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Introduction

Human cancer undoubtedly recognized now-a-days 
as genetic disease. From the day of David Hahnemann 
(1858–1920) to present days scientist reached to 
a consensus that genes affect pathways of cell growth, cell 
signaling, apoptosis and Deoxyribonucleic Acid (DNA) 
repair which finally lead to oncogenesis [1, 2].

There are small deletions and insertions which are 
described as point mutations in different descriptions of 
genetic disorders. Besides these, chromosomal deletions 
and loss of heterozygosity are responsible for activation of 
tumor suppressor genes. Insertion or loss of a transoposon 
element in the genome dynamics was amenable for DNA 
damage interfering with gene activities. It may lead to 
different genetic diseases including cancer [3, 4].

They are also considered as non-allelic homologous 
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recombination factor causing copy number variation and 
different disease [5, 6]. As a part of that, Alu-element came 
to the center of discussion which may explain the origin 
of some diseases including breast cancer [7]. Alu elements 
exist as a group of DNA sequences called inserted 
repetitive DNA. Some literatures describe Alu-repeat as 
the most important and rich repeats in the human genome. 
They apparently lack a general function. The enzyme Alu-I 
influences the DNA base pair for its existence. So they are 
named after the enzyme Alu-I [8, 9].

Alu-elements are sequences of nucleotides which was 
familiar as SINEs (short interspersed nuclear elements. 
They account for 10% of human genome [8]. Alu-elements 
are inherited from the 7SL RNA (Ribonucleic acid) gene 
[2] [4].
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They make a broad family of mobile genetic elements 
within the human genome. Through retroposition they 
can duplicate themselves via an RNA intermediate theory 
and increase their number. They are approximately 300 
base pair long in sequence and mostly obtained from 
the introns, untranslated regions of genes and intergenic 
genomic regions [8]. They are described as the most 
common transposable elements that induce insertion 
mutagenesis [10]. Insertions and deletions of them are 
detectable by PCR(Polymerase chain reaction).

Scientist predicted that over more than 60 million years 
Alu elements multiply to more than one million copies 
among the primate genomes. Accordingly, they produced 
a group of subfamilies with time. During gene expression 
Alu elements influence the genome and gene activity by 
insertion mutation, gene conversion, deletion [8]. Alu 
elements modify the gene function by Alu insertion into the 
exons. Like Alu- insertion, Alu-deletion events also occur 
in human genome by Alu insertion-mediated deletions 
(AIMD) or Alu recombination-mediated deletions 
(ARMD). Genomic rearrangements by Alu insertion cause 
about 0.1% of human diseases and genomic deletions lead 
to ARMD for 0.3% of human genetic disorders [11, 12]. 
It is also descried that there are many Alu elements which 
may cause many human diseases [13] .

Researchers predicted that during the process of 
Alu amplification there may be recombination between 
dispersed Alu elements which might result gene changes 
including duplications, deletions and insertions. All may 
lead to genomic instability resulting initiation of different 
disease processes including cancer [14].

In the era of personalized medicine, there are 
tremendous development on genetics. Many evidences 
prevails expressing multiple genes are responsible 
for the development of hereditary or non-hereditary 
breast cancer. Sometimes genetic tests are guiding to 
subgroup the disease into several types for the purposes 
of diagnostic and therapeutic options. No single gene is 
yet to be identified as key matchmaker of the process, 
rather it is a common impression that breast cancer is 
heterogeneous disease. Accordingly different molecular 
kits are now available to stratify the disease for treatment 
and prognostic subtyping.

National Comprehensive Cancer Network [15] and 
other large bodies in the field of breast cancer management 
in the world are yet to find the definite guideline and 
molecular component for screening and early detection 
before the appearance of symptoms [16].

This study was aimed and designed to find out the 
status of Alu-deletion in Bangladeshi women including 
breast cancer patients by using Alu-PCR acquiring 
fingerprints of cancer and normal tissues. The finding 
was also matched with the clinicopathological findings of 
the breast cancer patients like age, tumor status, hormone 
receptor status, and family history of cancer to get any 
relationship with the altered Alu-polymorphism picture.

Materials and Methods

Case selection and sample collection
This study was undertaken by an understanding of 

collaboration between Centre for Advanced Research 
in Sciences (CARS), Dhaka University and Department 
of surgical oncology of National institute of cancer 
research and hospital, Dhaka, Bangladesh between 
2015-18. Patients takes their services in the hospital 
across the country. The work was approved by the ethical 
committee, University of Dhaka. Candidates were selected 
from the admitted patients for surgical treatment after 
the diagnosis of invasive ductal carcinoma of breast. 
Samples were taken from the patients in the operation 
day once or twice a month. Four to six samples were 
collected in a single day, who were underwent for breast 
cancer surgery. Cases were selected randomly as both the 
patients and investigators were blind about their identity 
and profile. Tumor and normal tissue samples were taken 
from the operated specimen by the surgical team. Blood 
samples were taken before the procedure from the same 
patients. A healthy cohort of equal number of females 
matching their age, ethnicity, socioeconomic status from 
the mainstream population residing in Bangladesh were 
included. Blood (B), breast cancer tissues (CT), and 
approximately 2.3 cm2 peripheral normal tissues (NT)  
were obtained from all breast cancer patients during 
surgery. Blood samples from healthy individuals were 
considered as control females (CF). Breast cancer patients 
were interviewed and detailed informations were taken 
from their record. Informed written consent was taken 
from each patient for inclusion in the study. 

About 5 mL of blood samples were collected in EDTA  
coated tubes from the selected breast cancer patients 
and control samples after proper counseling. The tissue 
samples were transported to the laboratory at 4oC cool box 
and kept at -20°C until DNA was extracted.

DNA isolation, Alu-PCR and Gel Electrophoresis
DNA from the blood samples was isolated by standard 

proteinase K treatment thereafter with phenol/chloroform/
isoamyl alcohol extraction. Besides, DNA from tissue 
samples was extracted by the above mentioned method. 
DNA was precipitated by mixing with the solution of 
0.3 M sodium acetate (pH 5.2) in 70% ethanol at -20°C 
overnight treatment and resuspended in Tris-EDTA 
(TE) at buffer (pH 8). The quantification of DNA was 
performed by taking absorbance at 260 nm and visualized 
by 0.8% agarose gel electrophoresis. DNA isolated  
from tumor tissue, normal tissue of the operated breast 
and blood  was amplified by PCR. DNA between Alu-1 
repeats was amplified with the use of up to three different 
Alu 1 primers. The Alu specific three primers were 
used. The Alu specific three primers were (R12A/267: 
AGCGAGACTCCG; R14B/264: CAGAGCGAGACTCT; 
and A/8: TGAGCCACCGCG) [17]. To wind up our result, 
one primer A/8 was selected finally. The 50 μL of reactions 
were performed in 10 mM Tris-HCl (pH 8.8), 50 mM 
KCl, 1.5 mM MgCl2, 100 mM dNTPs each 1 µM primer, 
1 U of TaqMan™ DNA polymerase (Applied Biosystem, 
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group. Patients with early breast cancer were over 65%. 
Immunochemical examination showed that nearly 44 
percent patients were hormone positive (HR+ve) and rest 
were hormone –ve cancers. Nearly 60% patient received 
neoadjuvant chemotherapy.

From the gel electrophoresis screening, differences 
in the number of DNA bands between control and breast 
cancer samples were obtained ranging from 300bp to 
2000bp. These bands were compared for understanding the 
number of bands appeared and for band intensity. Among 
64 control blood samples, sixty-two (62) samples showed 
no changes in their DNA bands shown in Figure 1. The 
cancer blood samples showed complete deletion (83%) of 
bands at 2000bp (p < 0.0001), OR (149.4), CI (95%) 31.13 
to 649.2 described in Table 2. Sensitivity for Alu-deletion 
was 82.81% and specificity 96.88% with positive 
predictive value (PPV) 96.36% and negative predictive 
value (NPV) 84.93%. Whereas less intense bands (74%) 
at 1700bp (p < 0.0001) OR (32.62), CI (95%) 11.18 to 
82.35 with sensitivity 71.79%, specificity 89.30% with 
PPV 87.68% and NPV 75,00%. Similar Alu bands deletion 
was observed in 68% breast cancer tissues but absent in 
peripheral tissues  shown in Figure 2a and Figure 2b. 

We compared the number of bands in both groups 
(Table 2) showing that in control blood samples which 
vary from 9-15 whereas in cancer blood samples, the 
number of bands vary from 7 to 9 only (p < 0.0001), 
CI (3.19 to 4.27) displayed in Figure 3. Changes in the 
number of bands expressed irrespective of tumor stage, 
grade and hormonal status and age of the patients.

USA) and 250 ng DNA template. The PCR amplification 
response was guided by following thermal conditions: 
initial denaturing at 94°C for 7 min, 27 amplification cycle 
(30 s at 94°C, 45s at 50°C and 120 s at 72°C), and extension 
at 72°C for 7 min. Samples were amplified until the DNA 
fingerprint was firmly validated. Following amplification, 
PCR products were run in parallel in adjacent lanes during 
electrophoresis to separate DNA fragments according to 
length. The resulting DNA fragments were visualized as 
a series of bands on nondenaturing 1.5% agarose with 
ethidium bromide nucleic acid staining. 

Statistical Analysis
Data were analyzed in GraphPad Prism® v 8, 

(GraphPad Software Inc., La Jolla, CA) to verify the 
Alu change probability difference in cancer and healthy 
(control) populations [18]. To confirm the result of this 
common test in the light of low expected number in 
the healthy population Yates’s chi and un-corrected chi 
squared test (‘N-1’ chi squared test) have been used as  
expected to give relatively low Type I error, significance 
was taken ≤.05. The methods used to compute (confidence 
interval) Cls with Koopmans asymptotic score, (odd ratio) 
OR with Baptista-Pike, sensitivity, and specificity etc. 
with Wilson-Brown [19].

Results

In total, 64 patients could be examined, taking the 
same number (64) of healthy control subjects. Table 1 
summarizes patients’ profile, it showed that mean age 
was 49.7 years and controls’ mean age was 45.8 years. 
Positive family history of cancer in the patient group was 
found in 12%, no information was available in the control 

Variables Number Percentage
Parameters Subgroups

< 40 19 29.6
Controls (n=64) ≥ 40 45 70.3

Mean 45.8
Age in years  < 40 18 28.1

Patients (n=64) ≥ 40 46 71.8
Mean 49.7

Positive family history of cancer of patients Yes 8 12.5
No 56 87.5

Tumor Stage T1+T2 42 65.6
T3+T4 22 34.3

Gr I 24 37.5
Tumor grade Gr II 30 46.8

Gr III 10 15.6
HR Positive 28 43.7

Hormonal status HR Negative 36 56.2
Yes 38 59.3

Chemotherapy status No 26 40.6

Table 1. Clinicopathological Characters of the Subjects (Breast Cancer Patients) and Controls
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Discussion

Breast cancer marker commonly depends on the 
specific gene expression [20]. Breast cancer marker 
e.g. carcinoembryonic antigen (CEA), and cancer 
antigen (CA15-3) showed some efficacy in diagnosing 
metastatic breast cancer but they too can’t monitor breast 
cancer in preliminary steps [21]. For early detection 
of breast cancer, there are ongoing investigations on 
some potential serum and apoptotic biomarkers [22] 
but still, there is lacking in the development of sensitive 
blood-based biomarkers [23]. In an attempt to increase 
marker sensitivity and specificity, an approach has been 
focused based on the blood-based Alu-PCR technique to 
investigate the insertion and/or deletion of Alu elements 
in breast cancer comparing to healthy control.

In the current case control study, we selected 64 breast 
cancer patients to identify their Alu- banding status in the 
human genome after DNA extraction from the tissue taken 
from tumor area and non-tumor area. 64 Blood sample 
was also taken from the patients to make a comparison 
with the healthy control subjects. 

Though family history is a modest factor, it has 
a pivotal role in the development of breast cancer [24]. 
In our study, most cancer patients (76.56%) did not have 
any family history of breast cancer. Hence, other factors 
could be involved like age, nutrition, physical activity, 
etc. In a study, it has been suggested that half of the 
Bangladeshi breast cancer patients are ER and PR positive 
and two in every five cases are Her2/neu over expressed 
[25]. In the case of hormonal status, our study suggests 
that breast cancer in Bangladesh is related to hormone 
receptor gene expression. 

Breast cancer DNA samples were represented as Alu 
banding pattern by gel electrophoresis technique. It was 
observed that in breast cancer patients, blood samples had 

significant complete deletion of Alu 2000bp band (83%) 
in comparison to equal number of healthy controls, (97%) 
which showed no changes in their DNA bands. Thus it is 
a customary thinking most of the cancer patients might 
have Alu-deletion in their DNA repeats.

There is limited study in the literature on Alu-deletion, 
but few studies founds on nucleotide of the DNA 
polymorphism called INDEL which means insertion or 
deletion of bases in the genome [25]. The proportion of 
INDEL varies in different population of the world. Study 
found that short length INDEL or Alu have the capacity 
of deletion: insertion by 4:1. This value is consistent with 
Human Gene Mutation Database [26]. One study in India 
suggested from unrelated individuals, Alu elements were 
found to be highly polymorphic. Their coefficient of gene 
differentiation was higher than populations in most other 
global regions, except Africa [27].

There are numbers of studies on Alu insertion 
[28,29]. On the other hand only, few studies reveal 
that Alu-mediated delusion also occurs in the human 
genome, but numbers are less in comparison with the 
insertions in different studies. The deletion incidences 
occur through Alu-insertion mediated deletions (AIMD) 
or Alu recombination-mediated deletions (ARMD). 
There are chances of deletions during interchromosomal 
recombination depending on the arrangement of DNA 
sequences. The current study reveals similar results of 
Alu deletion in cancer patients which might be due to 
rearrangement of DNA sequences.

Pauline et al. [30] in their study quantified the role of 
genomic Alu retro transposition-mediated deletion (ARD) 
to the instability of the primate genome, the ARD rate in 
humans is about 0.21%. But other study showed much 
higher frequencies of ARD of between 0.8% and 8% [31] .

It is a general concept that Alu repeats play an 
important role in genome evolution and some cellular 

Figure 1. Comparison of Cancer Blood Samples and Control Blood Samples in their DNA Bands

Subject Fragment size (bp) Control (n = 64) Breast cancer (n = 64) P value OR CI (95%)
Alu Deletion 2000 2.23 % (2) 82.81 % (53) <0.0001 149.4 31.13 to 649.2
Alu Low intensity 1700 73.44 % (47) 7.81 % (5) <0.0001 32.62 11.18 to 82.35
Alu band number 100-2000 8.188 11.92 <0.0001 - 3.194 to 4.275

Table 2. Comparison of ‘Alu’ polymorphisms between Control and Breast Cancer Blood Samples
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processes [8][32]. All are associated with genetic 
instability that may be counted as a principal event in 
oncogenesis. Alu-mediated mutagenesis by insertion and 
recombination have been reported in a few cancer genes 
[9][33]. In cancer biology, genetic instability was assumed 
as one of the key factors for the development of cancer 
[11]. Study describes that Alu elements are presumed to 
be a leading factor to cause human genomic instability 
resulting different human diseases. Fazza A.C. et al. [7] 
in their work on breast cancer patients’ genomic DNA 
from tumor tissue and normal breast tissue, tissue from 
surgical margin and from blood sample analyzed with 
Alu-PCR. They reveled average loss of one band for every 
3.3 altered bands. Surgical margins also disclose altered 
Alu-PCR profile with frequencies of 0.5-0.9.

It is a settled issue that early diagnosis and treatment 
gives a remarkable outcome in the treatment of breast 
cancer. Data reveals that survival for early-stage (stage 1) 
breast cancer is nearly 100% after 5 years from diagnosis. 
On the contrary survival for metastatic breast cancer (stage 
4) reduced to 32% at 5 years from diagnosis [34]. Thus to 
catch the disease at an early stage now a strong objective 
for the caregivers across the globe to control the disease.

The most intriguing finding from our study is the 

difference in the number of bands between cancer and 
control blood samples. Consequently, it can be explained 
that the sequence between two Alu elements may be more 
susceptible to deletion and/or unequal recombination to 
form a new arrangement. Through the Alu-PCR technique, 
the deletion of band thus provides a fingerprinting profile 
of quantitative and qualitative changes in the sample 
studied here. Therefore, the change in number of the 
bands and deletion of 2000bp band can be conducive as 
a preliminary strategy for identifying regions of genomic 
instability involved in the initiation and progression of 
breast cancer.

For early detection, measures like clinical examination 
and self-examination in the low-income countries and 
mammographical screening are existing protocol in the 
affluent countries.

Though debates exist  regarding benefit  of 
mammography in the international arena considering 
chances of overdiagnosis, overtreatment and hazards of 
radiation [35]. In addition, mammograms cannot detect 
smaller non palpable lesions and are less accurate in 
cancer detection in women with dense breasts. Therefore, 
in future days it will be necessary to develop alternative 
tools for early detection of breast cancer [36]. So, attention 

a

b

Figure 2. a, Changes at 1700bp and 2000bp in Cancer Blood Samples; b. Comparison of Cancer Tissue Samples with 
Peripheral Tissue and Control Blood Samples. (Only cancer tissue samples show absence of bands at 2000bp and 
1700bp). 
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is given for other tools particularly towards the use of 
biomarkers.

There are many reports of using non-invasive body 
fluid-based tests [37]. For example, circulating carcinoma 
antigens, circulating tumor cells, circulating microRNAs 
and other tests in the peripheral blood, nipple aspirate fluid 
or from other body fluids [36, 38]. But each component 
has got its diversity considering diagnostic or prognostic 
use, sensitivity, and specificity. Alu-deletion could be 
a newer tool to consider for early detection of breast 
cancer. In our present work, its sensitivity and specificity 
of Alu deletion of the breast cancer patients was 83% and 
positive predictively was 97%, so from the point of cancer 
diagnosis, finding was much favorable in comparison 
with control, it is seen that OR of the Alu-deletion result 
was also remarkable. Alu-loss was also seen among the 
different age group, tumor group, hormone status and 
tumor stages. So, we can predict deletion can be seen 
even in early stages of the disease even in the phase 
of nonpalpable stage. So, it can be a useful component 
to detect early breast cancer particularly for screening 
purposes, high risk patients. 

In conclusion, Genomic sequencing studies reveal 
that distribution of uniform Alu elements are required 
for genomic stability. Alu-deletion may be one of the key 
oncologic components for genomic instability resulting 
breast cancer in the study population. In the healthy 
population this aberration is rarely available. So, it can 
be presumed to be an useful and potential blood-based 
biomarker for the diagnosis of breast cancer even in 
early stage. It may be an appropriate tool to detect the 
non-palpable cancer, as a result there are scopes to put 
forward new potentiality for screening breast cancer in 
the population.
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