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ABSTRACT: PURPOSE: The main aim of the study was to assess the hypermethylation pattern 

of the tumor suppressor gene RAR-β in the plasma of patients with epithelial ovarian carcinoma 

and to study its role in the tumorigenesis of EOC and suggest its use as a biomarker in the early 

diagnosis of the disease by non-invasive methods. METHODS: 72 plasma samples, 10 

corresponding matched tumor tissue specimens and 10 non-cancerous plasma samples were 

assessed for the aberrant hypermethylation of RAR-β by nested and MSP. STATISTICAL 

ANALYSIS: The data was analyzed by Fischer test and Chi Square test. The analysis for the 

study was performed using SPSS software version 21.0 and a p-value <0.05 was considered 

significant. RESULTS: Of the 72 plasma samples included in the study 17 samples showed 

aberrant hypermethylation of RAR-β promoter corresponding to a methylation frequency of 

23.61%. Benign sample group in comparison to malignant and low malignant potential tumor 

groups showed a higher methylation percentage of 33.33% suggesting that hypermethylation 

may be an early event in ovarian cancer progression. 

KEYWORDS: RAR-β, plasma, cfc DNA, Aberrant Promoter Hypermethylation, Epithelial Ovarian 

Carcinoma, Nested PCR, Methylation Specific PCR. 

 

INTRODUCTION: A major cause of gynecological death in women is attributed to ovarian 

cancer. The National cancer Registry Programme conducted by ICMR reported that ovarian 

cancer is the fourth leading cancer in women.(1) Ovarian cancer is asymptomatic at the early 

stages and has therefore been a challenging task to diagnose the disease and thereby increase 

the survival rate in patient presenting ovarian carcinoma. 

Over 90% survival rate is noted in patients diagnosed at early stage (I/II) in contrast to 

the 11% survival when detected in the advanced stage of the disease.(2) 

Epigenetic changes such as DNA hypermethylation in the promoter region of the tumor 

suppressor genes, is thought to be one of the earliest molecular changes during tumorigenesis 

and has been shown to find applicability in the detection of the disease in the pre malignant 

stages.(3) 

Earlier studies have shown that the concentrations of circulating DNA are higher in the 

plasma of cancer patients than in healthy individuals.(4) This being suggestive that the release of 

circulating DNA is from the tumor sites and is hypothesized that it could be released by cells 

which undergoes apoptosis or necrosis.(5) Taking advantage of the released DNA in the plasma 

for the molecular diagnosis of the cancer can thus be used as a biomarker for the detection of the 

disease in the early stage. The prime benefit of using cfc DNA for diagnosis lies in the non-



 

ORIGINAL ARTICLE 

J of Evidence Based Med & Hlthcare, pISSN- 2349-2562, eISSN- 2349-2570/ Vol. 2/Issue 21/ May 25, 2015   Page 3112 

 

invasiveness and ease of detection and monitoring of the disease progression over the existing 

invasive methods.(6) Studying the aberrant promoter hypermethylation of TSG in circulating DNA 

can greatly help in developing diagnostic biomarker utilizing cancer specific alterations for early 

detection. 

Retinoic Acid Receptor-β is one of the important tumor suppressor gene located on 

chromosome 3p24.2 and codes for a 50.4KDa molecular weight protein. It belongs to the thyroid 

steroid hormone receptor super family and is localized in cytoplasm and sub nuclear region. The 

binding of Retinoic acid with RAR-β mediates cellular signalling, cell growth and differentiation.(7) 

The key focus of this work is to study the aberrant hypermethylation signature of RAR-β promoter 

in the cell free circulating DNA in the plasma of ovarian carcinoma patients. 

 

MATERIAL AND METHODS: 

Sample Collection: Pre-operative Blood samples were collected from 72 patients diagnosed 

with EOC reporting to the Department of Gynaeconcology, Kidwai Memorial Institute of Oncology, 

Bangalore. Soon after the collection of blood, 1ml of plasma was separated by centrifugation at 

3000rmp for 15 mins and the aliquots were stored at -800C until extraction of DNA. 

 

Tissue Specimens: 10 EOC samples corresponding to the plasma samples were collected post 

the surgical resection of the tissue after confirmation from a senior pathologist. The DNA samples 

were stored at -800C. 

 

Extraction of cell free circulating DNA from Plasma: The plasma samples were thawed on 

ice and incubated overnight at 370C with Proteinase K (10mg/ml) and 0.5% SDS. Circulating cell 

free DNA was isolated from the plasma samples using the Phenol Chloroform isolation procedure 

and the DNA was precipitated with ammonium acetate and glycogen. The DNA was then cleaned 

with ethanol and then eluted with 3ul of TE buffer and used for Bisulfite modification. 

 

DNA extraction from matched tumor tissue sample: 30mg of the tumor tissue was 

weighed and DNA was isolated using the Qiagen DNA easy kit following the manufacturer’s 

protocol. Small aliquots of the eluted DNA were stored at-200C and subjected to sodium bisulfite 

modification. 

 

Sodium Bisulfite Modification: The plasma DNA extracted was subjected to sodium Bisulfite 

modification using the EZ DNA Methyl Lightening kit TM (Zymo Research D5031, CA, USA). The 

bisulfite modified DNA was eluted according to the manufacturer’s protocol. 

 

Methylation Specific PCR: In order to assess the methylation status of RAR β gene promoter, 

the PCR was performed in two stages- a nested PCR followed by Methylation specific PCR.(8) For 

the first step of nested PCR, primers were designed to amplify the DNA template irrespective of 

the methylation status and the cycling conditions are mentioned in the table-1 and 2A. The PCR 

product from the first step was diluted 10-folds and used as template for the second step where 

primers were designed to specifically amplify the methylated and the unmethylated regions of the 
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RAR β promoter. CpG Methylated HeLa Genomic DNA (New England Biolabs) was used as a 

positive control for methylated allele and DNA obtained from the plasma of normal healthy 

subjects served as negative control. The Primer sequences and the cycling conditions for MSP and 

USP are summarized in benign samples. The PCR products post the MSP and USP were loaded on 

a 2.5% Agarose gel and visualized by Ethidium Bromide Staining. The gel image was captured 

using Syngene G: Box gel Documentation system. 
 

CA-125 and CEA estimation: Blood samples from 72 EOC patients and 10 healthy subjects 

were estimated using the Elecsys CA125 and CEA diagnostic kits procured from Roche, Germany 

and quantified on Cobas e411TM auto analyzer (Roche Diagnostics, Germany). A CA125 value of 

0-35U/ml and a CEA value between 0-7.5ng/ml were considered normal 

 

STATISTICAL ANALYSIS: To determine the significant correlation between different variables 

Chi-Square and Fisher Exact test was used. All the Statistical tests were performed using SPSS 

software 21.0. A p-Value of less than 0.05 was considered to be statistically significant. 
 

RESULTS: 

Detection of RAR-β Methylation analysis in Plasma samples: In the malignant and low 

malignant potential sample cohort, a 22.6% (12/53) and 14.2% (1/07) hypermethylation was 

observed. Four of the twelve samples from the benign group showed hypermethylation 

corresponding to a frequency of 33.3%, however it failed to show any statistical significance (p-

value=0.245). None of the 7 samples from the normal healthy controls showed methylation. An 

overall summary of the hypermethylation status of the gene in the study cohort of ovarian 

carcinomas, low malignant potential tumors, benign tumors and non-cancerous group has been 

listed in table-4 and the representative gel image is depicted in fig-1A. 

 

Correlation of plasma hypermethylation with tissue methylation: We Determined of the 

hypermethylation status of RAR-β in the matched tissue DNA and compared the pattern of the 

hypermethylation found to that of the corresponding plasma DNA. An identical pattern of 

promoter hypermethylation was observed (Fig-1B). 
 

Correlation of promoter hypermethylation with clinicopathological parameters: Of the 

six clinicopathological parameters included in the study, there was no statistical association 

between the frequency of aberrant hypermethylation and four clinicopathological parameters viz. 

menopausal status, histopathological grade, tumor stage and CEA level. The aberrant promoter 

hypermethylation pattern however showed a statistically significant correlation between the 

CA125 levels and the presence of ascites with a p-value of <0.001 and 0.018 respectively. The 

detailed summary of the same along with the respective p- values are listed in the table-3. 

 

DISCUSSION: Compared to other gynecological malignancies, ovarian cancer is the most lethal 

and accounted for more death than endometrial and cervical cancer combined. Existing screening 

modalities such as CA125 and trans vaginal ultrasonography together can detect only about 30-

45% of the disease at the early stage.(9) 
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RAR- β is known to suppress the activity of EGFR Activating Protien-1, COX2 and the 

phosphorylation of extracellular signal regulated protein kinase1& 2(ERK).(10,11) It was also 

reported that expression of Retinoid Receptor Induced Gene 1(RRIG1) is seen in normal tissues 

but absent in many tumor cells and is known to mediates RAR- β in the process of regulating 

cancer growth and expression.(11) 

Earlier reports have shown that the RAR- β methylation is one of the most common 

means of silencing the RAR- β expression in SCLC, NSCLC and various other cancers.(12,13,14) A 

report by Letetia C Jones et al in patients with Myelofibrosis with Myeloid Metaplasia, showed an 

89% hypermethylation of RAR- β gene.(15) Xiao-Chun Xu et al in their report suggests that loss of 

RAR- β correlates with the progression of malignancy in tissues and cells of Head and neck, 

breast, lung, esophagus, pancreas, cervix and prostate.(11) 

The aberrant RAR-β promoter hypermethylation patterns have been studied extensively in 

many cancer types and have been found to be methylated in the range of 30-70%.(16) In NSCLC 

40% aberrant promoter hypermethylation of the gene was observed by three research 

groups.(13,17,18) Virmani et al reported 72% aberrant methylation of RAR-β in SCLC and 41% in 

NSCLC respectively.(14) 

In Breast cancer, Fackler et al reported a methylation frequency of 21% in Invasive 

Lobular Carcinoma (ILC) and 41% in Invasive Ductal Carcinoma (IDC).(19) 

Khodyrev et al reported 46%, 59%, 30% methylation frequency in their study on Breast, 

Renal cell and ovarian cancer respectively.(16) As low as 18.6% methylation of RAR-β gene 

promoter was observed in ovarian cancer by Dhillon et al.(20) 

The current study on the plasma DNA methylation, we report a 23.61% methylation 

frequency and are concordant with the above reports. 

R Lotan et al showed that when patients were administered with 13-Cis RA, there was an 

increase in the level of RAR- β protein expression and it also correlated with clinical response (21). 

 

CONCLUSION: From the above references it is clear that hypermethylation of gene promoters 

occur in cancer and is also one of the major causes of silencing of the TSG. Detecting these 

epigenetic changes by non-invasive techniques could therefore hold a high significance in the 

developing of biomarker to diagnose the disease at early stages. It could serve to be more 

promising when it is included with other biochemical markers. 
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SUPPLEMENTARY DATA:  
 

Gene Forward (5´-3´) Reverse (5´-3´) 
Annealing 

temperature 
Product 

Size 

RAR-β 
Nested 

AAGTGAGTTGTTTAGAGGTAGGAGGG CCTATAATTAATCCAAATAATCATTTACC 520 C 276 

RAR-β 
MSP 

CCTATAATTAATCCAAATAATCATTTACC CCTATAATTAATCCAAATAATCATTTACC 600 C 146 

RAR-β 
USP 

CCTATAATTAATCCAAATAATCATTTACC CTCAACCAATCCAACCAAAACA 610 C 146 

Table 1: Primer sequences of RAR-β gene 

 

Table 2: PCR Cycling Conditions: 
 

Gene 
Initial 

Denaturation 

Cycling Stage x 35 
Final Extension 

Denaturation Annealing Extension 

DAPK 
950C 950C 530C 720C 720C 

10 mins 30 sec 30 sec 30 sec 7 mins 

Nested PCR conditions 
 
 

Gene 
Initial 

Denaturation 

Cycling Stage x 35 Final 
Extension Denaturation Annealing Extension 

DAPK 
950C 950C 

600C/610C 
(MSP/USP) 

720C 720C 

10nims 30 sec 30 sec 30 sec 7 mins 

Methylation and Unmethylation Specific PCR conditions 

 
 

 
Characteristics N RAR-β(% methylation) 

Ovarian tumors 
 

72 
 

Menopause State Pre Menopause 17 2/17 (11.7%) 

 
Post Menopause 55 15/55 (27.2%) 

 
p-Value 0.327 
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Histological type Serous 36 07/36 (19.4%) 

 
Mucinous 10 04/10 (40%) 

 
Clear cell 3 1/03 (33.3%) 

 
Endometriod 4 0/04 (0%) 

 
p-Value 0.314 

  
FIGO Stage I-II 15 3/15 (20%) 

 
III-IV 38 09/38 (23.6%) 

 
p-Value 1.000 

  
CA125(U/ml) 0-35 13 0/13 (0%) 

 
35-500 16 11/16 (68.7%) 

 
500-1000 17 4/17 (23.5%) 

 
>1000 26 2/26 (7.6%) 

 
p-Value <0.001* 

  
CEA (ng/ml) 0-7.5 67 14/67 (20.8%) 

 
>7.5 5 3/5 (60%) 

 
p-Value 0.082 

  
Ascites 

   

 
Presence of ascites 24 10/24 (41.6%) 

 
Absence of ascites 48 7/48 (14.5%) 

 
p-Value 0.018* 

  
Table 3: Clinicopathological parameters and Patients characteristics 

 

Note: * indicates statistical significance. 

 

Genes 
Tumor type 

Malignant (53) LMP(07) Benign (12) Normal (07) 

RAR (M) 12/53(22.6%) 01/7(14.2%) 04/12(33.3%) 0/7 (0%) 

RAR(U) 41/53(77.3%) 06/7(85.7%) 08/12(66.6%) 7/7 (100%) 

pValue 0.326 1.000 0.245  

Table 4: Methylation frequencies of study subjects for RAR -beta 

 

 
 

Figure 1A 
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Agarose gel electrophoresis images as captured on the Gel Documentation System 

showing representative methylation-specific PCR result of the RAR-β gene. The sizes of PCR 

products are listed in Table-1, along with the primers used for analysis. The presence of a visible 

PCR product in Lane U indicates the presence of unmethylated alleles; the presence of product in 

Lane M indicates the presence of methylated alleles. CpG methylated HeLa genomic DNA (+ve) 

was used as positive control for methylated alleles and DNA from non-cancerous patients (-ve) 

control. Fig1A indicates the results obtained in plasma DNA and Fig1B denote the results obtained 

in corresponding tumor tissue DNA. 

‘PM’- Plasma Malignant sample, ‘PL’- Plasma Low Malignant Potential Sample, ‘PL’-Plasma 

Benign samples, ‘TM’-Tissue Malignant sample, ‘TL’- Tissue Low Malignant Potential Sample, ‘TB’- 

Tissue Benign samples. 
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