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Abstract
Objective: Metastasis might be latent or occur several years after primary tumor removal. Currently used methods
for detection of distant metastasis have still some limitations. Blood tests may improve sensitivity and specificity of
currently used screening procedures. The present study was designed to investigate promoter methylation status of
DAPK1 and CAVIN3 genes in plasma circulating free DNA (cfDNA) samples in Iranian invasive ductal carcinoma (IDC)
patients. We also investigated association of two gene promoter methylations with breast cancer (BC) and metastatic
BC was also assessed.

Materials and Methods: In this case-control study, MethySYBR assay was performed to determine DAPK1 and
CAVIN3 promoter methylation status in breast IDC from 90 patients and 30 controls. Based on clinicopathological
information, patient samples subdivided into stage I, 1l/Ill and IV groups (each group contained 30 individuals).

Results: According to the results an increased promoter methylation level of the DAPK1 gene in BC patients was
observed. It was found that as disease progressed, the percentage of methylation was changed while it was not
significant. Methylation changes in metastatic and non-metastatic BC revealed that methylation levels were significantly
increased in metastatic than non-metastatic group. Analysis revealed that promoter methylation of CAVIN3 gene in BC
patients was significantly increased. The observed methylation changes from less to more invasive stages were not
significant in the CAVIN3 gene. Moreover, promoter methylation was changed in metastatic rather than non-metastatic
condition, although it was not significant.

Conclusion: Promoter hypermethylation of DAPK1 and CAVIN3 genes in plasma are associated with the risk of BC
and they can be potential diagnostic biomarkers along with current methods. Additionally, association of aberrant
DAPK1 promoter methylation with metastasis suggests its potential usage as a non-invasive strategy for metastatic

BC diagnosis.
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Introduction

Breast cancer (BC) is a heterogeneous and complex
disease, as the most commonly detected cancer and the
second cause of cancer mortality in women (1). The main
cause death is due to metastasis to distant organs in BC
patients (2). Some patients who display distant metastasis
(stage IV disease) at the time of diagnosis are nearly
incurable, only a minority of diagnosed BC patients belongs
to this group. The rest of patients will also eventually
experience distant metastasis (3). Metastasis early detection
is necessary; this phenomenon might be latent or occur
several years after primary tumor removal (4).

Due to the problems with BC screening methods,
identification and validation of non-invasive diagnostic
biomarkers in the clinic seem necessary (5). Blood tests
may improve sensitivity and specificity of currently used
screening procedures (6). Alternatively, evaluation of

tumor biomarkers as a non-invasive, accessible, easier
and cost-effective approach could be valuable for early
detection of BC (7).

Different genetic and environmental factors are
involved in BC and the role of DNA methylation needs
to be identified (8). Gene methylation patterns in tumor
tissues can indicate tumor invasion and recurrence
(9). As tumors release DNA to the bloodstream, tumor
methylation status can be evaluated by circulating tumor
DNA (ctDNA) analysis non-invasively (10). Recently,
the study of cell-free DNA (cfDNA) has attracted much
attention as cancer biomarkers (11). As methylation
alterations are among the early changes in tumorigenesis
so, they are useful in early detection (12). In addition, it
has been demonstrated that plasma methylation patterns
can be used to accurately characterize cell type-specific
c¢fDNA in disease and normal conditions (13).
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Death-associated protein kinase 1 (DAPK1) is involved
in cell cycle control, autophagy, apoptosis and tumor
metastasis (14). It has been well established that DAPK1
non-expressing cells were potentially more aggressive
and metastatic due to the promoter hypermethylation
(15). DAPK1 hypermethylation has been identified in a
wide range of tumors, such as kidney and bladder (16) as
well as breast cancers (17, 18).

Caveolaec Associated Protein 3 (CAVIN3), known
as protein kinase C substrate, may participate in DNA
repair pathway. It might impose apoptosis and cell cycle
blockage, in addition to the suppression of tumor cell
growth (19). Downregulation of CAVIN3 was observed in
the lung, ovarian, breast tissues (20) and its cell lines due
to abnormal promoter hypermethylation (21).

The current study was designed to examine promoter
methylation condition of DAPKI and CAVIN3 genes
in women diagnosed with breast IDC. Both genes are
involved in the regulation of AKT (22, 23). Activation
of AKT kinase is essential for many metastatic events,
included escaping cells from tumor environment,
activation of proliferation, suppression of apoptosis and
activation of angiogenesis (24). These two genes are also
involved in regulating p53 (25, 26). It has been shown that
TP53 gene is one of the potential regulators of metastasis
and there is evidence that normal p53 regulates multiple
steps of metastasis in a negative way (27). Here the
promoter methylation condition was investigated for the
first time in cfDNA plasma samples of Iranian invasive
ductal carcinoma (IDC) patients. We aimed to evaluate
the association of promoter methylation with breast
cancer. We also decided to explore promoter methylation
status of the mentioned genes in different BC stages and
metastasis. Probable associations with clinicopathological
parameters were also assessed.

Materials and Methods
Specimen collection

The present investigation was designed as a case-
control study and included 90 patients with BC (age range
of 30-66 years, mean ag=47 years) who were recruited
from the Cancer Institute of Imam Khomeini Hospital
(Tehran, Iran). All of the patients were diagnosed with
breast IDC (stage I-IV) based on the tumor, nodes, and
metastases (TNM) staging system. Inclusion criteria
were primary diagnosed BC women who had received
no chemotherapy/radiotherapy, with no previous history
of BC or any other serious disease in them or their first-
degree relatives. The clinicopathological information of
patients was also taken. Thirty healthy women (age range
of 30-55 years; mean age=44 years) were used in the
control group. The controls with a history of cancer and
other serious diseases in their first-degree relatives were
excluded and specific factors such as smoking and alcohol
consumption were considered. Written informed consent
was also taken from all participants. The Ethics Review
Committee of the Faculty of Medical Sciences of the
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Tarbiat Modares University (Tehran, Iran) approved the
current study (IR. TMU.REC.1396.586). Approximately 5
ml peripheral blood was drawn from all individuals.

Plasma isolation and cfDNA extraction

Blood samples were immediately centrifuged at 1200 g
for 15 minutes and the top plasma layer was centrifuged
at 16000 g for 10 minutes. To check plasma hemolysis,
the absorbance of plasma samples at 414 and 375 nm
was measured and A414/A375 <2 was considered as
hemolysis free plasma. Plasma cfDNA was isolated
using the NucleoSpin® Plasma XS kit (Macherey-Nagel,
Germany) based on the manufacturer's procedures with
several modifications (28).

Sodium Bisulfite modification and DNA methylation
investigation

cfDNA sodium bisulfite treatment was carried out
as previously described by Yi et al. (29). Briefly, 50 ul
freshly prepared 0.3 N NaOH (Merck, Germany) was
added to cfDNA and incubated for 30 minutes in 37°C.
Then, 130 ul of 10 M (NH,) HSO,-NaHSO, bisulfite
solution (Sigma-Aldrich, USA) was added and incubated
for 30 minutes at 70°C. The solution was afterward cooled
at 4°C. Gel/PCR Purification Mini Kit (YTA, Iran) was
used to purify the cfDNA solution. Purified cfDNA was
then mixed with 11 pl of fresh NaOH (0.2 N) followed
by 10 minutes incubation in 37°C. cfDNA was recovered
by adding 150 ul of 4 M ammonium acetate (Merck,
Germany), 3 pl glycogen and 750 pl cold absolute ethanol
(Merck, Germany). The pellet was then eluted in pl of 10
mM Tris.HCI/1 mM EDTA (TE).

The bisulfite-treated cfDNA was then used as a template
for the MethySYBR method (30) to investigate the
promoter methylation. In the present study, a two-step
MethySYBR assay was used to enrich ¢fDNA using a
pre-amplification step.

Real-time polymerase chain reaction (PCR) reactions
were carried out in duplicate on StepOne™ Real-Time
PCR System (Applied Biosystems, USA) in a total volume
of 25 pl containing 0.5 pl from each primer (10 pM), 12
ul of 2X Real-Time PCR Master Mix (BIOFACT, South
Korea), 9.5 pl RNase-free H,O and 2 ul cfDNA. Real-
Time PCR conditions were as follows: initial denaturation
at 95°C for 10 minutes, 40 cycles of denaturation at 95°C
for 15 seconds, annealing at 56°C for 30 seconds (DAPK1
gene), 58°C for 30 seconds (CAVIN3 gene) and extension
at 72°C for 10 seconds. The following melt curve analysis
was carried out: 95°C for 15 seconds, 60°C for 1 minute
and 95°C for 15 seconds. Fully methylated DNA was
employed as a calibrator. To calculate the methylation
percentage of each sample relative to fully methylated
control, obtained “AAC” value (sample’s AC, value-
calibrator’s AC, value) entered into the 2044 equation
and then multiplied by 100. To amplify our target flanking
region EXT-F1,2 and EXT-R primers were used. For
amplification of the target region, M-F and M-R primers
were employed. Primer sequences are as follows:



DAPKI:

EXT-F1: 5"-GTTAGGAATGTGGTTTTGGGG-3’
EXT-R: 5"-CCCTTT CTCTACACACATACCC-3’
EXT-F2: 5"-GAATGTGGTTTTGGGGATTGTTT-3"
M-F: 5"-CGGGGGTGTTATCGTTGTC-3"

M-R: 5"-GAAAAAATAAAACCCTCGCCCAAACG-3’

CAVIN3:

EXT-F1: 5"-TGAGTTATAGTTGGAGTTGGGGA-3’
EXT-R: 5"-TCCAACATAAAA ACCAACTTCTC-3"
EXT-F2: 5"-TAGTTGGAGTTGGGGAGGAGT-3’
M-F: 5"-TGTAGGTAG ACG GAGTAGAGC-3’
M-R: 5"-AACAAAATCACCACCGTCAC-3’

Statistical analysis

SPSS (version 25) software (SPSS Inc., USA) was used
to perform statistical analysis. The probable association
of DAPK1 and CAVIN3 gene promoter methylations with
breast cancer and metastatic BC were checked using an
unpaired t test. Investigation of inter-group association
was also performed using oneway ANOVA and Kruskal-
Wallis one-way ANOVA (k samples). The results were
interpreted significant if the P<0.05.

Diagnostic value, sensitivity and specificity of the
DAPKI and CAVIN3 promoter methylations in BC and
metastatic BC were evaluated using receiver operator
characteristic (ROC) curves. The area under the curve
(AUC) with a 95% confidence interval (95% CI) was
computed.

Results

Clinicopathological features of patients

The clinicopathological characteristics of the 90 IDC
patients involved in the study are summarized in Table
1. According to the age (<47/>47), size (<2/>2 cm) and
lymph node condition (positive/negative) of the tumor,
the patients were classified.

DAPKI promoter methylation status in breast cancer

In this study, MethySYBR method was used to
quantify the promoter methylation percentage of genes.
Association studies on the DAPKI gene promoter
methylation level in BC were conducted. According to
the results, 18.96% methylation was observed in BC
patients compared to the control group (6.48%). The
increased methylation level of DAPK1 gene promoter
was significant (P=0.001, Fig.1A).

In order to investigate promoter methylation status
in IDC tumor progression, DAPKI gene promoter
methylation was assessed in stages I, II/IIl and IV.
Methylation percentage in the stages I, II/IIl and IV
were 13.23%, 17.10% and 26.54, respectively. Regarding
the evaluated results, the observed differences between
control group and all of the stages were significant.
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Stage I compared to the control group showed increased
promoter methylation (P=0.046). Similar results were also
observed in stage II/III (P=0.036) and stage IV (P=0.002)
rather than the control group. When the different groups
were compared, it was found that methylation level
was increased from stage | to stage II/III (P=0.493) and
increased methylation was also observed in the progression
from stage II/III to stage IV (P=0.155). Although inter-
group comparison did not show statistically significant
results, except for the increased methylation level from
stage I to stage IV (P=0.046, Fig.1B).

Table 1: Breast invasive ductal carcinoma patient’s clinicopathological

features

Variable n (%)
Age (Y)

<47 44 (48.88)

>47 46 (51.11)
T stage

T1 <2 38 (42.22)

T2 15 (16.67)

T3 >2 19 (21.11)

T4 18 (20)
Lymph node involvement

Positive 54 (60)

Negative 36 (40)
Metastasis status

Metastatic 30(33.33)

Non-metastatic 60 (66.67)
Clinical TNM staging

I 30 (33.33)

IT and IIT 30 (33.33)

v 30 (33.33)

TNM; Tumor, nodes, and metastases.

DAPKI gene promoter methylation and breast cancer
metastasis

To check the association of DAPKI gene promoter
methylation levels with BC metastasis, methylation
changes were assessed in stages I, II/II1 (as non-metastatic
group) and IV (as metastatic group). Results revealed
that methylation levels were significantly increased in
metastatic (26.54%) than non-metastatic group (15.17%,
P=0.016). According to these results, it was determined
that methylation level of DAPKI gene promoter was
associated with BC metastasis (Fig.1C).
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Fig.1: DAPK1 methylation changes in BC. A. Changes in the DAPK1
methylation levels of breast cancer patients compared to controls.
The observed increase in methylation levels was significant. B. DAPK1
promoter methylation levels in different stages of breast IDC. Methylation
levels were increased as the disease was progressed. C. Methylation
level changes in the metastatic and non-metastatic groups. It was found
a significant increase in methylation levels in the metastatic group,
rather than non-metastatic types. BC; Breast cancer, IDC; Invasive ductal
carcinoma, *; P<0.05, and **; P<0.01.

CAVIN3 gene promoter methylation status in breast
cancer

Data analysis revealed that promoter methylation level
of CAVIN3 gene was significantly increased in BC patients
(16.49%) rather than normal individuals (5.58%, P=0.002,
Fig.2A).

Promoter methylation of the studied gene was also increased
significantly in IDC stage 1 (15.42%) versus control, stage
I/ (15.95%) compared to control as well as stage IV
(18.09%) rather than the control group, with respectively
0.025, 0.022 and 0.019 P values. To evaluate association of
promoter methylation of the CAVIN3 gene with breast IDC
progression, an inter-group comparison was also performed.
Enhanced promoter methylation was observed from stage
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I to stage I/III, although it was not statistically significant
(P=0.740). A non-significant methylation enhancement was
also observed in stage II/IIl compared to stage [V (P=0.678).
It was revealed that promoter methylation in this gene was
increased from stage I to stage IV, although this observation
was not statistically significant (P=0.092, Fig.2B).

CAVIN3 gene promoter methylation and breast cancer
metastasis

Promoter methylation of CAVIN3 gene was increased
in metastatic condition (stage IV, 18.09%) rather than non-
metastatic condition (stages II/III, 15.68%), although it was
not statistically significant (P=0.678, Fig.2C).
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Fig.2: CAVIN3 methylation changes in BC. A. Promoter methylation of
CAVIN3 gene in breast cancer patients versus control. Methylation levels
were increased significantly in breast cancer patients compared to the
control group. B. Promoter methylation of CAVIN3 gene in different stages
of breast cancer rather than control, methylation changes from less to
more invasive stages were negligible. C. CAVIN3 promoter methylation
in metastatic and non-metastatic breast cancer, methylation changes
between metastatic and non-metastatic groups were not significant. BC;
BC; Breast cancer, *; P<0.05, **; P<0.01, and NS; Non-significant.



Association of DAPKI and CAVIN3 gene promoter
methylation changes with clinicopathological
parameters

As it was mentioned previously, the studied samples
were classified in different groups according to age
(<47/>47 years old), size (<2/>2 cm) and lymph node
condition (positive/ negative) of the tumor. Promoter
methylation was then investigated in each group. There
was no significant association between DAPKI and
CAVIN3 gene promoter methylation and age, tumor
size and lymph node status. The obtained results are
summarized in Table 2.

Table 2: Association of DAPK1 and CAVIN3 gene promoter methylations
with clinicopathological parameters

Clinicopathological Number of DAPKI CAVIN3
parameters cases (P value) (P value)
Age (Y) 0.68 0.62
<47 44
>47 46
Tumor size (cm) 0.30 0.93
<2 38
>2 52
Lymph node involvement 0.056 0.63
Positive 54
Negative 36
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Diagnostic value of DAPKI and CAVIN3 gene promoter
methylations in breast cancer

Using ROC curves, diagnostic accuracy of DAPKI and
CAVIN3 gene promoter methylations in discriminating
BC was determined. According to the evaluated results,
DAPKI1 gene promoter hypermethylation was able to
distinguish the BC patients from the control group and
showed a sensitivity of 70% and specificity of 66.7%
with an AUC of 0.732 (95% CI=0.633-0.831, P=0.00).
CAVIN3 gene promoter hypermethylation achieved an
AUC of 0.740 (95% CI=0.638-0.843, P=0.00) with a
sensitivity of 70% and specificity of 70%. Combination
of the two genes improved diagnostic value and reached
an AUC of 0.799 (95% CI=0.707-0.891, P=0.00) with
respectively sensitivity and specificity of 71.1% and 73.3%
(Fig.3A-C). The obtained results were in accordance with
our MethSYBR data.

Diagnostic value of DAPKI and CAVIN3 gene promoter
methylations in breast cancer metastasis

ROC curve analysis was used to determine diagnostic
potential of DAPK1 and CAVIN3 gene promoter methylations
in differentiating BC metastasis. The discriminatory
performance of the two evaluated genes differed significantly.
DAPKI gene promoter hypermethylation demonstrated
an AUC of 0.692 (95% CI=0.591-0.793, P=0.002) with
64.4% sensitivity and 66.7% specificity, while CAVIN3
gene promoter hypermethylation was not able to distinguish
metastatic BC patients from non-metastatic types. In CAVIN3
gene, AUC was 0.584 (95% C1=0.444-0.724, P=0.193) with
respective sensitivity and specificity of 53.3% and 61.7%
(Fig.3D, E).
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Fig.3: ROC curve analysis of DAPK1 and CAVIN3 genes promoter methylation in BC. ROC curves were constructed to assess diagnostic potential of A.
DAPK1, B. CAVIN3 promoter methylation and C. Their combination in BC discrimination. A. The AUC was 0.732 (P<0.001). B. The AUC was 0.740 (P=0.00).
C. Using DAPK1 and CAVIN3 genes combination, the AUC reached 0.799 (P=0.00). ROC curves were also generated to determine the efficiency of D.
DAPK1 and E. CAVIN3 promoter methylation in BC metastasis diagnosis. D. The AUC was 0.692 (P=0.002). E. The AUC was 0.584 (P=0.193). ROC; Receiver

operator characteristic, BC; Breast cancer, and AUC; Area under the curve.

Discussion

In the present study, association DAPKIand CAVIN3
gene promoter methylations BC and BC metastasis
was explored. In this study, promoter methylation
status of DAPKI and CAVIN3 genes were examined in
women diagnosed with breast IDC. Here the promoter
methylation condition was investigated for the first
time in cfDNA plasma samples of Iranian IDC patients.
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We aimed to evaluate association of gene promoter
methylation with breast cancer. We also decided to
explore promoter methylation of the mentioned genes in
different BC stages and metastasis. Probable associations
with clinicopathological parameters were also assessed.

It was found that promoter methylation of DAPKI
gene in BC patients was significantly increased. Studies
conducted by Tserga et al. (31) and Cho et al. (32) showed



that DAPK1 gene promoter was respectively methylated
37.5% and 14.1% in breast primary tumors. Spitzwieser et
al. (33) observed 62% DAPKI gene promoter methylation
in invasive ductal and lobular carcinoma. Different results
observed in various studies may be due to different factors
such as sample size, race, treatment status, nutritional
status and family history (34).

In the present study, it was observed that level of
DAPKI1 gene promoter methylation in plasma samples
of patients with IDC was 18.96%. Our findings are
in agreement with these studies, as they showed that
promoter methylation level of DAPKI gene was increased
in BC compared to normal individuals. Inactivation of
DAPKI gene expression due to hypermethylation has
been frequently found in a variety of cancers and it was
associated with tumor invasiveness (35, 36). It has been
proved that DAPKI plays tumor suppressor kinase role
(37) which is in accordance with our obtained results.
Increasing promoter methylation might lead to the
downregulation of this gene, which plays an important
role in tumorigenesis. ROC curve analysis revealed that
DAPK]1 gene promoter methylation could successfully be
used as a potential biomarker in BC diagnosis. This test
interestingly approved the associations that we assessed.

It was also observed that there is a significant increase in
the methylation level of DAPK]I gene in all of the stages
(I, II/TIT and IV) compared to the control group. Regarding
the association between promoter methylation of this gene
and progression of breast cancer, an increased methylation
level from less invasive stages to more aggressive stages
was detected, but they were not significant. Although, in a
study done by Yadav et al. (34) an increased methylation
level was found by progressing the disease. An expected
increasing trend was observed from less to more invasive
stages in our study, which is in accordance with previous
experiments. Obtaining non-significant results might be
attributed to the small number of samples.

In our study, considering the metastatic BC patients
and non-metastatic ones, a significant increase of
methylation level was observed in the metastatic group.
Botezatu et al. (38) showed 64% DAPKI promoter
methylation in advanced stages of IDC. In the current
study, promoter methylation level of the DAPKI gene
was 26.54% in the metastatic group and it was associated
with BC metastasis. Our data are completely consistent
with the mentioned study. We suggest that promoter
hypermethylation of DAPKI gene may lead to its
downregulation and this condition might be one of the
effective factors in BC metastasis. Given the data obtained
from ROC assessment, it can be concluded that promoter
methylation status of DAPK] can be served as a potential
biomarker for BC metastasis detection. The results of our
study about DAPK promoter methylation are consistent
with ROC findings. In the clinicopathological survey, no
significant association was observed between promoter
methylation condition of the DAPKI gene and any of
the clinicopathological factors. Although in Yadav et al.
(34) study, a relation between the promoter methylation
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condition of DAPK gene and clinicopathological features
was found in BC patients. This inconsistent finding might
be associated with the small number of studied samples,
which further needs to be invested.

In the present study, significantly increased promoter
methylation in CAVIN3 gene (16.49%) was observed in
plasma samples of BC patients rather than control individuals.
In the present study obtained results are consistent with a
study performed by Li et al. (39) who found an increased
methylation level in BC tissues. CAVIN3 is a tumor
suppressor protein (20) whose methylation alterations were
associated with some tumor types, such as breast tumors (21).
In this study, we suggested that CAVIN3 gene might play
as a tumor suppressor gene as it shows enhanced promoter
methylation. In a study conducted by Xu et al. (21) it was
found that downregulation of CAVIN3 gene was associated
with hypermethylation of promoter CpG dinucleotides
(60% methylation level) in primary breast tumors. It can be
concluded that hypermethylation of CAVIN3 promoter can
down-regulate this gene which may eventually lead to BC
tumorigenesis. With respect to ROC analysis, the promoter
methylation of the CAVIN3 gene is able to be used, as a
possible diagnostic biomarker in breast cancer. This is in
accordance with the association study. Combination of the
DAPK] and CAVIN3 gene promoter methylations showed
better results in the diagnosis of breast cancer.

In our study, investigation of CAVIN3 promoter
methylation levels also revealed a significant increase
in all of the stages compared to the control group. In
addition, different stage alterations proved an increased
methylation level in progressing from less to more
invasive stages, but these changes could not reach the
significance threshold. Increased promoter methylation of
CAVIN3 from less to more invasive stages might cause
a reducing trend in CAVIN3 expressions. Therefore, we
can suggest that enhancement of promoter methylation
may be effective in BC progression. Obtaining a non-
significant result might be associated with sample size,
which requires more investigations.

Furthermore, in the metastatic group, increased CAVIN3
promoter methylation level was not significant. Although
in a study performed by Li et al. (40) CAVIN3 gene
methylation was informative for predicting metastatic
breast cancer. We suggest investigating association in
a larger population, since non-significant results in the
present study might be associated with the small size
of samples. ROC analysis of CAVIN3 gene promoter
methylation did not reach a significant threshold.
No significant association between CAVIN3 gene
promoter methylation changes and clinicopathological
characteristics was also observed.

Conclusion

Overall, the obtained results should be interpreted
cautiously and it seems necessary to confirm them in
other independent studies. In conclusion, promoter
hypermethylation of DAPKI and CAVIN3 genes in plasma
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are associated with the risk of BC and they can be potential
diagnostic biomarkers proposed for the first time in the
Iranian population along with the current methods. In
addition, aberrant DA PK [ promoter methylationpositively
associates with metastasis of breast cancer. It suggests the
potential usage of promoter methylation as a non-invasive
strategy for metastatic BC diagnosis. Further analysis of
these genes could be helpful to reveal their potential roles
in BC development and metastasis.

Acknowledgements

The current study was financial supported by Department
of Medical Genetics, Faculty of Medical Sciences, Tarbiat
Modares University, Tehran, Iran. Blood specimens were
collected from the Cancer Institute of Imam Khomeini
Hospital, Tehran, Iran. The authors are grateful to Imam
Khomeini stuff especially Mrs. Tavakoli and Mrs. Karami
who kindly helped us in sample collection. We wish to
express our great appreciation to all participants who
kindly contributed to this study. All authors have no
conflict of interest to declare.

Authors’ Contributions

E.Gh. M.T.A., P.L; Participated in study design, data
collection and evaluation, drafting and statistical analysis.
They also contributed extensively to the interpretation
of the data and the conclusion. They performed editing
and approving the final version of this manuscript for
submission, also participated in the finalization of the
manuscript and approved the final draft. E.Gh.; Conducted
molecular experiments and RT-qPCR analysis. H.M.,
F.K.;Helped in blood collection and prepared pathological
information of patients. They also participated in
patient’s staging. All authors read and approved the final
manuscript.

References

1. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global
cancer statistics. CA Cancer J Clin. 2011; 61(2): 69-90.

2. Valkonen M, Kartasalo K, Liimatainen K, Nykter M, Latonen L, Ruu-
suvuori P. Metastasis detection from whole slide images using local
features and random forests. Cytometry A. 2017; 91(6): 555-565.

3. Redig AJ, McAllister SS. Breast cancer as a systemic disease: a
view of metastasis. J Intern Med. 2013; 274(2): 113-26.

4. Menezes ME, Das SK, Minn |, Emdad L, Wang XY, Sarkar D, et al.
Detecting tumor metastases: the road to therapy starts here. Adv
Cancer Res. 2016; 132: 1-44.

5. Lee KH, Shin TJ, Kim WH, Cho JY. Methylation of LINE-1 in cell-
free DNA serves as a liquid biopsy biomarker for human breast
cancers and dog mammary tumors. Sci Rep. 2019; 9(1): 175.

6. Warton K, Samimi G. Methylation of cell-free circulating DNA in the
diagnosis of cancer. Front Mol Biosci. 2015; 2: 13.

7. Pouliot MC, Labrie Y, Diorio C, Durocher F. The role of methyla-
tion in breast cancer susceptibility and treatment. Anticancer Res.
2015; 35(9): 4569-4574.

8. Bodelon C, Ambatipudi S, Dugué PA, Johansson A, Sampson JN,
Hicks B, et al. Blood DNA methylation and breast cancer risk: a
meta-analysis of four prospective cohort studies. Breast Cancer
Res. 2019; 21(1): 62.

9. Rodriguez-Paredes M, Esteller M. Cancer epigenetics reaches
mainstream oncology. Nat Med. 2011; 17(3): 330-339.

10. Warton K, Mahon KL, Samimi G. Methylated circulating tumor DNA
in blood: power in cancer prognosis and response. Endocr Relat
Cancer. 2016; 23(3): R157-R171.

Cell J, Vol 23, No 4, September 2021

404

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Wasenang W, Chaiyarit P, Proungvitaya S, Limpaiboon T. Serum
cell-free DNA methylation of OPCML and HOXD9 as a biomarker
that may aid in differential diagnosis between cholangiocarcinoma
and other biliary diseases. Clin Epigenetics. 2019; 11(1): 39.
Moulton T, Crenshaw T, Hao Y, Moosikasuwan J, Lin N, Dembitzer
F, et al. Epigenetic lesions at the H19 locus in Wilms’ tumour pa-
tients. Nat Genet. 1994; 7(3): 440-447.

Moss J, Magenheim J, Neiman D, Zemmour H, Loyfer N, Korach
A, et al. Comprehensive human cell-type methylation atlas reveals
origins of circulating cell-free DNA in health and disease. Nat Com-
mun. 2018; 9(1): 5068.

Elbadawy M, Usui T, Yamawaki H, Sasaki K. Novel Functions of
death-associated protein kinases through mitogen-activated pro-
tein kinase-related signals. Int J Mol Sci. 2018; 19(10): 3031.
Soria JC, Rodriguez M, Liu DD, Lee JJ, Hong WK, Mao L. Aberrant
promoter methylation of multiple genes in bronchial brush samples
from former cigarette smokers. Cancer Res. 2002; 62(2): 351-355.
Christoph F, Kempkensteffen C, Weikert S, Kéllermann J, Krause
H, Miller K, et al. Methylation of tumour suppressor genes APAF-1
and DAPK-1 and in vitro effects of demethylating agents in bladder
and kidney cancer. Br J Cancer. 2006; 95(12): 1701-1707.

Dulaimi E, Hillinck J, de Caceres I, Al-Saleem T, Cairns P. Tumor
suppressor gene promoter hypermethylation in serum of breast
cancer patients. Clin Cancer Res. 2004; 10(18 Pt 1): 6189-6193.
Tan J, Gu Y, Zhang X, You S, Lu X, Chen S, et al. Hypermethyla-
tion of CpG islands is more prevalent than hypomethylation across
the entire genome in breast carcinogenesis. Clin Exp Med. 2013;
13(1): 1-9.

Lee JH, Byun DS, Lee MG, Ryu BK, Kang MJ, Chae KS, et al.
Frequent epigenetic inactivation of hSRBC in gastric cancer and its
implication in attenuated p53 response to stresses. Intal J Cancer.
2008; 122(7): 1573-84.

Bai L, Deng X, Li Q, Wang M, An W, Gao Z, et al. Down-regulation
of the cavin family proteins in breast cancer. J Cell Biochem. 2012;
113(1): 322-328.

Xu XL, Wu LC, Du F, Davis A, Peyton M, Tomizawa Y, et al. Inac-
tivation of human SRBC, located within the 11p15. 5-p15. 4 tumor
suppressor region, in breast and lung cancers. Cancer Res. 2001;
61(21): 7943-7949.

Park ST, Kim BR, Park SH, Lee JH, Lee EJ, Lee SH, et al. Sup-
pression of VEGF expression through interruption of the HIF1alpha
and Akt signaling cascade modulates the antiangiogenic activity of
DAPK in ovarian carcinoma cells. Oncol Rep. 2014; 31(2): 1021-
1029.

Hernandez VJ, Weng J, Ly P, Pompey S, Dong H, Mishra L, et al.
Cavin-3 dictates the balance between ERK and Akt signaling. Elife.
2013; 2: e00905.

Sheng S, Qiao M, Pardee AB. Metastasis and AKT activation. J
Cell Physiol. 2009; 218(3): 451-454.

Pei L, Shang Y, Jin H, Wang S, Wei N, Yan H, et al. DAPK1-p53
interaction converges necrotic and apoptotic pathways of ischemic
neuronal death. J Neurosci. 2014; 34(19): 6546-6556.

Lee JH, Byun DS, Lee MG, Ryu BK, Kang MJ, Chae KS, et al.
Frequent epigenetic inactivation of hSRBC in gastric cancer and
its implication in attenuated p53 response to stresses. Int J Cancer.
2008; 122(7): 1573-1584.

Powell E, Piwnica-Worms D, Piwnica-Worms H. Contribution of
p53 to metastasis. Cancer Discov. 2014; 4(4): 405-414.

Khani M, Pouresmaeili F, Mirfakhraie R. Evaluation of extracted
circulating cell free DNA concentration by standard nucleospin
plasma XS (NS) kit protocol compared to its modified protocol. Urol
Nephrol Open Access J. 2017; 4(4): 00137.

Yi S, Long F, Cheng J, Huang D. An optimized rapid bisulfite con-
version method with high recovery of cell-free DNA. BMC Mol Biol.
2017; 18(1): 24.

Lo PK, Watanabe H, Cheng PC, Teo WW, Liang X, Argani P, et al.
MethySYBR, a novel quantitative PCR assay for the dual analy-
sis of DNA methylation and CpG methylation density. J Mol Diagn.
2009; 11(5): 400-414.

Tserga A, Michalopoulos NV, Levidou G, Korkolopoulou P, Zogra-
fos G, Patsouris E, et al. Association of aberrant DNA methyla-
tion with clinicopathological features in breast cancer. Oncol Rep.
2012; 27(5): 1630-1638.

Cho YH, Shen J, Gammon MD, Zhang YJ, Wang Q, Gonzalez K,
et al. Prognostic significance of gene-specific promoter hypermeth-
ylation in breast cancer patients. Breast Cancer Res Treat. 2012;
131(1): 197-205.

Spitzwieser M, Holzweber E, Pfeiler G, Hacker S, Cichna-Markl M.
Applicability of HIN-1, MGMT and RASSF1A promoter methylation



34.

35.

36.

as biomarkers for detecting field cancerization in breast cancer.
Breast Cancer Res. 2015; 17(1): 125.

Yadav P, Masroor M, Nandi K, Kaza RCM, Jain SK, Khurana N, et
al. Promoter methylation of BRCA1, DAPK1 and RASSF1A is As-
sociated with increased mortality among indian women with breast
cancer. Asian Pac J Cancer Prev. 2018; 19(2): 443-448.

Hu SL, Kong XY, Cheng ZD, Sun YB, Shen G, Xu WP, et al. Pro-
moter methylation of p16, Runx3, DAPK and CHFR genes is fre-
quent in gastric carcinoma. Tumori. 2010; 96(5): 726-733.

Ahmad ST, Arjumand W, Seth A, Saini AK, Sultana S. Methylation
of the APAF-1 and DAPK-1 promoter region correlates with pro-
gression of renal cell carcinoma in North Indian population. Tumor
Biol. 2012; 33(2): 395-402.

405

37.

38.

39.

40.

Ghalkhani et al.

Schneider-Stock R. Death-associated kinase (DAPK): a cancer
“gene chameleon”. Apoptosis. 2014; 19(2): 285.

Botezatu A, lancu |, Popa |, Constantin M, Cucu N, Anton G. Epi-
genetic modifications of p16, E-cadherin, RARB and DAPK gene
promoters in breast cancer. Proc Rom Acad Series B. 2008; 3:
163-167.

Li Z, Guo X, Wu Y, Li S, Yan J, Peng L, et al. Methylation profiling
of 48 candidate genes in tumor and matched normal tissues from
breast cancer patients. Breast Cancer Res Treat. 2015; 149(3):
767-779.

Li Y, Melnikov AA, Levenson V, Guerra E, Simeone P, Alberti S,
et al. A seven-gene CpG-island methylation panel predicts breast
cancer progression. BMC Cancer. 2015; 15: 417.

Cell J, Vol 23, No 4, September 2021



	_GoBack
	_Hlk3750226
	OLE_LINK1
	OLE_LINK2
	_GoBack
	OLE_LINK1
	_Hlk53404834
	_Hlk53404877
	OLE_LINK65
	OLE_LINK66
	OLE_LINK2
	OLE_LINK35
	OLE_LINK36
	OLE_LINK4
	_ENREF_6
	_ENREF_7
	_Hlk29036368
	_GoBack
	_Hlk29051875
	_Hlk29213833
	_Hlk29143100
	_Hlk29143134
	_ENREF_22
	_Hlk49886802
	_GoBack
	_GoBack
	OLE_LINK7
	_Hlk14798407
	OLE_LINK4
	_Hlk14341055
	_Hlk14856375
	OLE_LINK1
	_Hlk14344518
	OLE_LINK7
	OLE_LINK6
	_Hlk14857627
	_Hlk11410209
	_Hlk11410288
	_Hlk11410819
	_Hlk11410906
	_Hlk11410607
	_Hlk11404459
	_Hlk11404535
	_Hlk11404495
	_Hlk11410950
	_Hlk11410987
	_Hlk11415187
	_Hlk68819276
	OLE_LINK5
	OLE_LINK4
	OLE_LINK1
	_ENREF_2
	_ENREF_5
	_ENREF_9
	_ENREF_14
	_ENREF_16
	_ENREF_18
	_ENREF_20
	_ENREF_22
	_ENREF_27
	_ENREF_29
	_ENREF_32
	_ENREF_34
	_ENREF_36
	_ENREF_38

