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ORIGINAL ARTICLE

Association of angiotensin-converting enzyme gene insertion/deletion
polymorphism with increased risk for oral cancer

ELEFTHERIOS VAIRAKTARIS1, CHRISTOS YAPIJAKIS1, CHRISTOS TSIGRIS2,

STAVROS VASSILIOU1, SPYRIDOULA DERKA1, EMEKA NKENKE3,
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Abstract
Introduction. In light to recently found contribution of factors associated with thrombosis and inflammation to
carcinogenesis, we investigated the possible association of angiotensin I- converting enzyme (ACE) with increased risk
for oral cancer. Materials and methods. In DNA samples of 160 patients with oral squamous cell carcinoma and 153 healthy
controls of comparable ethnicity, age and sex, we studied the insertion/deletion (I/D) polymorphism in the ACE gene, which
affects its transcription. Results. The I allele frequencies were significantly increased in patients compared to controls, 40.6%
versus 27.5% (pB0.001), respectively. The II homozygotes had a three-fold greater risk for developing oral cancer (odds
ratio 3.17, 95% C.I. 1.32�7.61). A significant increase of I alleles was observed in patients regardless their smoking or
alcohol consumption habits, early or advanced stage of cancer, presence or absence of a family history for cancer or
thrombophilia (Fischer values pB0.05). Discussion. These findings suggest that the I/D polymorphism, by affecting the ACE
gene expression, is associated with the progress of oral oncogenesis.

Oral squamous cell carcinoma (OSCC) has a

remarkable incidence worldwide and a fairly poor

prognosis, which makes this disease a serious public

health problem [1]. Oral carcinogenesis is a multi-

step process occurring due to environmental factors

such as smoking, alcohol abuse and betel quid

chewing, gene alterations in oncogenes and tumor

suppressor genes and viral infections [2]. Recently,

common polymorphisms in angiogenesis, inflamma-

tion and thrombosis-related genes have been asso-

ciated with increased risk for oral cancer [3�5]. One

such factor related with both thrombosis and malig-

nancies is angiotensin-converting enzyme (ACE)

[6�11].

ACE is the key enzyme in the rennin-angiotensin

system (RAS), which is a circulatory cascade pri-

marily involved in the regulation of blood pressure

and serum electrolytes [12]. ACE converts angio-

tensin I to angiotensin II, the major effector of the

RAS [12]. Angiotensin II is a potent vasoconstrictor

and activator of aldosterone, induces reabsorption of

sodium and raises the blood pressure [12]. There-

fore, ACE inhibitors are used in the treatment of

heart failure, hypertension and coronary disease

[13]. Additionally ACE inactivates bradykinin,

which is important in inhibiting cardiac hypertrophy,

in limiting ischaemic myocardial injury and may also

contribute to the biological behavior of tumors by

stimulating growth and increasing vascular perme-

ability [14]. Actually, there is mounting evidence

that ACE also participates locally in the pathology of

several carcinomas, such as breast cancer, prostate

cancer, endometrial cancer and oral precancerous

lesions [7�10]. It influences tumor cell proliferation,
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tumor cell migration, angiogenesis, and metastatic

behavior [12]. Inhibition of ACE activity suppresses

tumor growth and angiogenesis in vitro and in vivo in

animal models, while epidemiologic studies have

provided evidence that ACE inhibitors may decrease

the risk and mortality rate of cancer [13,15].

The human ACE gene is located on chromosome

17q23 and expressed in a wide range of tissues

including vascular endothelium, lung, kidney, heart

and testes. It is also present in the circulation,

although this may reflect cleavage of the enzyme by

vascular endothelial surfaces [12].

Segregation and linkage studies have provided

strong support for an ACE-linked quantitative trait

locus, although the underlying functional variants

involved in predicting differences in ACE levels have

not been fully defined [16]. In European populations

the majority of variation in ACE levels has been

localized to an 18 kb region located between two

ancestral recombination sites in the ACE gene [16].

The high degree of linkage disequilibrium observed

between several polymorphisms in this region has

hampered efforts to disclose the functional variant

for circulating ACE levels.

The best characterized factor which determines

ACE activity is the insertion/deletion (I/D) poly-

morphism [17]. This biallelic genetic polymorphism

is characterized either by the absence (D allele) or

the presence (I allele) of a 287 bp Alu repeat

sequence inside intron 16 of the angiotensin

I-converting enzyme gene, which results in the

following three genotypes: II and DD homozygotes

and ID heterozygotes. It seems to account for up to

one-half of plasma ACE levels [16]. Homozygotes

for the I allele may display as low as half of the

plasma ACE level compared to the homozygotes for

the D allele, whereas the ID heterozygotes display an

intermediate level [16]. It has been assumed that the

insertion fragment of DNA (I allele) may contain a

silencer motif, since it has a similar sequence to

other known suppressor genes (e.g. mouse rennin

gene, human c-myc gene) or alternatively that I/D

polymorphism has no functional activity and is in

tight linkage disequilibrium with another variant

around the ACE gene [18]. The more common

D allele frequency ranges in Europeans from 49 to

58%, while in Asians from 32 to 34%.

The presence of the D allele, by causing elevation

in angiotensin II levels, could result in vasoconstric-

tion and higher blood pressure. Evidence from

animal models has suggested that angiotensin

II stimulates neovascularization in normal tissue

and neoplasms by promoting arteriolar smooth

muscle cell proliferation [19]. Captopril, a prototype

ACE inhibitor, has been shown to inhibit prolifera-

tion in a variety of cell types, including cancer cells,

and to reduce tumor growth in experimental models

of cancer [20]. ACE inhibitors are used widely as

antihypertensive agents, and several epidemiological

studies with conflicting results have examined cancer

risks in long-term users of ACE inhibitors. One

study suggested that users of ACE inhibitors exhibit

a reduced risk of cancer when compared with general

population, in contrast to other subsequent observa-

tional studies which failed to confirm the previously

noted suggestion [21,22].

Interestingly, several studies report association of

ACE I/D polymorphism with several types of cancer

such as breast cancer, prostate cancer, endometrial

cancer and oral precancerous lesions [7�10]. Intri-

gued by these observations, we aimed to investigate

the putative significance of ACE levels in oral

oncogenesis. In order to determine whether the

ACE I/D polymorphism is associated with increased

risk for oral cancer we investigated this polymorph-

ism in patients with oral squamous cell carcinoma

and healthy controls.

Materials and methods

The individuals under study were 313 Greeks and

Germans, including 160 patients with oral squa-

mous cell carcinoma and 153 healthy blood donors

of equivalent age, ethnicity and sex. The patients

were mostly men (n�128, 80.0%) and their age

ranged between 40�80 years (57.599.7 years) while

the mean age for the whole group of patients was

58.5910.1 years. The vast majority of the controls

were males as well (n�114, 74.5%) whose age

varied between 38�83 years (56.2910.6) while the

mean age for the whole group of controls was 54.8

911.9 years.

The patients that were included in this study had

already developed oral cancer and had been operated

recently or up to a decade ago. In addition to clinical

presentation, a biopsy with pathological diagnosis of

tumor stages I-IV and a family history regarding any

type of cancer or thrombosis were available for each

patient. Fifty eight of them (36.3%) had one or two

first degree relatives with cancer and their age range

41�83 years (58.7910.4) did not differ significantly

from the whole group of patients. Furthermore,

30 patients (18.8%) had one or two first-degree

relatives with idiopathic thrombosis and an age range

of 44�75 years (58.0910.3), again with no statistical

difference compared to the whole group. Fourteen

patients (8.8%) had a positive family history for both

cancer and thrombosis with a mean age of 56.1

98.6 years. Nearly all patients (95.0%) were smokers

consuming at least ten cigarettes per day and about a

third of them (32.5%) were ethanol abusers consum-

ing three glasses of alcoholic drinks per day. Most of
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the studied individuals worked in a low-risk environ-

ment (with the exception of one patient and three

controls who worked in chemical factories).

Blood samples were collected from all individuals

after informed consent and DNA was isolated with

the use of NucleonTM kit (Amersham). Molecular

detection of the ACE I/D polymorphism was per-

formed by PCR amplification of intron 16. The

presence (allele I) or absence (allele D) of the 287 bp

Alu repeat sequence in the ACE gene was deter-

mined by gel electrophoretic evaluation of the size

of PCR products. A 490 bp fragment indicated

the presence of the I allele and a 190 bp fragment

indicated the presence of the D allele (Figure 1).

The PCR conditions consisted of an initial

denaturation step at 958C for 5 min, followed by

31 cycles of 948C for 55 s, 608C for 1 min, and 728C
for 50 s, as well as a final elongation step at 728C for

5 min. The primers used were sense: 5?-CTG-

GAGACCACTCCCATCCTTTCT-3? and antisen-

se: 5?-GATGTGGCCATCACATTCGTCAGAT-3?
[10]. For verification of the results of molecular

analysis some of the samples were tested twice,

while additional molecular work was perfor-

med in order to confirm DD genotype samples

by using a pair of primers (forward, 5?-TGGGAC-

CACAGCGCCCGCCACTAC-3?; and reverse, 5?-
TCGCCAGCCCTCCCATGCCCATAA-3?) that

produce an amplified product only in the presence of

the insertion [10].

The statistical analyses were performed using

SAS† software (version 9.0; SAS Institute Inc.).

The genotype distribution and allelic frequencies

were analyzed by means of Fisher’s exact test. The

frequencies of genotypes of the whole group or

subgroups of patients were compared to the respec-

tive genotypes of the control group. All statistical

analyses concerning: number of relatives with a

history of cancer, number of relatives with a history

of thrombosis, nicotine abuse and alcohol abuse,

have assumed that all controls have nil values for the

above variables (i.e. all controls do not have a family

history of cancer, all controls do not have a family

history of thrombosis, all controls do not use

tobacco, and all controls do not drink alcohol).

Thus, odds ratios are most likely expected to over-

estimate the true likelihood of ACE genotypes and

these variables. The age criterion for the adjustment

of odds ratios has been set at 60 years. Similar

frequency distributions regarding age are found in

the respective genotypes between controls and

patients. The Mantel-Haenszel method was used

for the calculation of all odds ratios with a 95%

confidence interval (CI). A p-value less than 0.05

was considered statistically significant.

Results

The prevalence of detected ACE I allele in healthy

controls and patients with oral cancer are shown in

Table I. The data for the two tested populations

(Greek and German healthy controls) were analyzed

together, since there were no significant differences

of allele frequencies of the I/D polymorphism among

the two populations. For the ACE I/D polymorph-

ism, genotype distributions and allele frequencies in

the control group, in patients group and subgroups

were as expected for a sample in Hardy-Weinberg

equilibrium.

Compared to the control group (genotypes II�9,

DD�78, ID�66), only the homozygotes for the

I allele were significantly increased (pB0.001) in the

group of patients (genotypes II�30, DD�60, ID

�70). The same pattern of increased frequency of

II homozygotes compared to the control group was

also observed in the following patients’ subgroups a)

patients with cancer stages I&II, genotypes II�20,

DD�32, ID�36 (pB0.001), b) patients with

cancer stages III&IV, genotypes II�10, DD�28,

ID�34, (pB0.05), c) patients without family his-

tory of cancer, genotypes II�25, DD�40, ID�36,

(pB0.001), d) patients without family history of

thrombosis, genotypes II�28, DD�48, ID�54,

(pB0.001), e) patients with tobacco abuse, geno-

types II�30, DD�54, ID�68, (pB0.001), f)

patients with alcohol abuse, genotypes II�12,

M    1     2     3   4      5    6     7     8     9   10   11    12  13   14   15

490 bp (I allele)

190 bp (D allele)

Figure 1. Determination of ACE I/D polymorphism genotypes by PCR amplification. The presence of a 490 bp fragment (I allele) and a

190 bp fragment (D allele) indicate the possible genotypes DD, ID and II. M: molecular weight marker; 1, 2, 7 and 12: DD homozygotes;

3, 4, 6, 8, 10, 11 and 15: ID heterozygotes; 5, 9, 13 and 14: II homozygotes.
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DD�24, ID�16, (pB0.05) and g) patients with-

out alcohol abuse, genotypes II�18, DD�36, ID�
54 (pB0.05). In the latter subgroup a significant

increase in the ID heterozygotes was also observed,

pB0.05. Additionally, a significant increase only in

the ID heterozygotes (pB0.05) was found in the

subgroup of patients with family history of cancer

(genotypes II�4, DD�20, ID�34). Finally, in the

subgroups of patients with positive family history of

thrombosis, along with the subgroup of patients

without tobacco abuse no significant differences in

either ID heterozygotes or II homozygotes were

obtained (genotypes II�2, DD�12, ID�16 and

II�0, DD�6, ID�2, respectively). In the latter

subgroup, no safe conclusions can be drawn since

the number of tested individuals was extremely

small.

The observed I allele frequency in the control

group was 27.5%, therefore similar to other Eur-

opean populations. The detected I allele and carrier

frequencies, in the patients’ group and in every

subgroup were significantly elevated in comparison

to the control group (value pB0.05), with the only

exception being the non-smoking patients whose

minimal number (n�10) does not permit any safe

conclusions (Table I). Finally, there were no major

differences in the frequencies of the two ACE alleles

due to categorizations of sex, age, and age at onset of

oral cancer.

Interestingly, compared to individuals with the

DD genotype, the relative risk for oral squamous cell

carcinoma for ID heterozygotes was 1.38 (95% CI

0.86�2.22), while for II homozygotes was even

greater 4.33 (95% CI 1.94�9.66). Additionally, ID

heterozygotes have a similar relative risk for devel-

oping early or advanced stages of oral cancer (1.33

and 1.44, respectively). For II homozygotes the

respective relative risks are higher for stages I&II

(5.42, 95% CI 2.26�12.95) than for stages III&IV

(3.1, 95% CI 1.17�8.22).

Discussion

The angiotensin I-converting enzyme is a key factor

in the production of angiotensin II and in the

degradation of bradykinin, which are important

peptides involved in cardiovascular physiology [14].

This enzyme is a type I cell surface zinc metallo-

peptidase, expressed by many cell types of various

organs and tissue types [12]. It exerts its effects

through the RAS system leading under normal

conditions to vasoconstriction and therefore blood

pressure increase [12]. In addition, ACE influences

tumor cell proliferation, tumor cell migration, an-

giogenesis, and metastatic behavior [13].T
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An insertion/deletion (I/D) polymorphism in the

ACE gene influences its transcription rate. Homo-

zygotes II have about half of the plasma ACE level

compared to the homozygotes DD, whereas the ID

heterozygotes display an intermediate level [16].

Several studies have reported association of the I/D

polymorphism with increased risk for several types of

cancer including oral precancerous lesions [7�10].

In light of the above, in the present study the

genotypes and allele frequencies of the ACE I/D

polymorphism were investigated in a cohort of

160 patients with oral cancer in comparison to

153 healthy controls of equivalent age, sex and

ethnicity. Despite the relatively small sample of

studied individuals, the overall obtained data re-

vealed an association of the I/D polymorphism with

an increased risk for oral squamous cell carcinoma.

Compared to the control group, the frequency of the

low expression I allele was significantly increased in

the whole group and practically every subgroup of

patients.

Interestingly, the majority of studies that sug-

gested an association of ACE I/D polymorphism

with several types of cancer have reported increased

prevalence of the high expression D allele in the

cancer patients compared to the healthy controls

[7�10]. These studies have supported a tendency

linking increased expression of ACE with cancer

development by facilitating angiogenesis through

higher production of angiotensin II. Angiotensin

II induces vascular endothelial growth factor, which

plays a pivotal role in tumor angiogenesis and

correlates with aggressive behavior and poor prog-

nosis [23]. In addition, angiotensin II may enhance

other cytokines and growth factors such as trans-

forming growth factor b-1, platelet-derived growth

factor and basic fibroblast growth factor that may be

involved in neoplastic transformation [23].

On the contrary, the results of this study suggest

that in the oral region the ACE-related mechanism

that leads to oral cancer development and progres-

sion may be quite different. A well established role of

ACE, besides angiotensin II production, is the

inactivation of bradykinin [14]. Bradykinin is known

to contribute to tumor formation through its ability

to stimulate growth and increase vascular perme-

ability [14]. In light of the above, it may be suggested

that the increased prevalence of the low expression

I allele observed in our oral cancer patients would

result in reduced inactivation of bradykinin and

therefore, in this case oncogenesis could be driven

through a bradykinin-related pathway and not

through angiotensin II. This notion of a more

sensitive bradykinin-related reaction in the oral

cavity, in contrast to other tissues, is also supported

by the fact that patients treated with ACE inhibitors

often present with angioedemas exclusively in the

oral region, due to the increased local levels in

bradykinin [24].

Interestingly, every study that revealed an associa-

tion of the high expression D allele with cancer was

performed in patients with sex hormone-related

neoplasias [7�9]. In these cancers, oestrogens in-

crease hepatic synthesis of the renin substrate

angiotensinogen, which is converted to angiotensin

I, the substrate of ACE [25]. This might indicate

that in these particular cancers the increase in

ACE due to the presence of the D allele acts in

an accumulative manner to the already existing

elevated ACE amounts due to oestrogens and a

burst towards cancer formation occurs. Therefore,

the ACE polymorphism may not be a predisposition

factor by its own right for cancer development. In

support to this notion, no association of the D allele

was found with the development of sex hormone-

unrelated cancers such as gastric carcinomas [11].

To our knowledge, the only study investigating the

possible association of the ACE I/D polymorphism

with oral oncogenesis has been conducted on

Taiwanese betel quid chewers presenting with oral

precancerous lesions [10]. Contrary to our findings,

the Taiwanese study revealed an increase of the D

allele in individuals with oral precancerous lesions in

comparison to betel quid chewers with no such

lesions [10]. This conflicting observation may be due

either to the relatively small sample of investigated

individuals in the Asian study (n�61 in each group)

and/or the genetic difference of the two stu-

died populations (Taiwanese against Europeans).

Furthermore, oral precancerous lesions and oral

squamous cell carcinoma are two different patholo-

gical entities, since only 4% of oral precancerous

lesions lead to oral carcinoma; therefore their devel-

opment could be controlled by different biological

pathways.

In conclusion, the studied ACE polymorphism is

associated with increased risk for oral cancer in

certain individuals. As a consequence, it is of great

importance to perform further genetic association

studies regarding the contribution of additional

factors related to angiogenesis, inflammation and

thrombosis to oncogenesis in the oral region. Any

positive findings could ultimately result in the

undertaking of preventive measures safeguarding

the health status and lives of certain at risk indivi-

duals in the general population.
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