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Abstract
Diagnosis of breast cancer (BC) by using sensitive and specific biomarkers is necessary. Cell-
free DNA is a candidate biomarker in various cancers. Contrasting, shorted uniformed DNA
released from apoptotic non-diseased cells, DNA released from malignant cells varies in size.
DNA integrity is a ratio between 247 and 115 bp. So, this study was designed to investigate the
role of plasma ALU-247, ALU-115, and DNA integrity as possible diagnostic and prognostic
markers in BC patients as compared to plasma CA15.3. The concentrations of selected
parameters were determined for 40 patients with BC (2 stage I, 31 stage II, 2 stage III, and
5 stage IV) and 10 healthy volunteers by quantitative real-time PCR and ELISA. The
sensitivities of ALU-247, ALU-115, and cfDI as biomarkers for BC were evaluated and
compared with CA15.3. Also, disease-free survival and overall survival were estimated. For
all parameters, the concentrations in patients were significantly higher than in the control
group; association with tumor stage and high sensitivities was observed. The studied param-
eters failed to predict survival or relapse in BC patients before surgery. Plasma ALU-247,
ALU-115, and DNA integrity may prove to have clinical utility in BC diagnosis. Elevated
preoperative CA15.3 was shown to be directly related to tumor burden, which may improve its
diagnostic capability. Those selected parameters could be effectively used together with
plasma CA15.3 for BC screening at early stage. Furthermore, both ALU-247 and ALU-115
seem to be preoperative prognostic markers for BC.
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Introduction

Breast cancer (BC) represents 23% of all global cancers diagnosed worldwide among women
and is the second cause of cancer death (14%) [1]. In Egypt, the incidence rate of BC is 29.9/
100,000 population with the average age 30–40 years [2]. In Alexandria 2016, 36% of newly
diagnosed cancer females were breast cancer [3]. Among BC patients, the failure of curative
management and poor quality of life as well as the elevated morbidity and mortality rate are
frequently attributed to metastasis, where the high percentage of cancer patients are diagnosed
at advanced stages [4]. Accordingly, adopting and advancing measures (such as risk assess-
ment, estimating prognosis, early diagnosis, observing therapy response and biomarkers from
the tumor itself or blood) can result in an extra successful treatment, an approving outcome,
and improving the quality of life for patients [5].

Currently, serum non-invasive biomarkers in BC patients are useful to provide a further
effective management of the disease. CA15.3 is the most broadly used marker to follow up [6]
and monitor the recurrence and metastasis in BC patients [7], but CA15.3 as a biomarker has
low sensitivity and specificity [8]. Therefore, novel trustful biomarkers are urgently needed for
BC diagnosis at an early stage.

In the recent years, cell-free DNA (cfDNA) can be detected in a variety of body samples
such as serum, plasma, urine, and other fluids and provide a circulating picture of a specific
disease [9]. Since cfDNA is proposed to be released from tumor tissue sites, so cfDNAmay be
used as a surrogate marker for tissue biopsies [10], a rapid, non-invasive, sensitive marker for
cancer diagnosis, prognosis, and monitoring of response to therapy in different types of
cancers [11]. Moreover, cfDNA integrity (cfDI), which measures the extent of cfDNA
fragmentation, may be exploited as a possible diagnostic and prognostic biomarker [12].

The most of circulating cell-free DNA are belonging to DNA repeat sequences comprising
short and long interspersed nucleotide elements. Arthrobacter luteus sequences (ALU) are
short interspersed elements (SINEs, 300 nucleotides) [13] and the most plentiful sequences in
the human genome (more than 10% of the genome), with 1.4 million copy numbers/genome
[14]. In general, the cfDNA integrity was calculated as a ratio of longer DNA to shorter DNA
for ALU repeats (247 and 115 bp).

Cell-free DNA is elevated in many tumor entities with different sensitivity and specificity
and that allow distinguishing patients with non-malignant disease form healthy individual
(e.g., patients with colorectal or periampullary cancer) [15].

Therefore, the aim of this study was to investigate the role of plasma cfDNA (ALU-247 and
ALU-115) and DNA integrity as possible diagnostic and prognostic markers in breast cancer
patients as compared to plasma CA15.3. In addition, the correlations of ALU-247, ALU-115,
DNA integrity, and CA15.3 with clinicopathological characteristics of BC patients were
analyzed.

Subject and Methods

The present study was carried out on 50 females. Ten healthy participants with no family
history of BC (age range 30–65 years; mean age 48) and 40 females with BC (age range 38–
65 years; mean age 50) were selected from those admitted to Department of Cancer Manage-
ment and Research, Medical Research Institute Hospital, Alexandria University, from 2014 to
2015.
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Patients above 65 years that had organ failure (liver, kidney, or heart), suffering
from diabetes mellitus type 2, hemophilia, Alzheimer, and neurofibromatosis were
excluded from the study. Healthy controls comprised of individuals with no clinically
diagnosed malignancies, autoimmune diseases, or inflammation at the time of blood
collection.

All patients were subjected to full medical history taking; menopausal status was confirmed
and routine laboratory investigations included complete blood picture, liver and kidney
function tests. Radiological examinations were performed including mammography, chest x-
ray, abdominal US, bone scanning, and CT when needed.

Preoperative evaluation was carried out to all patients by fine needle aspiration
cytology (FNAC) biopsy to detect the presence of malignancy or excision biopsy and
then modified radical mastectomy. Postoperative histopathology examinations includ-
ing tumor size, lymph node metastases, hormonal receptors (estrogen and progester-
one), epidermal growth factor receptor (HER-2) histological type, vascular invasion,
and histological grade and stage were performed (n = 33 early clinical stage and n = 7
advanced clinical stage) [16].

This study was approved by the local ethical committee of the Medical Research Institute,
Alexandria University. Also assigned informed consent was obtained from all the participants
in the present study.

Blood Specimen Collection and Processing

EDTA blood was collected from all patients at the time of diagnosis before they underwent any
therapy or surgery and from controls. Plasma was separated by centrifuging blood at 6000 rpm
for 10 min at 4 °C, then carefully collected from each sample and frozen at – 80 °C until used
for quantification of circulating cfDNA (ALU-247 and ALU-115) by real-time PCR and
CA15.3 by ELISA.

Measurement of cfDNA Concentration and Integrity by Quantitative PCR of ALU
Repeats: [17]

DNA Extraction

cfDNA was extracted from 200 μL of plasma using the QIAamp DNA Mini kit
(Qiagen, Hilden, Germany) following the manufacturer’s instructions and the standard
protocol. DNA was detected by electrophoresis using a 1.0% agarose gel containing
ethidium bromide (0.5 μg/mL) for 40 min at 100 V and the gel was observed under
UV light. The eluted DNA was collected immediately, placed in ice, or stored at −
20 °C for further processing.

Quantification ALU-247 and ALU-115 Repeats by Real-time PCR

cfDNA concentration and integrity in plasma samples were examined by measuring ALU
repeats (ALU-115 bp, ALU-247 bp).

The primer for 115 bp amplicon (ALU-115) amplifies both shorter and longer DNA
fragments, while the primer for the 247 bp amplicon (ALU-247) amplifies only longer DNA
fragments.
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ALU-115 primers (Invitrogen, Life technologies, Thermo Fisher, Scientific Inc. USA)
were:

Forward: 5/-CCTGAGGTCAGGAGTTCGAG-3/
Reverse: 5/-CCCGAGTAGCTGGGATTACA-3/

ALU-247 primers were:

Forward: 5/-GTGGCTCACGCCTGTAATC-3/
Reverse: 5/-CAGGCTGGAGTGCAGTGG-3/

The PCR was achieved with FastStart Universal SYBR Green Master Mix (Life Technolo-
gies—Thermo Fisher, Scientific Inc., USA) in a final volume of 25 μL containing 12.5 μL of
1× SYBR Green, 0.5 μL of 0.2 μM PCR forward primer, 0.5 μL of 0.2 μM PCR reverse
primer, 5 μL DNA template, and 6.5 μL of RNase-free water. The real-time PCR amplification
was performed with pre-activation of DNA polymerase at 95 °C for 15 min, followed by
40 cycles of denaturation at 94 °C for 15 s, annealing at 64 °C for 30 s, extension at 72 °C for
30 s, and then final extension at 72 °C for 10 min using StepOne™ real-time PCR (Applied
Biosystems one step, Foster City, CA, USA) (Fig. 1a, b).

The ALU-247 and ALU-115 standard curves of gently prepared genomic DNA obtained
from peripheral blood leukocytes of healthy volunteers with serial dilutions from 10 ng to
0.01 pg were used to determine the absolute corresponding concentration of the ALU-247 and
ALU-115 in each sample (Fig. 2a, b). Finally, the cfDNA integrity was considered as ALU-
247/ALU-115.

Determination of CA15.3

CA15.3 was determined by enzyme-linked immunosorbent assay (ELISA) (Monobind Inc.,
USA) according to the manufacturer’s protocol. The concentration of each sample in units per
milliliter was calculated from the standard curve (Fig. 3).

Statistical Analyses

Data were fed to the computer and analyzed using IBM SPSS software package version 20.0.
p values < 0.05 were statistically significant.

The distribution of quantitative variables was tested for normality using the
D’Agstino test, Kolmogorov-Smirnov test, and Shapiro-Wilk test. For abnormally dis-
tributed data, comparisons between two independent populations were done using the
Mann-Whitney test whereas the Kruskal-Wallis test was used to compare between
different groups. Correlations between two quantitative variables were assessed using
the Spearman coefficient. Agreement of the different predictive with the outcome was
used and was expressed in specificity, sensitivity, negative predictive value, positive
predictive value, and accuracy. The receiver operating characteristic curve (ROC) was
plotted to analyze a recommended cutoff, and the area under the ROC curve denotes the
diagnostic performance of the test. An area more than 50% gives an acceptable
performance and an area about 100% is the best performance for the test. The
Kaplan-Meier survival curve was used.
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Result

Clinicopathological Characteristics of BC Patients

From Table 1, only 1 patient had a family history of BC (2.5%). Premenopausal were 18 (45%)
patients and postmenopausal 22 (55%). For tumor size, 7 patients (7.5%) had T2 tumor (2–
5 cm) and 33 patients (82.5%) had T3 tumor (> 5 cm). With respect to pathological type,
patients with invasive ductal carcinoma (IDC) were 39 (97.5%) and only 1 patient with
invasive lobular carcinoma (ILC) (2.5%). According to histological grade, 33 (82.5%) of
patients were grade II and 7 (17.5%) were grade III. Negative lymph nodes were observed in
11 (27.5%) of patients whereas 29 (72.5%) patients were positive. Vascular invasion was
presented only in 34 (85%) patients. For ER, 5 (12.5%) patients were negative and 35 (87.5%)
patients were positive. For PR, 8 (2 0%) patients were negative and 32 (80%) patients were
positive. For HER-2, 20 (50%) patients were negative and 20 (50%) patients were positive. At

a

b

Fig. 1 Amplification and melting curves for a ALU-247 and b ALU-115
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the beginning of the study, metastasis was detected in 5 patients (12.5%), where one patient
with bone, lung, and liver metastasis and 4 patients with bone metastasis only. During follow-
up period, another 9 patients develop metastasis. Finally, 2 patients (5%) were classified as
pathological stage I, 31 (77.5%) stage II, 2 (5%) stage III, and 5 (12.5%) stage IV.

Molecular and Biochemical Results

The mean values of ALU-247, ALU-115 repeats, and cfDNA integrity as well as CA15.3
concentration were significantly higher in BC patients as compared to the corresponding
values in the control group (Table 2). Also, there was a significant increase in ALU-247,

Fig. 3 Standard curve of CA15.3
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Fig. 2 Standard curve for a ALU-247 and b ALU-115
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Table 1 Clinicopathological char-
acteristics of breast cancer patients
(n = 40)

IDC Invasive Ductal Carcinoma,
ILC Invasive Lobular Carcinoma

Breast cancer patients

n %

Age
< 40 years 5 12.5
40–50 years 17 42.5
> 50 years 18 45.0
Family history
Negative 39 97.5
Positive 1 2.5
Menstruation
Premenopausal 18 45.0
Postmenopausal 22 55.0
Size
T1: < 2 cm 0 0
T2: 2–5 cm 7 17.5
T3: > 5 cm 33 82.5
Pathological type
IDC 39 97.5
ILC 1 2.5
Histological grade
II 33 82.5
III 7 17.5
Lymph node
Negative 11 27.5
Positive 29 72.5
Vascular invasion
Negative 6 15.0
Positive 34 85.0
ER
Negative 5 12.5
Positive
+ 16 40.0
++ 9 18.0
+++ 10 25.0

PR
Negative 8 20.0
Positive
+ 16 40.0
++ 9 22.5
+++ 7 17.5

Her2
Negative 20 50.0
Positive
+ 14 35.0
++ 2 5.0
+++ 4 10.0

Metastasis at the beginning of the study
No 35 87.5
Yes 5 12.5
Metastasis during the follow-up
No 26 65
Yes 14 35
Stage
I 2 5.0
II 31 77.5
III 2 5.0
IV 5 12.5
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ALU-115 repeats, and cfDNA integrity concentration in patients with stages II, III, and IV as
compared to the control group, while results from patients with stage I showed no statistical
significance. The mean values of CA15.3 were significantly higher in patients with stages I, II,
III, and IV than that of the control group (Fig. 4a–d). For all parameters, an association with
tumor stage was established, as their relative median values upregulated with stage (p = 0.001,
0.002, 0.009, and < 0.001 respectively) (Table 3).

There was no correlation between plasma ALU-247, ALU-115 repeats, cfDNA integrity,
CA15.3 concentration, and clinicopathological characteristics of BC patient group except there

Fig. 4 a ALU-247, b ALU-115, c DNA integrity, and d CA15.3 (U/mL) in control and BC patients with
different stages

Table 2 Plasma ALU-247, ALU-115 repeats (ng/mL), DNA integrity, and CA15.3 concentration (U/mL) in
control and BC patients

Control group (n = 10) Breast cancer patients (n = 40) p

ALU-247 2.47 ± 1.80 59.93 ± 106.63 0.004*
ALU-115 6.31 ± 1.85 63.56 ± 116.01 0.019*
DNA integrity 0.39 ± 0.24 0.76 ± 0.26 0.002*
CA15.3 (U/mL) 4.86 ± 1.11 15.86 ± 13.63 < 0.001*

The results were represented in mean ± SD

n, number of cases in each group; p, value for the Mann-Whitney test for comparing BC patients with the control
group

*Statistically significant at p ≤ 0.05
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was a significant positive correlation between ALU-247, ALU-115, and metastasis at the
beginning of the study (p < 0.001). DNA integrity was significantly positively correlated with
HER2 (p = 0.03). Furthermore, CA15.3 was significantly positively correlated with tumor size
and metastasis at the beginning of the study (p = 0.022 and < 0.001 respectively). Finally, there
was a significant positive correlation between all parameters—ALU-247, ALU-115, cfDNA

Table 3 Plasma ALU-247, ALU-115 repeats (ng/mL), DNA integrity, and CA15.3 concentration (U/mL) in
control and BC patients with different stages

Control (n = 10) BC patients’ stages KWp

I (n = 2) II (n = 31) IIB (n = 2) IV (n = 5)

ALU-247 2.47 ± 1.8 23.63 ± 33.4 28.76 ± 47.7 25.46 ± 5.2 257.59 ± 178.9 0.001*
1.85 23.63 11.03 25.46 237.14

ALU-115 6.31 ± 1.9 27.17 ± 35.4* 32.22 ± 50.6 29.39 ± 1.4* 286.09 ± 202.4* 0.002*
6.41 27.17 14.42 29.39 265.32

DNA integrity 0.39 ± 0.2 0.46 ± 0.6* 0.74 ± 0.3* 0.86 ± 0.1* 0.91 ± 0.03* 0.009*
0.32 0.46 0.86 0.86 0.89

CA15.3 4.87 ± 1.1 8.95 ± 1.2* 11.15 ± 4.6* 39.95 ± 42.2* 38.18 ± 9.9* < 0.001*
5.0 8.95 9.50 39.95 35.80

The results were represented in mean ± S.D. and median. The Mann-Whitney test for comparing BC patients
with control group at different stages

n, number of cases in each group; KW p, value for the Kruskal-Wallis test

*Statistically significant at p ≤ 0.05

Fig. 5 Correlation between ALU-247 and a metastasis at the beginning of the study, b ALU-115, c DNA
integrity, and d CA15.3 in patients
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integrity, and CA15.3—(p < 0.001, 0.016, and 0.0117) except between cfDNA integrity and
CA15.3 (p = 0.152) (Figs. 5a–d, 6a–c, and 7a–c).

The receiver operating characteristic analysis curve was used to compare the diagnostic
values of ALU-247, ALU-115, cfDNA integrity, and CA15.3 depending on the area under the
ROC curve (AUC). The greater AUC corresponded to the better diagnostic test. ALU-247
showed a significant AUC (79.5%, p = 0.004) with sensitivity (70%) and specificity (100%) at
cutoff 6.35. ALU-115 showed a significant AUC (78.2%, p = 0.007) with sensitivity (67.5%)
and specificity (100%) at cutoff 9.6. DNA integrity showed a significant AUC (82.5%, p =
0.002) with sensitivity (77.5%) and specificity (90%) at cutoff 0.67. CA15.3 showed a
significant AUC (98%, p < 0.001) with sensitivity (70%) and specificity (100%) at cutoff
8.3 (Table 4 and Fig. 8). Furthermore, the performance of ALU-247, ALU-115, cfDNA
integrity, and CA15.3 to identify metastatic from non-metastatic BC patients by the ROC
curve was done. Both ALU-247 and ALU-115 showed a validity for the prediction of
metastases in BC patients where they showed a significant AUC (71.7%, p = 0.025; and
71.0%, p = 0.030 respectively) with the same sensitivity (64.29%) and specificity (73.08 and
76.92% respectively). On the other hand, both DNA integrity and CA15.3 showed no validity
for the prediction of metastases in BC patients where they did not show significant AUC
(67.2%, p = 0.076; and 57.8%, p = 0.419 respectively) with sensitivity (71.43 and 42.86%
respectively) and specificity (69.23 and 92.31% respectively) (Table 5 and Fig. 9).

The disease-free survival (DFS) and the overall survival (OS) were estimated by the
Kaplan-Meier curve. Statistically significant differences in survival between two subgroups

Fig. 6 Correlation between ALU-115 and a metastasis at the beginning of the study, b DNA integrity, and c
CA15.3 in patients
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(patients with parameter levels ≤ cutoff value and those with parameter levels > cutoff value)
were assessed by the log-rank test.

For plasma ALU-247, ALU-115 repeats, and cfDNA integrity, the number of metastases
and death (at the end of the follow-up period of 36 months) was higher in patients over cutoff
value (> 6.35, 9.6, and 0.67 respectively) than those less than cutoff value (≤ 6.35, 9.6, and
0.67 respectively). On the other hand, the number of metastases and death was lower in
patients with plasma CA15.3 level over cutoff value (32.1 and 14.3% respectively) compared
to those with plasma CA15.3 level less than cutoff value (41.7 and 16.7% respectively).

Fig. 7 Correlation between DNA integrity and (a) HER, b CA15.3 and tumor size, and c CA15.3 and metastasis
at the beginning of the study in patients

Table 4 Diagnostic accuracy of plasma ALU-247, ALU-115, DNA integrity, and CA15.3 concentration

Control BC AUC p Sensitivity Specificity Accuracy

CA15.3 ≤ 8.3 10 12 0.980 < 0.001* 70.0 100.0 76.0
> 8.3 0 28

DNA integrity ≤ 0.67 9 9 0.825 0.002* 77.50 90.0 80.0
> 0.67 1 31

ALU-115 ≤ 9.6 10 13 0.782 0.007* 67.50 100.0 74.0
> 9.6 0 27

ALU-247 ≤ 6.35 10 12 0.795 0.004* 70.0 100.0 76.0
> 6.35 0 28

* Statistically significant at p ≤ 0.05
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For all parameters, no statistical significant difference in DFS was found between patients
with elevated parameter levels and those with lower parameter levels by means of log-rank test
χ2 = 2.359, 3.035, 0.796, and 0.096 (p = 0.125, 0.081, 0.372, and 0.757 respectively). The
same results were found for OS χ2 = 0.576, 0.777, 0.134, and 0.777 (p = 0.448, 0.378, 0.714,
and 0. 378 respectively) (Tables 6 and 7; Figs. 10 and 11).

Discussion

Diagnosis as well as prognosis of BC patients by using sensitive and specific biomarkers is
critical. Although CA15.3 is the mainly predictable diagnostic marker for BC patients, its

AUC p

CA15.3
*0.980 <0.001

Integrity
*0.825 0.002

ALU115
*0.782 0.007

ALU247
*0.795 0.004

Fig. 8 ROC curve for ALU-247, ALU-115, DNA integrity, and CA15.3 in breast cancer patients

Table 5 Prognostic accuracy of plasma ALU-247, ALU-115, DNA integrity, and CA15.3 concentration in breast
cancer patients

Non-metastatic
patients (n = 26)

Metastatic
patients (n = 14)

AUC p Sensitivity Specificity Accuracy

CA15.3 ≤ 17.5 24 8 0.578 0.419 42.86 92.31 75.0
> 17.5 2 6

DNA integrity ≤ 0.88 18 4 0.672 0.076 71.43 69.23 70.0
> 0.88 8 10

ALU-115 ≤ 28.4 20 5 0.710 0.030* 64.29 76.92 72.50
> 28.4 6 9

ALU-247 ≤ 23.6 19 5 0.717 0.025* 64.29 73.08 70.0
> 23.6 7 9

* Statistically significant at p ≤ 0.05
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sensitivity and specificity are little [8]. Cell-free circulating DNA as a biomarker hold great
promises since it is simply accessible and reproducible [18].

This study revealed that the mean values of plasma ALU-247 and ALU-115 as well as
cfDNA integrity were significantly higher in BC patients as compared to control group. These
results are in accordance with the study of Stötzer et al. [19].

ALU-247 and ALU-115 are used to distinguish between necrotic cell death as well as
apoptotic cells. During apoptosis, DNA fragmentation leads to DNA pieces just about 185–
200 bp; the longer ALU-247 is considered a necrotic product, whereas the shorter ALU-115
corresponded to the total amount of DNA [20]. Since necrotic cell death is mainly related to
tumor progressive process [21], so the longer DNA is planned to be a promising marker for
cancer [20].

The increased expression of ALU-247, ALU-115, and cfDNA integrity concentration in
plasma may be due to rupture of tumor tissues, necrosis, apoptosis, mitotic catastrophe,

AUC p

CA15.3 0.578 0.419

Integrity 0.672 0.076

ALU115 0.710* 0.030

ALU247 0.717* 0.025

Fig. 9 ROC curve for ALU-115, ALU-247, DNA integrity, and CA15.3 in breast cancer patients

Table 6 Disease-free survival between high and low level of plasma ALU-247, ALU-115, DNA integrity, and
CA15.3 concentrations in breast cancer patients

BC patients
(n = 40)

Metastatic
patients (%)

Survival
patients (%)

Mean Log rank

χ2 p

ALU-247 ≤ 6.35 12 2 (16.7) 10 (83.3) 34.0 2.359 0.125
> 6.35 28 12 (42.9) 16 (57.1) 27.86

ALU-115 ≤ 9.6 13 2 (15.4) 11 (84.6) 34.15 3.035 0.081
> 9.6 27 12 (44.4) 15 (55.6) 27.56

DNA integrity ≤ 0.67 9 2 (22.2) 7 (77.8) 33.33 0.796 0.372
> 0.67 31 12 (38.7) 19 (61.3) 28.65

CA15.3 ≤ 8.3 12 5 (41.7) 7 (58.3) 33.0 0.096 0.757
> 8.3 28 9 (32.1) 19 (67.9) 28.28
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autophagia, libration by the tumor itself, normal cells, and circulation of micrometastases [22].
Since the high cellular proliferation during cancer progression is firstly counter balanced by
elevating rates of apoptotic cell death and subsequently by increasing rates of necrotic cell
death as the tumor becomes invasive [21], therefore, cfDNA integrity is supposed as an
appropriate biomarker for detection of cancers [20].

The data obtained from this study indicated that ALU-247, ALU-115 expression, and
cfDNA integrity concentration showed a trend to increase with breast cancer stage, where
the mean values of these parameters were significantly higher in BC patients with stages II, III,

Table 7 Overall survival between high and low level of plasma ALU-247, ALU-115, DNA integrity, and
CA15.3 concentrations in breast cancer patients

BC patients
(n = 40)

Death number
(%)

Survival number
(%)

Mean Log rank

χ2 p

ALU-247 ≤ 6.35 9 1 (11.1) 8 (88.8) 35.0 0.576 0.448
> 6.35 31 5 (16.1) 26 (83.8) 33.64

ALU-115 ≤ 9.6 13 1 (7.7) 12 (92.3) 35.08 0.777 0.378
> 9.6 27 5 (18.5) 22 (81.5) 33.56

DNA integrity ≤ 0.67 9 1 (11.1) 8 (88.8) 34.67 0.134 0.714
> 0.67 31 5 (16.1) 26 (83.8) 33.38

CA15.3 ≤ 8.3 12 2 (16.7) 10 (83.3) 34.50 0.777 0.378
> 8.3 28 4 (14.3) 24 (85.7) 33.86

Fig. 10 The Kaplan-Meier survival curve for DFS a ALU-247, b ALU-115, c DNA integrity, and d CA15.3
(U/mL)
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and IV than healthy subjects. These results may be due to the released DNA from tumor cells
into the circulation is elevated by lymph vascular invasion (LVI) for the reason that blood or
direct lymphatic flow through the tumor cells allows spreading of viable tumor cells and
increases diffusion of DNA released from dead tumor cells into the circulation. Consequently,
the circulating cfDNA may be directly associated with the turnover rate of tumor cell and
tumor development, representing biologic tumor aggressiveness. Thus, the circulating cfDNA
integrity may be suitable for monitoring of BC progression [17].

As compared to the control group, plasma CA15.3 concentration in BC patients as well as
in each stage of breast cancer was significantly high. CA15.3 is the product of the MUC-1
gene, and mucin expression is upregulated in numerous adenocarcinomas and then shed into
the blood stream [23]. For that reason, the high level of CA15.3 may be due to the
overexpression of MUC1 gene which encodes CA15.3 [24] and may be related to tumor
burden or implied the presence of malignant disease [25]. This observation is in accordance
with Park et al. who found that the elevated level of CA15.3 preoperatively may be related to a
larger burden of occult disease [26].

The results demonstrated that there was no statistical correlation between circulating cfDNA
(ALU-247 and ALU-115) and age, family history, menstruation, and some clinicopathological
characteristics (tumor size, pathological type, histological grade, lymph node, vascular
invasion, ER, PR, HER2, and metastasis during the follow-up) except with metastasis at the
beginning of the study. The result is in accordance with the previous study of Zhong et al., who
found a pronounced raise of cfDNAwith distant metastasis [27]. Also, Tokuhisa et al. stated that
the elevated concentrations of cfDNAwere linked with the high metastatic potential, but not to

Fig. 11 The Kaplan-Meier survival curve for OS a ALU-247, b ALU-115, c DNA integrity, and d CA15.3
(U/mL)
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the appearance of de novo tumor [28]. A tumor-derived DNA can be moved from cell to cell via
phagocytosis of apoptotic bodies moreover is steady over time, suggesting that a tumor-derived
DNA has a promising role in metastasis progression [27]. Additionally, ALU-247 and ALU-
115 were correlated with each other, cfDNA integrity, and CA15.3 concentration.

When comparing the enhanced level of cfDNA integrity with other traditional staging
parameters (lymph node, tumor size, and metastasis) and predictive marker (receptors status,
histological grade, and HER-2), the only finding is a pronounced increase of cfDNA integrity
in BC patients with HER-2.

HER-2 is a transmembrane tyrosine kinase receptor and its dimerization results in the
autophosphorylation of tyrosine residues and initiates various signaling pathways leading to
cell proliferation, survival, differentiation, angiogenesis, and invasion. The enlargement of
HER-2 occurs in about 15–30% of BC patients [29].

From the obtained results, the plasma CA15.3 was associated with tumor size andmetastasis
at the beginning of the study but was not associated with other clinicopathological character-
istics and cfDNA integrity. The relationship between CA15.3 and tumor size as well as
metastasis appears to be reasonable, as it is considered that the tumor markers reveal the number
of malignant cells as well as their access to the blood stream [30]. The lack of correlation
between CA15.3 and other clinicopathological characteristics is in line with some previous
studies by Hussein et al. [31] and Zheng et al. [32]. These results may be due to that these
cytokines are dependent on neoplasm activity and not on the histological type of tumor [33].

Moreover, the lack of correlation between the studied parameters may be due to the
heterogeneity within the groups and/or to the small sample size.

The receiver operating characteristic curve has been widely used in assessment diagnostic
and prognostic power of diverse markers [34].

The values of plasma ALU-247, ALU-115, cfDNA integrity, and CA15.3 in diagnosis of
breast cancer before surgery were evaluated by the ROC curve analysis. The use of the area
under the ROC curve was useful in the elucidation of the validity of a specific marker in the
early detection of breast cancer. For plasma ALU-247, AUC = 79.5%, p = 0.004; for ALU-
115, AUC = 78.2%, p = 0.007; for DNA integrity, AUC = 82.5%, p = 0.002, while for plasma
CA15.3, AUC = 98%, p < 0.001. These results indicate the validity of using plasma ALU-247,
ALU-115, DNA integrity, and plasma CA15.3 as diagnostic markers for breast cancer. In
addition, plasma CA15.3 was superior to cfDNA integrity followed by ALU-247 and ALU-
115 for prediction of BC patients.

The prognostic performance of plasma ALU-247, ALU-115, cfDNA integrity, and plasma
CA15.3 before surgery to predict metastasis was evaluated by ROC curve analysis. The results
revealed that both plasma ALU-247 and ALU-115 are good in identifying patients who
developed metastasis from those who did not have metastasis in breast cancer (AUC =
71.7%, p = 0.025; and AUC= 71.0%, p = 0.03, respectively) while both cfDNA integrity
and plasma CA15.3 are poor in identifying patients who developed metastasis from those
who did not have metastasis in breast cancer (AUC= 67.2%, p = 0.076; and AUC = 57.8%,
p = 0.419, respectively).

Survival Estimates by the Kaplan-Meier Curves Disease-free survival (DFS) is defined as from
the day of surgery until first evidence of disease progression. Overall survival (OS) is defined as
the time between primary surgery and the patient’s death. Deaths from another cause than cancer or
survival until the end of the observation period are considered as censored observations [34]. By
comparing patients presenting plasma ALU-247, ALU-115, cfDNA integrity, and CA15.3 higher
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than cutoff values (6.35 ng/ml, 9.6 ng/ml, 0.67, and 8.3 U/ml respectively) to those with a
concentration less than cutoff values did not show any significant difference for DFS or OS.

Plasma ALU-247, ALU-115, cfDNA integrity, and CA15.3 failed to predict survival or
relapse in BC patients before surgery. These results are in line with the previous study, which
indicated that CA15.3 was not significantly correlated with DFS of the breast cancer patients.
Other studies also reported variable results on the prognostic value of CA15.3, and the variable
cutoff values and short follow-up duration might contribute to this contradiction [26].

In conclusion, since circulating plasma ALU-247, ALU-115, and cfDNA integrity are
significantly high in BC patients, so their measurement may prove to have clinical utility in
diagnosis of BC. Elevated preoperative CA15.3 level was shown to be directly related to the
tumor burden, which may improve its diagnostic capability for BC. The selected parameters
(plasma ALU-247, ALU-115, and cfDNA integrity) are ideal early biomarkers for BC diagnosis,
so they could be effectively used with plasma CA15.3 for BC screening at early tumor stage.
Furthermore, both ALU-247 and ALU-115 seem to be preoperative prognostic markers for breast
cancer. However, large-scale prospective studies are recommended by using large number of
samples and long follow-up duration to establish the clinical utility of those parameters.
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