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Abstract
Background and Objective: Breast cancer is the most common malignant tumor and the major cause of death from cancer among
women worldwide. Objective of the current study was to investigate the possible association between an Alu polymorphism in the Tissue
Plasminogen Activator (tPA) gene (PLAT ) with breast cancer. Methodology: Using the Polymerase Chain Reaction (PCR) on genomic DNA
isolated from breast cancer patients (n = 73) and an age-matched normal individuals (n = 44), a region polymorphic for an Alu element
insertion in the tPA gene was amplified. Results: The percentage of normal Jordanian individuals who were homozygotes for the absence
of the Alu insert (AluG/G) was 84.1%, while 15.9% were homozygotes for the presence of the Alu insert (Alu+/+). No heterozygosity (Alu+/G)
was detected in this study group. On the other hand, 22 (30.14%) breast cancer patients exhibited the AluG/G genotype, 29 (39.73%) were
Alu+/G and 22 (30.14%) were Alu+/+. The AluG/G genotype occurred 2.8 times more frequently in the normal individuals than in the breast
cancer patients (p<0.001). Conclusion: The predominance of the AluG/G genotype of the tissue plasminogen activator (tPA) gene within
the normal group represents a protective deletion with respect to breast cancer.
Key words: Tissue plasminogen activator, Alu element, metastasis, breast cancer, Alu insert (Alu+/+)
Citation: Lubna H. Tahtamouni, Zainab A. Al-Mazaydeh, Rema A. Al-Khateeb, Reem N. Abdellatif and Salem R. Yasin, 2018. Deletion of the Alu repeat in
the tissue plasminogen activator (tPA) gene for protection of breast cancer. Int. J. Cancer Res., 14: 21-26.
Corresponding Author: Lubna Tahtamouni, Department of Biology and Biotechnology, Faculty of Science, The Hashemite University, P.O. Box 150459,
13115 Zarqa, Jordan Tel: +962 (5) 3903333 Fax: +962 (5) 3826613
Copyright: © 2018 Lubna H. Tahtamouni et al. This is an open access article distributed under the terms of the creative commons attribution License, which
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source are credited.
Competing Interest: The authors have declared that no competing interest exists.
Data Availability: All relevant data are within the paper and its supporting information files.

Int. J. Cancer Res., 14 (1): 21-26, 2018
variants of the Alu element at the tPA locus with breast
cancer in Jordanian patients. The findings of this study will add
to the pre-existing knowledge about the association between
genetic polymorphism and breast cancer. The Alu
polymorphism of the tPA gene could be used as a genetic
biomarker for breast cancer.

INTRODUCTION
Cancer metastasis represents an advanced stage of
malignancy and is the leading cause of cancer-related deaths1.
Metastasis is a multistep process that includes migration and
invasion of cancer cells1,2. These processes involve a wide array
of cellular mechanisms led by cytoskeleton dynamics as well
as molecular alterations such as expression of adhesion and
proteolytic enzymes1,3,4.
Degradation of the extracellular matrix (ECM) is a
prerequisite for cancer cell invasion, which requires the action
of several proteolytic enzymes such as the serine proteases of
the plasminogen activator (PA) system5. These proteases
[urokinase plasminogen activator (uPA) and Tissue
Plasminogen Activator (tPA)] convert the inactive
plasminogen to the active plasmin which in turn breakdown
(directly or indirectly) different ECM components6,7. The uPA
has been implicated in cell migration and tumor invasion8-11
while tPA is best known for its activity during thrombolysis12-14.
The role of tPA during malignancy has been less
investigated. Elevated levels of intratumoral plasma tPA have
been associated with a poor prognosis in colorectal15 and
pancreatic cancers16. However, a better prognosis in breast
cancer was reported with elevated levels of circulating tPA17-19.
This suggests a complex yet not fully understood role for the
PA system in cancer.
Tissue Plasminogen Activator (tPA) is encoded by the tPA
gene (PLAT) which is located on chromosome 8p12-p11.220.
Numerous studies found a common insertion of a 300 bp
sequence (Alu repeat) within intron 8 of this gene21,22. The Alu
polymorphism of the tPA gene consists of the presence
(insertion, Alu+) or absence (deletion, AluG) of this element.
Different populations have been found to be dimorphic for its
presence or absence23,24.
It was found that the Alu polymorphism in intron 8 of tPA
gene is involved in tPA plasma levels25. However, others did
not find an association between genetic variations at the tPA
locus and plasma levels of tPA indicating the involvement of
other genetic factors26. Nevertheless, a study by Jern et al.27
reported an association between tPA gene polymorphism
and the forearm vascular release rate of tPA in vivo. Subjects
homozygous for the insertion (Alu+/+) had a significantly
higher release than both heterozygotes (Alu+/G) or subjects
homozygous for deletion (AluG/G). Moreover, hyperfibrinolysis
due to elevated levels of tPA has been associated with
metastatic breast cancer28.
Up to researchersʼ knowledge, the association between
Alu polymorphism in intron 8 of tPA gene and breast cancer
has not been studied before, thus the aim of the current study
was to investigate a possible association between the genetic

MATERIALS AND METHODS
Genomic DNA extraction: The current study was a
case-control study conducted between February, 2016 and
February, 2017. A total of 117 age-matched Jordanian
individuals, 44 normal unrelated individuals (46.5±10.1 years)
and 73 breast cancer patients (49.3±12.9 years) (p>0.05) at
Al-Bashir governmental hospital (Amman, Jordan), were
included in the current study. Three milliliters of peripheral
blood were collected from all participating individuals in
EDTA tubes and used to isolate genomic DNA from white
blood cells using the Wizard Genomic DNA Purification Kit
(Promega, USA) according to manufacturerʼs protocol. All
individuals gave their informed consent and the study was
approved by The Institute Review Board (IRB) of the hospital
(AM/16/13/10/1503854) which conforms to the World Medical
Association Declaration of Helsinki.

tPA genotyping: Genomic DNA from normal and breast
cancer patients was amplified by Polymerase Chain Reaction
(PCR) in 30 µL volume which included: 1 µL of each
forward GTAACCATTTAGTCCTCAGCTGTTCTCCT and reverse
CCATGTAAGAGTAGAAGGAGACTCAGTCA primers29, 8 µL of
nuclease free water, 15 µL of the master mix (New England
Biolabs, USA) and 5 µL of DNA sample. The PCR reaction was
carried out as follows: 2 min at 96EC, followed by 35 cycles of
denaturation (96EC for 30 sec), annealing at 65EC for 30 sec
and synthesis at 65EC for 30 sec29 in a thermal cycler
(MyCycler, Bio-Rad, USA). The amplified products were
electrophoresed on 2% (w/v) agarose gel with ethidium
bromide. Homozygote individuals carrying the tPA Alu inserts
are designated Alu+/+, heterozygotes as Alu+/G and
homozygotes for the absence of the insert as AluG/G.
Statistical analysis: Both genotypes and frequencies for insert
or deletion of the recruited individuals were calculated
according to the counting method. The observed genotypes
and alleles frequencies were compared with those expected
in order to verify the Hardy-Weinberg equilibrium. The
Chi-square test and Fisher's exact test were performed for the
polymorphism frequency using Statistica software, StatSoft
Inc, Tulsa, OK, USA (version 10). A value of p<0.05 was
considered statistically significant.
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and Alu+ in this group of individuals were determined at 0.84
and 0.16, respectively. On the other hand, 22 (30.14%) breast
cancer patients exhibited the AluG/G genotype, 29 (39.73%)
were Alu+/G and 22 (30.14%) were Alu+/+. Frequency of both
AluG and Alu+ in the breast cancer patients was calculated at
0.50 each. All genotypes and allelic frequencies for both study
groups are in accordance with the Hardy-Weinberg
equilibrium.
Statistical analysis of genotypic percentages of both
AluG/G and Alu+/G between the normal individuals and the
breast cancer patients (Table 2) showed a significant
difference (p<0.05). No significant difference was obtained
when comparing the genotype percentage of homozygotes

RESULTS
The Alu element and flanking sequences of the tPA gene
were successfully amplified from genomic DNA extracted from
peripheral blood of all individuals involved in the current
study (Fig. 1).
The allelic and genotypic frequencies of the Alu insertion
and deletion of the tPA gene were determined as described
in Table 1. Table 1 shows that 84.1% of the normal Jordanian
individuals studied were homozygotes for the absence of the
Alu insert (AluG/G), while 15.9% were homozygotes for the
presence of the Alu insert (Alu+/+). No heterozygosity was
detected in this study group. The allelic frequency of the AluG

Table 1: Alu genotypes and allelic distributions of Tissue plasminogen Activator (tPA) gene in normal and breast cancer Jordanian individuals
Genotype

AluG/G
Alu+/G
Alu+/+

Normal (n = 44)

Genotype (%)

Allele frequency

Breast cancer (n = 73)

Genotype (%)

Allele frequency

37
0
7

84.1
0.0
15.9

AluG: 0.84
Alu+: 0.16

22
29
22

30.14
39.73
30.14

AluG: 0.50
Alu+: 0.50

Table 2: Statistical analysis of Alu genotypes and allelic distributions of Tissue Plasminogen Activator (tPA) gene in normal and breast cancer Jordanian individuals
Genotype (%)

Normal

Breast cancer

AluG/G

84.1

30.14 (0.0001)*

Alu+/G

0.0

39.73 (0.0001)*

Alu+/+

15.9

30.14 (0.0842)*

Odds ratio

Allele

Normal

Breast cancer

Vs (Alu+/++Alu+/G)
12.25 (0.0001)*
95% CI: 4.74-31.68
Vs (AluG/G+Alu+/+)
0.02 (0.0047)*
95% CI: 0.001-0.29
Vs (AluG/G+Alu+/G)
0.44 (0.089)*
95% CI: 0.17-1.13

AluG

0.84

0.50 (0.0002)*

Alu+

0.16

0.50 (0.0002)*

*All statistical analysis was performed at p<0.05 level of significance
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Fig. 1: Representative amplified Alu segment of the tPA gene showing insertion (Alu+/+) and/or deletion (AluG/G) of the segment.
Lane 1:100 bp Ladder, Lanes 2 and 4: Alu insertion (Alu+/+) at 600 bp, Lanes 3 and 7: Alu deletion (AluG/G) at 300 bp,
Lanes 5 and 6: Alu insertion and deletion (Alu+/G) at 300 bp and 600 bp
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carrying the insert (Alu+/+) in both of the study groups
(p>0.05). Furthermore, the results presented in Table 2 show
that the allelic frequencies of both the insert allele (Alu+) and
deletion allele (AluG) between normal and breast cancer
individuals differ significantly (p<0.05). Compared to the Alu+
allele, the AluG allele was the dominant allele in the normal
individuals, while both alleles were equally distributed among
the breast cancer individuals.
Assuming the recessive model (Table 2), the results
demonstrate a significant protective effect of tPA AluG/G
genotype against breast cancer. The AluG/G genotype was 2.8
times more frequent in the control population than in the
breast cancer patients (odds ratio of 12.25, p<0.05).

Jern et al.27 reported an association between tPA gene
polymorphism and the forearm vascular release rate of tPA
in vivo. Subjects homozygous for the insertion (Alu+/+) had a
significantly higher release than both heterozygotes (Alu+/G)
or subjects homozygous for deletion (AluG/G).
The concentration of free circulating tPA depends on its
secretion, clearance, complex formation with PAI-1 and
release rate35-37. However, it was found that tPA release rate
and not its concentration determines the thrombolytic
potential27.
Studies reporting on the role of tPA in cancer cell invasion
and metastasis are contradictory. On one hand, it was
reported that high intratumoral plasma concentration of tPA
is associated with a better prognosis in breast cancer17-19. On
the other hand, a poor prognosis in colorectal cancer was
associated with increased secretion of tPA15. In addition, it was
reported that the increased concentration of tPA could
degrade fibrin and thus prevents metastatic cancer cells from
implantation38. However, other studies have associated
hyperfibrinolysis with metastatic breast cancer28. Present
results support the involvement of tPA and hyperfibrinolysis
in breast cancer28. The predominance of the AluG/G genotype
in the normal group (Table 1, 2) indicates a lower release rate
of tPA and thus reduced concentration of free circulating
tPA27.
Hyperfibrinolysis can result in the development and
progression of vascular diseases leading to endothelial
dysfunction and vascular injury39, this in turn would lead to
metastatic cancer cells moving out of the vasculature
(extravasate) and invading surrounding tissues5. Plasmin
activation by tPA might also activate a number of matrix
metalloproteinases such as collagenase, which could destruct
the extracellular matrix of the endothelial surfaces leading to
cancer cell invasion5,40. This suggests that tPA may play an
important role during the different steps of malignancy such
as cell migration and invasion.
The current study found an association between Alu
polymorphism of the tPA gene and breast cancer. The
presence of the AluG/G genotype could exhibit a protective
effect against developing breast cancer. However, the major
limitations of the study were the small sample size and sample
selection bias since the study was a case-control study.
Researchers think that with a larger sample size, the Alu+/+
genotype could be used as genetic biomarker for breast
cancer. Extensive biological studies to understand the
mechanism by which the Alu polymorphism in intron 8 of tPA
gene affects tPA function and release rate are needed. In
addition, further research is required to relate the invasiveness
and aggressiveness of breast cancer and Alu polymorphism.

DISCUSSION
In the current study, statistical analysis of tPA genotypic
percentages of both AluG/G and Alu+/G between the normal
individuals and the breast cancer patients (Table 2), has shown
a significant difference (p<0.05) with the AluG allele being the
dominant allele in the normal individuals. The predominance
of the AluG/G genotype in the normal group represents a
protective deletion with respect to breast cancer.
Alu repeats are short, approximately 300 bp, interspersed
DNA elements (SINEs) that are ubiquitously distributed in
the human genome20,30. They multiply by retroposition, a
process by which mobile elements replicate via an RNA
intermediate31,32. These elements have been proposed to have
a number of functions in the human genome such as genomic
duplications, genomic conversion as well as genomic
deletions. These genomic changes could affect gene
expression and lead to abnormal proteins resulting in genetic
diseases11,33.
The plasminogen activator system is composed of
plasminogen, plasmin, tissue-plasminogen activator (tPA),
urokinase-plasminogen activator (uPA) and inhibitors
[plasminogen activator inhibitor-1 (PAI-1) and PAI-2]7. The role
of urokinase plasminogen activator (uPA) during cancer
metastasis has long been established8-11. However, the
involvement of Tissue Plasminogen Activator (tPA) in invasion
and metastasis is less understood. The tPA, as a constituent
of the fibrinolysis system, converts plasminogen into
plasmin which in turn dissolves intravascular blood clots
(thrombolysis)12,13.
It was found that the Alu polymorphism in intron 8 of the
tPA gene is involved in tPA plasma levels25. However, others
did not find an association between genetic variations at the
tPA locus and plasma levels of tPA indicating the involvement
of other genetic factors26,34. Nevertheless, a study by
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Int. J. Cancer Res., 14 (1): 21-26, 2018
11. Kim, E.Y., S.I. Do, K. Hyun, Y.L. Park and D.H. Kim et al., 2016.
High expression of urokinase-type plasminogen activator is
associated with lymph node metastasis of invasive ductal
carcinoma of the breast. J. Breast Cancer, 19: 156-162.
12. Wun, T.C. and A. Capuano, 1985. Spontaneous fibrinolysis
in whole human plasma. Identification of tissue
activator-related protein as the major plasminogen
activator causing spontaneous activity in vitro. J. Biol. Chem.,
260: 5061-5066.
13. Emeis, J.J., 1992. Regulation of the acute release of tissue-type
plasminogen activator from the endothelium by coagulation
activation products. Ann. N. Y. Acad. Sci., 667: 249-258.
14. Zhao, X.J., T.M. Larkin, M.A. Lauver, S. Ahmad and
A.F. Ducruet, 2017. Tissue plasminogen activator mediates
deleterious complement cascade activation in stroke.
PLoS One, Vol. 12, No. 7. 10.1371/journal.pone.0180822
15. Raigoso, P., A. Junco, A. Andicoechea, A. Gonzalez and
J.L. Garcia-Muniz et al., 2000. Tissue-type plasminogen
activator (tPA) content in colorectal cancer and in
surrounding mucosa: Relationship with clinicopathologic
parameters and prognostic significance. Int. J. Biol. Markers,
15: 44-50.
16. Ortiz-Zapater, E., S. Peiro, O. Roda, J.M. Corominas and
S. Aguilar et al., 2007. Tissue plasminogen activator induces
pancreatic cancer cell proliferation by a non-catalytic
mechanism that requires extracellular signal-regulated kinase
1/2 activation through epidermal growth factor receptor and
annexin A2. Am. J. Pathol., 170: 1573-1584.
17. Duffy, M.J., P. O'Grady, J. Simon, M. Rose and H.R. Lijnen, 1986.
Tissue-type plasminogen activator in breast cancer:
Relationship with estradiol and progesterone receptors.
J. Natl. Cancer Inst., 77: 621-623.
18. De Witte, J.H., C.G.J. Sweep, J.G.M. Klijn, N. Grebenschikov and
H.A. Peters et al., 1999. Prognostic value of tissue-type
plasminogen activator (tPA) and its complex with the type-1
inhibitor (PAI-1) in breast cancer. Br. J. Cancer, 80: 286-294.
19. Corte, M.D., P. Verez, J.C. Rodriguez, A. Roibas and
M.L Dominguez et al., 2005. Tissue-type plasminogen
activator (tPA) in breast cancer: Relationship with
clinicopathological parameters and prognostic significance.
Breast Cancer Res. Treat., 90: 33-40.
20. Yang-Feng, T.L., G. Opdenakker, G. Volckaertand and
U. Franke, 1986. Human tissue-type plasminogen activator
gene located near chromosomal breakpoint in
myeloproliferative disorder. Am. J. Hum. Genet., 39: 79-87.
21. Ludwig, M., K.D. Wohn, W.D. Schleuingand and K. Olek, 1992.
Allelic dimorphism in the human tissue-type plasminogen
activator (tPA) gene as a result of an Alu insertion/deletion
event. Hum. Genet., 88: 388-392.
22. Tishkoff, S.A., G. Ruano, J.R. Kidd and K.K. Kidd, 1996.
Distribution and frequency of a polymorphic Alu insertion at
the plasminogen activator locus in humans. Hum. Genet.,
97: 759-764.

CONCLUSION
The present study demonstrates an association between
Tissue Plasminogen Activator (tPA) gene polymorphism
(AluG/G and Alu+/G) with breast cancer. The predominance of
the AluG/G genotype of tPA gene within the normal group
represents a protective deletion with respect to breast cancer.
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