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Promoter hypermethylation 
inactivates CDKN2A, CDKN2B 
and RASSF1A genes in sporadic 
parathyroid adenomas
Ashutosh Kumar Arya1, Sanjay Kumar Bhadada1, Priyanka Singh1, Naresh Sachdeva1, Uma 
Nahar Saikia2, Divya Dahiya3, Arunanshu Behera3, Anil Bhansali1 & Sudhaker D. Rao4

Cyclin D1, a G1-S phase regulator, is upregulated in parathyroid adenomas. Since cyclin-dependent 
kinase (CDK) inhibitors, CDKN2A and CDKN2B, and RASSF1A (Ras-association domain family 1, 
isoform A) are involved in G1-S phase arrest and act as potential tumor suppressor genes, we aimed 
to study potential methylation-mediated inactivation of these genes in parathyroid adenomas. Gene 
expressions of cyclin D1 (CCND1) and regulatory molecules (CDKN2A, CDKN2B and RASSF1A) was 
analysed in parathyroid adenoma tissues (n = 30). DNA promoter methylation of cyclin D1 regulators 
were assessed and correlated with clinicopathological features of the patients. Gene expression analysis 
showed a relative fold reductions of 0.35 for CDKN2A (p = 0.01), 0.45 for CDKN2B (P = 0.02), and 0.39 
for RASSF1A (p < 0.01) in adenomatous compared to normal parathyroid tissue. There was an inverse 
relationship between the expressions of CDKN2A and CDKN2B with CCND1. In addition, the promoter 
regions of CDKN2A, CDKN2B, and of RASSF1A were significantly hyper-methylated in 50% (n = 15), 
47% (n = 14), and 90% (n = 27) of adenomas respectively. In contrast, no such aberrant methylation of 
these genes was observed in normal parathyroid tissue. So, promoter hypermethylation is associated 
with down-regulation of CCND1 regulatory genes in sporadic parathyroid adenomas. This dysregulated 
cell cycle mechanism may contribute to parathyroid tumorigenesis.

Primary Hyperparathyroidism (PHPT) is characterized by hypercalcemia associated with elevated or 
non-suppressed serum parathyroid hormone (PTH) levels1. The underlying molecular mechanisms for develop-
ment of parathyroid adenoma are not completely understood, but the role of Cyclin D1 (encoded by the CCND1 
gene) in parathyroid tumorigenesis is well established. Cyclin D1, a cell cycle regulator responsible for G1-S phase 
transition, is overexpressed in 20–40% of parathyroid adenomas2–4, although a much higher proportion (~80%) 
of sporadic parathyroid adenomas from Asian Indians overexpress Cyclin D15. Studies in transgenic mice have 
confirmed that overexpression of cyclin D1 due to PTH-CCND1 rearrangement can lead to parathyroid gland 
growth and adenoma formation6, 7.

During progression of cell cycle, cyclin D1 binds to cyclin dependent kinases (CDKs) particularly CDK4 and 
CDK6. These kinases compete with the CDK inhibitors, p16 and p15, and block the binding of CDKs to cyclin 
D1 resulting in G1 phase arrest8. p16 and p15 proteins are encoded respectively by CDKN2A and CDKN2B, and 
act as tumor suppressor genes9, 10. Reduced expression of these inhibitor proteins in parathyroid adenomas does 
not appear to be due to either deletion or mutations in these genes11, but epigenetic changes, such as DNA meth-
ylation, could have a major role in the transcriptional silencing of gene expression. DNA methylation is the most 
widely studied epigenetic alteration, but there are only a few such studies in parathyroid adenomas12–17. In one 
study, there was very low level of methylation in the CDKN2A without an aberrant methylation in the CDKN2B13, 
and another study showed promoter methylation mediated silencing of both CDKN2A and CDKN2B genes14. 
Hypermethylation in CDKN2A has been reported in many other cancers but hypermethylation of CDKN2B is 
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not as frequent18, 19. Ras-association domain family 1, isoform A (RASSF1A), a Ras binding protein, is another 
molecule that blocks G1-S phase transition and inhibits cyclin D1 accumulation20. Reduced expression of 
RASSF1A and promoter DNA hypermethylation have been reported in parathyroid adenomas12, 13. However, 
there is no clear association between the promoter DNA hypermethylation of these G1-S phase regulating tumor 
suppressor genes and the clinico-pathological features of parathyroid adenoma.

In the present study we analysed the expression patterns of three potential tumor suppressor genes, CDKN2A, 
CDKN2B and RASSF1A, in sporadic parathyroid adenomas. We further examined the methylation status of CpG 
sites in promoter regions of these genes as a potential epigenetic modification to explain their reduced expression 
patterns.

Results
Characteristics of PHPT patients. A total of 30 PHPT patients (9 men, 21 women) with a mean age of 
40.8 (range 16–65) years were recruited. Relevant clinical and biochemical data are summarized in Table 1. Bone 
pain was the most common presentation (25/30 or 83%) followed by weakness and fatigue (53%), fractures (37%), 
nephrolithiasis (33%), weight loss (27%), cholelithiasis (20%) and pancreatitis (10%). Twenty-one (70%) patients 
were vitamin D deficient defined as serum 25-hydroxyvitamin D level <20 ng/ml, and the mean parathyroid 
adenoma weight was 4.1 g (range 0.26–25 g).

Gene Expression analysis. The relative expressions of the CDKN2A, CDKN2B and RASSF1A genes were 
analysed by quantitative RT-PCR and were related to the cyclin D1 (CCND1) expression in parathyroid adenoma 
samples. Cyclin D1 was over-expressed in 93% (n = 28) cases with mean fold increase of 9.0 ± 8.7 (median = 6.6, 
0.86–32.13) and was significantly higher in adenomatous compared to normal parathyroid tissue (p = 0.003; 
Fig. 1A).

The quantitative RT-PCR analysis showed reduced CDKN2A gene expression in 87% (n = 26) of patients 
with a mean fold reduction of 0.35 ± 0.39 (median = 0.21, 0.03–1.26) (p = 0.01; Fig. 1B) compared to normal 
parathyroid samples. The CDKN2B gene expression was reduced in 83% (n = 25) of cases with a mean fold 
reduction of 0.45 ± 0.38 (median = 0.29, 0.026–1.85) (p = 0.02; Fig. 1C) compared to the normal parathyroid 
tissue. Correlation analysis showed that the expression of both CDKN2A (ρ = −0.51; ρ = 0.003) and CDKN2B 
(ρ = −0.49; ρ = 0.004) were inversely related to cyclin D1 expression (Fig. 1E). Although there was no significant 
relationship between CDKN2A expression level and biochemical indices of the disease, CDKN2B was correlated 
both with serum PTH level (ρ = 0.73, p = 0.001) and tumor weight (ρ = 0.65; p = 0.006). Also, serum PTH level 
correlated directly with parathyroid adenoma weight (ρ = 0.77; p < 0.0001). Collectively, these findings suggest 
that reduced CDKN2B expression was associated with the severity of PHPT as reflected by the adenoma weight 
and serum PTH levels.

The RASSF1A gene expression was also reduced in 90% (n = 27) of adenomatous tissues with a mean fold 
reduction of 0.39 ± 0.37 (median = 0.36, 0.04–0.86; p < 0.01; Fig. 1D) compared to the normal parathyroid tissue 
samples. However, there was no association between cyclin D1 and RASSF1A gene expression patterns (ρ = 0.1; 
p = 0.61). RASSF1A expression was negatively associated with the serum calcium level of the patients (ρ = −0.58, 
p = 0.004). Correlation analysis of expression of all the genes with the disease parameters were summarized in the 
Table 2 and Supplementary Figure S1.

Promoter region methylation of CDKN2A, CDKN2B and RASSF1A. To further understand the 
reason for under-expression of the genes, we analysed methylation status of the promoter regions of CDKN2A, 
CDKN2B and RASSF1A genes. A methylation density of >10% was considered as methylated for the specific 
gene studied12. For the CDKN2A gene, the promoter region of exon1B (nucleotide −367 to −28) was analysed. 
The region contains 16 CpG sites with a product size of 340 bp. Sequencing after BSP revealed that only 50% 
(n = 15) of adenoma samples were methylated with a mean methylation density of 24 ± 13.2% (12.5–61.5%). 
Nine adenomas had methylation densities of <10% and in 6 adenomas no methylation was observed at any of the 
CpG sites. In contrast, none of the normal parathyroid tissue samples showed methylation except a single sample 
showed methylation density of 7% at one CpG site. Correlation analysis revealed that promoter methylation of 

Variable Number or mean ± SD (range)

Subjects 30

Women/Men 21/9

Age (y; mean ± SD) 40.8 ± 10

Calcium (8.6–10.2 mg/dl) 11.7 ± 1.5 (8.97–15.3)

Inorganic Phosphate (2.4–4 mg/dl) 2.4 ± 0.5 (1.61–3.7)

Alkaline Phosphatase (40–129 U/L) 319.7 ± 217.1 (73–947) (Geometric mean, 256)*

iPTH (15–65 pg/ml) 732.5 ± 711.7 (73–3726) (Geometric mean, 484.5)*

25 (OH) D (11–42.9 ng/ml) 18.9 ± 14.3 (3.7–61.43) (Geometric mean, 13.23)*

Creatinine (0.5–1.2 mg/dl) 1.0 ± 0.6 (0.3–2.6)

Adenoma weight (g) 4.1 ± 5.4 (0.26–25) (Geometric mean, 2.42)*

Table 1. Base line characteristics of PHPT patients. *The data are non-normally distributed
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CDKN2A was inversely related to adenoma weight (ρ = −0.48; p = 0.046), but not with clinico-pathological fea-
tures of the patients.

For CDKN2B, the promoter region (nucleotide −289 to +10) contained 18 CpG sites with a product size of 
300 bp was analyzed. Sequencing analysis revealed that 47% (n = 14) of the adenomas were hypermethylated 
(>10% methylation density) in the CDKN2B promoter region with a mean methylation density of 24.8 ± 12% 
(11.5–58.3%). Eight adenomas had methylation densities of <10% and the remaining 8 adenomas had no methyl-
ation at any CpG sites. Again, none of the normal parathyroid samples had >10% methylation, although 2 normal 
parathyroid tissue samples were methylated (7% density) at one CpG site. CDKN2B promoter region methylation 
was not associated with any clinico-pathological features of the PHPT patients.

The promoter region of RASSF1A (nucleotide −145 to +55) contained 16 CpG sites and the amplified prod-
uct size was 200 bp. Sequencing results revealed that RASSF1A was highly methylated (90%; n = 27) with a mean 
methylation density of 73.7 ± 24.9% (20–100%), and 77% (N = 23) of the adenomas were methylated at ≥50% 
of the CpG sites; 2 adenomas had a methylation density of 8% and 9% and one adenoma sample was not methyl-
ated at any site. As was the case with CDKN2A and CDKN2B, none of the normal parathyroid samples showed 
methylation of RASSF1A, although 3 of the 5 normal parathyroid tissue samples displayed low methylation den-
sities of 7.7%, 7.7% and 9.1%. RASSF1A gene promoter methylation was inversely related to serum calcium level 
(ρ = −0.54, p = 0.02), suggesting that patients with severe hypercalcemia had lower level RASSF1A-DNA meth-
ylation. A similar finding was reported by Juhlin et.al.12. RASSF1A gene promoter methylation was not associated 
with PTH (ρ = −0.15, p = 0.5) and tumor weight (ρ = −0.19, p = 0.4). No other biochemical parameters were 
correlated with promoter methylation of RASSF1A. Representative methylated and un-methylated CpG sites 
in promoter region of all three genes are shown in Figure 2. Methylation density of each normal and adenoma-
tous parathyroid tissue samples for all the three genes are shown as individual values in the scatter plot (Fig. 3). 

Figure 1. Gene expression pattern of CCND1, CDKN2A, CDKN2B and RASSF1A and association of inhibitors 
with CCND1 expression. Box and whisker plot representing the relative expression pattern of the genes (A) 
CCND1, (B) CDKN2A, (C) CDKN2B and (D) RASSFIA in parathyroid adenoma samples compared to the 
normal parathyroid samples with bar as minimum and maximum value. (E) Scatter plot showing the negative 
association between gene expression pattern of CDKN2A, as well as CDKN2B with Cyclin D1 expression 
(n = 30). (*P < 0.05, **P < 0.01).

CDKN2A Expression CDKN2B Expression RASSF1A Expression

Calcium −0.12 (p = 0.51) −0.27 (p = 0.15) −0.58 (p = 0.004)

PTH −0.01 (p = 0.95) 0.73 (p = 0.001) −0.1 (p = 0.6)

Phosphorus −0.082 (p = 0.72) −0.29 (p = 0.21) 0.21 (p = 0.34)

ALP −0.07 (p = 0.75) 0.64 (p = 0.001) −0.07 (p = 0.75)

25(OH)D −0.07 (p = 0.72) −0.49 (p = 0.016) 0.1 (p = 0.63)

Tumor weight 0.18 (p = 0.41) 0.65 (p = 0.006) −0.19 (p = 0.37)

Age −0.17 (p = 0.38) −0.26 (p = 0.20) 0.03 (p = 0.89)

Gender 0.28 (p = 0.14) −0.22 (p = 0.25) −0.22 (p = 0.23)

Table 2. Detailed correlation analysis between gene expression and disease parameters.
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Correlation analysis of promoter methylation of all the genes with the disease parameters were summarized in 
the Table 3 and Supplementary Figure S2.

Further, expression patterns were compared between un-methylated and methylated tumor samples for all 
three genes. No difference was observed in CDKN2A expression levels between methylated and un-methylated 
group (0.33 ± 0.29 vs 0.42 ± 0.49, p = 0.63) (Fig. 4A). CDKN2B expression level was significantly low in meth-
ylated group compared to the un-methylated group (0.29 ± 0.27 vs 0.72 ± 0.56, p = 0.03) (Fig. 4B). RASSF1A 
expression also did not change between methylated and un-methylated patient groups (0.37 ± 0.35 vs 0.45 ± 0.13, 
p = 0.34) (Fig. 4C).

Discussion
In this study we found that the promoter region of the three genes (CDKN2A, CDKN2B and RASSF1A) exam-
ined in sporadic parathyroid adenomas is frequently hypermethylated with the resultant reduced expression of 
their respective gene products. In addition, we have demonstrated an inverse relationship between expressions of 
the CDK inhibitors and cyclin D1 in the adenomatous compared to the normal parathyroid tissue. To the best our 

Figure 2. Representative electropherograms of direct sequencing of genes amplified after the bisulfite 
conversion of the genomic DNA samples. Representing the methylated and un-methylated cytosine of CpG 
sites in the promoter region of the (A) CDKN2A, (B) CDKN2B and (C) RASSF1A genes for both adenoma and 
normal parathyroid samples.
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knowledge this is the first study to demonstrate hypermethylation of both the CDK inhibitors and point towards 
dysregulated cell cycle mechanisms in parathyroid adenomas.

In contrast to previous studies12–14, we found hypermethylation of cyclin dependent kinase inhibitors - 
CDKN2A and CDKN2B in about half of the adenomas. Starker et al.14 found that both CDKN2A and CDKN2B 
were inactivated by promoter hypermethylation, but others have not12, 13. No deletions or mutations were identi-
fied in CDKN2A and CDKN2B genes in parathyroid adenomas11. Transcriptional silencing due to hypermethyl-
ation of CDKN2A is one of the major mechanisms involved in the pathogenesis of several types of malignancies 
such as B cell lymphoma, hepatocellular, lung and colorectal cancers21–23. However, hypermethylation of CDKN2B 
has not been frequently reported in cancers. CDKN2A and CDKN2B encode p16 and p15 proteins respectively, 
that have important roles in the retinoblastoma pathway. Our study confirms the methylation-mediated tran-
scriptional silencing of both CDKN2A and CDKN2B, and is the first study to demonstrate that the hypermethyl-
ation of CDKN2B is almost equivalent to CDKN2A in parathyroid adenomas. Thus, it appears that CDKN2B has 
an equivalent role as CDKN2A in parathyroid tumorigenesis. Based on our previous study and the results from 
the present study that demonstrated a positive association between CCND1 expression and adenoma weight5, 
we speculate that under-expression of tumor suppressor gene products (p15 and p16) and overexpression of 
oncogene (cyclin D1) may explain both the mechanism of parathyroid tumorigenesis and the severity of disease 
expression (higher adenoma weight and PTH level, and a more severe and symptomatic form of PHPT)7. Also, 
our study shows that the transcriptional silencing of CDKN2A and CDKN2B due to hypermethylation in at least 
50% of sporadic parathyroid tumors. Although the expression was reduced in approximately 85% of the adeno-
mas, hypermethylation of CKDN2A and CDKN2B promoter regions was found in a much smaller proportion 
implying that other mechanism may be involved in CDKN2A and CDKN2Breduced expressions.

The RASSF1A promoter region was hypermethylated in 90% parathyroid adenomas, and the methyla-
tion densities ranged from 20–100%. Three patients with no aberrant methylation had severe hypercalcemia 
(albumin-corrected serum calcium levels 14.6, 13.7 and 14.3 mg/dl). Both the reduced expression and hypermeth-
ylation were negatively associated with serum calcium levels of the PHPT patients, suggesting that patients with 
mild hypercalcemia had a significant reduction in expression and higher DNA methylation level of RASSF1A. 
This strongly suggests a role of hypermethylation-mediated RASSF1A tumor suppressor gene inactivation in 
parathyroid tumor formation and tumor progression. Similarly, Juhlin et al.12 have also reported reduced expres-
sion of RASSF1A with significant and frequent hypermethylation in parathyroid adenomas. Also Sulaiman et 
al. have reported hypermethylation of RASSF1A in 52% of PHPT patients with methylation densities ranging 
from 20–79%13. Thus, we suggest that promoter DNA methylation is responsible for the reduced expression of 

Figure 3. Individual value scatter plot for normal and adenoma parathyroid samples for representing promoter 
methylation for all the genes.

CDKN2A methylation CDKN2B methylation RASSF1A methylation

Calcium −0.18 (p = 0.68) −0.23 (p = 0.54) −0.54 (p = 0.02)

PTH −0.14 (p = 0.73) 0.48 (p = 0.17) −0.15, (p = 0.5)

Phosphorus −0.05 (p = 0.94) −0.44 (p = 0.27) −0.19 (p = 0.4)

ALP 0.38 (p = 0.36) −0.18 (p = 0.7) 0.17 (p = 0.48)

25(OH)D 0.53 (p = 0.07) 0.01 (p = 0.98) −0.31 (p = 0.22)

Tumor weight −0.48 (p = 0.046) 0.36 (p = 0.12) −0.19, (p = 0.4)

Age 0.34 (p = 0.37) −0.01 (p = 0.97) −0.36 (p = 0.1)

Gender 0.12 (p = 0.57) −0.31 (p = 0.14) 0.29 (p = 0.15)

Table 3. Correlation analysis between promoter methylation status of genes and the disease parameters.
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RASSF1A in parathyroid adenomas. RASSF1A encodes a Ras binding protein that has a role in the promotion of 
apoptosis, cell cycle arrest and genomic stability24. Mutations in RASSF1A have been only rarely reported, though 
hypermethylation-mediated inactivation is a major mechanism of regulating gene expression. RASSF1A inactiva-
tion by methylation has been observed in many cancers25–27 including endocrine tumors like pheochromacytoma 
and follicular thyroid cancer28, 29. There was no association between the methylation levels of each gene with the 
expression of cyclin D1.

Previous studies have identified that three tumor suppressor genes (RIZ1, SFRP1, HIC1) may be 
epigenetically-silenced in parathyroid adenomas13, 14, 17. We observed that the vitamin D receptor (VDR) and 
calcium sensing receptor (CASR) were not epigenetically silenced in parathyroid adenoma15. The inhibitory 
mechanism related to the effect of promoter methylation on transcription silencing is either by non-binding of 
transcription factors to methylated CpG sites or via binding of methyl-CpG binding domain (MBD) protein to 
methylated CpG sites irrespective of the sequence. These protein contains a transcriptional repression domain 
(TRD), which forms a complex with co-repressor molecules and histone deacetylase proteins (e.g., HDAC1, 
HDAC2). Then, this protein complex binds to methylated DNA and deacetylate the histones in chromatin. This 
in turn appears to condense the chromatin structure, making it more condensed and the DNA less accessible for 
transcription30.

The major limitations of our study was relatively small sample size and small number of normal parathyroid 
samples which needs to be confirmed on large sample size with variable hypercalcemic patients, and further vali-
dated at the protein level and functionally characterized by in-vitro experiments in parathyroid cells.

In conclusion, reduced expression of CDKN2A, CDKN2B and RASSF1A with significant hypermethylation of 
promoter region of these genes and inactivation of these genes through epigenetic regulation may be important 
factor in tumorigenesis in substantial proportion of parathyroid adenomas. Our study confirms previous obser-
vations on the importance of RASSF1A silencing by promoter hypermethylation in parathyroid tumorigenesis 
regardless of ethnicity. Overall the study provides better insights of highly deregulated cell regulatory mechanism 
in symptomatic PHPT.

Methods
Ethical approval. The research design was approved by the Institutional Ethics committee, Postgraduate 
Institute of Medical Education and Research (PGIMER), Chandigarh India. Informed consent was obtained from 
all study participants. The study was carried out in accordance with the approved guidelines.

Subjects. Patients with PHPT were recruited from department of Endocrinology and General Surgery, 
Postgraduate Institute of Medical Education & Research, Chandigarh, India from January 2014 to December 

Figure 4. Comparison of relative gene expression level of (A) CDKN2A, (B) CDKN2B and (C) RASSF1A 
promoter methylation status determined using BSP. Box and whisker plot for comparative gene expression 
change between methylated and un-methylated tumor samples. The horizontal bars show the median values for 
the relative expression of in each group.
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2015. Parathyroid adenoma tissue samples (n = 30) were collected after parathyroidectomy and normal parathy-
roid tissue samples (n = 5) were obtained during elective thyroidectomy for multinodular goitre during which 
the normal parathyroid glands were removed inadvertently and stored at −80 °C. PHPT was diagnosed on the 
basis of presence of hypercalcemia and elevated PTH levels, and verified at surgery. After surgery, the diagnosis 
of parathyroid adenoma was confirmed by histopathology on hematoxylin and eosin (H&E) stained sections. The 
adenoma was encapsulated tumor with no fat and highly vascular. Patients with parathyroid hyperplasia, para-
thyroid carcinoma, secondary hyperparathyroidism, and multiple endocrine neoplasia syndromes were excluded.

Expression analysis of CDKN2A, CDKN2B and RASSF1A genes. Tissue samples were collected in 
RNA later (Sigma-aldrich, USA) and stored at −80 °C and further used for RNA and DNA isolation. Total RNA 
was isolated from both adenoma and normal parathyroid tissue samples using Trizol method. The 260:280 nm 
ratio of RNA (interval 1.9–2.1) was determined by Biophotometer plus (Eppendorf, Hamburg, Germany) and 
confirmed by denaturing gel electrophoresis. cDNA was synthesized from 5µg total RNA (100µl reaction) by 
using iScript cDNA synthesis kit (Bio-Rad, USA) according to the manufacturer’s instructions.

Gene expression analysis was performed by quantitative real time PCR (qRT-PCR) for CDKN2A, CDKN2B, 
CCND1 and RASSF1A genes. Experiment was performed on ABI StepOnePlus real-time PCR system (Applied 
Biosystems, USA) as per the manufacturer’s recommendations using 18s rRNA as endogenous housekeep-
ing gene. Primers for real time PCR were designed by using primer blast program (www.ncbi.nlm.nih.gov/
tools/primer-blast/). For CDKN2A, forward primer 5′-ATATGCCTTCCCCCACTACC-3′ and reverse prim-
er5′-CACATGAATGTGCGCTTAGG-3′; CDKN2B forward primer 5′-GAATGCGCGAGGAGAACAA-3′ 
an d  re ve rs e  pr i m e r  5 ′ - C ATC ATC ATG AC C TG G ATC G C - 3 ′ ;  R A S SF 1 A  for w ard  pr i m e r 
5′-TTACCTGCCCAAGGATGCTG-3′ reverse primer 5′-CAAGTACACTTGGCCGTGAC-3′; CCND1 for-
ward primer 5′-TGTGCCACAGATGTGAAGTT-3′ and reverse primer 5′-CCGGGTCACACTTGATCACT-3′ 
and 18s  rRNA for ward pr imer 5 ′ -GTAACCCGT TGAACCCCAT T-3 ′  and reverse  pr imer 
5′-CCATCCAATCGGTAGTAGCG-3′ were used for amplifying the genes.

PCR reactions were carried out in a 96-well optical reaction plate. One µl of template cDNA (equivalent 
to 200 ng of total RNA) were added to 10 μl of PCR reaction mixture containing 0.25 μM each forward and 
reverse primers. Initial denaturation at 95 °C for 10 minutes then 40 cycles of 95 °C for 10 seconds, at different 
temperatures for 45 seconds and 72 °C for 45 seconds. All experiments were carried out in duplicate with two 
non-template controls as negative control. All samples were normalized to their corresponding housekeeping 
gene, 18s rRNA value and there after the normal parathyroid mean for each experiment. Finally, amplified prod-
ucts were sequenced (ABI 3730 sequencer, Applied Biosystems, USA) to confirm the correct transcript. Analysis 
of relative gene expression was calculated by the 2−∆∆CT method to produce the data as fold change up/down 
regulation31.

DNA extraction and bisulfite conversion. Total genomic DNA was extracted from both adenoma and 
normal parathyroid tissue samples by QIAmp mini DNA extraction kit (Qiagen, USA) according to the manufac-
turer’s instructions. DNA samples were subjected to bisulfite conversion using the EZ DNA Methylation-GoldTM 
Kit (Zymo Research Corporation, CA, USA) involving chemical modification of unmethylated cytosine to uracil 
bases which are detected as thymine following PCR, but those that are methylated are resistant to this modifica-
tion and remain as cytosine. After bisulfite conversion modified DNA was stored at −20 °C.

Bisulfite-Sequencing PCR (BSP). Methylation of CpG rich 5 ′  regions in CDKN2A, 
CDKN2B and RASSF1A genes were assessed by BSP using bisulf ite  sequencing primers 
designed by online program MethPrimer (http://www.urogene.org/methprimer/index1.html).  
For  CDKN2A, for ward pr imer 5 ′ -T T T T TGAAAAT TAAGGGT TGAGGGG-3 ′  and reverse 
pr i m e r  5 ′ - A A A A A A AC TA A AC TC C TC C C C AC C TAC - 3 ′ ;  for  C DK N 2 B  for w ard  pr i m e r 
5′-TTTATTGGGGATTAGGAGTTGAG-3′ and reverse primer 5′-CTAACAAAATAAAAAACCAACC-3′ 
and for RASSF1A forward primer 5′-GGGTTTTATAGTTTTTGTATTTAGGTTTTT-3′ and reverse primer 
5′-AACTCAATAAACTCAAACTCCCCC-3′ were used for amplifying specific promoter region. Initial dena-
turation was performed at 95 °C for 1 minutes, followed by 40 cycles of PCR amplification (95 °C for 30 seconds, 
60 °C for 30 seconds, and 72 °C for 45 seconds), and the final step was extended to 7 minutes at 72 °C for all three 
genes. Completely methylated by M.Sssl methyltransferase (New England Biolabs, USA) genomic DNA from a 
healthy individual was used as the positive control for methylation. After PCR, products were separated electro-
phoretically in 2% agarose gel and finally the amplified products were sequenced (ABI 3700, Applied Biosystems, 
USA). Sequencing data were further analysed for quantitation of percent methylation in promoter region by using 
BISMA (Bisulfite sequencing and DNA Methylation analysis) program32.

Statistical Analyses. All statistical analyses were performed using Statistical Package for the Social 
Sciences version 20 (SPSS v20, IBM USA). Continuous (parametric) variables were presented as mean ± SD and 
non-parametric variables were also presented with geometric mean. Comparison of gene expression as well as 
DNA promoter methylation pattern between parathyroid adenoma and parathyroid normal (control) samples 
was analysed by Mann-Whitney U test or unpaired T-test. Mann-Whitney test was used to evaluate the differ-
ences in the relative expression level between the methylated and un-methylated group. Statistical tests were ana-
lysed with Bonferroni correction. Spearman’s rank correlation test and linear regression analysis was used for the 
correlation analyses of gene expression as well as DNA promoter methylation with the disease parameters (PTH, 
calcium, phosphorus, ALP, 25(OH)D, age and gender) as covariates. p value < 0.05 was considered statistically 
significant for all of our analyses.

http://www.ncbi.nlm.nih.gov/tools/primer-blast/
http://www.ncbi.nlm.nih.gov/tools/primer-blast/
http://www.urogene.org/methprimer/index1.html
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Data availability. Data generated or analysed during this study are included in this published article (and its 
Supplementary Information file). Additional data will be available from the corresponding author on reasonable 
request.

References
 1. Brown, E. M. In Principles and practice of endocrinology and metabolism (ed Kenneth, L. Becker) 478–489 (Lippincott Williams & 

Wilkins Co., 2001).
 2. Vasef, M. A., Brynes, R. K., Sturm, M., Bromley, C. & Robinson, R. A. Expression of cyclin D1 in parathyroid carcinomas, adenomas, 

and hyperplasias: a paraffin immunohistochemical study. Mod Pathol 12, 412–416 (1999).
 3. Rosenberg, C. L., Kim, H. G., Shows, T. B., Kronenberg, H. M. & Arnold, A. Rearrangement and overexpression of D11S287E, a 

candidate oncogene on chromosome 11q13 in benign parathyroid tumors. Oncogene 6, 449–453 (1991).
 4. Hsi, E. D., Zukerberg, L. R., Yang, W. I. & Arnold, A. Cyclin D1/PRAD1 expression in parathyroid adenomas: an 

immunohistochemical study. J Clin Endocrinol Metab 81, 1736–1739 (1996).
 5. Varshney, S. et al. Simultaneous expression analysis of vitamin D receptor, calcium-sensing receptor, cyclin D1, and PTH in 

symptomatic primary hyperparathyroidism in Asian Indians. Eur J Endocrinol 169, 109–116 (2013).
 6. Imanishi, Y. et al. Primary hyperparathyroidism caused by parathyroid-targeted overexpression of cyclin D1 in transgenic mice. J 

Clin Invest 107, 1093–1102 (2001).
 7. Rao, S. D., Bhadada, S. K. & Parfitt, A. M. In The Parathyroids (Third Edition) (eds J. P. Bilezikian et al.) 255–278 (Academic Press, 

2015).
 8. Serrano, M., Hannon, G. J. & Beach, D. A new regulatory motif in cell-cycle control causing specific inhibition of cyclin D/CDK4. 

Nature 366, 704–707 (1993).
 9. Hunter, T. & Pines, J. Cyclins and cancer. II: Cyclin D and CDK inhibitors come of age. Cell 79, 573–582 (1994).
 10. Strauss, M., Lukas, J. & Bartek, J. Unrestricted cell cycling and cancer. Nat Med 1, 1245–1246 (1995).
 11. Tahara, H., Smith, A. P., Gaz, R. D. & Arnold, A. Loss of chromosome arm 9p DNA and analysis of the p16 and p15 cyclin-dependent 

kinase inhibitor genes in human parathyroid adenomas. J Clin Endocrinol Metab 81, 3663–3667 (1996).
 12. Juhlin, C. C. et al. Frequent promoter hypermethylation of the APC and RASSF1A tumour suppressors in parathyroid tumours. 

PLoS One 5, e9472 (2010).
 13. Sulaiman, L. et al. Global and gene-specific promoter methylation analysis in primary hyperparathyroidism. Epigenetics 8, 646–655 

(2013).
 14. Starker, L. F. et al. The DNA methylome of benign and malignant parathyroid tumors. Genes Chromosomes Cancer 50, 735–745 

(2011).
 15. Varshney, S. et al. Methylation status of the CpG islands in vitamin D and calcium-sensing receptor gene promoters does not explain 

the reduced gene expressions in parathyroid adenomas. J Clin Endocrinol Metab 98, E1631–1635 (2013).
 16. Svedlund, J. et al. Aberrant WNT/beta-catenin signaling in parathyroid carcinoma. Mol Cancer 9, 294 (2010).
 17. Carling, T., Du, Y., Fang, W., Correa, P. & Huang, S. Intragenic allelic loss and promoter hypermethylation of the RIZ1 tumor 

suppressor gene in parathyroid tumors and pheochromocytomas. Surgery 134, 932–939, discussion 939–940 (2003).
 18. Merlo, A. et al. 5′ CpG island methylation is associated with transcriptional silencing of the tumour suppressor p16/CDKN2/MTS1 

in human cancers. Nat Med 1, 686–692 (1995).
 19. Herman, J. G. et al. Inactivation of the CDKN2/p16/MTS1 gene is frequently associated with aberrant DNA methylation in all 

common human cancers. Cancer Res 55, 4525–4530 (1995).
 20. Shivakumar, L., Minna, J., Sakamaki, T., Pestell, R. & White, M. A. The RASSF1A tumor suppressor blocks cell cycle progression and 

inhibits cyclin D1 accumulation. Mol Cell Biol 22, 4309–4318 (2002).
 21. Abdelgadir Adam, M., Untch, B. R. & Olson, J. A. Jr. Parathyroid carcinoma: current understanding and new insights into gene 

expression and intraoperative parathyroid hormone kinetics. Oncologist 15, 61–72 (2010).
 22. Shima, K. et al. Prognostic significance of CDKN2A (p16) promoter methylation and loss of expression in 902 colorectal cancers: 

Cohort study and literature review. Int J Cancer 128, 1080–1094 (2011).
 23. Nosaka, K. et al. Increasing methylation of the CDKN2A gene is associated with the progression of adult T-cell leukemia. Cancer Res 

60, 1043–1048 (2000).
 24. Donninger, H., Vos, M. D. & Clark, G. J. The RASSF1A tumor suppressor. J Cell Sci 120, 3163–3172 (2007).
 25. Dong, S. M. et al. Epigenetic inactivation of RASSF1A in head and neck cancer. Clin Cancer Res 9, 3635–3640 (2003).
 26. Burbee, D. G. et al. Epigenetic inactivation of RASSF1A in lung and breast cancers and malignant phenotype suppression. Journal of 

the National Cancer Institute 93, 691–699 (2001).
 27. Agathanggelou, A. et al. Methylation associated inactivation of RASSF1A from region 3p21.3 in lung, breast and ovarian tumours. 

Oncogene 20, 1509–1518 (2001).
 28. Geli, J. et al. Global and regional CpG methylation in pheochromocytomas and abdominal paragangliomas: association to malignant 

behavior. Clin Cancer Res 14, 2551–2559 (2008).
 29. Lee, J. J. et al. Gene-specific promoter hypermethylation without global hypomethylation in follicular thyroid cancer. International 

journal of oncology 33, 861–869 (2008).
 30. Curradi, M., Izzo, A., Badaracco, G. & Landsberger, N. Molecular mechanisms of gene silencing mediated by DNA methylation. Mol 

Cell Biol 22, 3157–3173 (2002).
 31. Livak, K. J. & Schmittgen, T. D. Analysis of relative gene expression data using real-time quantitative PCR and the 2(-Delta Delta 

C(T)) Method. Methods 25, 402–408 (2001).
 32. Rohde, C., Zhang, Y., Reinhardt, R. & Jeltsch, A. BISMA–fast and accurate bisulfite sequencing data analysis of individual clones 

from unique and repetitive sequences. BMC bioinformatics 11, 230 (2010).

Acknowledgements
This work was supported by intramural research grant from Postgraduate Institute of Medical Education and 
Research (PGIMER), Chandigarh India (No. 71/6-edu/13/1462). AKA’s research fellowship is supported by 
University Grants Commission (UGC), New Delhi India.

Author Contributions
A.K.A. and S.K.B. designed the research plan, A.K.A. and P.S. performed the experiments. S.K.B., N.S., U.N.S., 
D.D., A.B. and A.B. provided the materials and resource the research study. A.K.A., P.S., and S.D.R. analyzed the 
data. A.K.A., S.K.B., and S.D.R. wrote the manuscript. All authors edited and approved the final version of the 
manuscript.

Additional Information
Supplementary information accompanies this paper at doi:10.1038/s41598-017-03143-8

http://dx.doi.org/10.1038/s41598-017-03143-8


www.nature.com/scientificreports/

9Scientific RepoRts | 7: 3123  | DOI:10.1038/s41598-017-03143-8

Competing Interests: The authors declare that they have no competing interests.
Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2017

http://creativecommons.org/licenses/by/4.0/

	Promoter hypermethylation inactivates CDKN2A, CDKN2B and RASSF1A genes in sporadic parathyroid adenomas
	Results
	Characteristics of PHPT patients. 
	Gene Expression analysis. 
	Promoter region methylation of CDKN2A, CDKN2B and RASSF1A. 

	Discussion
	Methods
	Ethical approval. 
	Subjects. 
	Expression analysis of CDKN2A, CDKN2B and RASSF1A genes. 
	DNA extraction and bisulfite conversion. 
	Bisulfite-Sequencing PCR (BSP). 
	Statistical Analyses. 
	Data availability. 

	Acknowledgements
	Figure 1 Gene expression pattern of CCND1, CDKN2A, CDKN2B and RASSF1A and association of inhibitors with CCND1 expression.
	Figure 2 Representative electropherograms of direct sequencing of genes amplified after the bisulfite conversion of the genomic DNA samples.
	Figure 3 Individual value scatter plot for normal and adenoma parathyroid samples for representing promoter methylation for all the genes.
	Figure 4 Comparison of relative gene expression level of (A) CDKN2A, (B) CDKN2B and (C) RASSF1A promoter methylation status determined using BSP.
	Table 1 Base line characteristics of PHPT patients.
	Table 2 Detailed correlation analysis between gene expression and disease parameters.
	Table 3 Correlation analysis between promoter methylation status of genes and the disease parameters.




