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Abstract

Background: Epigenetic mechanisms including DNA methylation are key regulators
of gene activity and may play key roles in carcinogenesis through cumulative activa-
tion and inactivation of oncogenes, tumor suppressor genes, and other genes. In-
creased vimentin gene expression has been reported in various tumor cell lines and
tissues including breast cancer. In addition, methylation of the vimentin gene was
described as a marker in several malignant tumors. Objective: The aim of this study
is to determine the existence of a potential relationship between the methylation state
of the vimentin gene and its prognostic value in breast cancer patients and its corre-
lation with vimentin protein expression in the serum. Patients and Methods: The
methylation status of the vimentin gene was examined in primary infiltrating duc-
taltumors and the surrounding normal tissues derived from 50 breast cancer patients
enrolled for either modified radical mastectomy or conservative breast surgery using
quantitative methylation-specific polymerase chain reaction (QMSP), serum vimen-
tin levels were determined using ELISA, and the correlation between the methylation
status and the clinicopathological findings was evaluated. Results: Out of 50 breast
cancer patients, 18 (36%) exhibited positive methylation of vimentin gene while 32
(64%) exhibited negative vimentin genemethylation in their tumors. Subsequently
clinicopathological data were correlated with the vimentin genemethylation score. A
significant association was found between negative vimentin methylation, and both
serum vimentin protein level (p < 0.001) and the triple negative breast cancer sub-
type (TNBCs) (p = 0.004). Using receiver-operating characteristic (ROC) curve anal-
ysis, a cut off value of <0.49 was set for the negative vimentin methylation score to
distinguish between early and late stage breast cancer, and the ROC curve showed an
area under the curve (AUC) of 0.684 (p = 0.029). Conclusion: Our study showed that
the vimentin gene is frequently hypomethylated in breast cancer tissues, and that
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negative methylation status is always associated with high serum vimentin protein
expression levels. Also we reported a significant association between negative vimen-
tin methylation and TNBC subtype which is known to have an aggressive clinical
course. Taken together, these results might have important implications for the de-
sign of novel therapeutic interventions for breast cancer patients. However, further
studies with larger sample size are needed to validate these observations.
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1. Introduction

Worldwide, breast cancer is considered as one of the most common cancers with great-
er than 1,300,000 cases and 450,000 deaths each year [1]. In Egypt, the pattern of ma-
lignancy occurrence in Lower, Middle, and Upper Egypt was dominated by the high
frequency of female breast cancer (33.8%, 26.8% and 38.7% respectively) [2]. The pro-
gression of breast cancer involves various stages until the invasive carcinoma occur-
rence and finally into metastatic disease. Given the variability in clinical progression in
breast cancer, the identification of markers that could predict the tumor behavior is
particularly important [3]. Among diagnostic techniques, DNA methylation based
biomarker could help as an important tool for the diagnosis of many cancers, including
breast cancer [4]. DNA methylation, which most commonly occurs at CpG dinucleo-
tides regions, has been associated with many clinicopathological features in breast can-
cer patients, such as tumor stage, histological grade, and TP53 status [5] [6]. Further-
more, DNA hypomethylation and hypermethylation can impact breast cancer progres-
sion and prognosis, contributing to the overexpression of oncogenes and down regula-
tion of tumor suppressor genes, respectively [7].

Vimentin is an intermediate filament protein of mesenchymal cells, which is com-
monly used to identify cells undergoing Epithelial-Mesenchymal Transition (EMT) in
cancer. Moreover, it was found that its expression is associated with increased risk of
metastasis and poor prognosis in breast cancer patients [8]. In spite that upregulation of
Vimentin expression during EMT which has been well characterized in breast cancer,
only few to our knowledge have reported epigenetic changes in Vimentin derived from
breast tumors [9] [10]. Numerous studies have explored epigenetic changes in Vimentin
in general, with data showing differential Vimentin DN A methylation in other solid tu-
mors such as colorectal, gastric, cervical, bladder, and pancreatic cancer [11]-[14].

Therefore, we intended to quantify vimentin methylation in fifty infiltrating ductal
breast carcinoma specimens and matched normal tissue and to test for associations of
methylation of the vimentin gene and its protein expression in the serum, in addition to
find out the correlation between vimentin methylation and prognostic markers such as

tumor size, tumor stage, lymph node metastasis, breast cancer subtype and CA15-3.
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2. Materials and Methods

2.1. Patients and Specimens

Primary infiltrating ductal carcinoma and paired normal tissue specimens as well as
serum samples were obtained from 50 breast cancer patients who underwent surgery at
the Department of Surgery at the Medical Research Institute Hospital, Alexandria Uni-
versity, between June 2013 and December 2015. All patients did not receive neoadju-
vant chemotherapy, radiotherapy or hormonal therapy. Before surgery, all patients in
this study were subjected to full history taking, thorough clinical examination, fine
needle aspiration cytology (FNAC) or excision biopsy from the breast mass for patho-
logical examination, laboratory investigations including CBC, fasting blood sugar, liver
functions, kidney functions, tumor markers, and radiological examination including
mammography and ultrasound of both breasts, pelvi-abdominal ultrasound, chest X-
ray as well as bone scan. Postoperative pathology examination as well as hormonal re-
ceptors (ER & PR), and epidermal growth factor receptor 2(HER-2) were done. Clinical
staging was performed according to tumor-node-metastasis classification system (TNM)
[15]. Thirty patients were of stage II and twenty were of stage III. In addition, a group
of 20 age and sex matched healthy volunteers served as a control group for evaluation
of the serum vimentin protein level. Written informed consent was obtained from all
patients. The study approval was obtained from the ethics committee of our institute.
Surgical procedures: Patients with breast cancer were subjected to surgical interven-
tion including modified radical mastectomy (MRM) in 37 patients, and conservative

breast surgery (CBS) in the remaining 13 patients.

2.1.1. Evaluation of ER, PR, and HER2 Status

The ER, PR, and HER2 status were examined as previously reported [16]. ER and PR
were considered to be positive if >1% of the nuclei of cancer cells were stained by im-
munohistochemistry (IHC). Tumors were considered to be HER2 positive only if they
were scored 3+ by IHC or 2+ by IHC in combination with HER2 amplification (ratio >

2.0) by fluorescence in situ hybridization.

2.1.2. Sample Collection and DNA Preparation
Genomic DNA was isolated from snap-frozen tissue biopsies using the QIAamp DNA
Mini Kit (QIAGEN, Hilden, Germany) as described by the manufacturer [17].

2.1.3. Sodium Bisulfite Treatment.

One g of the genomic DNA extracted from the breast cancer specimens was subjected
to bisulfite treatment using an Epitect Bisulfite Kit (Qiagen, Hilden, Germany) as de-
scribed elsewhere [18]. The chemical modification of cytosine to uracil by bisulfite
treatment provides a sensitive method for the study of DNA methylation. Incubation of
the target DNA with sodium bisulfite results in conversion of unmethylated cytosine
residues into uracil, leaving the methylated cytosines unchanged. Therefore, bisulfite
treatment gives rise to different DNA sequences for methylated and unmethylated

DNA. This altered DNA can then be amplified, providing detailed information within
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the amplified region of the methylation status of all CpG sites. The EpiTect Bisulfite
procedure comprises a few simple steps: bisulfite-mediated conversion of unmethyla-
tedcytosines; binding of the converted single-stranded DNA to the membrane of an
EpiTect spin column; washing; desulfonation of membrane-bound DNA; washing of
the membrane-bound DNA to remove desulfonation agent; and elution of the pure,

converted DNA from the spincolumn.

2.1.4. Quantitative Methylation-Specific Polymerase Chain Reaction (qMSP)
The bisulfite-treated DNA was amplified with a qMSP that was performed using Dy-
NAmo Flash SYBR Green qPCR Kit provided by Thermo Fisher Scientific, Inc. in a
thermal cycler (Applied BiosystemsStepOne™ Real-Time PCR System). Thermocycling
was carried out in afinal volume of 25 pl containing 1.0 ul of the DNA sample, 100 nM
each of the Vimentin or S-actin primers (forward and reverse), and 12.5 pl of SYBR
Master mix which contains hot-start version of a modified Thermusbrockianus Tbr
DNA polymerase, SYBR Green I, optimized PCR buffer, 5 mM MgCl,, dNTP mix in-
cluding dUTP.

The qPCR primer sequences for Vimentin have been described [19] and were: Vi-
mentin MS (sense), 5TCGTTTCGAGGTTTTCGCGTTAGAGAC-3’, and Vimentin
MAS (antisense), ’CGACTAAAACTCGACCGACTCGCGA-3’. The PCR amplifica-
tion consisted of 40 cycles (95°C for 5 s and 55°C for 30 s) after an initial denaturation
step (95°C for 10 s). To ensure the specificity, a negative control (no template control)
and a positive control (using EpiTect Control DNA) were included in each run. To
normalize input DNA amounts, a companion real-time PCR assay was designed against
bisulfite converted actin gene sequences that lack CpG dinucleotides and so are not
modified by methylation. The assay for Actin was designed to generate an amplification
product of the same size as the assay for methylated vimentin. The actin forward pri-
mer was GGATAGGATAGTTTTATTTTTAG, and the actin reverse primer was
ATACAAAACTATACTCAACCAA [20].

Vimentin methylation scores: The relative amounts of Vimentin methylated DNA
in the breast cancer tissue that were normalized to the internal control f-actin (ACT)
were calculated. The vimentin methylation score in each tissue was defined as follows:
relative amount of vimentin in tumor/mean relative amount of vimentin in all corres-
ponding normal tissues. Vimentin methylation was considered positive when the me-
thylation score was more than 1.0 and considered negative when the methylation score
was less than 1.0 [21].

Vimentin protein serum levels were determined by enzyme linked immunosorbent
assay (ELISA) [22]. The kit was supplied by Uscn. Life Science Inc.

2.1.5. Statistical Analysis of the Data

Data were fed to the computer and analyzed using IBM SPSS software package version
20.0. Comparisons between groups for categorical variables were assessed using Chi-
square test. Student t-test was used to compare two groups for normally distributed

quantitative variables while ANOVA was used for comparing the three studied groups.
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Receiver operating characteristic curve (ROC) was used to determine the diagnostic
performance of the markers. Area more than 50% gives acceptable performance and
area about 100% is the best performance for the test. Significance of the obtained results
was judged at the 5% level.

3. Results

We first examined the methylation status of vimentin gene in breast cancer tissue sam-
ples and matched normal pairs using gMSP. Out of 50 breast cancer patients, 18 (36%)
exhibited positive methylation of vimentin and 32 (64%) exhibited negative vimentin
methylation in their tumor specimens, among these negative cases, 11 cases were of the
triple negative breast cancer (TNBC) subtype. Our results suggest that the aberrant
methylation of the vimentin gene was frequent in breast cancer patients, moreover a
significant association was shown between the TNBC subtype cases and negative vi-
mentin methylation (p = 0.004) (Table 1).

Subsequently we used ELISA technique to measure the vimentin protein concentra-
tion in serum samples. The mean serum vimentin concentration in cancer patients
(1134.62 + 613.68) was significantly higher than that in healthy donors (454.60 +
208.87, p < 0.001) (Table 2). While, the mean serum vimentin level among stage III
cases (1246.50 + 718.49) was higher than that of stage II cases (1060.03 + 532.66).
However, it did not reach the level of statistical significance (p = 0.082) (Table 3).

Then, clinicopathological data were tested for association with the vimentin methyla-
tion scores (Table 1). No association was found between the aberrant vimentin methy-
lation in breast cancer and patient’ age, tumor size, lymph node metastasis, vascular
invasion, Her 2 neu, ER and serum CA15-3 level. However, a significant association
was observed between negative vimentin methylation in breast cancer tissues and se-
rum vimentin level, the mean serum vimentin protein level was significantly higher in
patients with negatively methylated gene than those with positive methylation (p <
0.001). Also, a significant association was observed between the negative vimentin me-
thylation and the TNBC subtype (p = 0.004).

Using receiver-operating characteristic (ROC) curve analysis, a cut off value of <0.49
was set for the vimentin methylation score to distinguish between stage II (early stage)
and stage III (late stage) breast cancer cases. The ROC curve showed an AUC of 0.684
(p = 0.029), a sensitivity of 45% and a specificity of 86.67% for diagnosis of late stage
breast cancer, in comparison with serum CA15-3 levels for diagnosis of late stage breast
cancer patients It revealed that at the cut off value of 46 ng/ml the AUC was 0.945 (p <
0.001), a sensitivity of 90% and a specificity of 96.67% (Figure 1).

4. Discussion

Several strong risk factors, ranging from genetic to environmental, have been identified
for breast cancer [23]. In addition, convenient and accurate early detection techniques
have been developed and are in routine use [24]. While, these strategies were supposed

to reduce the fatality rates of breast cancer, unfortunately half a million women still die
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Table 1. Association between vimentin methylation and the clinicopathological characteristics of

studied patients.
Vimentin methylation
Characteristics P
Negative (n = 32) Positive (n = 18)
Age (years)
<50 16 (50.0%) 9 (50.0%)
1.000
>50 16 (50.0%) 9 (50.0%)
Tumor size (cm)
<3 12 (37.5%) 5 (27.8%)
0.486
>3 20 (62.5) 13 (72.2)
LN metastasis
Negative 17 (53.1%) 10 (55.6%)
Positive 15 (46.9%) 8 (44.4%)
Vas invasion
Positive 25 (78.1%) 14 (77.8%)
1.000
Negative 7 (21.9%) 4 (22.2%)
Her 2 neu
Negative 20 (62.5%) 11 (61.1%)
0.923
Positive 12 (37.5%) 7 (38.9%)
PR
Negative 11 (34.4%) 1(5.6%)
0.036*
Positive 21 (65.6%) 17 (94.4%)
ER
Negative 12 (37.5%) 2 (11.1%)
0.046
Positive 20 (62.5%) 16 (88.9%)
Subtypes
TNBC 11 (34.4%) 0 (0.0%)
0.004*
Non TNBC 21 (65.6%) 18 (100.0%)
TNM stage
Stage II 17 (53.1%) 13 (72.2%)
0.186
Stage I1I 15 (46.9%) 5 (27.8%)
Serum vimentin (ng/ml) 1385.34 + 537.25 688.89 + 480.09 <0.001*
Serum Ca 15-3 53.38 £ 16.17 47.44 +£13.03 0.190

Qualitative data were described using number and percent and was compared using Chi square test, while normally
quantitative data was expressed in mean + SD and was compared using student t-test. *: Statistically significant at p <
0.05.

Table 2. Comparison between the two studied groups according to serum vimentin levels
(ng/ml).

Patients (n = 50) (Control) (n = 20) P
Serum vimentin 1134.62 £ 613.68 454.60 + 208.87 <0.001*

Normally quantitative data was expressed as Mean + SD and compared using Student t-test. *: Statistically significant
atp <0.05.
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Table 3. Comparison between three studied groups according to serum vimentin levels (ng/ml).

Stage II (n = 30) Stage III (n = 20) Control (n = 20) p
Serum vimentin 1060.03 + 532.66 1246.50 + 718.49 454.60 + 208.87 <0.001*
Sig. bet. Grps p: = 0.314, p, < 0.001%, p; < 0.001*

Normally quantitative data was expressed as Mean + SD and compared using F test (ANOVA). p;: p value for Post
Hoc test (LSD) for comparing between stage II and stage IIL. p,: p value for Post Hoc test (LSD) for comparing be-
tween stage II and control. p,: p value for Post Hoc test (LSD) for comparing between stage III and control. *: Statis-
tically significant at p < 0.05.
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Figure 1. ROC curve for comparison between vimentin methylation score and Serum Ca 15 - 3

for diagnosis of late stage breast cancer patients.

of the disease each year, among those, more than 90% were due to cancer metastasis.
Therefore, extensive research and clinical efforts were required to clarify and under-
stand the molecular mechanisms of metastatic spread of tumor cells in order to target
these mechanisms, by pharmaceutical or genetic-based approaches resulting in slowing
down or stopping metastasis and consequently improving the survival of cancer pa-
tients [25].

Vimentin is an intermediate filament protein expressed in tissues of normal mesen-
chymal origin. It is known also that vimentin is expressed aberrantly in epithelial can-
cers such as prostate, lung, central nervous system and breast [26]. Its expression is as-
sociated with increased risk of metastasis and poor prognosis in breast cancer patients
[7]. In addition, vimentin gene was shown to be a target of epigenetic modifications.
[18] Increased DNA methylation is an epigenetic alteration that is common in human
cancers. Alterations in the DNA methylation profile have been associated with changes

of gene expression and prognosis in breast cancer [27]. Given the poor prognosis of
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breast cancers having elevated Vimentin expression [28] [29], our central hypothesis
was that if aberrant Vimentin methylation was correlated with increased gene expres-
sion thenit could be a target for cancer therapy.

In an effort to identify a methylation-based biomarker for breast cancer, we eva-
luated the levels of vimentin gene methylation in human breast cancer tissue samples as
well as vimentin protein levels in their sera. Our study showed that among 50 breast
cancer cases enrolled in the study 32 of them (64%) revealed negative vimentin gene
methylation while 18 cases (36%) exhibited positive vimentin methylation and that this
vimentin negative methylation was significantly associated with elevated vimentin pro-
tein level in the serum of these patients . Mean serum vimentin level in cancer patients
was significantly higher than that in healthy donors (p < 0.001). Elevated serum vimen-
tin level in cancer cases could be due to secretion of vimentin into the circulation early
during tumorigenesis and this may be related to the promotion of the innate immunity.
Vimentin has been reported to be secreted into the extracellular space by activated ma-
crophages [30]. Our results suggested that the increased serum vimentin level in breast
cancer resulted from negative methylation of vimentin gene and consequently in-
creased expression of the vimentin gene intracellularly leading to secretion of high le-
vels of soluble vimentin in the serum, nevertheless, the mechanism that triggers the se-
cretory pathways whether from necrosis/apoptosis or active release from the cancer
cells remains to be elucidated.

Moreover, a statistically significant performance of the vimentin methylation score
for diagnosis of late stage group was observed using ROC curve at the cut off value of <
0.49 (AUC = 0.684, p = 0.029). These results suggested that negative methylation of vi-
mentin gene would relate to the progression of carcinogenesis. DNA methylation has a
substantial impact on gene expression, affecting the prognosis of breast cancer patients
¢l The vimentin gene which was normally silenced by methylation, may exhibit de-
methylation and become actively transcribed and overexpressed in the cells [18]. Vi-
mentin is the major cytoskeletal component of mesenchymal cells. So, it is often used as
a marker of (EMT), a process often associated with the malignant progression and can-
cer aggressiveness in which the epithelial cells acquire a mesenchymal phenotype that
renders the cells alter their shape and exhibit increased motility with enhanced metas-
tatic and invasive potential [31]. A hallmark of EMT is the loss of epithelial characteris-
tics such as a decrease in the expression of the cell adhesion molecular E-cadherin and
increased expression of vimentin IFs in epithelial cells [32].

Gjerdum et al 2010 [33] reported that vimentin plays a crucial role in the EMT
process in breast cancers, and its knockdown causes a decrease in genes linked to breast
cancer metastasis, such as the receptor tyrosine kinase, Axl. Thus, vimentin is an im-
portant upstream effect or of EMT signaling that can encounter aggressiveness of breast
cancer [33] [34]. In line with the same context, vimentin expression was more asso-
ciated with the invasive phenotype of gastric carcinoma [35], esophageal squamous cell
carcinoma [36], and in colorectal cancer cells [37] [38]. Moreover, vimentin showed

overexpression in pancreatic cancers and increased the invasive potential of pancreatic
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cancer cells [39] [40]. In addition, vimentin expression was shown to be elevated in ag-
gressive breast cancer [41] primary malignant melanomas [42], CNS tumors [43]. Its
overexpression in all these types of cancer was very well correlated with increased mi-
gration and invasion of cancer cells. In contrast, it was observed that over-expression of
vimentin in HCC cells decreased their proliferative and invasive capabilities in vitro
[44] [45].

Meanwhile, using MALDI-TOF mass spectrometry to quantify vimentin methylation
in breast tumors and breast cancer cell lines, Ulirsch et al 2013 [9], found that vimentin
was differentially methylated in both luminal A and luminal B cell lines and in luminal
and HER2-enriched molecular tumor subtypes, but low to nil methylation was found in
91% of the basal-like tumors. Overall, increased methylation was negatively correlated
with vimentin mRNA levels quantified via qRT-PCR in cell lines and by oligomicroar-
ray in breast tumors. This is in accordance with our current results where 100% of the
TNBC cases exerted negative methylation while the vimentin gene was positively me-
thylated among the non-TNBC cases.

Also, in agreement with our study, Zhou ef al. 2014 [14], found that of 64 pancreatic
cancer tissues, only 21 of them displayed positive vimentin methylation while 45 of
them exhibited negative methylation, moreover, its survival analysis revealed that vi-
mentin methylation status was an independent prognostic factor as well as prognostic
marker in T-staging and adjuvant chemotherapy, and that low methylation is always
associated with high vimentin expression levels.

In contrast, Shirahata et al 2009 [21], showed that aberrant methylation of the vi-
mentin gene is frequently found to be methylated in advanced colorectal carcinomas
and is closely related with colorectal carcinomas. Chen et al 2005 [46], found that vi-
mentin gene is transcriptionally inactive in normal colon epithelial cells with very low
level of methylation on CpG region near the first exon. However, this region is found to
be highly methylated in primary tumor of colon cancer. Costa et al 2010 [13], sug-
gested vimentin gene as a biomarker that allows for early detection of bladder cancer
using urine samples. The methylation levels in vimentin gene were significantly higher
in bladder cancer tissues compared to normal bladder mucosa. Kitamura et al 2009
[12], demonstrated that well-differentiated adenocarcinoma was significantly methy-
lated in gastric carcinomas when compared to poorly differentiated. These findings
merit an explanation as it is well known that transcription of several tumor suppressor
genes is found to be inactivated by promoter hypermethylation in many cancer cells so,
it was expected from the results of these studies that vimentin may act as a tumor sup-
pressor gene, which is not true, since many studies involving vimentin have suggested
that vimentin appears to have an oncogenic characteristics rather than to suppress a

tumorigenic phenotypes [4].

5. Conclusion

The results of the present study clearly indicate that negative methylation of the EMT

marker vimentin is frequent among breast cancer patients with early and late stage, and
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that negative methylation status is always associated with high serum vimentin protein

expression levels. Also a significant association between negative vimentin methylation

and TNBC subtype which is known to have aggressive clinical course was reported.

Taken together, these results might have important implications for the design of novel

therapeutic interventions for breast cancer patients. If negative vimentin methylation

was correlated with increased gene expression, then increased methylation would be a

target for cancer therapy. However, further studies with larger sample size are needed

to validate these observations.
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