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Abstract: Breast cancer is a heterogeneous disease regarding its morphology, invasive behavior, metastatic capacity, hormone
receptor expression and clinical outcome. Many risk factors for breast cancer, including genetic factors, account for 25-30%
of the incidence. About 15-30% of breast cancer is heritable due to known familiar highly penetrates genes and the others
are sporadic; It is worthy to state that this study was the first in the world to include amplified genes as a PCR template to
determine the relationship between their polymorphism and breast cancer incidence using, RAPD of amplified genes. The study
was designed first to evaluate the association of ABCG2 gene polymorphism beside miRNA-152 and ER-a using the RAPD
technique with breast cancer incidence in Maysan province women, and second to use those genes as indicators for breast
cancer prediction and diagnosis. The study included 100 patients with breast cancer and 30 control healthy women, and then
all samples were amplified by conventional PCR by specific F and R primer for (ABCG2, ER-α, miRNA-152) genes and then the
best (20 PCR product) from which was chosen as the template for PCR RAPD PCR technique. The results revealed there are
significant differences (P < 0.05) in the unique band of ABCG2 at marker OPAA 11, OPU 15, OPAA 17, significant differences (P
< 0.05) in the total band of ER- α at marker OPAA11, significant differences in the polymorphic band of ER- α at marker OPU
15, significant differences in the unique band of ER- α at marker OPAA11, OPU 15, and significant differences (P < 0.05) in the
bands that had been size (50-60) bp, (140 - 150) bp, (170-180 ) bp of miRNA-152 at marker OPAA 17, OPD 18 between breast
cancer patients and control. Our study proved the relationship between genetic polymorphism of breast cancer-related genes
(ABCG2, ER-α, miRNA-152) and a higher incidence of cancer; The current study recommends employing these results for future
prediction and diagnosis of breast cancers.
Key words: Polymorphism, Iraqi, Breast cancer, Drug resistance gene, Estrogen receptor α gene, regulatory gene.

Introduction
Breast cancer (BC) is the most common type of cancer
among women worldwide. It accounts for 15% of cancer deaths among women and is the leading cause of cancer death
in females worldwide1. In Iraq, it is the most typical type of
female malignancy, accounting for approximately one-third
of the registered female cancers according to the Iraqi cancer
registry in 20042,3. About 5-10% of breast cancer is inherited4;
while 90-95% is sporadic and revealed randomly and is not
predetermined genetically5,6.
The alteration in the expression of ATG5, caspase 3, and
Bax genes can cause induction of both apoptosis and necrosis
in human cancer cells7. The susceptibility genes are considered a critical risk factor for hereditary and sporadic breast cancer. However; The genesis of breast cancer is usually cumulative mutations of different genes8. Several genes linked to
breast cancer have been found9. Such as the ABCG2 gene that
is located on the human chromosome at the locus 4q 22.11012
. ABCG2 belongs to a sizeable ATP-binding cassette (ABC)
transporters affecting P - glycoprotein (P-gp), overexpression
of ABC transporters, increased anti-apoptotic machinery, DNA
damage repair machinery, and enhanced drug inactivation mechanism are concerned in the intrinsic or acquired resistance

to chemotherapy13,14. ER-α gene is located on chromosome
6q25.1, ERα receptor superfamily has the primary function in
the development and progression of cancer, it also stimulates mammary epithelial tissue proliferation and differentiation
through combining with estrogen15-17. However, the allele variant is associated with BC risk in different populations18. miRNA -152 gene is situated on chromosome 17q21.3219,20, which
has the primary function in regulating biological processes
such as differentiation, proliferation, and apoptosis21,22.
RAPD technique (Random Amplified polymorphic DNA)
can be defined as a DNA fingerprinting technique based on
Polymerase Chain Reaction (PCR) amplification of random
fragments of genomic DNA with single short primers (markers)
of arbitrary nucleotide sequences23,24. RAPD is a semi-quantitative method more used to detect genetic alterations or polymorphisms in genetic mapping, taxonomy and phylogenetic
studies and later in genotoxicity and carcinogenesis studies25.
Applying RAPD analysis is used in the studies in genetic instability or genetic alterations of breast cancer26.
In this study, we performed a new procedure with some
modifications to the traditional RAPD technique when we used
the amplified gene as a template in RAPD. This procedure re-
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sulted in more accuracy and more yielded specific data. We named it PCR-RAPD-PCR (PRP). This study aims to evaluate the
genetic polymorphism of the BC gene in breast cancer women
patients in Maysan province, south of Iraq.

Materials and methods
Study sites

2

The study was undertaken in the genetic engineering laboratory/ Department of Biology / College of Science/Misan
University. A total of (100) blood samples were collected from
the breast cancer women patients and ( 30 ) healthy in Maysan Health Directorate/ AL-Sader Teaching Hospital /AL-Shifa
Tumor Treatment Center in/ AL-Amarah city (sub-districts of
Maysan province/south of Iraq ).
Samples collection and identification
100 blood samples (2-3 mL) were collected from each
breast cancer female patient (in case patient woman in good
healthy) or blood samples (1mL) were collected from each
breast cancer patient woman (in case the patient woman in
critical condition). Blood samples were collected from each
woman patient through the median cubital vein or carpel veins
(according to a health condition) into EDTA-containing tubes
and were stored at -20oC till DNA extraction.
Genomic DNA isolation
All samples were collected from the breast cancer women patients at a different time for three months (September to November). All samples were kept under the same
condition. DNA was extracted from whole blood by using the
gSYNCTM DNA Extraction Kit Functional Test Data (Geneaid,
Taiwan).
Column purification
FGenomic DNA was isolated from the blood sample. The
amount of isolated DNA was varied from 523.92 to 887.12 ng/
µl DNA and an absorbance ratio of A260/280 was obtained in
the range of 1.71–1.98 according to (27).
Polymerase chain reaction for isolated PCR product
(specific BC genes)
Isolated DNA from all 100 women BC Patient and 30
normal; genomic DNA samples were prepared by pooling the
same amount of genomic DNA from each individual. The DNA
fragments of the PCR product of BC genes were amplified
through the polymerase chain reaction technique. The following components: 2.5 µl primer F, 2.5µl primer R, 2.5µl Nuclease free water, 12.5µl GO Taq ®G2 Green master mix, and
5µl DNA template were added for each 25 reaction mixture.
The primer sequences are shown in Table 1.
The PCR reaction consisted of 35 cycles following three

essential steps: initial denaturation (5 min at 94oC ), DNA denaturation (1 min at 94oC ), primer annealing ABCG2 (45
sec at gradient 53.5 -58.5oC ), primer annealing ER-α (45 sec
at gradient 52-58oC), primer annealing miRNA -152 (15 sec at
65oC ), and primer extension (1 min at 72oC ). There was a Final
extension cycle for 7 min at 72oC. The size of the amplified PCR
product was subjected to electrophoresis in 1.2 % agarose gel,1X TBE buffer with ethidium bromide 2%, at 80 V for 60 min.
The bands were visualized under ultraviolet trans-illumination
and photographed in Gel-Doc equipment. The PCR product
with a clear band was later used as a template in the PCR RAPD - PCR Technique.
Purify PCR Product by gel extraction
PCR products were obtained after a conventional PCR
run; PCR products were extracted from an agarose gel after
gel electrophoresis for breast cancer-related genes using the
E.Z.N.A.® Gel Extraction kit protocol (OMEGA BIO-TEK, USA).
Column Purification
PCR product (specific gene) was isolated from the DNA
gel extraction, the amount of isolated DNA PCR product (specific gene) was varied from 523.92-887.12 ng/µl and absorbance ratio of A260/280 was obtained in the range of 1.71-1.98.
PCR- RAPD- PCR Technique
The isolated PCR product from all women BC Patient and
normal DNA; the same best 40 PCR product (20 patient and
20 control) of ABCG2, ER-α, miRNA-152 genes were chosen
for PCR RAPD PCR. The RAPD primer sequencing in the PCRRAPD-PCR is shown in (Table 2).
The reaction mixture (20 µL) consisted of template PCR
product 2.5 µl, 2.5 µL (OPAA11, OPU15, OPAA17, OPD18) RAPD
primer, 7.5µl Nuclease free water, and 7.5 µl GO Taq ®G2 Green
master mix. The mixture was incubated in the TECHNE prime
thermal cycler (with heating lid) programmed for (35-40) cycles, each one consisting of as following: a denaturation step (1
min at 94oC), one annealing step (30 sec at gradient 36-39oC)
and an extension step (1 min at 72oC). After the cycling, a final
extension for 1.30 min at 72oC was followed by slow cooling to
10oC. Four RAPD primers: (OPAA11, OPU15, OPAA17, OPD18)
were used in the amplifications. The primers were obtained
from the AUGCT DNA SYN Biotechnology /China company.
Electrophoretic analysis
The reaction products were separated by electrophoresis
on an agarose gel (2 %) containing ethidium bromide (2%) were
prepared in 1 X TBE buffer. The DNA ladder size marker used in
this study contained many discrete bands (in base pair ) 1500,
1000, 900, 800, 700, 600, 500, 400, 300, 200,100,75,50 and
25 bp from the nearest distance to the well to the far one from
the well respected. This ladder was used as a molecular size
indicator in the experiments of this study. The DNA fragments

Table 1. Sequence of ABCG2, miRNA-152, ER-α primers, GC% and length.
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Table 2. Sequence of RAPD primers, GC% and length.
obtained were visualized under ultraviolet light. The molecular
sizes of DNA bands were estimated according to the standard
curve representing the relationship between molecular band
size of the ladder measured by base pairs and distance of migration bands31.
Statistical analysis
The relationship between the polymorphic, monomorphic,
unique band and RAPD primer of the breast cancer patient and
control was assessed using the X2 test; P < 0.05 was considered statistically significant.

Results
PCR-RAPD-PCR
We determined three genes related to breast cancer ( BC),
the ABCG2 associated with drug resistance. The ER-α and
miRNA -152 genes are associated with receptor estrogen response and regulatory gene. We performed a conventional PCR
assay and yielded a single band at approximately 300 bp, 500
bp, 180 bp, respectively. The genetic polymorphism of included genes was done by four RAPD primers (OPAA11, OPU15,
OPAA17, and OPD18). We were using amplified BC genes as
the template in the PCR-RAPD-PCR technique (PRP). The results of PRP showed that RAPD primers were able to generate
polymorphic, monomorphic, unique bands with different ratios
between BC patients and control, as shown in figure (1).
Detection primer efficiency and discriminatory power
among BC related genes
Our finding showed a difference in the primer discriminatory power among BC related genes in the patient and control;
whereas the high discriminatory power in the patient was 40%
at OPU15 of ABCG2, the highest primer discriminatory power
in control was 42.85 at OPAA11 of ABCG2; the highest primer efficiency in the patient was 0.028 at OPU 15 of ABCG2;
while the highest primer efficiency in the control was 0.078 at
OPU15 of ER-α, as shown in figure (2).
Detection genetic polymorphism of breast cancer-related
genes
The overall number of bands in the BC patients were (214,
149, 298) band for ABCG2, mi-RNA, ER-α genes respectively,
with the total number of bands (661) while the total bands of
the control were (162, 93, 128); with Overall total number of
(383 ) band, as shown in figure (2,3).
The total polymorphic bands in the BC patient of ABCG2,ER-α ,mi-RNA 152 genes were (15, 18, 8 ) respectively,
while in control were (14,34,0) bands; The total monomorphic
bands in ABCG2,ER-α ,mi-RNA 152 genes of the patients were
(12,16,8 ) respectively; while in control were (16, 0, 12) bands;
The total unique bands in ABCG2, ER-α, mi-RNA 152 genes
were (10, 5, 2) bands in a patient; while in control were (6, 7, 0)

bands, as shown in figure (3) and table (3, 4, 5, 6, 7, 8, 9, 10, 11).
The results showed similarity between patients and control regarding total band percentages, the differences between
the two groups were not significant. These results compared
between 214 bands in patients and 164 bands in control. The
results showed no significant differences in polymorphic bands
between patients and control regarding the gene ABCG2. Results were compared between 15 bands in patients and 14
bands in control, as shown in table 4.
While significant differences (P<0.05) appeared between
patients and control in unique bands with the primer OPAA11,
OPAA17 and OPU15. The results were compared between 10
bands of patients and 6 bands of control, as shown in table 5.
As for monomorphic bands, no significant differences
were found between the two groups of patients and control of
different markers. These results were compared between 12
bands in patients and 16 bands in control, as shown in table 6.
The total number of bands were similar between patients
and control for the gene ERα, except for the primer OPAA11,
which revealed a significant difference (P<0.05) between the
two groups, for this, we can consider this primer differentiating
between patients and control from the genetic view. These results compared between 298 in patients and 128 in control, as
shown in table 7.
As for the polymorphic bands, the table below showed a
significant difference(P<0.05) between patients and control
only for the primer OPU15, while the rest primers were not.
The results were compared between 18 bands in patients and
34 bands in control, as shown in table 8.
When examining the unique bands, a significant difference (P<0.05) between patients and control for the primers
OPAA11and OPU15. These results were compared between 5
bands in patients and 7 bands in control, as shown in table 9.
All patients showed monomorphic bands, while no monomorphic bands were found in the control group for all primers. When using the Chi-square test to compare patients and
control, we noticed the following: The table below includes
Chi-square values, data referred to (*) significantly different on
the level of 5% while data referred to (**) significantly different
on the level of 1%. Thus the patient group was significantly
different from the control group in total bands for OPAA17 and
OPD18, while bands were similar in both OPAA11 and OPU15,
as shown in table 10.
There were no significant differences in total bands between the two groups for all the primers. The percentage of
total bands was calculated from the total bands of each group
(it was 149 in patients and 93 in control). The main difference
between the two groups is that there were polymorphic bands
in patients and not found in the control group, as shown in table 11.
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Figure 1. PCR assay for BC-related gene with RAPD primer. Agarose gel of 2% loaded with DNA ladder of (25-1100 bp). And
four RAPD primers (OPAA11, OPU 15, OPAA17 and OPD 18) were used. Red circles refer to unique bands. The green arrow
refers to the polymorphic band. The Blue arrow refers to the monomorphic band.

Figure 2. RAPD primer efficiency and discriminatory power in breast cancer-related genes in BC patients and control.

Discussion
To our knowledge, this is the first study that attempts to
estimate the possible role of a polymorphism of the ABCG2,
ER-α, miRNA 152 between the BC patients and control by
PCR- RAPD- PCR technique.
One of the most common malignancies in women is
Breast cancer, with an incidence rate double that of ovarian,
stomach, colorectal and cervical cancer and about triple that
of lung cancer. Many methods were used to study genetic polymorphism of the genes related to breast cancer, and although
the RAPD technique was considered random with reduced reproducibility, we chose it as a rapid and low price technique32 to
gain an initial idea of our data to know the next step of testing.
Despite that, we performed a new procedure with some modifications in the traditional RAPD technique when we used the

amplified gene as a template in RAPD. This procedure resulted
in more bands yielded with more accuracy and specific data.
The current study found that the number of bands per primer
for each gene was high; this improved RAPD successfully increased the number of RAPD bands produced from a given
PCR Product. Therefore, we applied the PCR - RAPD - PCR technique with 3 specific BC genes (ABCG2, ER-α, mi-RNA-152)
to generate more bands for detecting genomic alterations in
human breast cancer.
Present results showed a reasonable degree of genetic polymorphism detected between normal and breast cancer
patients. Our results showed the high genetic polymorphism in
breast cancer patients: The total number of bands in the breast
cancer patients of (ABCG2, ER-α,miRNA 152) were ( 214, 298, 149
) respectively, while the total bands in control were (162, 128, 93)
respectively. The total number of bands of the genetic polymorphism of the breast cancer were 69 when used extracted total
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Figure 3. ABCG2, miRNA 152, ER-α genes with the total bands per locus in the BC patients and control.

Figure 4. Total number of bands from RAPD primers in breast cancer patient and control ;(a) ABCG2;(b) ER- α; (c) miRNA.

Figure 5. The ability of RAPD primers to generate polymorphic, monomorphic and unique bands.

Table 3. Band percentages of patients and control of different markers of ABCG2 gene.

Table 4. Percent of polymorphic bands of different markers of the gene ABCG2 in patients and control groups.
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Table 5. Percent of unique bands of different markers of the gene ABCG2 in patients and control groups.

6
Table 6. Monomorphic band percentages of different markers of ABCG2 gene in patients and control.

Table 7. Total band percentages of patients and control of different markers of the gene Era.

Table 8. Percent of polymorphic bands of different markers of the gene ERa in patients and control groups.

Table 9. Percent of unique bands of different markers of the gene ERa in patients and control groups.

Table 10. Chi-Squares values between patients and control group (miRNA gene) similar bands.

Table 11. Chi-Squares values between patients and control group (miRNA gene) total bands.
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DNA as a template and 6 arbitrary primers 2. The total amplified
bands were 72 in the breast cancer patient, 28 in control when
extracted total DNA as a template and five arbitrary primers33.
Our results and modification referred to the success
of PCR RAPD PCR in generating a more significant number
of bands by using PCR product (specific gene ) as a template instead of total DNA extracted in the study of the genetic
polymorphisms of the breast cancer-related genes and their
relationship to breast cancer in Maysan province /south of Iraq.
Our results showed the full polymorphic bands in the
breast cancer patient of ABCG2, ER-α,miRNA 152 genes were
(15,18,8), while in control were (14,34,0), whereas the polymorphic band may be referred to heterozygous genomic regions of the PCR-RAPD-PCR profile.
The total monomorphic bands in the breast cancer patient
of ABCG2, ER-α, miRNA -152 genes were (12,16,8) bands, while in control were (16,0,12) bands, whereas the monomorphic
band may be referred to homogenous genomic regions of the
PCR- RAPD- PCR profile.
The total unique bands in the breast cancer patient of
ABCG2, ER-α, miRNA 152 genes were (10,5,2) in the breast
cancer patient while (6,7,0) bands were in control.
Our results showed significant differences (P < 0.05) in
the unique band of ABCG2 at marker OPAA 11; OPU 15; OPAA
17 between breast cancer patients and control.
Our results showed significant differences (P < 0.05) in the
total ER- α at marker OPAA11; Our results showed significant
differences in the polymorphic band of ER- α at marker OPU 15
between breast cancer patients and control. Our results showed
significant differences in the unique band of ER- α at marker
OPAA11; OPU 15 between breast cancer patients and control.
Our results showed there are significant differences in the
bands that had been size (50-60) bp ; (140 - 150) bp ; (170-180
) bp of miRNA-152 at marker OPAA17; OPD 18 between breast
cancer patients and control. We suggested that the differences
in the number of bands between breast cancer patients and
control are probably due to the nucleotides sequence of the
primers ( markers) and on the genotype of the breast cancer
patients. It is noteworthy, the number of compatible sites of
primer in the (ABCG2, ER-α, mi-RNA-152) genes of the breast
cancer patients which is affected by different types of mutations and translocations, this will affect the primer (marker)
and the template interaction sites and will result in the loss
or profit of bands; as a result, this will leads to differences in
the number of amplified bands the ability of RAPD analysis to
detect the genetic instability or genetic alterations which represents the differences between a standard and malignant
cell that may comprise insertion, deletion and alteration in the
oncogenes or suppressor genes that could cause cancer25.
Our results showed differences in the size of the fragments
between patients and control might be referred to the polymorphism that includes the differences in molecular weights
of amplified bands which product from multiple types of mutations and translocations occurred, thus causing mobility shift of
bands and probably cause the addition of new bands34-38.
Our finding showed differences in the primer discriminatory power between patient and control; our results showed
that the high discriminatory power in breast cancer patients
was 40% at OPU15 of ABCG2, the highest primer discriminatory power was in contrast the control was 42.85% at
OPAA11of ABCG2. The primer's capacity to show polymorphisms in comparison to polymorphisms shown by all primers
is called primer discriminatory power2,39.
Our results showed that the highest primer efficiency in
the breast cancer patient was 0.028 at OPU15 of the ABCG2

gene; while the highest primer efficiency in the control was
0.078 at OPU15 of ER- α gene. The primer efficiency values
range from (0 -1) and are defined as the measure of the primer's ability to result in polymorphisms40.

Conclusions
Our results proved the accuracy of our modification in the
traditional RAPD technique, which yielded more specific bands
related to genes; this test also showed us high polymorphism in
patients compared to control, which may be related to mutations
or mutations modifications. Although our study did not include
genes concerned with family history incidence of breast cancer,
we suggested from our data that most breast cancers in Iraqi women are not family related but rather drug resistance and estrogen response. We can predict and early diagnose breast cancer
upon analysis of our chosen genes; our study allows us to employ
these genes in the early prediction of breast cancer.
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