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Polymorphisms of Renin Angiotensin System Genes in
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Abstract

Background: Uterine leiomyomas are the most common gyneco-
logical benign myometrial neoplasms. They have been associated
with infertility and recurrent abortion as well as obstructed labor and
post-partum hemorrhage. They are the most important indication for
hysterectomy. The renin angiotensin system (RAS), in particular an-
giotensin type 1 receptor (AT1R) and to a lesser extent angiotensin II,
angiotensin converting enzyme (ACE) and angiotensin type 2 recep-
tor (AT2R), are often upregulated during the progression from normal
to malignant phenotypes indicating a possible correlation between
RAS and tumor progression. The present study investigated the as-
sociation of A1166C single nucleotide polymorphism (SNP) of ATIR
gene and insertion deletion (I/D) polymorphism of ACE gene with
uterine leiomyomas in Egyptian females.

Method: The study was carried out on 124 Egyptian females di-
vided into 70 patients diagnosed as having uterine leiomyomas and
54 matched control females. DNA extraction from peripheral blood
leucocytes was done using commercial kits for detection of the pres-
ence of the (I) and (D) alleles in the ACE gene by polymerase chain
reaction (PCR) amplification using specific primers and detection of
A1166C gene polymorphism using polymerase chain reaction and re-
striction fragment length polymorphism (PCR/RFLP) technique.

Results: The genotype distribution patterns of A1166C polymor-
phism of AT1R gene among leiomyoma patients were statistically
significantly different (P = 0.028) from the control group where pa-
tients had a higher frequency of CC genotype than controls (8.6%
versus 0%), a higher frequency of AC than controls (35.7% versus
25.9%) and a lower frequency of AA than controls (55.7% versus
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74.1%). However, ACE I/D polymorphism was not found to be as-
sociated with uterine leiomyoma.

Conclusions: We found a significant association of A1166C poly-
morphism in ATIR gene with uterine leiomyoma among Egyptian
females suggesting that its potential regulatory function warrants fur-
ther investigation.

Keywords: Leiomyomas; Angiotensin II; Angiotensin II type I recep-
tor (A1166C) gene polymorphism; ACE gene polymorphism

Introduction

Uterine leiomyomas, known as fibroids, are the most common
pelvic tumors. A total of 20-25% of reproductive age women
have clinically symptomatic fibroids [1, 2]. They commonly
cause severe symptoms that can seriously impact women’s
health. Fibroids have also been associated with infertility and
recurrent abortion and can cause obstructed labor and post-
partum hemorrhage. Uterine leiomyoma is the most important
indication for hysterectomy [3].

Angiogenesis and vascular-related factors are involved
in the pathogenesis and growth of leiomyomas [4, 5]. Growth
factors could preferentially promote the angiogenesis of leio-
myoma cells compared with myometrial cells [6].

Independent tissue renin angiotensin systems (RASs)
have been demonstrated for many organs including the kidney,
brain, the uteroplacental unit, adrenal glands, vasculature and
heart [7]. The angiotensin peptides bind and signal through
their cognate angiotensin receptors, angiotensin type 1 recep-
tor (AT1R), angiotensin type 2 receptor (AT2R), insulin-reg-
ulated aminopeptidase (IRAP) and Masl oncogene receptor
(MaSR) to elicit various biological responses [8].

The genetic aspects of uterine leiomyoma development
have been previously investigated. Roth et al [9] screened
several genes in uterine leiomyoma and matched unaffected
myometrium using microarray-based hybridization. Their data
suggest that several genes are selectively overexpressed in lei-
omyomas compared with normal myometrium. These include
growth factor genes as pleitropin, insulin-like growth factor-2
receptor, and insulin-like growth factor binding protein. How-
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Table 1. Protocol of PCR Amplification for Genotyping of the A1166C Gene

Phases Cycle number Temperature (°C) Time (min)
Initial denaturation 1 94 2 min
Amplification 12
Denaturation 94 1 min
Annealing (touchdown) Max. 72 down to min. 60 1 min
Extension 72 2 min
Amplification 28
Denaturation 94 1 min
Annealing 60 1 min
Extension 72 2 min
Final extension 1 72 10 min

ever, they found the angiotensinogen gene to be downregu-
lated. This may point out that not all aspects of the RAS may
be overexpressed in uterine fibroids.

ACE inhibition as well as AT 1R blockade have been shown
to inhibit tumor angiogenesis, tumor growth, reduced tumor
volume, vascular density, mitotic index and cell proliferation
as well as reduce metastasis [10]. These findings highlight the
role of ACE and AT1R as parts of RAS in tumor development
and progression. They also highlight the importance of study-
ing polymorphisms of the RAS in association with tumors.
Since the effects of these polymorphisms could be reversed or
antagonized through medical treatment, they could be used to
prevent or reduce tumor development in susceptible subjects
bearing the risky genotypes. This type of study could bring the
concept of personalized tumor therapy a step closer towards
reality [11].

ATI1R protein is expressed in benign conditions as ovar-
ian cystadenomas and is involved in tumor progression and
angiogenesis. It is also expressed in several cancers such as the
breast [12], gastric [13], bladder [14], prostate [15], pancreatic
[16], endometrial [17] and renal cancer as well as ovarian car-
cinoma [18]. AT1R is often upregulated during the progression
from normal to malignant phenotypes, indicating at the very
least a correlation between the RAS and tumor progression.

Bonnardeaux et al [19] first described a nucleotide substi-
tution (A/C in position 1166) in the exon 5 of the gene AT1R.
They reported an increased prevalence of the C allele in hy-
pertensive patients, a single base pair change from adenine to
cytosine at the 1166 position in the 3’-UTR of the AT1R. The
A allele is the wild allele while the C allele is the minor or the
mutant allele and therefore the homozygous (CC) would be
the least common genotype (NCBI, dbSNP: rs5186) [20]. The
A1166C substitution in the AT 1R receptor was found to reduce
breast cancer risk [21] and to increase the risk of benign pros-
tatic hyperplasia as an example of benign tumors [22].

In 1990, Rigat et al [23] observed a polymorphism in
ACE gene involving insertion of 287 bp sequence in intron
16 (NCBI, dbSNP: rs1799752) resulting in insertion (I) allele,
whereas deletion (D) allele is present in the absence of inser-
tion. The D allele is the wild allele while the I allele is the minor
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or the mutant allele. This polymorphism is responsible for the
ACE activity level, which increases two-fold in homozygous
deletion carriers (D/D), as compared to homozygous insertion
carriers (I/I). I/D carriers show intermediate ACE activity.

When ACE 1I/D polymorphism was examined as a cancer
risk marker, it was also associated with endometrial [24] and
prostate cancers [25]. This polymorphism may play a role in
cancer risk by affecting the level of ACE produced in vivo.
If ACE is increased in the plasma, there is an increase in the
production of angiotensin II (Ang II) which is thought to have
a role in tumor carcinogenesis via the binding to its receptor
ATIR [12].

Ang II-induced proliferation of leiomyoma cells has been
shown [26]. Experimental findings in vitro also highlight the
potential role of Ang II in the proliferation of leiomyoma cells
[27]. Ang 11 is not only a vasoactive peptide, but it also stimu-
lates several growth factors including vascular endothelial
growth factor (VEGF), angiopoietin 2, basic fibroblast growth
factor (b-FGF) and platelet-derived growth factor (PDGF) in-
ducing effects such as hypertrophy and hyperplasia. Ang II is
also a mitogen for smooth muscle cells and fibroblasts [28].
Ang Il-induced leiomyoma cell proliferation may thus play a
crucial role in development of uterine leiomyoma.

The present study aims at studying any possible associa-
tion between angiotensin converting enzyme (I/D) and angio-
tensin II type I receptor (A1166C) gene polymorphisms and
uterine leiomyomas among Egyptian females.

Material and Methods

The study was carried out on 124 Egyptian females divided
into 70 patients diagnosed as having uterine leiomyomas and
54 matched control females. To all studied subjects, detailed
history taking, thorough physical examination, preoperative
pelvic ultrasonography and postoperative histopathologi-
cal examination of the tumor tissue were done for the patient
group only.

The study was conducted after the acceptance of the Ethi-
cal Committee of the Medical Research Institute, University of
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Figure 1. A1166C polymorphism of AGTR1 gene: PCR product on 2% agarose gel at 850 bp with a 1,000 bp ladder DNA marker.

Figure 2. A1166C polymorphism of AGTR1 gene: Dde | digestion of the PCR product. Left to right: lane 1 (DNA ladder), lanes 2-3
(AA), lane 4 (AC), lanes 5-8 (AA), lane 9 (CC), lane 10 (AA), lane 11 (AC), lanes 12-15 (AA), lane 16 (CC).

Alexandria; an informed consent was taken from all subjects
included in this study before its start.

Molecular studies for the detection of I/D polymorphism
of ACE gene and A1166C polymorphism in AT1R gene

For molecular studies, whole blood samples were collected
in sterile tripotassium ethylene diamine tetraacetic acid 3
(K + EDTA) vacutainer tubes [29, 30]. DNA was extracted
from peripheral blood leucocytes from the freshly withdrawn
whole blood, using GeneJET™ Genomic DNA Purification
Kit, Fermentas [31]. The purity and concentration of extracted
genomic DNA were determined using the Thermo Scientific
NanoDrop™ 1000 Spectrophotometer (Thermo Fisher Scien-
tific, Wilmington, DE, USA).

Genotyping for the A1166C gene polymorphism of ATIR gene

Polymerase chain reaction and restriction fragment length pol-
ymorphism (PCR/RFLP) technique was used to detect A1166C
gene polymorphism of AT1R gene. The specific primers used

were from AccuOligo®, Bioneer, Korea [32, 33]: forward
primer: (5’-AAT GCT TGT AGC CAA AGT CAC CT-3’) and
reverse primer: (5’-GGC TTT GCT TTG TCT TGT TG -3°).

PCR amplification of the extracted DNA was done on the
S-96 thermal cycler (Quanta Biotech, UK) according to the
protocol shown in Table 1.

The PCR product was digested using 0.2 pL (2 U) of a
restriction endonuclease, Dde I, at 37 °C (Dde I restriction
endonuclease (cat. #R6291), 200 units (10 U/uL), Promega,
USA) for 1 - 4 h, which cuts the product into two pieces, 600
bp and 250 bp long [34]. An additional Ddel recognition site
is created in the C-type variant at nucleotide 1166, which is
located within the 250 bp fragment. Digestion products were
resolved by electrophoresis in a 2% agarose gel to detect (A)
and (C) alleles (Fig. 1). Thus, the homozygote CC variant pro-
duced three bands (600, 140 and 110 bp long), the homozygote
AA variant produced two bands (600 and 250 bp long), and
the heterozygote AC variant produced all four bands (Fig. 2).

Genotyping for I/D polymorphism of ACE gene

A set of primers flanking the insertion region were used for

Table 2. Protocol of PCR Amplification for Genotyping of I/D Polymorphism of ACE Gene

Phases Cycle number Temperature (°C) Time (min)
Initial denaturation 1 95 1 min
Amplification 30
Denaturation 94 1 min
Annealing 58 1 min
Extension 72 1 min
Final extension 1 72 7 min
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Figure 3. Insertion/deletion polymorphism run on 2% agarose. Left to right: lane 1 (DNA ladder), lane 2 (ID), lane 3 (Il), lanes
4-6 (DD), lane 7 (ID), lane 8 (ll), lane 7 (AA), lanes 9-11 (DD), lane 12 (ID), lanes 13-16 (DD), lane 17 (ID), lane 19 (Il), lanes

20-21 (ID).

Table 3. Comparison of AT1R +A1166C SNP Genotype Frequencies Between Fibroid Patients and Controls

+A1166C AT1R SNP genotype

Controls (n = 54)

Fibroid patients (n = 70) Exact P value

AA (Homo-wild) 40 (74.1%)

AC (Hetero) 14 (25.9%)
CC (Homo-mutant) 0 (0.0%)
Total 54

39 (55.7%)

25 (35.7%) 0.028
6 (8.6%)
70 124

Fisher-Freeman-Halton’s test was applied to establish an exact P-value of this 2 x 3 table. It revealed a statistically sig-
nificant difference (P = 0.028) in the AT1R +A1166C SNP genotype frequencies between fibroid patients and controls.
The fibroid patients have a higher frequency of the homo-mutant genotype “CC” than controls (8.6% vs. 0%), a higher
frequency of the hetero-mutant genotype “AC” than controls (35.7% vs. 25.9%) and a lower frequency of the homo-wild

genotype “AA” than controls (55.7% vs. 74.1%).

the detection of I/D polymorphism in intron 16 of ACE gene
through PCR [35, 36]: forward primer: (5°-CTG GAG ACC
ACT CCC ATC CTT TCT-3") and reverse primer: (5’-GAT
GTG GCC ATC ACATTC GTC AGA T-3”) from AccuOligo®,
Bioneer, Korea.

PCR was done on the S-96 thermal cycler (Quanta Bio-
tech, UK)) according to the protocol shown in Table 2.

The above method has a 5-10% mistyping error, caus-
ing preferred amplification of the D allele depicting I/D het-
erozygotes as D/D carriers. Therefore, all samples found to
be DD after amplification with the conventional primers were
reamplified using primer pair recognized insertion-specific se-
quences from AccuOligo®, Bioneer, Korea: forward primer:
(5’-TGG GAC CAC AGC GCC CGC CAC TAC-3’) and re-

verse primer: (5’-TCG CCA GCC CTC CCATGC CCATAA-
3%).

The PCR products were applied on a 2% agarose gel.
Bands were detected using ethidium bromide staining under
UV light. A 190 bp fragment was found in the absence of an
insertion (D) and a 490 bp fragment in the presence of inser-
tion (I). Thus, the homozygote DD produced one band (190
bp long), the homozygote II produced one band (480 bp long),
and the heterozygote ID produced both bands (190 bp and 480
bp long) (Fig. 3).

The Chi-square test ()2 test) with a Monte Carlo estimate
of the exact P value was used to compare proportions of nomi-
nal clinical data variables between patient and control groups.
Odds ratio (OR) was used to measure the effect of +A1166C

Table 4. Comparison of AT1R +A1166C SNP Allele Frequencies Between Fibroid Patients and Controls

+A1166C alleles Patient Control Total Exact P value  Odds ratio (95% CI)
Wild allele A 103 (73.6%) 94 (87.0%) 196

Mutant allele C 37 (26.4%) 14 (13.0%) 52 0.011 2.227(1.149 - 4.319)
Total 140 108 248

The Fisher’s exact test was applied to this 2 x 2 table to examine the difference between +A1166C AT1R SNP allele
frequencies between fibroid patients and controls. There was a statistically significant (P = 0.037704) difference in the
+A1166C AT1R SNP allele frequencies between fibroid patients and controls, where the patients had statistically signifi-
cant higher frequency of the mutant allele “C” than controls, and a statistically significant lower frequency of the wild allele
“A” than controls, i.e. the mutant-allele C was associated with a statistically increased uterine fibroid risk (P = 0.018) with
an odds ratio of 2.227(95% CI: 1.149 - 4.319). Note that we used the allelic odds ratio to assess the risk of developing
uterine fibroids according to +A1166C AT1R SNP under the additive mode of inheritance.
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Table 5. Comparison of ACE I/D Polymorphism Genotype Frequencies Between Fibroid Patients and
Controls

ACE 1I/D genotype Controls (n = 54) Fibroid patients (n = 70) Exact P value
DD 24 (44.4%) 35 (50%)

ID 21 (38.9%) 26 (37.1%) 0.752

I 9 (16.7%) 9 (12.9%)

Total 54 70 124

Fisher-Freeman-Halton’s test was applied to establish an exact P-value of this 2 x 3 table. It revealed no statistically sig-
nificant difference (P = 0.752) in the ACE /D polymorphism genotype frequencies between fibroid patients and controls.

Table 6. Comparison of ACE I/D Polymorphism Allele Frequencies Between Fibroid Patients and Controls

+A1166C alleles Control Patient Total Exact P value Odds ratio (95% CI)
Wild allele D 69 (64%) 96 (69%) 165

Mutant allele I 39 (36%) 44 (31%) 83 0.4978 1.2332 (0.7255 - 2.0963)
Total 108 140 248

The Fisher’s exact test was applied to this 2 x 2 table to examine the difference between ACE I/D polymorphism allele
frequencies between fibroid patients and controls. There was no statistically significant (P = 0.4978) difference in the
allele frequencies between fibroid patients and controls, i.e. none of the alleles (I or D) was associated with a statisti-
cally increased uterine fibroid risk with an odds ratio of 1.2332 (95% CI: 0.7255 - 2.0963). Note that we used the allelic
odds ratio to assess the risk of developing uterine fibroids according to ACE gene I/D polymorphism under the additive

mode of inheritance.

AT1R SNP and ACE I/D polymorphism genotypes or alleles
on the risk of developing fibroids.

Results

Genotype and allele frequencies of the A1166C polymor-
phism of the AT1R gene

The genotype distribution patterns of +A1166C SNP of AT1R
gene among control group (AA = 40, AC = 14, CC = 0) and
among fibroid patient group (AA =39, AC =25, CC = 6) were
both in agreement with Hardy-Weinberg equilibrium (P =
0.273 and P = 0.494 respectively).

The difference in the genotype frequencies of +A1166C
SNP of AT1R gene in both groups revealed a statistically sig-
nificant difference (P = 0.028) between fibroid patients and
controls, where the fibroid patients had a higher frequency
of the homo-mutant genotype CC than controls (six patients
(8.6%) versus nil among control subjects (0%)), a higher fre-
quency of the hetero-mutant genotype “AC” controls (35.7%
versus 25.9%) and a lower frequency of the Homo-wild geno-
type “AA” than controls (55.7% versus 74.1%) (Table 3).

There was also a statistically significant difference (P =
0.011) in the allelic frequencies of human AT 1R gene +A1166C
between fibroid patients and controls (Table 4), where the pa-
tients had a higher frequency of the mutant allele “C” than
controls (26.4% versus 13%), and a lower frequency of the
wild allele “A” than controls (73.6% versus 87%), resulting in
an overall OR of 2.227 (95% CI: 1.149 - 4.319).

From these results, it could be concluded that the mutant
allele “C” was associated with a statistically significant in-
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creased risk of developing uterine fibroids.

Genotype and allele frequencies of the I/D polymorphism
of ACE gene

Regarding I/D polymorphism of ACE gene, the control group,
patient group as well as the overall sample were all in agree-
ment with Hardy-Weinberg equilibrium (P = 0.25, P = 0.25
and P=0.10).

Comparing I/D polymorphism of ACE gene genotype
frequencies in both groups revealed absence of a statistically
significant difference (P = 0.752) between fibroid patients and
controls (Table 5). Over and above, there was also no statisti-
cally significant difference (P = 0.4978) in the allelic frequen-
cies of human ACE gene I/D between fibroid patients and con-
trols (Table 6, Fig. 4).

80
70
60
50
40
30
20 +—
10

m Controls

Percentage

B Patients

Alleles

Figure 4. Frequency of both alleles of I/D polymorphism in controls
and patients.
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Discussion

Regarding the +A1166C SNP of AT1IR gene, we found in our
study that both genotype and allelic frequencies revealed a sta-
tistically significant difference (P = 0.028, P = 0.011 respec-
tively) between fibroid patients and controls (Table 3, 4).

In 2007, Isobe et al [26] investigated the role of Ang II in
the proliferation of rat ELT-3 leiomyoma cells (Eker rat uterine
leiomyoma-derived smooth muscle cells) in vitro. They found
that Ang II significantly induced ELT-3 leiomyoma cell pro-
liferation and the expression of AT1R and AT2R mRNA and
protein was confirmed. These experimental findings in vitro
highlight the potential role of Ang II, through AT1R in the pro-
liferation of leiomyoma cells.

In 2010, Isobe et al reinvestigated the presence of complex
regulation of Ang II and aldosterone-induced leiomyoma cell
proliferation. They found that aldosterone as well could poten-
tiate the Ang Il signaling pathway through upregulating levels
of ATIR mRNA [37].

These data highlight the importance of ATIR in the de-
velopment of uterine fibroids and justify the above results of
the present study. Since the +A1166C SNP of the ATIR gene
is known to increase the expression of AT1R, it is reasonable
to conclude that it is involved in the proliferation of uterine
leiomyoma. Accordingly, the mutant allele “C” which is as-
sociated with increased transcription of ATIR is associated
with an increased risk of developing uterine fibroids. To our
knowledge, this is the first study to investigate the association
between this polymorphism and uterine fibroids.

Comparing I/D polymorphism of ACE gene, both geno-
type and allelic frequencies revealed absence of a statistically
significant difference between fibroid patients and controls (P
=0.752, P = 0.4978, respectively).

Hsieh et al [38] studied the association of ACE I/D poly-
morphism with uterine fibroids. Their results were contradic-
tory to the present study. They concluded that ACE I/D gene
polymorphism is associated with leiomyoma susceptibility.
The II genotype was significantly higher in fibroid patients
while the ID and DD genotypes were lower in the controls (P
=0.08). The I allele was significantly increased in fibroid pa-
tients while the D allele was higher in controls than the fibroid
patients (P = 0.048). The contradiction with the present study
may be attributed to differences in ethnic groups, environmen-
tal factors, sample size, recruitment procedures of the study
population as well as exclusion criteria. Also, they could not
explain how the “I” allele which is related to lower levels of
ACE could be involved in the pathogenesis of uterine fibroids.

In light of the above, The A1166C polymorphism, which
finally leads to increased expression of the receptor AT 1R, was
found to be associated with uterine fibroids. However, ACE
I/D polymorphism, which leads to increased levels of ACE and
subsequently increased levels of Ang II, was not found to be
associated with uterine fibroids. This could be partly explained
through “ligand independent AT1R activation” phenomenon.
As previously explained, Ang II is not essential for the ATIR
activation which could occur in spite of low levels of Ang II.
Therefore, it could be suggested that the A1166C polymor-
phism of ATIR could be more important for uterine fibroid
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development than ACE 1I/D polymorphism.
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