentage of cells positive for 

DNMT1 (A) and intensity score for DNMT1 (B) in normal 

and cancer cells in both AC and SCC specimens combined 

and separately. The median percentage of cancer cells 

Figure 1 scatter plots of the percentages of cancer cells and normal cells positive for DnMT1 among (A) ac and scc combined, (B) ac and (C) scc, and scatter plots 
of the DnMT1 intensity score of cancer cells and normal cells among (D) ac and scc combined, (E) ac and (F) scc.
Abbreviations: DnMT, Dna methyltransferase; ac, adenocarcinoma; scc, squamous cell carcinoma.
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positive for DNMT1 (77.5%) was significantly higher than 

the median percentage of normal cells positive for DNMT1 

(16%) (P,0.0001) (Figure 1A). Similarly, the median inten-

sity score for DNMT1 in cancer cells (1.0) was significantly 

higher than the median intensity score for DNMT1 in normal 

cells (0.2) (P,0.0001) (Figure 1D). When we analyzed the 

difference between the expression of DNMT1 in normal and 

cancer cells by histological subtypes of CC, we observed 

a similar pattern and the differences were statistically sig-

nificant (percentage of cells positive for DNMT1, normal 

vs cancer for AC 1.0 vs 40 [P=0.0096]; SCC 22.5 vs 90.0 

[P,0.0001] (Figure 1B and C respectively); intensity score 

for DNMT1, normal vs cancer for AC 0.0 vs 0.5 [P=0.0096]; 

SCC 0.3 vs 1.1 [P,0.0001] [Figure 1E and F, respectively]). 

However, we observed that the percentage of cells positive 

for DNMT1 and the intensity score for DNMT1 in AC 

specimens were lower compared to SCC specimens in both 

normal (percentage of cells positive for DNMT1 AC vs SCC, 

1% vs 22.5% [P=0.0088] and intensity score for DNMT1 

AC vs SCC, 0 vs 0.3 [P=0.0018]) and cancer cells (percent-

age of cells positive for DNMT1 AC vs SCC, 40% vs 90% 

[P,0.0001] and intensity score for DNMT1 AC vs SCC, 

0.5 vs 1.1 [P,0.0001]). Figure 2 illustrates the expression 

of DNMT1 in normal and cancer cells of AC and SCC.

The characteristics of the study population by the median 

percentage of cells positive for DNMT1 and DNMT1 intensity 

score in cancer cells are shown in Table 1. We observed that 

CA women (87%) were significantly more likely to have a 

higher percentage of cancer cells positive for DNMT1 and a 

higher intensity score for DNMT1 compared to AA women 

(13%) (P=0.0092). We did not observe a significant differ-

ence in other characteristics of the population, namely, age, 

stage of diagnosis, mode of treatment, survival in months and 

vital status by the median percentage of cancer cells positive 

for DNMT1 or the median intensity score for DNMT1 in can-

cer cells. However, we observed that 82% of SCC specimens 

had higher than median percentage of cancer cells positive for 

DNMT1 compared to 18% of AC specimens. Similarly, 84% 

of SCC specimens had higher than median intensity score for 

DNMT1 compared to 16% of AC specimens.

Figure 3 shows the survival curve for the association 

between median percentage of cells positive for DNMT1 

and median intensity score for DNMT1 and overall survival 

from CC adjusted for age, race, histological subtypes of CC, 

stage of cancer and mode of treatment. Those with a .77.5% 

of cells positive for DNMT1 were 4.3 times more likely to 

die earlier compared to women with lower expression of this 

marker (hazard ratio [HR] =4.3; 95% confidence interval 

[95% CI] =1.1–19.7; P=0.03) (Figure 3A). We observed a 

similar association between the intensity score of DNMT1 

and survival from CC after adjusting for the abovemen-

tioned variables. Those with a higher than 0.9625 intensity 

score of DNMT1 were 4.9 times more likely to die earlier 

compared to women with lower expression of this marker 

(HR =4.9; 95% CI =1.2–23.3; P=0.02) (Figure 3B). We also 

observed that ACs expressing higher degree of DNMT1 

were six times more likely to have poor survival compared 

Figure 2 expression of DnMT1 in (A1) normal endocervical glands, essentially no staining, (A2) ac, (B1) normal squamous epithelium, staining largely limited to basal and 
parabasal regions and (B2) scc.
Abbreviations: DnMT, Dna methyltransferase; ac, adenocarcinoma; scc, squamous cell carcinoma.
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to SCCs expressing similar degree of DNMT1 (P=0.0177) 

after adjusting for relevant covariates.

Discussion
Even though downward trends in CC have been observed in 

high-income countries, no clear changes, or an increase in 

risk, is found in low-income countries.9 Worldwide10,11 and 

in the United States,12 SCC is the predominant histological 

type accounting for approximately three-quarters of all CCs. 

However, a rising incidence of cervical AC relative to SCC 

has been reported in the United States and in Europe in 

recent decades.13,14 Even though infections with HR-HPVs 

is recognized as the main causative agent for developing 

CC, SCC is more likely to be positive (87%) compared to 

AC (62%).15 Based on this difference in the prevalence of 

HR-HPVs, it is plausible that the degree of expression of 

E6/E7 could be lower in AC compared to SCC, and therefore, 

the capacity to bind and upregulate DNMT1 and the resulting 

expression of this marker as we have observed could also 

be lower in AC compared to SCC. A higher expression of 

DNMT1 in cancer tissues compared to normal tissues may 

also be explained by this phenomenon as cancer tissues are 

Table 1 characteristics of the population by expression of DnMT1

Characteristics Cancer cells positive for 
DNMT1 expression

P-value Intensity score of the 
cancer cells for DNMT1

P-value

#77.5% .77.5% #0.9625 .0.9625

age, median (years) 44.5 43.5 0.4026 43.5 44.5 0.8173
race, n (%)

aa 15 (39%) 5 (13%) 0.0092 15 (39%) 5 (13%) 0.0092
ca 23 (41%) 33 (87%) 23 (61%) 33 (87%)

stage of diagnosis, n (%)
1 and 2 30 (79%) 30 (79%) 1.000 30 (79%) 30 (79%) 1.000
3 and 4 8 (21%) 8 (21%) 8 (21%) 8 (21%)

Mode of treatment, n (%)
surgery only 20 (53%) 25 (66%) 0.2424 20 (53%) 25 (66%) 0.2424
surgery along with  
radiation or chemotherapy

18 (47%) 13 (34%) 18 (47%) 13 (34%)

Histological subtype of cervical  
cancer, n (%)

ac 28 (74%) 7 (18%) ,0.0001 29 (76%) 6 (16%) ,0.0001
scc 10 (26%) 31 (82%) 9 (24%) 32 (84%)

survival in months 53.21 58.12 0.6467 55.82 56.64 1.000
Vital status, n (%)

Dead 10 (26%) 9 (24%) 0.7911 10 (29%) 9 (21%) 0.4242
alive 28 (74%) 29 (76%) 24 (71%) 33 (79%)

Abbreviations: DnMT, Dna methyltransferase; aa, african american; ca, caucasian american; ac, adenocarcinoma; scc, squamous cell carcinoma.

Figure 3 Kaplan–Meier survival curves for the association between (A) percentage of cells positive for DnMT1 and (B) intensity score for DnMT1 and overall survival.
Notes: adjusted for age, race, stage, histological subtype and mode of treatment.
Abbreviations: DNMT, DNA methyltransferase; HR, hazard ratio; CI, confidence interval.
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more likely to have HR-HPV infections expressing E6/E7 

compared to normal tissues.

Even though the exact nature of the defect in methylation 

machinery of cancer cells remains unclear, it is thought to 

be related to the expression of DNMTs, primarily, DNMT1, 

DNMT3a and DNMT3b.16 DNMT catalyzes the transfer 

of a methyl group from S-adenosylmethionine (AdoMet) 

to the 5-position of cytosine in DNA, and the specific 

pattern of methylation provides differential accessibility 

to the DNA information code by affecting DNA–protein 

interactions and chromatin condensation, and DNMT1 is 

best known as the maintenance methyltransferase that cop-

ies methylation patterns after DNA replication.17 DNMT1 

has been shown to recognize and bind with high affinity to 

DNA lesions such as base mispairs, uracil and other unusual 

DNA conformations,18,19 and these lesions are thought to 

be present in human cancerous lesions. This phenomenon 

may also explain the higher expression of DNMT1 in CC 

lesions compared to normal cervical epithelium. It has been 

hypothesized that the high-affinity binding of the DNMT1 

to un-repaired lesions in DNA could sequester available 

enzyme away from the replication fork and promote pas-

sive replication-dependent demethylation.20 It has also been 

hypothesized that when DNA lesions occur within the pro-

moter region of cancer-promoting genes, the aberrant high-

affinity binding of the methyltransferase to these lesions is 

associated with ectopic cytosine methylation. Therefore, in 

general, the increased DNMT1 activity is associated with 

genome-wide hypo methylation and regional hypermethyla-

tion in CpG islands of tumor suppressor genes,21 and both 

of these DNA changes are associated with an increased 

risk of cancer.

Epigenetic therapy, based on the use of epigenetic altera-

tions as therapeutic drugs, is increasingly recognized as a 

mainstream method for the development of new biomarkers 

and targets for cancer therapy22,23 since DNA methylation is a 

reversible process in which genes could get demethylated and 

then restored to their original status. Because of this revers-

ibility of DNA methylation, DNMTis have been investigated 

as anticancer agents as they are able to restore the expression 

of genes, for example, tumor suppressor genes, by blocking 

the activity of DNMTs.24 The Food and Drug Administra-

tion (FDA)-approved DNMTis include azacitidine and 

decitabine (5-aza-2′-deoxycytidine) developed in 2004 

and 2006, respectively, which have been used for the treat-

ment of myelodysplastic syndrome.25 Zebularine is another 

nucleoside analog developed later that has been shown to 

result in demethylation and reactivation of a silenced and 

hypermethylated p16 gene in human bladder tumor cells 

grown in nude mice.26 Novel nucleoside analogs with lower 

toxicity and better pharmacokinetics and bioavailability 

(4′-thio-2′-deoxycytidine [T-dCyd] and 5-aza-4′-thio-2′-
deoxycytidine [aza-T-dCyd]) have the ability to potently 

deplete DNMT1 in both in vitro and in vivo models of cancer 

and in human tumor xenografts.27 In addition, studies have 

shown that non-nucleosides such as hydralazine have the 

ability to demethylate and restore the expression of genes 

silenced by promoter hypermethylation in primary tumors.28 

Differential DNA methylation signatures representing several 

mechanisms in the cellular machinery that are epigenetically 

deregulated by DNA methylation have been identified in 

CCs. However, to our knowledge, no studies have docu-

mented the expression of DNMT1 in CCs, and as a result, 

unlike with other cancers, epigenetic therapy tailored based 

on the expression of this important enzyme for CC is still 

in its infancy. Preclinical studies, however, have confirmed 

the DNA methylation inhibitory activity of hydralazine on 

genes such as APC in CC.29 A Phase I study that focused on 

the methylation status of APC, MGMT, ER, GSTP1, DAPK, 

RARβ, FHIT and p16 genes showed that hydralazine was 

effective in demethylating and reactivating the expression 

of several tumor suppressor genes without affecting global 

DNA methylation in cervical SCC.30 However, aberrant DNA 

methylation signatures in CCs have varied across different 

studies,31–33 suggesting the importance of identifying other 

methylation-related markers that are associated with the 

prognosis of CC. Overexpression of DNMT could potentially 

be an “alternate marker” to methylation signatures as this 

enzyme is involved in establishing aberrant DNA methyla-

tion patterns in several cancers.

Several studies have evaluated the expression of DNMTs 

in cancer tissues, particularly, DNMT1, and reported variable 

levels of overexpression or its association with shorter overall 

survival of patients treated for lung cancer,34,35 pancreatic 

cancer,36 gastric cancer37 and gastrointestinal diffuse large 

B-cell lymphoma.38 In these studies, however, it is unclear 

whether the expression of DNMT1 was evaluated in normal 

epithelium of the same individuals. Therapy against DNMT1 

is more likely to be clinically useful when its expression is 

higher in cancer cells compared to normal cells of the same 

individual. In our study, we demonstrated that the expres-

sion of DNMT1 is significantly higher in CC cells compared 

to normal or non-cancer cells, suggesting that DNMTis 

are likely to be an effective and targeted therapy for CC. 

Our observation that a higher expression of DNMT1 was 

significantly associated with poor survival outcome further 
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assures that treatment with DNMTis alone or in combination 

with immunotherapy would be a novel approach for improv-

ing survival of women diagnosed with CC.

Even though the oncogenes of HR-HPVs are capable 

of upregulating DNMT1, other mechanisms may also be 

involved as this enzyme is regulated by HR-HPV-independent 

pathways such as adenomatous polyposis coli (APC) gene in 

colorectal cancer.39 Whether such pathways operate in CC is 

unknown but likely, and the effects of those on upregulation 

of DNMT1 along with its upregulation by HPV oncoproteins 

suggest that DNMT1 should be explored as a target for the 

treatment of CC. Even though the expression of DNMT1 was 

higher in SCCs compared to ACs in general, our observation 

that ACs expressing higher DNMT1 are significantly more 

likely to have poor survival outcome compared to SCCs 

expressing higher DNMT1 suggested that treatment with 

DNMTis could be effective for both AC and SCC depending 

on the degree of expression of this enzyme. Replication of 

our results in other study populations that include sufficient 

numbers of ACs and SCCs is needed prior to considering 

tailored treatments with these epigenetic therapies. Lack 

of information, such as body mass index (BMI), dose, and 

period of treatment, and smoking status could be a limita-

tion of our study. However, lack of such data is unlikely to 

affect the results in a significant way as one specific group 

is unlikely to be different by these variables. A detailed 

evaluation of the expression of DNMT1-paired normal and 

cancer tissues and documentation of survival outcomes after 

adjusting for relevant covariates are strengths of the study. 

Evaluation of only DNMT1 rather than all DNMTs could 

also be viewed as a limitation of the study, but other studies 

have documented that DNMT1 is the most discriminatory 

marker of poor survival outcome compared to other DNMTs 

in HPV-related oral cancer.40

Conclusion
We document that the expression of DNMT1 is higher 

in CC tissues compared to that in normal tissues and its 

higher expression is significantly associated with poor 

survival outcomes, suggesting that the degree of expres-

sion of this enzyme could be considered as a target in the 

treatment of CC.
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