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INTRODUCTION
Colorectal Cancer is a common type of cancer in several areas of 
the world [1,2]. The incidence of CRC is increasing in Asian countries 
like other countries worldwide [3]. CRC is the third most common 
cancer in Iran with an increasing prevalence in the last decade [4,5]. 
A recent research in Iran showed that CRC has an increasing rate 
in prevalence particularly in younger people because of changes in 
their lifestyles [6].

Delay in diagnosis is one of the most important problems in 
management and treatment of cancer, so a wide variety of studies 
have been focused on finding new strategies for early detection. 
There are increasing evidences showing that morbidity and mortality 
of CRC can be reduced by targeted screening programs and early 
diagnosis [7,8]. Designing an appropriate and successful screening 
program depends on discovering reliable markers and methods [9]. 
Similar to other malignancies, genetic and epigenetic changes play 
a key role in CRC development. Recently, several molecular genetics 
and epigenetic markers have been introduced for diagnosis, 
prognosis, and treatment of the CRC [10,11].

Methylation is the most common epigenetic change in cancer. DNA 
methylation of several genes in CRC has been reported [12]. The 
hypermethylation of gene promoters such as APC, MLH1 and Sept 
9 is well known through numerous studies [13,14]. A currently-
recognised molecular panel in diagnosis and screening of CRC 
includes BMP3 gene. Promoter hypermethylation of BMP3 has 
been reported in different cancers [15]. BMP3 is a member of TGF-
beta superfamily with cell growth suppression role in different types 
of cancer [16]. In the present study, hyper methylation of the BMP3 
gene was evaluated in plasma samples of CRC patients and healthy 
controls by Methylation Specific Polymerase Chain Reaction (PCR) 
in Iranian population.

MATERIALS AND METHODS
In the present case control study, 37 healthy controls (with 
no evidence of disease) and 59 patients with CRC (verified by 

histopathological analysis) were enrolled. All patients provided 
written informed consent and the project was approved by 
the Local Committee on Health Research Ethics (Baqiyatallah 
university of medical sciences and health services). Five millilitres 
of peripheral blood sample was collected from patients using 
K3EDTA vacutainer tubes and tissue biopsies were provided 
from colonoscopy centre of Baqiyatallah hospital, Tehran, Iran 
from 2011 to 2014. Healthy controls selected from patients 
referred to colonoscopy centre with no evidence of CRC or 
other cancers.

DNA extraction: DNA was isolated from 500 μL plasma using  the 
QIAamp DNA Blood Mini Kit (Qiagen-Germany) and total DNA from 
tissue biopsies was extracted using DNeasy Blood and Tissue Kit 
(Qiagen-Germany). The concentration of the isolated DNA was 
quantified using Nanodrop Spectrophotometer (Maestrogen-USA).

Bisulfite treatment: DNA was treated with bisulfite to convert 
unmethylated cytosines to uracils before MSP, as described 
previously [17].

MS-PCR: Methylation-Specific PCR (MSP) was performed to 
determine methylation status of the BMP3 gene. Primer sequences 
for the methylated and unmethylated templates are shown in [Table/
Fig-1]. PCR product size of BMP3 was 103 bp. Each PCR reaction 
mix consisted of a total volume of 30 μL containing 15 μL hot start 
taq master mix, 1 μM concentration of each primer, 1 μL DMSO, 
3 μL bisulfite-modified DNA and 9 μL RNase free water.
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ABSTRACT
Introduction: Colorectal Cancer (CRC) is a common type 
of cancer with a rising prevalence worldwide. Morbidity and 
mortality of CRC can be reduced by screening programs and 
early diagnosis. Currently used screening tests include fecal-
based methods are non-invasive and inexpensive, however the 
sensitivity and specificity of these tests are not high enough.

Aim: To evaluat hypermethylation of Bone Morphogenic Protein 
3 (BMP3) as a biomarker in early diagnosis of CRC.

Materials and Methods: A total of 96 individuals were enrolled in 
the present case-control study (59 CRC patients versus 37 healthy 
controls) and Methylation-Specific Polymerase Chain Reaction 

(PCR) was used to evaluate methylation status of the BMP3 gene 
in plasma samples and colonoscopy tissue biopsies.

Results: In plasma samples, 75% of CRC patients showed 
hypermethylation in the BMP3 gene versus only 30% of the 
controls. In colonoscopy tissue biopsies, BMP3 showed 
hypermethylation in 81.6% of CRC patients. Specificity and 
sensitivity of this gene in CRC diagnosis were found to be 76% 
and 66% respectively.

Conclusion: The results of the present study showed that 
BMP3 in combination with other genes could be used as a non-
invasive and promising biomarker in screening and diagnosis 
of CRC.

BMP3 gene Sequence (5`-3`)

M-Forward primer TTTAGCGTTGGAGTGGAGACGGCGTTC

M-Reverse Primer CGCGACCGAATACAACGAAATAACGA

U-Forward primer TTTAGTGTTGGAGTGGAGATGGTGTTTG

U-Reverse primer AAACACAACCAAATACAACAAAATAACAA

[Table/Fig-1]:	 Primers designed for methylated and unmethylated BMP3 gene.
M: Methylated; U: Unmethylated
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results showed that BMP3 has sensitivity and specificity about 57% 
and 93%, respectively [15]. In other countries, the methylation status 
of BMP3 was studied. Chen H et al., studied BMP3 methylation 
in tumour tissues of CRC patients and adenomas in China; results 
showed that BMP3 was hypermethylated in 66%, 74%, and 7% of 
CRC, adenomas and normal controls, respectively [18]. In another 
study carried out by Ashktorab H et al., methylation change was 
evaluated in seven CpG islands in the BMP3 gene promoter; 
results showed a significant difference in CRC as compared 
with the control group [19]. In Korea, Park SK et al., evaluated 
methylation of SFRP2, TFPI2, NDRG4, and BMP3 in stool DNA 
obtained from 111 patients. 40% of CRC samples and 33% of 
colorectal advanced adenoma samples showed hypermethylation 
in Korean population [20].

In this study, we used Methylation Specific PCR as a qualitative 
method for evaluating methylation status of the BMP3 gene. MSP 
is an inexpensive and easy method. In other studies different 
methods were used for assessment of hypermethylation such 
as methylation specific sequencing, High Resolution Melting 
(HRM) and array-based methods; accuracy and sensitivity of 
each method influence the results and validation of the results. 
Sensitivity and specificity of BMP3 in the detection of CRC were 
found to be 76% and 66%, respectively. It is suggested that 
BMP3 could be a valuable marker for CRC screening. However, 
it is recommended to use and compare this marker with other 
specific markers.

Limitation
One of the main limitations of the study was the sample size. The 
present study could be redesigned with a larger population of CRC 
patients to achieve more valid results.

CONCLUSION
Collectively, results of the present study indicated that BMP3 could 
be a promising biomarker for detection of colorectal adenocarcinoma 
and it seems to be a potential non-invasive marker.
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Characteristics Control (n=37) CRC (n=59) p-value
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GIC history in family
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[Table/Fig-2]:	 Demographic features of study groups.
CRC: Colorectal cancer; GID: Gastrointestinal disease; GIC: Gastrointestinal cancer

Group Control (n=37) CRC (n=59) p-value

Positive, M (%) 11 (30%) 44 (75%) 0.026

Negative, U (%) 26 (70%) 16 (25%) 0.033

Total (%) 37 (100%) 59 (100%)

[Table/Fig-3]:	 Methylation status of BMP3 in study population.
M: Methylated; U: Unmethylated; CRC: Colorectal cancer
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103 and 100 bp (respectively).
M: Methylated; U: Unmethylated; 1-4: Patients; P.C: Positive control; N.C: Negative control

Methylation status in plasma samples: As shown in [Table/Fig-3], 
44 of 59 (75%) CRC patients verses 11 of 37 (30%) healthy controls 
showed hypermethylation in the BMP3 gene [Table/Fig-4].

Specificity and sensitivity of BMP3: Evaluation of BMP3 
methylation status in the study demonstrated that specificity and 
sensitivity of this gene for diagnosis of CRC was 76% and 66%, 
respectively.

Methylation status in colonoscopy tissue biopsies: Tissue 
biopsies were obtained from 30 CRC patients through the 
colonoscopy procedure. Methylation status of tissue biopsies was 
evaluated by MS-PCR. BMP3 was frequently hypermethylated in 
81% of CRC patients.
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evaluated BMP3 methylation status in CRC patients in Iran; their 



www.jcdr.net	 Hasan Ashoori et al., Evaluation of the Epigenetic Biomarker Bone Morphogenic Protein 3 for Colorectal Cancer Diagnosis

Journal of Clinical and Diagnostic Research. 2018 Nov, Vol-12(11): GC07-GC09 99

	 Bedin C, Enzo MV, Del Bianco P, Pucciarelli S, Nitti D, Agostini M. Diagnostic [11]
and prognostic role of cell-free DNA testing for colorectal cancer patients. Int J 
Cancer. 2017;140(8):1888-98.

	 Yi JM, Kim TO. Epigenetic alterations in inflammatory bowel disease and cancer. [12]
Intest Res. 2015;13(2):112-21.

	 Matthaios D, Balgkouranidou I, Karayiannakis A, Bolanaki H, Xenidis N, [13]
Amarantidis K, et al. Methylation status of the APC and RASSF1A promoter in 
cell-free circulating DNA and its prognostic role in patients with colorectal cancer. 
Oncol Lett. 2016;12(1):748-56.

	 Fu T, Liu Y, Li K, Wan W, Pappou EP, Iacobuzio-Donahue CA, et al. Tumours with [14]
unmethylated MLH1 and the CpG island methylator phenotype are associated 
with a poor prognosis in stage II colorectal cancer patients. Oncotarget. 
2016;7(52):86480-89.

	 Houshmand M, Abbaszadegan MR, Kerachian MA. Assessment of bone [15]
morphogenetic protein 3 methylation in Iranian patients with colorectal cancer. 
Middle East J Dig Dis. 2017;9(3):158-63.

	 Zhou X, Tao Y, Liang C, Zhang Y, Li H, Chen Q. BMP3 alone and together with [16]
TGF-β promote the differentiation of human mesenchymal stem cells into a 
nucleus pulposus-like phenotype. Int J Mol Sci. 2015;16(9):20344-59.

	 Holmes EE, Jung M, Meller S, Leisse A, Sailer V, Zech J, et al. Performance [17]
evaluation of kits for bisulfite-conversion of DNA from tissues, cell lines, FFPE 
tissues, aspirates, lavages, effusions, plasma, serum, and urine. PLoS One. 
2014;9(4):e93933.

	 Chen W, Xiang J, Chen DF, Ni BB, Chen H, Fan XJ, et al. Screening for differentially [18]
methylated genes among human colorectal cancer tissues and normal mucosa 
by microarray chip. Mol Biol Rep. 2013;40(5):3457-64.

	 Ashktorab H, Varma S, Brim H. Next-generation sequencing in African Americans [19]
with colorectal cancer. Proc Natl Acad Sci USA. 2015;112(22):E2852.

	 Park SK, Baek HL, Yu J, Kim JY, Yang HJ, Jung YS, et al. Is methylation [20]
analysis of SFRP2, TFPI2, NDRG4, and BMP3 promoters suitable 
for colorectal cancer screening in the Korean population? Intest Res. 
2017;15(4):495-501.

PARTICULARS OF CONTRIBUTORS:
1.	 Human Genetics Research Center, Baqiyatallah University of Medical Sciences, Tehran, Iran.
2.	 Baqiyatallah Research Center of Gastroenterology and Liver Disease, Baqiyatallah University of Medical Sciences, Tehran, Iran.
3.	 Human Genetics Research Center, Baqiyatallah University of Medical Sciences, Tehran, Iran.
4.	 National Institute for Genetic Engineering and Biotechnology, Tehran, Iran.
5.	 Human Genetics Research Center, Baqiyatallah University of Medical Sciences, Tehran, Iran.
6.	 Student Research Committee, Shahid Sadoughi University of Medical Sciences, Yazd, Iran.
7.	 Department of Biology, Science and Research Branch, Islamic Azad University, Tehran, Iran.
8.	 Department of Biology, Science and Arts University, Yazd, Iran.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Dr. Mahmood Tavallaei,
Human Genetics Research Center, Baqiyatallah University of Medical Sciences, Tehran, Iran.
E-mail: mhmzolfaghari1389@gmail.com

Financial OR OTHER COMPETING INTERESTS: None.

Date of Submission: May 10, 2018
Date of Peer Review: Jun 06, 2018
Date of Acceptance: Jul 16, 2018
Date of Publishing: Nov 01, 2018


