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Abstract

Background: DNA methylation is an epigenetic modification that has the ability to alter gene expression and
function. These epigenetic changes have been associated with the development of cancer. Previous research has
found that DNA methylation patterns can predict disease prognosis for patients with Acute Promyelocytic
Leukemia (APL). The role of DNMT1 and CDHL in regulating the extension of cells are studied in this study.
Methods: DNA was extracted from peripheral blood samples of APL patients and treated with bisulfite.
DNMT1 and CDHL1 gene promoter methylation was subsequently analyzed using methylation-specific PCR
(MSP). Real-time PCR was used to measure the expression level of DNMT1 and CDH1 genes.

Results: Partial methylation of the CDH1 gene promoter was detected in 20% of APL patients and an
unmethylated status was detected in 80% of patient samples. Additionally, an unmethylated status in the DNMT1
gene promoter was detected in 100% of APL patient samples.

Conclusions: Our study found the CDH1 gene promoter to be unmethylated in almost all APL patients, while
the DNMT1 promoter was unmethylated in all APL patients. Furthermore, we observed an increase in both
CDH1 and DNMT1 gene expression in APL patients compared to healthy controls. These findings suggest that
DNMT1 may not have a specific role in inhibiting CDH1 gene expression in APL. Applying higher resolution
techniques would help to better uncover the DNA methylation patterns in patients with APL. Further research
is required to determine the role of DNA methylation and CDH1 and DNMT1 gene expression in APL.
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Introduction

Acute myeloid leukemia (AML) is a Thus, targeting the AML epigenome may help cure

hematopoietic malignancy in which incompletely
differentiated hematopoietic progenitor cells
accumulate in the bone marrow and blood,
interfering with normal hematopoiesis. Research
has shown that the accumulation of mutations and
epigenetic modifications are key features in the
AML genome. Both of these alterations often occur
prior to the development of leukemia and persist in
residual disease following therapeutic intervention.

the residual disease and prevent cancer recurrence
(2). The treatment interventions for AML have
remained relatively unchanged over the past few
decades, however there have been some
improvements in the survival outcomes for younger
patients (2). In spite of these improvements, AML
treatment interventions are unsuccessful for about
60% of young patients (3). In patients over the age
of 60, in which there is an increased frequency of
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AML, the survival outcomes are even worse. The 5
year survival rate for this population is less than 5%
(4). Many factors are responsible for the lack of
progression in AML treatment success rates. First,
the therapeutic approaches that have been successful
in younger patients are highly aggressive. Due to the
aggressive nature of these treatments, elderly
patients who have poor health and additional
comorbidities are unable to tolerate the treatment. In
standard therapies, both healthy and leukemic cells
are targeted (5). This indiscriminate targeting results
in severe treatment-related toxicities. Second,
treatment strategies and risk stratification are
determined by the different morphologic and
cytogenetic features of the patient’s AML.
However, the current therapies available do not
account for the molecular heterogeneity that is
inherent to AML. Finally, treatments that target the
leukemic bulk may leave behind residual leukemia
stem cells (LSCs). These remaining cells can act as
a reservoir for precancerous or cancerous clones that
may eventually proliferate and result in tumor
regrowth. Unfortunately, most patients who enter
remission after treatment relapse within the first few
years. The occurrence of relapse significantly
decreases their chances of survival. Therefore, the
lack of treatment options for the majority of AML
patients necessitates the development of safer and
more effective therapies (6, 7).

Acute Promyelocytic Leukemia (APL) is a
unique subtype of AML that has been classified as
M3 by the French-American-British (FAB)
cooperative group (8). The frequency of APL
among AML cases varies from 2% in Switzerland
to over 50% in Nicaragua (9). This subtype of
AML is characterized by the reciprocal
translocation between chromosome 15 and 17
[t(15;17)]; Promyelocytic leukemia gene (PML)-
retinoic acid receptor gene alpha (RARA) fusion]
(10). This fusion protein negatively impacts the
differentiation and maturation of myeloid
progenitor cells such that they remain in the
promyelocytic stage (11, 12).

It has been shown that in addition to the
accumulation of genetic mutations in oncogenes
and tumor suppressor genes (TSGS), epigenetic
alterations can lead to carcinogenesis (13, 14). In
AML there are fewer mutations than other
cancers (13). This characteristic suggests that

epigenetic changes, a mechanism of regulating
gene expression in which the nucleotide
sequence is not altered (15-17), play a significant
role in determining the biological behavior of the
disease. The most prevalent epigenetic
mechanism is DNA methylation occurring at
cytosine in CpG dinucleotides. In the regulatory
region of many genes, including TSGs, there are
CpG-rich regions. Generally, these CpG islands
are unmethylated, however some repetitive
genomic  sequences and introns  are
hypermethylated (18, 19). DNMTs catalyze the
addition of a methyl group at the carbon 5
position of the cytosine ring (19). Different
DNMT isoforms, especially DNMT1 has been
shown to have an essential role in the regulation
of hematopoietic stem cell (HSC) growth,
differentiation and survival. Therefore, it is
reasonable to hypothesize that abnormal
methylation of DNMT leads to the development
leukemogenesis (20, 21). Additionally, there is
evidence for an up-regulation of DNMT1
activity in cancer (22).

The E-cadherin cell-cell adhesion glycoprotein
encoded by the CDHL1 gene (also known as Ecad)
contains five extracellular cadherin repeats, a
transmembrane region, and a highly conserved
cytoplasmic tail, and its function is calcium
dependent. The CDH1 gene is a TSG that holds a
critical role in maintaining cell adhesion and
adherent junctions in normal tissues. CDH1
expression is often downregulated or absent in
various epithelial tumors. The loss of E-cadherin
intercellular junctions contributes to various
aspects of cancer progression, including the
evolution of drug resistance, angiogenesis, tissue
invasion, and metastasis. Due to the dysregulation
of DNA methylation and myeloid leukemia,
demethylating therapies may be an effective
approach for cancer treatment. Additionally,
CDHL1 is one of the most hypermethylated genes
in human cancer (23).

Previous research has explored the
relationship between DNMT1 expression and
promoter methylation among different TSGs.
Given the role of DNMT1 in regulating gene
expression and cancer pathogenesis and the role
of CDH1 in regulating cell proliferation, we
therefore examined the expression and
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methylation pattern of these genes in patients
with APL. This is a critical step in the
development of new therapeutics for the
treatment of this life-threatening disease.

Materials and methods

Sampling

A total of 20 participants were included in this
study. Among them, 15, 8 men and 7 women, were
diagnosed with APL with a mean age of 37. The

control group included 5 healthy participants
with same mean of age. All APL patients were
recently diagnosed and had not received any
treatment. Consent was obtained from all study
participants. Five ml peripheral blood samples
were drawn and transferred to the laboratory.
The complete blood count (CBC) results of each
participant are illustrated in Table 1. This
research study was approved by Qazvin
University of Medical Sciences.

Table 1. CBC information of patients

Patient ~ WBC (x10%/ul)

Platelet (x10%ul)  Hemoglobin (g/dl)

1 15
2 2
3 1
4 25
5 30
6 6
7 4.6
8 0.9
9 0.5
10 2
11 1
12 35
13 18
14 2.6
15 0.8

20 6
60 10
30 8
60 9
70 75
30 10
45 9
20 6
10 7
32 75
45 45
9 7.6
18 9.2
1 5.9
13 6.3

White blood cell isolation and DNA extraction

White blood cells (WBCs) were isolated from the
peripheral blood samples via Ficoll-Paque-
hypaque method. DNA was extracted using the
GENE ALL kit (Cat. No. 105-101) according to
the manufacturer’s instructions. The purity of the
extracted DNA was evaluated by UV
spectrophotometry (NanoDrop) and measuring
the ratio of 260/280 and the concentration was
determined by measuring the ratio of 260/280.
Extracted DNA was then treated with bisulfit by
using the EpiTect® Fast Bisulfite Kit
(Qiagen.Cat.N0.59844)  according to the
manufacturer’s protocol. For each sample, 40 pl
DNA was treated. During the bisulfit treatment,
non-methylated cytosine deaminates and converts
to uracil while methylated cytosine remains
unchanged, leading to distinguishing between the
methylation status of targeted sequence after
performing methylation specific PCR (MSP).
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Total RNA extraction and cDNA synthesis

Total RNA was extracted from the isolated WBCs
using RiboEx™ reagent (GENEALL, Cat. No.
315-150). From the purified RNA, 6ul was used
for quality control purposes. The remaining RNA
was stored at -70 °C or used for cDNA synthesis.
The Thermo Scientific kit (Lot: 00456696) was
used for cDNA synthesis. To measure the quality
and concentration of RNA, Nano drop was used,
and light absorption was examined at the ratio of
280/260 nm. The quality of cDNA was controlled
by doing PCR with GAPDH primers and
electrophoresis on 1.5% agarose gel.

Methylation specific PCR (MSP)

In order to examine the methylation pattern of the
DNMT1 and CDH1 gene promoter regions, the
MSP method was used. For performing MSP, 4
pairs of primers were applied which were
specified for the methylated and un-methylated
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targeted sequences. Primer sequences are shown
in Table 2. All of the MSP primers were designed
using the methpimer design tool
(http:/Amww.urogene.org/methprimer/). To ensure
the specificity of the primers the “by search” tool
was applied. MSP was performed at a final
volume of 20 pl, the final mixture included 10 pl
MSP master mix, 7 pl RNase-free water, 1 pl
forward primer, 1 pl reverse primer and 1 pl of

treated DNA. Amplification was carried out in a
thermocycler under the following conditions:
initial activation for 600s at 95 °C, 33 cycles for
15s of denaturation at 94 °C, 30s of annealing at
50 °C for DNMT1 and at 57 °C for CDH1, and
30s extension at 72 “C were repeated with 600s
final extension at 72 °C. For controlling and
optimizing the MSP reactions, the EpiTect DNA
control kit (Qiagen. Cat. No. 59695) was used.

Table 2. Profile of primers used in MSP.

Gene  Size(bp) Cycles Temp°C Form 5°to 3’ Sequences
62.2 F GGTGAATTTTTAGTTAATTAGCGGTAC
CDH1 205 33 594 Methylated R GGTGAATTTTTAGTTAATTAGCGGTAC
212 33 63.9 Un-methviated F GGTGAATTTTTAGTTAATTAGCGGTAC
60 Y R ACCCATAACTAACCAAAAACACCA
59.3 F TTAGTAAATCGTGGAGTTTGGAC
DNMT1 197 33 54.3 Methylated R AACGATAAACGAAAACGACG
199 33 535 Un-methvlated F AGTAAATTGTGGAGTTTGGAT
56.1 Y R AAAAAACAATAAACAAAAACAACATCT
Real-Time PCR

In order to investigate whether the promoter
methylation patterns of the CDH1 and
DNMT1 genes correlated with their
expression, Real-time PCR was performed.
DNMT1 and CDH1 gene expression was
detected in both APL patients and the control
group. ABI7500 was used for this experiment.
For designing primers, the primer3Plus design
tool was used and the analysis of primers was
performed using NCBI Blast. Primer
sequences are shown in Table 3. Melt curve
analysis was performed for both genes at the
end of each run. Due to their efficiency, the
difference was less than 3%, therefore analysis
of gene expression was done using the 2-AACt
method showing the expression changes. was
25 ul including: 12.5 pl SYBER GREEN, 8.5
pl ddH20, 2 pl forward and reverse primers
and 2 pl cDNA. GAPDH was selected as

internal control gene. To ensure there was no
contamination, a negative control of NTC was
used in each run.

Specificity of experiment was investigated by
melt curve and electrophoresis. Real time PCR
was performed, the final volume of the mixture

Statistical analysis

For all calculations, Statistical Package for
Social Sciences (SPSS) software version 22
was used. The Mann-Whitney U test was used
to compare CDH1 and DNMT1 gene
expression levels and the CBC of patients in the
partial-methylated and unmethylated groups.
The correlation between CBC and CDH1 and
DNMT1 gene expression was assessed using
the spearman correlation coefficient. A p-value
of less than 0.05 was considered statistically
significant.

Table 3. Profile of primers used in Real time PCR

Gene Size (bp) Temp °C Form 5’ to 3’ sequences

58.4 GGGTTAAGCACAACAGCAAC
CDH1 92

60.5 ACCTGACCCTTGTACGTGGT

62.5 GTGGGGGACTGTGTCTCTGT
DNMT1 204 58.4 TGAAAGCTGCATGTCCTCAC
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Results

DNMT1 and CDH1 promoter methylation status
The MSP data showed that the DNMT1 gene
methylation status remained stable among the
different APL patients regardless of age or gender.
Analysis of band intensities revealed that the
methylation pattern of the DNMT1 gene promoter
followed an un-methylated status in both APL
patients and healthy controls. This was interpreted
by observing a distinct band for the un-methylated
form and an invisible band for the methylated
form, suggesting an un-methylated status of the

100

P10 P9 P8 P7

300

e - - - 200

UM M UM M UM M UM M UM M- [f

300
100

CpG island of the selected region. It was also
depicted that 3 of the APL samples (p2, p11 and
p12) showed partial methylation in the CDH1 gene
promoter due to having a sharp band with un-
methylated primers and weak band with
methylated primers. The rest of the APL and
control samples had an un-methylated status in the
promoter region of the CDHL1 gene. To validate
these results, controls for methylated and un-
methylated sequences were used. These findings
are summarized in Figure 1.

B
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Fig. 1. MSP results. A) indicates the methylation status of CDH1 gene in APL patients. B) depicts the methylation status of DNMT1
gene in APL patients. C) MSP results of CDH1 gene in normal samples. D) MSP results of DNMT1 gene in normal samples. E) shows
the methylated controls (control+) and un-methylated controls (control-). * M and UM indicate the reactions in which the primers
assigned for methylated and un-methylated sequences were used, respectively.

DNMT1 and CDHL1 gene expression in APL

The DNMT1 and CDHL1 gene expression levels
were measured using Real time PCR normalized
to the GAPDH expression level. Our findings
showed that the levels of both DNTM1 and
CDH1 genes were up-regulated compared to
controls. The fold changes of both genes are
shown in Figure 2. Using the Man Whitney U
test, it was concluded that there was no correlation
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between CDH1 and DNMT1 gene expression and
promoter methylation status (p= 0.8 and p= 0.2,
respectively). No differences were found between
CDH1 and DNMT1 gene expression among male
and female APL patients (p= 0.95 and 0.12,
respectively). Using spearman  correlation
coefficient, there was no correlation between
CBC results (WBC, platelet and HB) and CDH1
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or DNMT1 expression (p> 0.05). Moreover, no
correlation was obhserved between CBC results of

APL patients and of the promoter methylation
status of the CDH1 or DNMT1 genes.

Fold change

Vi

CDH1 expression

Normal E patient

Fig. 2. Fold change of CDH1 and DNMT1 genes in patients and controls.
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Discussion

Aberrant epigenetic modifications have been
associated with the development of cancer.
Changes in DNA methylation patterns is one of
the most common epigenetic abnormalities
associated with cancer. Approximately 80% of
CpG sites within the human genome have
methylation changes and 70% of sites are
methylated at specific times, indicating that the
methylation patterns of DNA is modified as a
normal means of gene regulation (24).

Unlike  genetic  mutations,  epigenetic
modifications are reservable. As a result, targeting
cancer-related epigenetic changes is an attractive
approach in the development of effective cancer
treatments (25-27). Research has shown that
nucleoside analogues such as 5-azacytidine and 5-
aza-2-deoxycytidine (decitabine) can reactivate
hypermethylated gene promoters (28). Some of
these nucleoside analogues have been used in the
treatment of myelodysplastic syndrome and acute
myeloid leukemia (29).

The DNMT family of enzymes including
DNMT1, DNM3A, and DNM3B are involved in
catalyzing DNA methylation within the human
genome. The transfer of a methyl group to DNA at
position C5 of cytosine holds a significant role in
gene regulation. This epigenetic modification is

involved in the regulation of several gene functions
including X-chromosome inactivation, genomic
imprinting and silencing of proviral elements and
retrotransposons  (30).  Abnormal  DNA
methylation, especially in the promoter regions of
TSGs, alters gene expression and can facilitate
human tumorigenesis. DNMTL1 is the major
DNMT in adult cells acting on hemimethylated
CpG substrates and is involved in the maintenance
of genomic DNA methylation during DNA repli-
cation (31, 32).

Our findings showed an increase in the
expression of the CDH1 and DNMT1 genes in
APL patients compared to healthy controls. Using
MSP, we observed that the promoter region of
CDHL1 and DNMT1 genes was un-methylated in
most of the APL patients (12/15) and all of
patients, respectively. These findings corroborate
results from previous studies examining different
types of cancers. Here are the studies on DNMT1
with the same results as ours Two paragraphs have
the same citation. In colon cancer, it has been
shown that DNMT1 expression is increased in
comparison  with  normal mucosa  (33).
Additionally, DNMT1 activity was observed to
increase with the advancement of tumor stage in
colon and lung cancer (34, 35). A study examining
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hematologic malignancies found an increased
expression of DNMT1 in 12 different leukemia
samples  including AML, ALL, and
myelodysplastic syndrome (36). Robertson et al.
have shown that DNMT1, DNM3A, and DNM3B
are up-regulated in many different malignancies,
such as bladder, colon, kidney, and pancreatic
cancers (37). The overexpression of all three
DNMTSs has also been observed in many tumor
cell lines (38).

Previous work examining the expression of
DNMTs and the methylation pattern of TSGs in
human pituitary adenomas found both
overexpression of DNMTs and hypermethylation
of the tumor suppressors, RASSF1A, CDH13,
CDH1, and CDKN2A within the patient tumor
samples. The high-methylation tumors had a
higher frequency of DNMT1 and DNMT3A
expression than the low-methylation tumors, p =
0.021 and 0.023, respectively. These findings
support a potential role for DNMT1 and
DNMT3A in the abnormal methylation of TSGs,
contributing to the development of adenoma tissue
invasion. This data suggests that targeting DNMTs
may be an effective therapeutic approach for the
treatment of invasive pituitary adenomas (39).

Previous work by Mizuno et al. explored how
the abnormal hypermethylation of TSGs is
involved in leukemia. In this study, the role of
DNMT overexpression in the methylation of the
cell cycle regulator p15(INAK4B) promoter region
was investigated in patients with AML and chronic
myelogenous leukemia (CML). They observed
p15(INAK4B) to be methylated in 24 of the 33
(72%) AML cases. Interestingly, the AML cases
with methylated p15(INAK4B) tended to express
higher levels of DNMT1 and DNMT3B,
compared to the cases with unmethylated
p15(INAK4B). It was also shown that CML cells
had an increased expression of DNMTL,
DNMT3A, and DNMT3B in the acute phase in
comparison to their levels in normal bone marrow
cells. It was also found that these genes were
increased in the leukemia cell lines, HL60, KU812,
and K562s, compared to those in undergoing
normal hematopoiesis. These findings suggest that
overexpression of DNMTs may be involved in the
leukemic transformation (40).
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A study examining the alterations in DNMT1
promoter methylation and expression in patients
with acute lymphoblastic leukemia (ALL) found
that the patients with either B- or T-cell ALL
showed no methylation of the DNMT1 gene.
However, the methylation pattern of the pre-B
ALL patients and control group showed partial
promoter methylation. These findings suggest that
determining the overall DNA methylation pattern
may offer a means of predicting a patient’s
prognosis and treatment response (41).

In a separate study, the role of DNMTZ1 on gene
methylation status and cell proliferation was
examined in RPMI-8226 human multiple
myeloma (MM) cells. They observed that silencing
the DNMT1 gene with sSiRNAs lead to a decrease
in cell proliferation compared to the controls. The
expression of B-cell lymphoma 2 and nuclear
factor kB proteins were also significantly reduced.
Furthermore, DNMT1 silencing also resulted in
reduced methylation of the TSGs, suppressor of
cytokine signaling 1 and pl6. Their findings
suggest that the silencing of the DNMT1 gene may
be a promising strategy in the development of
novel MM treatment methods (42).

The upregulation of DNMTZ1 gene in the above
studies and our research represent the decisive role
of this enzyme in scilencing genes which should be
activated in normal tissues. As a result, it seems
that decreasing DNMT1 gene expression would be
of help in APL patients. (The analysis of other
findings with respect to ours.)

A connection between the aberrant expression
of E-cadherin and the development of metastasis in
cancers has been previously reported. Studies have
shown that abnormal E-cadherin expression is
associated with cancer cell invasion and more
advanced tumor staging for lung (43), prostate (44,
45), gastric (46), colorectal (47), and breast (48-50)
cancer. Evidence suggests that when breast cancer
cells reach distant sites, they may re-express E-
cadherin protein (51). Previous research has
revealed that the metastatic deposits from invasive
ductal breast carcinomas expressed E-cadherin,
and the level of expression was equal to or stronger
than that of the main tumor. Indeed, by studying E-
cadherin expression in nodal breast cancer
metastases, Bukholm and colleagues found that 19
of 20 lymph node metastases strongly expressed
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the E-cadherin protein (52). E-cadherin re-
expression facilitates intercellular adhesion and
may enable malignant cells to form a metastatic
deposit. The normal expression or re-expression of
E-cadherin in cancer metastases appears to be
similar in breast cancer and prostate cancer (51).
Rubin and colleagues studied a large group of
patients with prostate cancer including 77 distant
metastases and detected normal E-cadherin
expression in 90% of these cases (53).

The upregulation of CDH1 was also observed
in a study examining Schwannomas and grade |
meningiomas which are non-metastatic neoplasms.
In this study it was shown that PDGFD, CDH1
and SLIT2 were upregulated in meningiomas and
schwannomas when compared to their respective
healthy tissues. Considering these results, it was
suggested that these genes should be considered as
targets in potential treatment procedures (54).

A study on amelobelastomas, which are a group
of benign, locally aggressive, recurrent tumors
characterized by their slow and infiltrative growth,
showed that there was a strong relationship
between the expression of CDH1 and tumor size
and tumor regrowth. In order for potential
aggressiveness of ameloblastoma variants to be
determined, the assessment of the expression of E-
cadherin and syndecan-1 is important. Future
studies need to be conducted in order to understand
how the expression of these genes is related to
tumor aggressiveness (55). The up-regulation of
CDHL1 gene expression in the all mentioned works
and, in our study, may present a role of this gene in
cancer metastasis.
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