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Abstract

Background: Aberrant DNA methylation of phosphatase and tensin homolog (PTEN) gene has been found in
many cancers. The object of this study was to evaluate the clinical impact of PTEN methylation as a prognostic
marker in breast cancer. The study includes 153 newly diagnosed females, and they were divided according to their
clinical diagnosis into breast cancer patients (n = 112) and females with benign breast lesion (n = 41). A group of
healthy individuals (n = 25) were recruited as control individuals. Breast cancer patients were categorized into early
stage (0-1, n = 48) and late stage (Il-Ill, n = 64), and graded into low grade (I-Il, n = 42) and high grade (Il n = 70).
Their pathological types were invasive duct carcinoma (IDC) (n = 66) and duct carcinoma in situ (DCl) (n = 46).
Tumor markers (CEA and CA15.3) were detected using ELISA. DNA was taken away from the blood, and the PTEN
promoter methylation level was evaluated using the EpiTect Methyl II PCR method.

Results: The findings revealed the superiority of PTEN methylation status as a good discriminator of the cancer
group from the other two groups (benign and control) with its highest AUC and increased sensitivity (96.4%) and
specificity (100%) over tumor markers (50% and 84% for CEA and 49.1% and 86.4% for CA15.3), respectively. The
frequency of PTEN methylation was 96.4% of breast cancer patients and none of the benign and controls showed
PTEN methylation and the means of PTEN methylation (87 + 0.6) were significantly increased in blood samples of
breast cancer group as compared to both benign and control groups (25 + 0.7 and 12.6 + 0.3), respectively.
Methylation levels of PTEN were higher in the blood of patients with ER-positive than in patients with ER-negative
cancers (P = 0.007) and in HER2 positive vs. HER2 negative tumors (P = 0.001). The Kaplan-Meier analysis recognizes
PTEN methylation status as a significant forecaster of bad progression-free survival (PFS) and overall survival (OS),
after 40 months follow-up.

Conclusions: PETN methylation could be supposed as one of the epigenetic aspects influencing the breast cancer
prognosis that might foretell more aggressive actions and worse results in breast cancer patients.
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Background

Breast cancer (BC) is considered as the most mutual
cancer-related death amongst women universally [1].
Thus, searching for the contribution of gene expression
in profiling the clinical subgroups and their evaluation
as prognostic factors is of great significance in the pre-
diction of disease outcome.

Breast carcinogenesis is the progressive rise of genetic
modifications involving point mutations, deletions,
oncogene activation, or the inactivation of tumor
suppressor [2]. Epigenetics is inherited alterations in
gene expression without changes in DNA sequence and
has received a great interest in the last decade [3]. Epigen-
etic variations that happen in malignant transformation
include DNA methylation alterations, involving overall
hypomethylation, pivotal hypermethylation, histone muta-
tions, and nucleosomal recasting [4].

DNA hypermethylation mechanism is an epigenetic
DNA change that generally occurs in approximately 70—
80% of CpG sites in the human genome by the methyl
group adding to cytosine residues of the CpG dinucleo-
tides (CpG) [5]. So, DNA methylation contributes in the
gene activity regulation and transcription with no
changes in the fundamental nucleotide sequence of the
genome [6]. CpG islands are often located within the
promoter regions of genes, and their hypermethylation
can lead to tumor suppressor genes inactivation that is
determined in many tumors with transcriptional quiet-
ing mechanism, while gene activation may result to CpG
hypomethylation [7]. Thus, tumor suppressor genes
silencing with hypermethylation in promoter zones and
activation of oncogenes or pro-metastatic genes with hy-
pomethylation are trademarks of an initial molecular
marker for tumor cells and cancer evolution. Patterns of
DNA methylation in applicant genes may be precious
for the initial discovery and forecast of cancer and also
is beneficial for drug response prediction in patients [7].

Breast cancer gene 1 (BRCA1), retinoic acid receptors-
b2 (RAR-b2), and RASSF1A are examples of tumor sup-
pressor genes, whose loss of expression in BC is partially
attributed to promoter hypermethylation [8—11]. BRCA1
promoter methylation was more frequent in invasive
than in in situ carcinomas and also was positively associ-
ated with mortality in breast cancer [10]. Methylation
levels of RARb2 and RASSF1A increased significantly
during the progressive stages of BC development, and
their hypermethylation was associated with unfavorable
features of BC. So they can be used as malignant poten-
tial predictors [11].

Phosphatase and tensin homolog (PTEN) located at
the 10q23 region has been reported as tumor suppressor
gene mutated in many human cancers [12]. A variety of
essential processes was regulated by PTEN such as
translation, cell cycle series, and programmed cell death
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by obstructing the serine/threonine kinase Akt/PKB trig-
gering. Its expression was noticed to be reduced or lost
in many human tumors, including lymphoid neoplasia
[13], brain tumors [14], hepatocellular carcinomas [15],
melanomas [16], thyroid carcinomas [17], endometrial
carcinomas [18], and breast carcinomas [19, 20].

PTEN inactivation has been deemed to happen by
hypermethylation of its promoter in BC (breast cancer)
leading to unfortunate gene silencing [21-23]. Also,
PTEN promoter hypermethylation in BC reported not-
ably diverse rates. These diverse results of such studies
[21-24] do require further assessment of the relevance
between the degree of PTEN promoter hypermethylation
and breast cancer which might yield a worthy marker
for early detection and help in knowing how these alter-
ations affect the disease progression and prognosis for
the patient.

DNA methylation has been widely studied in breast
disease patients in tissue or formalin-fixed paraffin block
sections (FFPE) (benign breast lesion and cancer groups)
and revealed a significant difference between both
groups [25-27]. Thus, the detection level of methylation
in blood samples will be of great value to estimate their
value as a minimal non-invasive diagnosis as previously
reported [28-31] and prognostic marker.

This study aimed to quantitatively assess the levels of
methylation in the promoter region of the PTEN gene in
blood samples of breast diseased groups (benign breast
lesion and cancer groups), and besides, healthy females
were recruited as controls, using EpiTect Methyl II PCR.
In addition, we aimed to evaluate the association of
methylation level of this gene with clinico-pathological
factors and survival outcomes and compare between the
prognostic significance of PTEN gene methylation and
tumor markers among breast cancer patients.

Methods

Study design and sample processing

After obtaining an approval for the study, a total of 153
individuals whom fulfilled the inclusion criteria and
signed their informed consent were enrolled in the
study. Patients were categorized according to their clini-
copathological criteria into newly diagnosed breast can-
cer group (n = 112) (classified into 66 patients with IDC
and 46 patients with DCI) and patients with benign
breast lesions (n = 41). A group of healthy females (n =
25) were recruited as control individuals. Clinical and
demographic factors were reported in Table 1. Staging
and grading for breast cancer patients were evaluated
according to previously reported criteria [32, 33]. The
eligibility criteria were those who did not undergo any
treatment protocol or have any other malignant tumor
and patients who did not meet these criteria were re-
moved from the study. Five millimeters of blood was



Ramadan et al. Journal of Genetic Engineering and Biotechnology

Table 1 Clinical and demographic characters for enrolled patients

(2021) 19:66

Page 3 of 11

Benign breast lesion (n = 41) Control group (n = 25)

Factors Breast cancer (n = 112)
Age (mean £ SEM) 53+08

< 50vyears (n = 94) 58

> 50vyears (n = 84) 54
Menopausal status

Pre-menopause (n = 114) 69

Post-menopause (n = 64) 43
Pathological type

DCIS 46

IDC 66
Clinical stage

Early stage 48

Late stage 64
Histological grade

Low grade 42

High grade 70
Lymph node involvement

Negative 60

Positive 52
ER status

Negative 60

Positive 52
PgR status

Negative 58

Positive 54
HER-2neu status

Negative 40

Positive 72

50+ 124 49+16
21 15
20 10
27 18
14 7

therefore obtained from the enrolled individuals and
separated into two tubes; for evaluation of tumor
markers, 2.5 mL was put in polymer gel and clot activa-
tor tube, then serum was separated and stored in - 80
°C until the determination of tumor markers, and the
remaining 2.5 mL blood was placed in the other contain-
ing EDTA tube for further processing to detect PTEN
methylation as previously reported for isolation of DNA
from whole blood to detect methylation status [28—31].

Hormonal receptor status examination

The immunohistochemistry method was used to examine
the expression of hormonal receptors: estrogen receptor
(ER), progesterone receptor (PgR), and human epidermal
growth factor receptor-2 (HER-2/neu) [34, 35].

Tumor marker assessment
CEA and CA15.3 were assessed in serum samples using
a commercial ELISA (enzyme-linked immunosorbent

assay) kit (Immuno-speccorporation, Netherlands) follow-
ing the guidelines in the manufacturer’s instructions.
Their concentrations were measured using GloMax--Multi
detection system (Promega, USA).

Detection of methylation status using EpiTect Methyl II
PCR system

The EpiTect Methyl II PCR system employs a method
that is built on the detection of residual input DNA after
cleavage with the restriction enzyme, including a
methylation-sensitive which digests unmethylated DNA
and a methylation-dependent that will digest methylated
DNA. Next to digestion, real-time PCR is used to quan-
tify the residual DNA in each enzyme reaction, using
primers that border a promoter (gene) region of con-
cern. This technique is conveyed out through three
stages: withdrawal of DNA from blood, restriction diges-
tion of extracted DNA, and quantification of methylation
grade using the QPCR method.
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Extraction of DNA from whole blood samples

Extraction of DNA was performed according to the
manufacturer’s protocol using QIAamp DNA mini blood
kit (Cat No # 51104, Qiagen, Germany). Nano-drop
spectrophotometer (Quawell, Q-500, Scribner, USA) was
used to detect the purity and the concentration of
extracted DNA then kept at — 20 °C till restriction diges-
tion step.

Restriction digestion

The EpiTect Methyl II DNA Restriction Kit (cat. no.
335452) was used to do restriction digestion of extracted
DNA. Genomic DNA was divided equally into four parts
and exposed to mock (no enzyme [MO]), methylation-
sensitive (MSRE [Ms]), methylation-dependent (MDRE
[Md]), and double (MSRE and MDRE [Msd]) restriction
endonuclease digestion. The reactions were incubated at
37°C for 6h in a thermal cycler (SureCycler 8800,
Agilent, Santa Clara, CA, USA). After incubation, the
reactions were ended by heat-inactivating the enzymes
at 65°C for 20 min. After that, the enzyme reactions
were kept at — 20 °C till the time of Q-PCR performance.

Assessment of methylation status using QPCR

Quantitative polymerase chain reaction (qPCR) for
methylation status using (Max3005P QPCR system;
Stratagene, Agilent Technologies, CA) was performed as
follows: the enzyme reactions were mixed directly with
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qPCR master mix (RT*> qPCR SYBR Green/ROX Master
Mix, Cat number 330520) and were dispensed into a
PCR plate containing pre-aliquoted primer mixes (Epi-
Tect Methyl II qPCR Primer Assay Cat number 335002,
PTEN Cat number: EPHS101755-1A. The PCR condi-
tions were 95 °C for 10 min (1 cycle), then 99 °C for 30's
and 72 °C for 1 min (3 cycles). Finally, 97 °C for 15 s and
72 °C for 1 min (40 cycles), amplification curve was plot-
ted in Fig. 1. When the cycling program had finished,
the raw ACT values were obtained and the proportional
quantity of methylated and unmethylated DNA portions
was assessed by the EpiTect Methyl II PCR Array Micro-
soft Excel-based data analysis template (www.
sabiosciences.com/dna_methylation_data_analysis.php).

Statistical analysis

Statistical analyses were done using SPSS package soft-
ware version 16.0. Two-tailed P value was significant at
P <0.05. Receiver operating characteristic (ROC) curve
was made to assign the best cutoff point that amplifies
the sensitivity and specificity sum for the assayed gene
and to identify its cutoff point that differentiates among
tumor, benign, and control groups (non-tumor) [36].
ANOVA and chi-square tests were done as appropriate.
Spearman rank correlation was used to assess correla-
tions between studied markers. Prognostic effect as
progression-free survival (PFS) was evaluated by estab-
lishing the time from the first obtaining neoadjuvant
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double restriction endonuclease digestion

Fig. 1 Amplification curve. MO: DNA without digestion. Ms: methylation-sensitive restriction enzyme used. Md: using methylation-dependent Msd:
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treatment plan to local or distal repetition, contralateral
BC, or second primary cancer, whereas overall survival
(OS) was appraised from the date of initial diagnosis to
the date of patient’s last follow-up or death. Survival distri-
butions were determined by the Kaplan-Meier analysis.

Results
In the current study, individuals were categorized ac-
cording to their clinicopathological criteria into breast
cancer group (n = 112) (classified into 66 patients with
IDC and 46 patients with DCI) as these were the types
of breast cancer present while collecting samples, benign
breast lesions (n = 41), and control group (n = 25), clin-
ical and demographic factors were reported in Table 1.
No significant difference was detected between age
among different studied group control, benign breast
lesion, and breast cancer group (F = 2.92, P = 0.07); also,
no significance was reported regarding menopausal sta-
tus among the studied groups (X* = 0.232, P = 0.63).

Mean levels and positivity rates for investigated items
among enrolled groups

As shown in Table 2, mean levels for investigated tumor
markers and methylation pattern of PTEN were signifi-
cantly increased in the breast cancer group as compared
to benign and control groups. Also to detect the diag-
nostic efficacy receiver operating characteristic curve
was plotted for the investigated markers, Fig. 2 which re-
vealed the superiority of PTEN methylation status as a
good discriminator from cancer and non-cancer (benign
and control) groups with its highest AUC and increased
sensitivity and specificity over tumor markers. By con-
sidering the cutoff point for each of them, the positivity
rates (values above the cutoff points) were detected and
reported to be higher in PTEN as reported in Table 2.
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Impact of investigated markers on clinicopathological
factors
No significance was reported between tumor markers
(CEA and CA15.3) among clinicopathological factors, while
a significant difference was reported between the mean
level of PTEN methylation status and clinicopatholgical fac-
tors as summarized in Table 3. PTEN hypermethylation
was reported with advanced criteria of breast cancer as
those with IDC, late clinical stage (II-III), high grade tu-
mors (III), and positive lymph node involvement reported
increased significant methylation status, as compared to
DI, early stage (0-I), low grade tumors (I-1I), and negative
lymph node involvement respectively (P < 0.001).

Methylation levels of PTEN were higher in the blood of
patients with ER-positive than ER-negative breast cancers
(P = 0.007), Pgr positive vs Pgr negative (p = 0.023) and in
HER?2 positive vs. HER2 negative tumors (P = 0.001).

A significant correlation between PTEN methylation
status and CA15.3 was reported when considering breast
cancer patients as reported in Table 4.

Relation between PTEN methylation status and survival
criteria of breast cancer

Breast cancer patients were followed up for 40 months
(nearly 3 years); accordingly, their survival patterns with
PTEN methylation were studied. The mean level of
PTEN methylation status (77 relative value) was selected
to categorize breast cancer groups into two groups. As
reported in Table 5 and Figs. 3 and 4 significant differ-
ence was revealed between PTEN methylation status
and worse PFS and OS.

Discussion

Hormone receptors, tumor burden, HER-2, and Ki-67
levels are from tumor biopathological elements which
are used as prognostic factors for BC [37, 38]. All these

Table 2 Distribution of mean levels and positivity rates for tumor markers and PTEN methylation status

Markers Breast cancer Benign breast lesion Control individuals
CEA (ng/ml)
Mean + SEM 158 £ 05 126 £ 06 113+£07
Positivity rate 49.1% 12.2% 0%
Statistics F=115P=0001, X = 156, P< 0001
CA15.3 (ng/ml)
Mean + SEM 222+ 08 17 £1 106 £ 03
Positivity rate 50% 14.6% 0%
Statistics F=135P <0001, X =171, P< 0001
PTEN methylation status %
Mean + SEM 87 +06 25+ 07 126 £ 03
Positivity rate 96.4% 0% 0%

Statistics

F =350, P <0001, X* = 156, P < 0001
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CA15.3 22 ng/ml 0.7 (0.628 t0 0.767), 0.04 49.1% 86.4%
PTENM 35 relativevalue | 0.996 | (0.972 to 0.999) 0.004 96.4% 100%
Fig. 2 Receiver operating characteristic (ROC) curve for investigated markers
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factors should be determined by biopsy or procedure
directly from tumor tissue. It would be in demand to use
circulating markers as accessible factors for prognosis.
Currently, its lower sensitivity and specification have
limited the use of serum tumor markers in BC. Many re-
searches have declared a low positive value of CA15-3
and an even lower value of CEA [39, 40]. With no more
potent serum markers, even if deficient, CA15-3 and
CEA persist the widely used breast cancer biomarkers
and are approved by the American Society of Clinical
Oncology (ASCO) for practical use. But, due to inad-
equate data, the use of CA15-3 and CEA as inspection,
diagnostic, and stage testing to observe repetition and
track the treatment response is not advisable by ASCO
furthermore its prognostic purpose [41]. Nevertheless,
the European Group on Tumor Markers has suggested
their use to evaluate the prognosis in breast cancer [42].

Despite the impressive advances in treatment that have
been offered by individualized therapy, breast cancer
continues as a major prevalent women’s malignancy, so
it takes the greatest public health concern. So, new de-
pendable markers for prognosis are required to distin-
guish those patients having a high possibility of disease
repetition, and who would consequently profit from
extra offensive adjuvant therapy and/or nearer follow-
up.

The level of DNA methylation in the promoter region
of tumor suppressor genes, transcription factors, and
drug response genes may perform a function in the
inception of cancer, tumor evolution, and treatment
comeback [43]. Lately, research of breast cancer has

been interested in the recognition of tumor-related bio-
markers that can aid in diagnosis steps, therapeutical
strategy, and prognosis [44]. Identifying early epigenetic
alterations as epimarkers of breast cancer might provide
useful indicators for early discovery and help to explain
how these alterations impact the disease evolution and
the patient’s outcome [43].

In the present study, the authors studied the levels of
investigated tumor markers (CEA and CA15.3) using an
ELISA kit and the methylation pattern of PTEN using
EpiTect Methyl II PCR system. The EpiTect Methyl II
PCR system which uses MethylScreenTM technology is
a new technology that allows easy, fast, and accurate
screening of CpG island DNA methylation for a large
number of genes or samples at the same time without
bisulfite conversion. The results showed that mean levels
of the tumor markers (CEA and CA15.3) were signifi-
cantly increased in blood samples of breast cancer pa-
tients as compared to the benign and control groups and
the mean level of PTEN methylation increased signifi-
cantly in BC patients, these findings proved that the fre-
quency of PTEN methylation was significantly higher in
breast cancer patients than in corresponding benign
cases and control group (p < 0.001) which proposes that
PTEN methylation might have a significant role in breast
cancer developing. These results were in line with the
results of Barekati et al. [45] who examined PTEN
promoter methylation in three paralleled samples from
BC, inclusive of malignant tissue, normal matched
neighboring tissue, and serum blood samples, and they
declared that PTEN methylation degrees were increased
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Table 3 Mean level of PTEN methylation status among

clinicopathological factors

(2021) 19:66

Page 7 of 11

Table 4 Correlation between PTENM status and tumor markers
in breast cancer group (n = 112)

Characters PTEN methylation status PTEN methylation status
Mean * SEM R P
Age CEA 0.181 0.057
< 50vyears 84+ 18 CA153 0.24 0.011
> 50 years 717 £26
F=149,P <0001 tumor markers (50% and 84% for CEA and 49.1% and
Menopausal status 86.4% for CA15.3), respectively. PTEN methylation
Pre-menopause 83.7 pattern was detected in the blood of 112 breast cancer
Post-menopause 689 patients, 41 benign cases, and 25 healthy controls and
F=210,P <0001 compared between them. The results showed that the
‘ frequency of PTEN methylation is 96.4% of BC patients
Pathological type . .
and none of the benign patients and controls showed
bal 665 PTEN methylation. These findings were in concordance
IDC 86.1 with many studies. Zhang et al. [24] recorded a
F =465, P <0001 frequency of 31.1% for PTEN methylation in Chinese pa-
Clinical stage tients with breast cancer. Also, a previous study found
Early stage 677 that patients wi‘sh br.east invasive ductal carcinoma show
Late stage - PTEN methylation in 34% of cases [21]. It has been
pointed that PTEN inactivation in BC may result from
F =465 <0001 the methylation of the PTEN promoter [24]. Soria et al.
Histological grade [46] revealed PTEN methylation in 35% of patients with
Low grade 677 non-small cell lung cancer (NSCLC ) and 69% of NSCL
High grade 844 C cell lines. Khan et al. [21] stated that PTEN methyla-
F =325, P <0001 tion occurred in 34% of breast cancers, and loss of
Lymph node involvement PTEN protein was revealed in 60% of these cases. Yin
et al. [47] stated that PTEN gene inactivation in sarco-
Negative /15 mas of soft tissue may be consequent to hypermethyla-
Positive 855 tion in its promoter. The aberrant methylation of the
F =203, P <0001 CpG islands within the PTEN promoter may employ as
ER status a prospective epigenetic marker for soft tissue sarcoma
Negative (n) 737 (STSs). Garcig et al. [48] stated the}t PTEN pr.omoter
Positive (1) - hypermethylation may be a potential mechanism for
' sporadic breast cancer which correlates with other
F=75P=0007 prognostic factors of this cancer. Also, in tumors with
PgR status aberrant hypermethylation, PTEN expression was lower.
Negative (n) 729 Variances between rates of PTEN promoter methylation
Positive () 808 in this study and some other studies may be due to life-
F=53 P=0023 style disparities, ethnic origin, and carcinogenic exposure
of the inhabitants that could affect in the promoter
HER-2neu status .
methylation rate [49].
Negative () /08 The current study evaluated the correlations of PTEN
Positive (n) 82 methylation with the clinicopathological factors and
F=113,P =000 breast cancer prognosis. Our findings provide a signifi-

significantly in serum and tumor tissue of patients com-
pared to those in the normal breast tissue. As regards
the diagnostic efficacy, PTEN methylation status re-
vealed the superiority as a good discriminator between
cancer and non-cancer groups with its highest AUC and
increased sensitivity (96.4%) and specificity (100%) over

cant positive correlation between PTEN methylation and
advanced criteria of breast cancer, including involvement
of lymph nodes (p < 0.001), later clinical stage (II-III), (p
<0.001), and high-grade tumors (III) (p < 0.001). Our re-
sults are in line with findings of Zakia Kazim in Indian
breast cancer patients [50]. The methylation status of
the PTEN promoter was studied by Alam et al. [51].
Promoter methylation was seen in 58.5% of breast
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PTEN methylation Mean Median
status Estimate SE 95% confidence interval Estimate SE 95% confidence interval
Lower bound Upper bound Lower bound Upper bound
PFS analysis
< 77 (mean level) 376 0.27 37.08 38.14 38 5.77 26.68 4932
> 77 (mean level) 34.89 0.92 33.08 36.7
Overall 365 042 35.68 37.34
OS analysis
< 77 (mean level) 4847 0.36 47.76 49.188 46 4.34 3749 54.5
> 77 (mean level) 43.19 0.81 416 44.789
Overall 46.83 0.57 45.715 47.95

carcinoma cases from the Saudi population. A significant
correlation was observed between PTEN promoter
methylation and tumor grade and stage. These results
indicate that promoter methylation of the PTEN gene is
linked with advanced stage and higher grade of the
disease.

Due to the heterogeneity of breast cancer, we also de-
cided to study the correlations between PTEN methyla-
tion and the molecular subtypes of breast cancer. The
current results showed that PTEN methylation was sig-
nificantly related with positive ER expression (p = 0.007)
and positive HER-2 expression (p = 0.001) which in con-
cordance with Kaljic et al. [43]. All of these findings
reinforce the theory that PTEN has a significant role in

the suppression of breast cancer and the thought that
PTEN methylation is implicated in malignant initiation
and progression. Our results were in agreement with
that of Zhang et al. [24] who assessed PTEN promoter
hypermethylation in ER-positive and ER-negative BC
and revealed a high frequency of hypermethylation in
ER-positive cases. Also, Klajic et al. [43] declared that z-
scores of PTEN promoter hypermethylation in HER-2-
positive cases were significantly higher than that in
HER-2-negative BC.

In the current study, the relations of PTEN methyla-
tion with the survival outcomes of breast cancer patients
were evaluated. The findings of our study showed that
PTEN methylation was significantly linked with the poor

e
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Fig. 4 Overall survival for PTEN methylation in BC patients
A

progression-free survival (PFS) and worse overall sur-
vival (OS) (P <0.001 for both). These results agreed with
that of Xu et al. [52] who found that the lowered PTEN
expression was significantly associated with the overall
survival (OS) and the disease-free survival (DFS) of
patients.

Conclusions

PTEN methylation may foretell more aggressive behavior
and worse outcomes in breast cancer patients and could
provide helpful prognostic information during the treat-
ment of breast cancer. Moreover, the current study
focuses on the prognostic role of PTEN among Egyptian
individuals with breast cancer and emphasizes their im-
portance as diagnostic efficacy between non-cancer indi-
viduals and cancer patients. Moreover, a significant
relation was reported between PTEN methylation status
and survival pattern, a future study is ongoing on a big-
ger Egyptian cohort with different breast cancer subtypes
to focus on this finding which may be related to the
genetic predisposition of Egyptian patients
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