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Abstract
Background: Colorectal cancer, the third most common type of cancer is a major

cause of mortality worldwide. If colorectal cancer is detected at the early stages, the
5-year survival rate is 90%. MEIS1 homeobox gene is implicated in numerous solid
tumors and hematological malignancies. Therefore, the present study aims to investigate
the methylation status of the MEIS1 gene in colorectal cancer.

Methods: We used real-time quantitative methylation-specific PCR to detect
MEIS1 promoter methylation in 42 colorectal cancer tissues and 42 normal colorectal
tissues.

Results: Methylation was observed only in the positive control samples - CG
Genome Universal Unmethylated DNA and CG Genome Universal Methylated DNA.
There was no change observed in MEIS1 promoter methylation status in 42 patients. 

Conclusion: The results of the current study indicated that the MEIS1 gene
promoter was not methylated in the cases. Gene expression study confirmed the
unmethylated status of the MEIS1 gene in the colorectal cancer process among the studied
population.
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Introduction
Colorectal cancer (CRC) is the third most

common cancer worldwide.1 A rapid increase has
been reported in the CRC incidence in Iran.2,3 In
studies conducted between 2000-2005, the CRC
survival rate was estimated at 41% in Iran which
has compared to some developed countries.4 The
lack of early primary symptoms cause patients to
present with advanced stage disease at the time of
diagnosis.5 Epigenetic changes play an important
role in the initiation and progression of colorectal
and other cancers. DNA methylation is one of
the major epigenetic changes with an important
role in gene expression regulation. Hypermethy-
lation of the promoter of tumor suppressor genes
can play an important role by stopping
transcription, suppression of the MEIS1 gene,
and expression of the corresponding genes in
carcinogenesis.6

The MEIS1 gene is located on the short arm of
chromosome 2 (2p14) and composed of 137360
bp in 13 exons. It encodes a 390 amino acid
product with a molecular weight of 43 kDa, which
is physiologically expressed in various tissues
such as bone marrow, stem cells, the pancreas, and
colon. In addition, it is found in numerous cancers
such as leukemia, neuroblastoma, pancreatic
cancer, and colon cancer.7

Recent studies indicate that the promoter of this
gene is hypermethylated in several cancers
including breast, lung, myeloid leukemia, and
colorectal.8-10 Because its expression is
suppressed, hence this gene is introduced as a
tumor suppressor gene.

Recently, the assessment of hypermethylation
has opened new paths toward molecular markers.
Molecular analysis of epigenetic changes may
play an important role in the early detection and
prognosis of diseases.

Given the global prevalence and mortality of
CRC and the importance of screening and early
detection of this type of cancer, we intended to
study the expression and methylation status of the
MEIS1 gene and its role in the development of CRC.

Materials and Methods
Patients and DNA extraction

This case-control study included 42 patients (25
men and 17 women) with CRC. This study was
approved by the ethics committee at Mashhad
University of Medical Sciences. All patients were
enrolled after obtaining informed consent.
(Approval No.Ir.mums.res.1393.244). DNA
samples of colorectal tissue from the 42 patients
were selected and processed by bisulfite.
Methylation of the MEIS1 gene was investigated.
Sampling was performed by a gastroenterologist
at the Center for Endoscopy-Colonoscopy at
Ghaem Hospital, Mashhad Iran, affiliated with
Mashhad University of Medical Sciences,
Mashhad, Iran. Biopsy specimens were collected.
The samples were confirmed at the Department of
Pathology for CRC and the tumor grade was
determined DNA was extracted with a GeNet Bio
kit. 

Methylation of the MEIS1 gene
DNA methylation was assessed according to

the sodium bisulfite-based method. In this method,
we evaluated the differences between methylated
and non-methylated nucleotides. The bisulfite
conversion of DNA was conducted using EpiTect
96 Bisulfite Kit (QIAGEN, Venlo, The
Netherlands). The CpGenome Universal
Methylated DNA (S7821, Millipore, Billerica,
MA) was used as a positive control, and the
CpGenome Universal Unmethylated DNA
(S7822, Millipore, Billerica, MA) was used as a
positive control. 
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Table 1. Primers used for PCR of MEIS1-M and MEIS1-U.
Gene Primer PCR product
MEIS1-M (Methylated) Forward:5'-CGTTTCGCGTATTTATTTTTGTC-3'

Reverse: 5'-GCTTACAATCCCCGTACGTA-3' 168 base pairs
MEIS1-U (Un-methylated)Forward:5'-GAGTTTGTTTTGTGTATTTATTTTTGTTG-3'

Reverse: 5'-CCCACTTACAATCCCCATACATA-3' 176 base pairs
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According to Table 1, two pairs of specific
primers were used for methylation and non-
methylation. We used a real-time PCR
thermocycler (one step ABI).11 The real-time PCR
reaction was conducted with a SYBR Green Real-
Time PCR Master Mix and 2 µl of Bisulfite-treated
DNA, with a final stage as the melting curve to
show the specificity of the PCR product.

Results
The average age of the subjects was

52.42±14.97; the minimum age was 27 years and
maximum age was 89. There were 17 (40.5%) The
frequency of females and males was 17(40.5%)
and 25(59.5%), respectively. 

Several pathological factors including cancer
stage, grade of tumor, tumor location, extent and
depth infiltration of tumor, and lymph node
involvement were investigated in this study.12

Among all patients, 32 cases (76.2%) were at
stage A, 7 patients (16.7%) were at stage B and
3 patients (7.1%) were at stage C; the majority of
subjects had stage A disease. 18 patients (42.8%)
were in grade 1, 23 patients (54.8%) were in
grade 2 and 1 patient (2.4%) was in grade 3; most
of the patients showed moderately differentiated
tumors, in grade 2. The tumor was located at
distal side of colon in 34 cases (81%) and in 8
cases (19%) it was in proximal. Analysis of
primary tumor indicated that 12 (28.6 %) patients
had T2 disease, whereas 25 (59.5%) had T3 and
5 (11.9 %) patients were T4. The majority of
patients had T3 disease. We assessed for regional
lymph node involvement. In 27 (64.3%) patients,
there was no lymph node involvement reported
(N0), 12 (28.6%) patients had 1-3 lymph nodes
(N1), and 3 (7.1%) patients had metastases in
more than 4 lymph nodes (N2). 

Methylation of the MEIS-1 gene 
After DNA extraction and analysis, the bisulfite

process was performed. We used four tubes to
assess for methylation of the MEIS1 gene - two
tubes for methylation and two for non-methylation,
followed by quantitative methylation-specific
real-time PCR (qMSP). According to the results,

there was no methylation of the MEIS1 gene
observed.

Discussion 
In recent years, the epigenetic changes have

been highly regarded because of their fundamental
role in the regulation of gene expression.
Epigenetic changes, especially DNA methylation
in tumor initiation and progression, are very
effective and important.

Recent studies indicate that the promoter of
MEIS1 gene is frequently hypermethylated. Its
expression is suppressed in some cancers including
breast, leukemia, lung and CRC.

Based on the findings of the current study, we
observed no methylation of MEIS1 in 42 patients.
Methylation was observed only in the positive
control. Assessment of MEIS1 expression showed
no significant differences between the control
group and the patients. The most common tumor
localization was the distal side which was
inconsistent with recent reports.

Laohavinij et al. studied the prognostic factors
for survival in patients with CRC and analyzed the
traits of pre-/post-treatment in 287 patients with
stages I-IV CRC. They assessed 15 clinical
variables for survival. Their results on five-year
survival showed that 2% of patients with stage IV,
100% of stage I, 68% of stage II, and 44% of stage
III patients survived.13 Based on the findings of
other studies, hypermethylation of genes mostly
were observed in stages II and III of colon
cancer,14,15 which indicated that methylation in
higher cancer stages could be considered a risk
factor for predicting patient survival. It can be
stated that the MEIS1 is methylated in higher
stage of colon cancer. However, the current study
patients had early stages of the disease.

Dihal et al. identified DNA methylation
changes associated with the BRAFp.V600
mutation.11 They tested DNA isolated from
cancerous epithelial cells and normal tissue. The
researchers concluded that MEIS1 was the
methylated gene compared with normal BRAF
and BRAF P.v600E; a correlation existed between
the methylation of MEIS1 and BRAF P.v600E.
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Our study showed no reduction in MEIS1
methylation expression in samples from patients
with CRC (data not shown). The methylation
gene was absent in these patients, hence it could
be said that these cases had good prognosis
because methylation has been considered a bad
prognostic factor. The patients should be
investigated for the BRAF gene mutation. In
terms of drug resistance they would be screened
as the BRAF would show appropriate feedback to
anti-EGFR treatment. These patients must be
followed after treatment, because a mutation in the
BRAF gene is indicative of a poor prognosis and
possibly MEIS1 methylation would appear at
higher cancer stages. Another study that includes
additional samples, including patients resistant
to anti-EGFR treatment or those with BRAF gene
mutations, should be considered. MEIS1
methylation is suggested to be of prognostic value
in patients with CRC.

Musialik et al. investigated the methylation
and hematopoietic gene expression among patients
with acute leukemia of lymphoblastic B cell
progenitors. In patients with acute lymphoblastic
leukemia analyzed the promoter methylation of
DNA and gene expression levels of HOXA4,
HOXA5, MEIS1, TAL1, IRF8, and IRF4 in blood
samples of 38 children with acute lymphoblastic
leukemia and 20 normal subjects. DNA was
treated by sodium bisulfite. DNA methylation
levels were assessed for HOXA4, HOXA5, MEIS1,
TAL1, IRF8 and IRF4. They found aberrant
methylations of TAL1 (6.3%), IRF8 (7.9%),
MEIS1 (5.3%), and IRF4 (2.6%) from the patient
group. However, there was no methylation
observed in the control group. In the control
group, 16% had methylated HOXA4 and 5% of
participants had hypermethylated HOXA5. There
were less expression levels of IRF8, MEIS1, and
TAL1 in patients compared to the control group.16

They reported an inverse relation between MEIS1
expression and the number of white blood cells.

In 2014, Mitchell et al. survey a group of genes
that cause CRC via hypermethylation. They
concluded, in addition to SEPT9, VIM1 and
TMEFF2 genes which played high fraction of

methylation and carcinoma, other genes had a
high frequency for methylation and colon cancer.
MEIS1, EDIL3, and SDC2 genes had low
methylation rates in non-neoplastic colon tissue.17

According to the above studies, MEIS1
methylation was lower than other genes for
different cancers. In the current study, we observed
less methylation due to the small sample size and
low rate of levels of CRC. 

In 1997, researchers studied a non-invasive
method on patients’ blood samples for early
diagnosis and detection of tumor metastasis due
to CRC. In this study, different cancer stages
were diagnosed. This method was introduced as
noninvasive, sensitive, and specific for early
detection.18

Nichita et al. studied the gene expression in
mononuclear cells of peripheral blood for early
detection of CRC, treatment of adenomatous
colorectal polyps and CRC, and reduced mortality
rate. This test was acceptable for the majority of
patients because of its non-invasiveness. They
sought to determine if gene expression of
mononuclear cells from peripheral blood could
detect the presence of adenomatous polyps and
CRC. From a total of 85 samples, there were 41
normal control subjects, 21 cases with
adenomatous polyps, and 23 cases had CRC. The
qPCR method and statistical models of logistic
regression were used to analyze the data. They
reported a sensitivity of 78% for CRC, 46% for
adenomatous polyps, and 92% specificity for both
cases. This study has indicated that the test is
associated with developmental potential and
minimally invasive for patients.19

Ciarloni et al., in a similar study, used a panel
that consisted of 29 genes to study gene expression
in mononuclear cells.  They reported a sensitivity
of 59% for patients with adenomatous polyps
and 75% for CRC cases. The specificity was
91%.20

Several outcomes can be concluded for the
current study. The lack of methylation is due to the
low disease stage, with 76.20% at stage A, 16.70%
at stage B, and 7.10% at stage C.

Despite the lack of methylation in tumor
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samples and non-decreasing gene expression in
peripheral cells (data not shown), it can be
concluded that the patients in this study had good
prognosis. Methylation is a poor prognostic factor
and should be considered for mutation in others
gene for CRC patients.

The second possibility is that the BRAF gene
is normal and does not allow MEIS1 to methylate
and expression to be suppressed. In order to
determine overall survival and examine the
amount of methylation, as well as the lack of
methylation and its relationship with longevity and
response to treatment, we propose that a clinical
trial be conducted.

Conflict of Interest
No conflict of interest is declared.

References 
1. Ansari R, Mahdavinia M, Sadjadi A, Nouraie M,

Kamangar F, Bishehsari F, et al. Incidence and age
distribution of colorectal cancer in Iran: results of a
population-based cancer registry. Cancer Lett.
2006;240(1):143-7. 

2. Moghimi-Dehkordi B, Safaee A, Zali MR. Prognostic
factors in 1,138 Iranian colorectal cancer patients. Int
J Colorectal Dis. 2008;23(7):683-8.

3. Dolatkhah R, Somi MH, Bonyadi MJ, Asvadi Kermani
I, Farassati F, Dastgiri S. Colorectal cancer in Iran:
molecular epidemiology and screening strategies. J
Cancer Epidemiol. 2015;2015:643020.

4. Moradi A, Khayamzadeh M, Guya M, Mirzaei HR,
Salmanian R, Rakhsha A, et al. Survival of colorectal
cancer in Iran. Asian Pac J Cancer Prev.
2009;10(4):583-6.

5. Mohammad Ganji S, Samei E, Hashemi SA,
Rezagholizadeh A, Kazemnejad A, Mostakhdemin
Hosseini Z. Investigation of the E-cadherin promoter
methylation in patients with colorectal cancer in Iran.
Modares Journal of Medical Sciences: Pathobiology.
2013;16(2):75-83.

6.  Migheli F, Migliore L. Epigenetics of colorectal cancer.
Clinical genetics. 2012;81(4):312-8.

7. Geerts D, Revet I, Jorritsma G, Schilderink N, Versteeg
R. MEIS homeobox genes in neuroblastoma. Cancer
Lett. 2005;228(1-2):43-50.

8. Jia JS, Spicuglia S. Hypermethylation of CpG island
in promoter region of MEIS1 gene and its expression
in HOX11(+) acute T lymphoblastic leukemia [Article
in Chinese]. Zhonghua Yi Xue Za Zhi. 2013;
93(48):3835-40. 

9. Lasa A, Carnicer MJ, Aventín A, Estivill C, Brunet S,

Sierra J, et al. MEIS 1 expression is downregulated
through promoter hypermethylation in AML1-ETO
acute myeloid leukemias. Leukemia. 2004;18(7):1231-
7. 

10. Tommasi S, Karm DL, Wu X, Yen Y, Pfeifer GP.
Methylation of homeobox genes is a frequent and
early epigenetic event in breast cancer. Breast Cancer
Res. 2009;11(1):R14.

11. Dihal AA, Boot A, van Roon EH, Schrumpf M, Fariña-
Sarasqueta A, Fiocco M, et al. The homeobox gene
MEIS1 is methylated in BRAF (p.V600E) mutated
colon tumors. PloS one. 2013;8(11):e79898.

12. Wu JS. Rectal cancer staging. Clin Colon Rectal Surg.
2007;20(3):148-57. 

13. Laohavinij S, Maneechavakajorn J, Techatanol P.
Prognostic factors for survival in colorectal cancer
patients. J Med Assoc Thai. 2010;93(10):1156-66.

14. Perez-Carbonell L, Balaguer F, Toiyama Y, Egoavil C,
Rojas E, Guarinos C, et al. IGFBP3 methylation is a
novel diagnostic and predictive biomarker in colorectal
cancer. PloS one. 2014;9(8):e104285.

15. Tsai M-H, Chen W-C, Yu S-L, Chen C-C, Jao T-M,
Huang C-Y, et al. DNA Hypermethylation of SHISA3
in colorectal cancer: an independent predictor of poor
prognosis. Ann Surg Oncol. 2015;22 Suppl 3:S1481-
9.

16. Musialik E, Bujko M, Kober P, Wypych A, Gawle-
Krawczyk K, Matysiak M, et al. Promoter methylation
and expression levels of selected hematopoietic genes
in pediatric B-cell acute lymphoblastic leukemia.
Blood Res. 2015;50(1):26-32.

17. Mitchell SM, Ross JP, Drew HR, Ho T, Brown GS,
Saunders NF, et al. A panel of genes methylated with
high frequency in colorectal cancer. BMC Cancer.
2014;14:54.

18. Denis MG, Lipart C, LeBorgne J, LeHur P-A,
Galmiche J-P, Denis M, et al. Detection of disseminated
tumor cells in peripheral blood of colorectal cancer
patients. Int J Cancer. 1997;74(5):540-4.

19. Nichita C, Ciarloni L, Monnier-Benoit S, Hosseinian
S, Dorta G, Rüegg C. A novel gene expression signature
in peripheral blood mononuclear cells for early
detection of colorectal cancer. Aliment Pharmacol
Ther. 2014;39(5):507-17.

20. Ciarloni L, Hosseinian S, Monnier-Benoit S, Imaizumi
N, Dorta G, Ruegg C, et al. Discovery of a 29-gene
panel in peripheral blood mononuclear cells for the
detection of colorectal cancer and adenomas using
high throughput real-time PCR. PloS One.
2015;10(4):e0123904.

Middle East J Cancer 2016; 7(4): 203-207 207


