Evaluation of the Epigenetic Biomarker
Bone Morphogenic Protein 3 for
Colorectal Cancer Diagnosis
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ABSTRACT (PCR) was used to evaluate methylation status of the BMP3 gene
Introduction: Colorectal Cancer (CRC) is a common type in plasma samples and colonoscopy tissue biopsies.

of cancer with a rising prevalence worldwide. Morbidity and  Results: In plasma samples, 75% of CRC patients showed
mortality of CRC can be reduced by screening programs and  hypermethylation in the BMP3 gene versus only 30% of the

early diagnosis. Currently used screening tests include fecal- controls. In colonoscopy tissue biopsies, BMP3 showed
based methods are non-invasive and inexpensive, however the  hypermethylation in 81.6% of CRC patients. Specificity and
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sensitivity and specificity of these tests are not high enough. sensitivity of this gene in CRC diagnosis were found to be 76%
Aim: To evaluat hypermethylation of Bone Morphogenic Protein ~ and 66% respectively.
3 (BMP3) as a biomarker in early diagnosis of CRC. Conclusion: The results of the present study showed that

Materials and Methods: A total of 96 individuals were enrolledin ~ BMP3 in combination with other genes could be used as a non-
the present case-control study (59 CRC patients versus 37 healthy ~ invasive and promising biomarker in screening and diagnosis
controls) and Methylation-Specific Polymerase Chain Reaction of CRC.

Keywords: BMP3 protein, Colorectal neoplasms, Early diagnosis, Methylation

INTRODUCTION histopathological analysis) were enrolled. All patients provided
Colorectal Cancer is a common type of cancer in several areas of ~ Written informed consent and the project was approved by
the world [1,2]. The incidence of CRC is increasing in Asian countries  the Local Committee on Health Research Ethics (Bagiyatallah
like other countries worldwide [3]. CRC is the third most common  university of medical sciences and health services). Five millilitres
cancer in Iran with an increasing prevalence in the last decade [4,5].  of peripheral blood sample was collected from patients using
A recent research in Iran showed that CRC has an increasing rate  K3EDTA vacutainer tubes and tissue biopsies were provided
in prevalence particularly in younger people because of changes in ~ from colonoscopy centre of Bagiyatallah hospital, Tehran, Iran
their lifestyles [6]. from 2011 to 2014. Healthy controls selected from patients
Delay in diagnosis is one of the most important problems in  referred to colonoscopy centre with no evidence of CRC or
management and treatment of cancer, so a wide variety of studies ~ Other cancers.

have been focused on finding new strategies for early detection.  DNA extraction: DNA was isolated from 500 L plasma using the
There are increasing evidences showing that morbidity and mortality  QlAamp DNA Blood Mini Kit (Qiagen-Germany) and total DNA from
of CRC can be reduced by targeted screening programs and early  tissue biopsies was extracted using DNeasy Blood and Tissue Kit
diagnosis [7,8]. Designing an appropriate and successful screening (Qiagen-Germany). The concentration of the isolated DNA was

program depends on discovering reliable markers and methods [9]. quantified using Nanodrop Spectrophotometer (Maestrogen-USA).
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].

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

Methylation is the most common epigenetic change in cancer. DNA MS-PCR: Methylation-Specific PCR (MSP) was performed to

methylation of several genes in CRC has been reported [12]. The determine methylation status of the BMP3 gene. Primer sequences
hypermethylation of gene promoters such as APC, MLH1 and Sept for the methylated and unmethylated templates are shown in [Table/
9 is well known through numerous studies [13,14]. A currently-  119-1]. PR product size of BMP3 was 103 bp. Each PCR reaction
recognised molecular panel in diagnosis and screening of CRC ~ Mix consisted of a total volume of 30 L containing 15 plL hot start
includes BMP3 gene. Promoter hypermethylation of BMP3 has &g master mix, 1 UM concentration of each primer, 1 pL. DMSO,
been reported in different cancers [15]. BMP3 is a member of TGF- 3 UL bisulfite-modified DNA and 9 L. RNase free water.

beta superfamily with cell growth suppression role in different types

of cancer [16]. In the present study, hyper methylation of the BMP3 BMPS gene Sequence (5-3)
gene was evaluated in plasma samples of CRC patients and healthy M-Forward primer TTTAGCGTTGGAGTGGAGACGGCGTTC
controls by Methylation Specific Polymerase Chain Reaction (PCR) M-Reverse Primer CGCGACCGAATACAACGAAATAACGA
in Iranian population. -

U-Forward primer TTTAGTGTTGGAGTGGAGATGGTGTTTG
MATERIALS AND METHODS U-Reverse primer AAACACAACCAAATACAACAAAATAACAA

In the present case control study, 37 healthy controls (with [Table/Fig-1]: Primers designed for methylated and unmethylated BMP3 gene.
no evidence of disease) and 59 patients with CRC (verified by  EiRERECRINEINEES
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STATISTICAL ANALYSIS

Statistical analysis was conducted using the SPSS 20.0 software
(version 20.0, SPSS Inc, Chicago, USA). The Fisher’s-exact test and
chi-square test were applied to study the statistical relationships
between methylation status and pathological or demographical
results as well as evaluation of hypermethylation in patients. A
p-value less than 0.05 was considered significant.

RESULTS

Demographic profiles of patients in case and control groups are
shown in [Table/Fig-2]. There was no significant relationship
between age, gender, Gastrointestinal Disease (GID) history and
cancer history in study groups.

Characteristics Control (n=37) CRC (n=59) p-value
Age (Mean, years) 60.6 62.2 0.73
Gender
Male (%) 21 (57%) 31 (563%) 0.236
Female (%) 16 (43%) 28 (47%)

GID history

Positive (%) 6 (16%) 23 (39%) 0.082
Negative (%) 31 (84%) 36 (61%)

GIC history in family

Positive (%) 7 (19%) 18 (30%) 0.475
Negative (%) 30 (81%) 41 (70%)

[Table/Fig-2]: Demographic features of study groups.

CRC: Colorectal cancer; GID: Gastrointestinal disease; GIC: Gastrointestinal cancer

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].

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

laader mP.C MN.C uP.C uNC M1 1 M2

[Table/Fig-4]: BMP3 methylation Status in affected CRC patients using methylated
and unmethylated primers on 3% agarose gel. Size of PCR product and the ladder:
103 and 100 bp (respectively).

M: Methylated; U: Unmethylated; 1-4: Patients; P.C: Positive control; N.C: Negative control

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.

DISCUSSION

In the present study, BMP3 gene hypermethylation was evaluated
in plasma and colonoscopy tissue biopsy samples of Iranian CRC
patients versus healthy controls. All the patients had colorectal
adenocarcinoma. In 74.5% of cases and 29.7% of controls, BMP3
showed hypermethylation. In a similar study, Houshmand M et al.,
evaluated BMP3 methylation status in CRC patients in Iran; their
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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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