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Abstract: Background and Aims: Angiotensin-converting enzyme gene (4CE) and endothelial nitric oxide synthase
gene (eNOS) have been reported to be associated with risk for a wide range of cancers. This study evaluated the
relationship between polymorphisms of ACE insertion/deletion (I/D), eNOS intron 4 variable number of tandem
repeats (VNTR) and risk for cervical cancer. Methods: Polymorphisms of ACE I/D and eNOS intron 4 VNTR were
analyzed by PCR in 147 cervical cancer cases and 167 healthy control subjects. Statistical analyses were performed
with SPSS for Windows. Results: We found that the D/D genotype of ACE, compared with the I/I and I/D genotypes,
was significantly associated with an increased risk for cervical cancer (D/D vs. I/I: OR = 0.41, 95% CI= 0.18-0.94;
D/D vs. I/D: OR = 0.34, 95% CI=0.15-0.78); the 4a/4b genotype of eNOS, compared with the 4b/4b genotype, was
not associated with increase in the risk for cervical cancer (4b/4b vs. 4a/4b OR = 0.58, 95% CI= 0.31-1.08). The rare
variant named 4c allele in eNOS intron 4 VNTR was encountered in one patient and one control subject.
Conclusions: Our results provide that the ACE 1/D polymorphisms is associated with the risk for cervical cancer, and
there is no enough evidence to show the significant association between the polymorphisms of eNOS intron 4 VNTR
and the risk for cervical cancer. Further studies with more subjects in diverse ethnic population are necessary to
confirm the general validity of our findings.
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1. Introduction vascular tension, kidney blood flow dynamics and

Cervical cancer is the second most common electrolyte balance, and is closely related with vascular
cancer among women worldwide [1-2]. Previously, endothelial proliferation and interactions of many
many risk factors have been reported to be associated cytokines. Angiotensin I-converting enzyme (ACE) is
with the occurrence of cervical cancer. Among these key enzyme of RAS, and can convert angiotensin I
factors, human papilloma virus (HPV) is regarded as a (Ang I) of no active T-peptide to angiotensin II (Ang II)
prime etiologic factor in cervical cancer. And abortion of highly vascular activity and stimulating aldosterone
too many times, several sex partners, and prolificacy in secretion and degrade bradykinin. The gene encoding
early marriage are also identified as risk factors for the ACE is located on the long arm of chromosome 17
development of cervical cancer [3]. Even though the (17923) that is composed of 26 exons and 25 introns
crucial roles of these factors play in the development of with coding sequence long 4. 3 kb. It has been found
cervical cancer, the underlying cellular and molecular that the ACE polymorphisms, involves the presence
mechanisms in the etiopathogenesis of it remain largely (insertion [I]) or absence (deletion [D]) of a 287-bp
unknown. sequence of DNA, occurs in intron 16 of the gene. The

Renin-angiotensin-aldosterone system (RAS) is plasma concentration of ACE in the same individual is
an important circulation endocrine system in human constant, but different individual has a lot of difference,
body, which can adjust blood pressure by action on the difference in large measure depends on the ACE
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polymorphisms. Previous studies have shown that the
D/D genotype has an increased risk for the
development of cancer and the other reproductive
system disease, including breast cancer, gastric cancer,
prostate cancer and recurrent miscarriage [4-11].
According to these reports, the ACE /D
polymorphisms affect the plasma concentrations and
activity of Angllby affecting the plasma
concentrations and activity of ACE. The Angll can
promote cell proliferation of human breast cancer and
vascular smooth muscle through combination with
angiotensin II receptor 1 (ATIR), this could be
involved in the mechanism of breast cancer. The
combination of Angll and ATIR may also induce
increased formation of nitric oxide (NO) and cell
adhesion molecules both of which are relevant to tumor
growth and metastasis.

Nitric oxide (NO) synthesized with L-arginine
and oxygen as the substrates by nitric oxide synthase
(NOS) is multifunctional small molecular gas material
and has the high free radical activity, and participates
in and adjusts multiple physiological and pathological
physiology processes. The NOS has 3 kinds of
isoforms that comprises endothelial (e), inducible (i),
and neuronal (n) NOS. Studies in recent years have
found that the expression of eNOS is not only exists in
normal tissues, but also in tumor tissues widely, and
adjusts endothelial cell damage and bone marrow
endothelial progenitor cells mobilization and homing,
and participates in the formation of blood vessels
through NO generation, which can affect the growth
and metastasis of tumors [12]. The gene that encodes
eNOS is located on chromosome 7q36 and contains 26
exons and 25 introns with an entire length of 21 kb in
humans, and has a 27-bp VNTR polymorphism in
intron 4 (intron 4b/a). Studies have shown that the
polymorphisms in eNOS intron 4 VNTR is associated
with the risk for cancers, including breast cancer,
prostate cancer and colon cancer [13-16], and the other
female reproductive system disease such as recurrent
miscarriage [17].

Several epidemiological studies evaluated
polymorphisms of ACE 1/D and eNOS intron 4 VNTR
in human cancers, but the biologic mechanisms are
unexplored. Therefore, in this study, we evaluated the
relationship between the polymorphisms (ACE 1/D,
eNOS intron 4 VNTR) and the risk for cervical cancer
in the population of the Han nationality from southwest
China.

2. Material and Methods

2.1 Study population

A total of 314 subjects, comprising 147 patients
with cervical cancer (mean age 42.44+8.20) and 167
female control subjects (mean age 48+7.37) who were

healthy check-up people, were recruited for this study.
These subjects in both groups were unrelated ethnic
Han Chinese selected from Chengdu City or the
surrounding regions in the Sichuan Province between
February, 2009 and June, 2010. Cervical cancer
patients were diagnosed by histopathological
confirmation in the West China Second University
Hospital (Table 1). All participants gave the written
informed consent for their participation, and the
research protocol was reviewed and approved by the
Ethics Committee of Sichuan University.

Table 1.Characteristics of the 147 cervical cancer

patients
Characteristics Patients, n Patients, %
Clinical stages
Carcinoma in situ 33 22
Non- carcinoma in situ 114 78
Pathological type
Squamous cell carcinoma 83 56
Adenocarcinoma 7 5
Gland squamous cell carcinoma 4 3
Other types 6 4
Not classification 47 32
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2.2 Genotyping

All subjects of controls and 68 patients with
cervical cancer donated approximately 2ml venous
blood immediately following admission to the hospital,
and were interviewed to obtain demographic and
clinical information. Blood samples were collected in
sterile tubes with EDTA-Na, anticoagulants, and stored
at —20°C. 79 patients with cervical cancer donated
tumor tissue from the surgery department, and stored at
—70°C. Genomic DNA was extracted from the stored
blood and the tumor tissue by using a commercial
extraction kit (Bioteke Corporation, Beijing, China)
according to the manufacturer’s instructions.

Polymorphisms of ACE I/D and eNOS intron 4
VNTR were identified on the basis of PCR
amplification of the respective fragments. Primer
sequences [18] determine polymorphisms of ACE 1/D
were tested by PCR. The PCR procedure was
denaturation at 94°C for 5 minutes, then 35 cycles of
94°C for 30 seconds, 70°C for 90 seconds, 72°C for 90
seconds, and finally by 10 minutes at 72°C for final
extension. The genotypes were identified as follows: 1/1,
a single band of 597 bp; I/D, two bands of 319 and 597
bp; and D/D, a single band of 319 bp. The D allele in
heterozygous subjects was preferentially amplified,
therefore this maybe misclassify the I/D genotype as
the D/D genotype. For fear of this misclassification, a
second independent PCR was done with a primer pair
that recognized insertion-specific sequences [19] and
the identical PCR conditions, because this reaction
yields a 335 bp fragment just in the presence of the I/
and I/D genotype but not in the D/D genotype. The
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27-bp intron 4 VNTR polymorphisms of eNOS was
analyzed by using primers as previous research
published [20]. The thermocycling procedure was
consisted of initial denaturation at 94°C for 5 minutes,
35 cycles of denaturation at 94°C for 30 seconds,
annealing at 60°C for 40seconds, extension at 72°C for
40 seconds, and a final extension at 72 for 5 minutes.
We detected two variants that the intron 4b ( five 27-bp
repeats) and the intron 4a (four 27-bp repeats) in
individuals carrying genotype 4b/4b, 4a/4b or 4a/4a. In
this study, we also discovered a rare variant named 4c
(six 27-bp repeats) in the eNOS in one patient carrying
4a/4c and one control subject carrying 4b/4c [12].

The PCR products were distinguished on 5%
polyacrylamide gel and visualized by silver staining to
determine the genotypes. The PCR products of the two
loci with different genotypes were confirmed by the
direct sequencing method.

2.3 Statistical Analysis

Genotype and allele frequencies of ACE I/D
and eNOS intron 4 VNTR were obtained by
Modified-powerstate  standard edition software.
Hardy-Weinberg equilibrium was tested with a
goodness of fit chi-square test (with one degree of
freedom) to compare the observed genotype
frequencies among the subjects with the expected
genotype frequencies. Genotype and allele frequencies

of the two loci were compared between cervical cancer
patients and control subjects by the chi-square test, and
odds ratios (ORs) and 95% confidence intervals (Cls)
were used to evaluate the relative risk conferred by a
particular allele or genotype. The demographic and
clinical data of the groups were compared by the
chi-square test and the Student’s ¢-test. Statistical
significance was assumed at the P < 0.05 level. All
data were analyzed by the SPSS for Windows software
package version 13.0 (SPSS Inc., Chicago, IL).

3. Results

The genotype and allele frequencies of ACE
gene I/D and eNOS gene intron 4 VNTR in the cervical
cancer patients and control subjects are shown in Table
2 and Table 3. The genotype frequencies of the two
loci in the control subjects were all in agreement with
the Hardy-Weinberg equilibrium. We found that the
D/D genotype of ACE, compared with the I/I and I/D
genotypes, was significantly associated with an
increased risk of cervical cancer (D/D vs. I/I. OR =
0.41, 95% CI= 0.18-0.94; D/D vs. I/D: OR = 0.34, 95%
CI=0.15-0.78); the 4a/4b genotype of eNOS, compared
with the 4b/4b genotype, was not associated with
increase in the risk of cervical cancer (4b/4b vs. 4a/4b
OR = 0.58, 95% CI= 0.31-1.08). A new variant named
4c allele in eNOS intron 4 VNTR was encountered in
one patient and one control subject.

Table 2.The genotype frequency of ACE gene I/D and eNOS gene intron 4 VNTR in cervical cancer patients and

controls

Gene Genotype Patients, n (%) Controls, n (%) OR (95% CI) P value
ACE D/D 9 (6.1) 25 (15.0) 1.00 (reference)

1 60 (40.8) 68 (40.7) 0.41 (0.18-0.94) 0.032

/D 78 (53.1) 74 (44.3) 0.34 (0.15-0.78) 0.009
eNOS 4b/4b 117 (80.1) 145 (86.8) 1.00 (reference)

4a/4b 28(19.2) 20 (12.0) 0.58 (0.31-1.08) 0.081

4a/4a 0 1(0.6)

4b/4c 0 1(0.6) - -

4al4c 1(0.7) 0 - -

Abbreviations: OR=o0dds ratio; CI=confidence interval

Table 3.The allele frequency of ACE gene I/D and eNOS gene intron 4 VNTR in cervical cancer patients and

controls
Gene Allele Patients, n (%) Controls, n (%) OR (95% CI) P value
/D I 198 (67.3) 210 (62.9) 1.00 (reference)
D 96 (32.7) 124 (37.1) 0.82 (0.59-1.14) 0.24
eNOS 4b 262 (89.7) 311(93.1) 1.00 (reference)
4a 29 (9.9) 22 (6.6) 1.57 (0.88-2.79) 0.13
4c 1(0.3) 1(0.3) 1.19 (0.07-19.07) 0.90

Abbreviations: OR=o0dds ratio; CI= confidence interval

4. Discussion

There are many research papers about the
relationship between polymorphisms of ACE 1/D,
eNOS intron 4 VNTR and the risk for human cancers.
No study concerning the effect of the polymorphisms
(ACE 1/D, eNOS intron 4 VNTR) on cervical cancer

has been reported. In this study, we analyzed the
influence of the polymorphisms (4CE 1/D, eNOS intron
4 VNTR) on individual susceptibility to cervical cancer.
The alleles frequency of the two loci in the population
of the Han nationality from southwest China was
similar to those reported in previous studies, the
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frequencies of the D allele (37.1%) and 4b allele
(93.1%) were nearly identical to those observed among
the Chinese women in control subjects [6, 21-22].

We found that the D/D genotype of ACE was
significantly associated with an increased risk for
cervical cancer (D/D vs. I/I. OR = 0.41, 95% CI=

0.18-0.94; D/D vs. I/D: OR = 0.34, 95% CI=0.15-0.78).

This positive result was similar to the most previous
studies that the D/D genotype of ACE has an increased
risk for the development of cancer, including breast
cancer, gastric cancer and prostate cancer [4-10]. The
possible mechanism is that due to the absence of a
287-bp sequence of DNA, the D/D genotype of ACE
gene loses the regulation of the ACE gene expression,
increasing the plasma concentrations and activity of
ACE and leading to the plasma concentrations and
activity of Angll increase, which can promote the
development of tumor. And the results may show that
the ACE polymorphisms may exist in populations with
enriched genetic susceptibility and may contribute to
human cancer susceptibility and progression.

The eNOS is a key enzyme for synthesizying
NO and plays an important role in tumor growth and
angiogenesis [23]. NO is an  important
endothelium-derived relaxing factor. Studies have
indicated that NO participates in the development and
transfer process of tumorigenesis and plays a dual role,
on the one hand NO has promoting tumor effect
through regulating the cell proliferation related gene
expression and promoting the formation of tumor blood
vessels, on the other hand NO plays antitumor function
through inducing tumor cell apoptosis [24]. Although
no significant association of the polymorphisms in
eNOS intron 4 VNTR and the risk of cervical cancer
was observed (4b/4b vs. 4a/4b: OR = 0.58, 95% CI=
0.31-1.08), some researches suggested that the 4a
genotype of eNOS has an increased risk for the
development of cancer, including prostate cancer and
colon cancer [16-17]. This may be relevant to the
different ethnic population or the regional difference,
and be relevant to the distribution and express of the
eNOS in cervical cancer by the other polymorphisms in
eNOS (eg. G894T, T786C) [25-26], and also be
relevant to the relatively small subjects in this study. A
rare variant named 4c allele in eNOS intron 4 VNTR
polymorphisms was encountered in one patient and one
control subjects, which indicates that the complex
relationship exists between the polymorphisms in
eNOS and cervical cancer, and further studies with
more subjects in diverse ethnic populations are
necessary to confirm the general validity of our
findings.

There may be some limitations in this study.
First, the study subjects were nearly from ethnic Han
Chinese, and the results should not be extended to other
ethnic populations because of genetic heterogeneity.
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Second, study materials in previous researches about
polymorphisms on human cancers are nearly blood
samples, some of our samples were the tumor tissues
besides blood. To our knowledge, genomic instability
may, and most commonly, result from gross
chromosomal changes, such as translocations or
amplifications, which leads to chromosomal instability.
Genomic instability may also present itself through
alterations in the length of short repeat stretches of
coding and non-coding DNA, resulting in
microsatellite instability (MSI). The MSI often refers to
simple repeat sequence (1-4bp) increase or lost. In this
study the two loci we selected do not belong to the MSI,
and the sample differences between tumor tissues and
blood can be neglected to affect our results.

In conclusion, the ACE I/D polymorphisms is
associated with the risk for cervical cancer in the
population of the Han nationality from southwest
China, which indicates that it may be used as a genetic
marker for cervical cancer. There is no enough
evidence to show the significant association between
the polymorphisms of eNOS intron 4 VNTR and the
risk for cervical cancer. These findings should be
further wvalidated by larger, preferably prospective,
studies with more diverse ethnic groups.
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