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Abstract
Background. Endometrial cancer is the most common malignant neoplasm of the female reproductive 
organs. A dysfunctional endometrial renin-angiotensin system (RAS) might contribute to the growth and 
spread of endometrial cancer. The RAS-related gene polymorphisms, including the polymorphism of insertion/
deletion (I/D) in the angiotensin-converting enzyme (ACE) gene, influence RAS activity.

Objectives. In the present study, we examined the association between the I/D polymorphism of the ACE 
gene and endometrial cancer risk in Polish women.

Material and methods. Genotype analysis of the ACE I/D polymorphism was carried out using polymerase 
chain reaction (PCR) on 142 endometrial cancer type 1 patients and 68 cancer-free subjects. The results 
of the analyses were correlated with clinical data.

Results. The frequency of DD, DI and II ACE genotypes did not vary significantly between the experimental 
group and the control group (40 (28%), 61 (43%) and 41 (29%) vs 18 (26%), 31 (46%), and 19 (28%), 
respectively; p = 0.935). In addition, the incidence of the DD, DI and II polymorphisms in the ACE gene did 
not vary significantly between the experimental subgroups when stratified by cancer grade – G1, G2 and G3 
endometrioid carcinoma – and the control group. Furthermore, the ACE polymorphism was not significantly 
associated with hypertension, diabetes or lymph node metastasis.

Conclusions. The ACE I/D gene polymorphism was not associated with endometrial cancer risk or the clini-
copathological features in Polish women.
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Background

Endometrial cancer is the most common malignant neo-
plasm of the female reproductive organs. The incidence 
of endometrial cancer is increasing worldwide. Potential 
risk factors for this disease include diabetes, obesity, hy-
pertension, and relative hyperestrogenism. All of these 
conditions are associated with activation of  the renin- 
-angiotensin system (RAS).1,2 The RAS is an important 
aspect of the endocrine system that controls the fluid-
electrolyte balance, aldosterone secretion and blood pres-
sure regulation. Renin mediates the conversion of angio-
tensinogen (AGT) to angiotensin I (Ang I) and the protein 
des(Ang I)AGT. Both AGT and des(Ang I)AGT are non-
inhibitory serpins that can inhibit angiogenesis. Angio-
tensin  II is  the most active protein of  the RAS, and is 
con verted from Ang I by angiotensin-converting enzyme 
(ACE) through the removal of 2 amino acids. Angioten-
sin II acts through angiotensin II receptor type 1 (AGTR1) 
to induce cell proliferation and angiogenesis.3 As in all tis-
sues, endometrial RAS is involved in the process of angio-
genesis, neovascularization and cell proliferation.4 Thus, 
endometrial RAS affects tumor growth and spread.

The role of overexpression of  the proangiogenic and 
proliferation-stimulating Ang II/AGTR1 combination has 
been demonstrated in the pathogenesis of several cancers, 
including breast, lung, prostate, and cervical cancer.5 Epi-
demiological data also supports the theory that the RAS 
plays a role in the formation of neoplasms. Pharmacological 
suppression of the RAS for the treatment of hypertension 
reduces the risk of cancer. The relative risk of reproduc-
tive tract cancer in women taking ACE inhibitors is 0.37 
(0.12–0.87).6 Experimental studies in a mouse model dem-
onstrated that the administration of AGTR1 antagonists 
significantly reduces tumor growth in the progression 
of  endometrial cancer.7 Further, increased expression 
of Ang II, AGTR1, AGTR 2, vascular endothelial growth 
factor (VEGF), and the estrogen alpha receptor (NR3A1) 
has been observed in endometrial cancer tumors.8 In ad-
dition, a strong positive correlation has been observed be-
tween the expression of Ang II, AGTR 1 and AGTR 2, and 
advancing tumor grade and stage.8 Therefore, improper ac-
tivation of the endometrial RAS may affect the formation 
and progression of endometrial cancer through the pro-
renin/ATP6AP2 and Ang II/AGTR1 pathways.

Excessive activation of the RAS may be observed more 
frequently in individuals with a single-nucleotide poly-
morphism (SNP) in  the RAS system. The RAS-related 
gene polymorphisms influence RAS activity, including 
the polymorphism of insertion/deletion (I/D) in the ACE 
gene. The ACE gene encodes ACE type 1 and is located 
on the long arm of chromosome 17 (17q23), with a length 
of 21,000 base pairs (bp) comprised of 26 exons and 25 
introns. Intron 16 of the ACE gene contains a restriction 
fragment length polymorphism (RFLP) based on the pres-
ence (insertion I) or absence (deletion D) of a 287-base-pair 

non-sense DNA domain Alu repeat sequence (NCBI ref. 
SNP ID: rs1799752). There are 3 different ACE gene geno-
types: D/D and I/I homozygotes and I/D heterozygotes. 
The D allele is associated with higher ACE activity in both 
the serum and tissue, in comparison with the I allele.9 ACE 
I/D polymorphisms are associated with a risk for several 
types of cancer, including breast, prostate and hepatocel-
lular cancer.10–12 To the best of our knowledge, the only 
analysis of the ACE gene I/D polymorphism in patients 
with endometrioid cancer was presented by Freitas-Silva 
et al.,13 who reported that the ACE polymorphism may 
be associated with the development of endometrial car-
cinoma and tumor onset in younger women. The clinical 
implications of the ACE I/D polymorphism on endometrial 
cancer have yet to be established. The aim of our study 
was to examine the association between the ACE I/D gene 
polymorphism and endometrial cancer risk and the clini-
copathological features of the patients.

Material and methods

Subjects

The study included 210 Caucasian women: 142 with 
histopathologically confirmed endometrial cancer type 1 
(study group) treated in the Clinical Departments of Gy-
necology and Obstetrics of Provincial Clinical Hospitals 
No. 1 and No. 2 in Rzeszów, Poland, and the Department 
of Gynecology and Obstetrics of the Provincial Hospi-
tal in Przemyśl, Poland. The control group comprised 
of 68 healthy women with no family history of cancer. 
The control group was recruited from among volunteers 
with negative results from prophylactic examinations 
in the Genetic Disorders Centre in Rzeszów. The study 
was carried out in 2017–2018. Peripheral blood samples 
were obtained from each individual and stored at −80°C 
prior to analysis. The exclusion criteria included a cur-
rent or prior diagnosis of cancer of any type. The study 
was approved by the Local Bioethics Committee (approval 
No. 90/B/2016). Data concerning age, body mass index 
(BMI), comorbidities (diabetes, hypertension, etc.), hor-
mone replacement therapy, tobacco smoking, and alcohol 
consumption were collected using a questionnaire.

DNA isolation and molecular analysis

Genomic DNA was extracted from peripheral blood leu-
kocytes using a rapid non-enzymatic method as reported 
by Lahiri et al.14 The genotyping of the ACE rs1799752 
(I/D) polymorphism was carried out using polymerase 
chain reaction (PCR), estimated by the presence or absence 
of the 287 bp sequence in intron 16. We determined the oc-
currence of the I/D polymorphism based on the presence 
of a fragment of 193 bp for the D allele and a fragment 
of 480 bp for the I allele. The ACE polymorphisms were 
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amplified using the PCR primers reported by Sanhueza 
et al.15 The optimal conditions were determined to be 
initial denaturation at 95°C for 10 min followed by 30 
cycles of denaturation at 95°C for 60 s, annealing at 64°C 
for 60 s, and extension at 72°C for 60 s, with a final ex-
tension at 72°C for 7 min. The PCR amplifications were 
performed in a T100™ Thermal Cycler (Bio-Rad, Hercules, 
USA). The amplification products were separated with 
electrophoresis through a 2% agarose gel (PB Genoplast 
Biochemicals, Rokocin, Poland) stained with Midori Green 
Stain (Nippon Genetics, Tokyo, Japan).

Statistical analysis

The categorical variables are presented as numbers with 
percentages in brackets. Differences between the categorical 
variables were evaluated using Pearson’s χ2 test. Continuous 
variables are presented as medians and interquartile ranges 
(IQR) in brackets. The Shapiro–Wilk test was used to assess 
the distribution of continuous variables. Due to a non-nor-
mal distribution, continuous variables were compared using 
the Mann–Whitney U test for 2 groups, or the Kruskal–Wal-
lis one-way analysis of variance (ANOVA) with additional 
post hoc comparisons for 3 or more groups. A correction for 
multiple testing was applied. The Hardy–Weinberg equilib-
rium of allele frequencies was tested for using an online cal-
culator (http://www.oege.org/software/hwe-mr-calc.shtml). 
The STATISTICA v. 12.5 PL package (StatSoft, Inc., Tulsa, 
USA) was used for other analyses. P-values of less than 0.05 
were considered statistically significant.

Results

Representative results of the ACE I/D polymorphism 
are shown in Fig. 1.

The  frequencies of genotypes for the ACE I/D poly-
morphism among the study groups were consistent with 

Hardy–Weinberg equilibrium (Table 1). The BMI was sig-
nificantly different between the experimental group (30.49 
(26.99–34.67)) and control group (26.29 (24.15–27.74)) 
(p < 0.001). There were no differences in BMI between DD, 
DI and II ACE polymorphisms in either the control or ex-
perimental group (p = 0.871 and p = 1.000, respectively) 
(Table 2). The incidence of the DD, DI and II polymor-
phisms in the ACE gene did not vary significantly among 

Fig. 1. Representative results of the insertion/deletion (I/D) polymorphism 
of a 287-bp fragment in intron 16 of the ACE gene

MM – DNA molecular mass markers (501, 404, 331, 242, 190, 147, and 
110 bp); lanes 2, 4, 6, 8–10, and 12 I/D genotype (2 bands at 480 bp and 
193 bp); lanes 3, 5 and 11 I/I genotype (1 band at 480 bp); lanes 1, 7 and 
13 D/D genotype (1 band at 193 bp); NC – negative control.

Table 1. ACE insertion/deletion (I/D) genotype distributions in patients 
with endometrial cancer and controls

ACE I/D 
genotype

Experimental group 
n (% of the group)

Control group  
n (% of the group) p-value

In the study:

DD 40 (28) 18 (27) 0.935

ID 61 (43) 31 (46)

II 41 (29) 19 (28)

In perfect Hardy–Weinberg equilibrium:

DD 35 (25) 16 (24) 1.000

ID 71 (50) 34 (50)

II 36 (25) 18 (26)

The parameters fulfil the criterion for Hardy–Weinberg equilibrium 
(p > 0.05), confirming that both the experimental and control groups 
in the present study are representative.

Table 2. Characteristics of the groups by insertion/deletion (I/D) polymorphism of the ACE gene

Factor Group Homozygotes DD 
median (IQR)

Heterozygotes ID
median (IQR)

Homozygotes II 
median (IQR) p-value

BMI
experimental

31.98 
(28.3–35.16)

30.48 
(27.0–34.67)

29.65 
(26.18–33.85)

<0.001*
control 

26.55
(25.05–27.13)

26.45
(24.12–28.0)

25.41
(24.12–27.28)

Number 
of births

experimental
2 

(1–3)
2 

(1–3)
2 

(2–3)
0.067

control 
3 

(1–4)
2 

(2–3)
2 

(1–3)

Age at last 
menstruation 
[years]

experimental
50 

(48–55)
52 

(46–55)
50 

(49–53)
0.132

control
49 

(47–53)
53 

(49–54)
51 

(48–55)

* In the post hoc analysis of the results, significant differences were only apparent between the cancer patients and the healthy controls, but BMI did not 
differ regarding ACE polymorphism. IQR – interquartile range; BMI – body mass index.
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the experimental group when stratified by cancer grade 
– G1, G2 and G3 endometrioid carcinoma – and the con-
trol group (Table 3). In women with endometrial cancer, 
the DD, DI and II polymorphisms in the ACE gene did not 
significantly affect the concurrent incidence of hyperten-
sion (p = 0.971) or diabetes (p = 0.730). The polymorphism 
type also did not significantly affect the presence of lymph 
node metastases (p = 0.570; Table 4).

Discussion

ACE I/D polymorphisms are a risk factor for many types 
of cancer.10–12,16 Zhang et al. demonstrated that the ACE 
I/D polymorphism is associated with cancer risk in Cau-
casians in a meta-analysis of various adenocarcinomas, 
but they did not include studies of patients with endo-
metrioid cancer.17 Some other studies, however, have re-
ported no association between ACE I/D polymorphism 
and cancer risk.18–21 In the present study, we found no 
significant correlations between ACE I/D polymorphism 
and the  incidence of  endometrioid cancer, including 
cancer grades G1, G2 and G3. Moreover, we found no 
association between the ACE gene polymorphism and 
hypertension, diabetes, or metastases to the retroperito-
neal lymph nodes. To the best of our knowledge, the only 
analysis of ACE gene I/D polymorphism in patients with 
endometrioid cancer was presented by Freitas-Silva et al., 
who suggested that ACE polymorphism is associated with 
the development of endometrial carcinoma in women 
younger than 63 years of age.13 Their study was conducted 
on only 70 patients with endometrial cancer. Our results 
from 142 cases of endometrial cancer do not suggest any 
involvement of the ACE I/D polymorphism in the develop-
ment and progression of endometrioid cancer, regardless 
of age (menopausal status). Previous studies have estab-
lished that the ACE I/D polymorphism is func tional.22,23 

The  lack of  influence of  the  ACE I/D polymorphism 
on the biology of endometrioid cancer in the population 
of Polish Caucasians reported here proves that ACE I/D 
polymorphism alone cannot be a risk factor for endome-
trioid cancer.

One limitation of our study is  the small sample size 
(a total of 210 women), which is  important in research 
on polymorphisms. The Hardy–Weinberg equilibrium 
test, however, demonstrated that both the experimental 
group and the control group were representative. There 
are conflicting results describing the ACE I/D polymor-
phism as a risk factor in prostate cancer: some studies 
reported that the ACE I/D polymorphism is a risk factor, 
whereas other studies on other groups of patients found 
no such association.13,18 On the basis of these findings, 
other genetic and environmental factors may influence 
the development of endometrioid cancer and the clinico-
pathological features.

Conclusions

Our results revealed no association between the ACE I/D 
gene polymorphism and endometrial cancer risk or the ba-
sic clinicopathological features among Polish Caucasian 
women.
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Table 3. Comparison of the incidence of the ACE insertion/deletion (I/D) polymorphism between endometrioid cancer grades 1–3 and the control group

Group Homozygotes DD Heterozygotes ID Homozygotes II p-value vs controls

Control group, n (%) 18 (26) 31 (46) 19 (28) –

Experimental group, n (%) 40 (28) 61 (43) 41 (29) 0.935

G1, n (%) 16 (23) 28 (43) 23 (34) 0.754

G2, n (%) 16 (30) 26 (48) 12 (22) 0.764

G3, n (%) 8 (47) 5 (29) 4 (24) 0.244

Table 4. Incidence of hypertension, diabetes, and metastases in the retroperitoneal lymph nodes in women with endometrioid carcinoma in relation to ACE 
insertion/deletion (I/D) polymorphism

Disease DD patients, n (%) ID patients, n (%) II patients, n (%) p-value

Hypertension (n = 29) 8 (20.0) 13 (21.7) 8 (20.0) 0.971

Diabetes (n = 46) 13 (32.5) 18 (30.0) 15 (37.5) 0.730

Lymph node metastasis (n = 8) 3 (9.7) 4 (7.7) 1 (3.13) 0.570
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