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Abstract

Background: Angiotensin-converting enzyme (ACE) plays a pivotal role in several pa-
thologies including cancers. The association of insertion/deletion (I/D) polymorphism
of the ACE gene with prostate cancer (PC) risk remains controversial. We aimed to
investigate for the first time, to our Knowledge, in North Africa the potential relation-
ship between ACE I/D polymorphism with PC susceptibility and clinical outcomes of
PC patients.

Methods: This case-control study included 143 healthy individuals and 124 patients
diagnosed with PC. Using genomic DNA, the samples were genotyped for ACE |/D
polymorphism by polymerase chain reaction (PCR).

Results: We found that The D allele is significantly associated with an increased risk
of PC and D/D + D/I genotypes were at 3 times increased risk of PC ([p = 0.005],
OR =2.95,1C 95% = 1.26-7.09) compared with I/l genotype (p = 0.003, OR=0.3, IC
95% = 0.12-0.74). We observed an association between D/D and D/I genotypes with
advanced age (270 years) (p = 0.014; r? = 0.22). Furthermore, there is a significant pre-
diction of advanced Gleason score 28 based on epidemiological parameters and ACE
genotype (p = 0.000; R? = 0.349), although no significant association was observed
with stage and metastasis.

Conclusion: The ACE I/D polymorphism is likely to predispose to PC and could play a
role in PC progression and aggressiveness.
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1 | INTRODUCTION

Prostate cancer (PC) is the most frequent cancer diagnosed among
men aged more than 40 years.! In 2018, this malignancy affects
1.6 million new cases per year in the world.? Despite the PC mortality
rates have been steadily declining in most western countries includ-
ing North America, as well as in Western and North Europe causing
358,989 deaths (3.8% of all deaths caused by cancer in men) in 2018,
the PC death still important.z’4 In Tunisia, PC is considered the third
diagnosed cancer in men aged between 40 and 85 years with an inci-
dence of 810 new cases per year.® Epidemiological and environmental
factors appear to play an important role in the development of this
Neoplasm.®>-® Moreover, several studies highlight the importance of
single nucleotide polymorphisms (SNPs) in the genetic susceptibility,
development, and/ or progression of pC.1>6910 Among these poly-
morphisms, the genetic variants of the Renin-Angiotensin System
(RAS) were well studied in association with cancers.!*™¢ RAS includes
Angiotensin-Converting Enzyme (ACE), the key effector peptide of
RAS, converts angiotensin-| to angiotensin-Il and splits bradykinin into
inactive fragments.11 The alteration of ACE enzyme activity was asso-
ciated with the development of many diseases such as CoVID,718 hy-
pertension, and cardiovascular diseases (CVDs),**?° renal pathology,21

22.23 holycystic ovarian syndrome,?* and cancers.?®

Alzheimer disease,

An Insertion/Deletion polymorphism in the ACE gene is well
described; it consists of either presence or absence of 287 bp Alu
repetitive sequences (rs4646994) inserted in the intron 16 of ACE
gene, which was reported to account for nearly half of the pheno-
typic variance of enzyme serum concentration.?¢?® This genetic
variation results in three genotypes I/1, ID, and D/D.2%28

ACE 1/D polymorphism has widely been studied in association
with genetic susceptibility of various cancers including lung, gastric,
breast, malignant glioma, laryngeal, hepatocellular carcinoma, renal,
and prostate.zg'35 Previous studies demonstrated the association
between this polymorphism and increasing PC risk development
in Asiatic and Latino populations.?>*® However, its impact on the
Caucasian population is still debated.?’

Thereis asizeable body of evidence that delineates the implication of
ACE |/D polymorphism in the pathogenesis as well as its potential prog-
nosis value in several cancers.>”"*? It has also been reported that ACE
genetic polymorphism in PC is associated with disease progression.*°

To our knowledge, the relationship between ACE I/D polymor-
phism and PC in North Africa has yet to be explored. Thus, in the
present study, we aimed to examine the relationship between ACE
I/D gene polymorphism and PC susceptibility, clinicopathological

features, and clinical outcomes of a Tunisian population.

2 | MATERIALS AND METHODS

2.1 | Cohort definition

All participants included in this research provided written informed
consent, and the study was approved by the local committee of
Charles Nicolle Hospital (17-03-2016).

Rigorous inclusion and exclusion criteria were adopted to en-
sure the credibility of the results (Table S1). A total of 277 unrelated
subjects were enrolled in our study, including 124 pathologically
diagnosed PC patients and 143 age and geographic origin-matched
cancer-free men controls. The volunteers' control included benign
prostatic hyperplasia (BPH) and healthy individuals. BPH samples
were deprived of any signs of malignancy according to the pathology
report and represent a value of antigen-specific of prostate (PSA)
inferior to 4 ng/ml after treatment. Healthy controls presented a
normal digital rectal examination (DRE) and serum PSA inferior to
0.2 ng/ml. PC cases were recruited from the Department of Urology
at the Charles Nicole Hospital of Tunis, Tunisia. The clinical, anato-
mopathological, and epidemiological parameters of PC patients
were obtained from the medical record and are summarized in
Tables 1 and 2.

2.2 | Molecular analysis

Peripheralbloodsampleswere obtainedin Ethylenediaminetetraacetic
acid (EDTA) at pH = 8 tubes. Genomic DNA was extracted using the
standard phenol-chloroform protocol.** ACE (/D) genotype was
determined using a polymerase chain reaction, as described previ-
ously,*? followed by electrophoresis. The PCR primers; that target the
region of the Alu insertion or deletion of the gene ACE were designed
as described* and listed in Table S2. PCR reaction was performed
in a volume of 25 pl containing 100 ng of genomic DNA, 1X of DNA
polymerase Taq buffer, 2.5 mM of Mgcl,, 0.2 mM of dNTP, 0.32 uM
of each primer, and 1 U of Eurobio Tag ADN polymerase (Eurobio-
Ingen). PCR conditions are an initial denaturation of 94°C for 10 min
followed by 30 cycles of 94°C for 30s, 58°C for 30s and 72°C for
45 s, and final elongation at 72°C for 10 min. The PCR products were
revealed by electrophoresis in a 2% agarose gel. PCR products could
give rise to a band of 490 bp for | allele (I: Insertion), or a band of
190 bp for D allele (D: Deletion), giving 3 genotypes: the homozygous
D/D or I/l genotypes or the heterozygous I/D genotype (Figure 1).

2.3 | Statistical analysis

The Hardy Weinberg (HW) was determined using the software
package Arlequin (version 3.01). The difference between genotypes
and alleles frequencies between PC patients and controls was de-
termined by the y2 test. Furthermore, odds ratios (ORs) and their
95% Confidence Intervals (IC 95%) were calculated as a measure of
the association of the polymorphic sites with PC risk. A p-value was
considered significant at <0.05. All statistical analyses except H.W
were carried out with version 21 of the SPSS software.

3 | RESULTS

Genotype frequencies were in Hardy-Weinberg equilibrium
(p > 0.05) (Table 3). The frequencies of the ACE*D allele demonstrate
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TABLE 1 Clinical parameters of prostate cancer patients and
controls

Clinical parameters Prostate cancer (PC)  Controls
Samples sizes 124 143
Age at diagnosis (years) 70.78 + 9.258 69.67 + 9.03

PSA mean (ng/ml) 161.90 + 150.217

Gleason score

Low and Intermediate 62 (55.2%)
score (Gleason

score < 8)

High score (Gleason 52 (44.8%)

score > 8)

ISUP (International Society of Urology Pathology) grading

G1 32(27.8%)
G2 13(11.3%)
G3 25 (20.3%)
G4 21 (17.1%)
G5 30 (24.4%)
Tumor stage
Localized 44 (35.5%)
Locally advanced 17 (13.7%)
Metastasis 42 (33.9%)
Not available 21 (16.9%)
information
Asymptomatic
Asymptomatic 7 (5.7%)
Moderate 51 (41.5%)
Severe 43 (28.7%)
Not available 22 (17.9%)
information
Rectal touch (TR)
T1 42 (33.9%)
T2 35 (28.2%)
T3 17 (13.7%)
T4 22 (17.7%)
Not available 8 (6.5%)
information
Metastasis
Yes 42 (52.5%)
No 28 (35%)

Not available 10 (12.5%)

information

Radical prostatectomy

Yes 17 (13.7%)
No 93 (75%)
Not available 14 (11.3%)
information
Treatment
Curative 48(38.7%)
Palliative 63(50.8%)

(Continues)
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TABLE 1 (Continued)

Clinical parameters Prostate cancer (PC)  Controls

Not available 13(10.5%)

information
First and second follow-up
Yes 80 (65%)
No 44 (35%)

Abbreviations: PSA, Prostate Specific Antigen; TNM, Tumor Nodes
Metastasis.

TABLE 2 Epidemiological parameters of prostate cancer patients
and controls

Prostate cancer Controls

Epidemiological parameters (N =124) (N =143)
Smoking status

Smokers 88 (58.3%) 86 (60.1%)

Non-smokers 24 (15.9%) 41 (28.7%)

Not available information 12 (7.9%) 16 (11.2%)
Number of pack/years

<20 PY 25 (28.4%) 27 (31.4%)

220 PY 63 (71.6%) 59 (68.6%)
Alcohol consumption

Drinkers 59 (47.6%) 45 (31.1%)

No drinkers 53 (42.70%) 76 (53.5%)

Not available information 12 (9.7%) 22 (15.4%)
Diabetes

Yes 30 (24.2%)

No 76 (61.3%)

Not available information 18 (14.5%)
HTA

Yes 26 (17.3%)

No 86 (57.3%)

Not available information 12 (8%)

Abbreviations: HTA, arterial hypertension; PY, Packet year.

a different distribution of this allele between controls and cases
(0.608 and 0.723, respectively) (Table 3). The analysis of the gen-
otypic distribution showed that, in the recessive model, carries of
(D/D + D/1) genotypes were found to be at increased risk of PC com-
pared to control subjects harboring the ACE I/1 genotype (p = 0.005,
OR =295, IC 95% = 1.26-7.09) (Table 3). Moreover, ACE*D allele
was significantly associated with increased risk of PC (p = 0.005 and
OR =1.69). Conversely, in the co-dominant model, the insertion gen-
otype I/l was associated with a statistically significant reduced risk of
PC(p=0.003,0R=0.3,IC 95% = 0.12-0.74). However, in the domi-
nant model, no significant association between D/D and (I/I + D/I)
genotypes and PC risk was observed (Table 3). Furthermore, the
relationship between ACE genotypes and epidemiological param-
eters was explored. We found a positive association between D/D
or D/I genotypes and advanced age (270 years) (p = 0.014; r? = 0.22).
However, D/D or D/l genotypes in PC patients were not associated
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M: DNA ladder marker 1000bp

Lanes 1, 2, 6, 8, 10, 12, 14&15: D/D homozygote genotype
Lanes 3, 4, 5, 7, 11&13: D/I heterozygote genotype

Lane 9: I/ homozygote genotype

FIGURE 1 Determination of ACE (I/D) polymorphism by PCR

TABLE 3 Comparison of genotypes

Controls PC patients Controls group VS PC patients distribution of ACE I/D (rs4646994) in
Genotypes N =143 N=124 p-value OR 95% Cl controls and prostate cancer patients (PC)
for Tunisian population
Co-dominant model
D/D 58 64 - 1* -
D/I 58 50 0.35 0.78 0.45-1.36
1/1 27 10 0.003* 0.30 0.12-0.74
Dominant model
D/D 58 64 — 1* -
1/1+D/I 85 60 0.06 0.63 0.38-1.05
Recessive model
1/1 27 10 - 1* -
DD +D/I 116 114 0.005** 2.95 1.26-7.09
Alleles
D (Wild) 174 178 — 1* -
| (Mutant) 112 70 0.005*** 0.59 0.40-0.87
p-value for HWE 0.3350 0.5812 — — —
test
1* Reference group; *, **, *** p-value.

Abbreviations: 95% Cl, Confidence Interval; HWE, Hardy-Weinberg EquilibriumOR, Odds ratio; PC,
Prostate Cancer.

with the increased risk of PC in smokers compared to non-smokers
(Table 4). Furthermore, we investigate the potential prognostic role
of ACE genotypes and epidemiological parameters. We achieved
a multivariate logistic regression analysis including stage, Grade
(Gleason Score = 8) or metastasis status, ACE I/D genotypes, and
epidemiological parameters (consumption of alcohol, Tobacco sta-
tus, and the presence or absence of arterial hypertension (HTA) and
diabetes). We did found a significant correlation between epidemio-
logical parameters, genotypes (D/D and D/I), and advanced Gleason
score (28) (p = 0.000, R? = 0.349) (Table 5). However, the association

between epidemiological parameters, genotypes, and advanced

stage or metastasis did not yield significant results (p > 0.05).

4 | DISCUSSION

Activation of RAS plays a crucial role in many tissues including, nor-
mal and cancer prostate tissues (Human and cell lines). These changes
lead to the expression of receptors and ACE enzyme and an in-
crease in the local concentration of Ang I1.*3~% These investigations
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TABLE 4 Comparison of genotypes
distribution of ACE D/I (rs4646994) in PC
patients according to tobacco status

Tobacco status

Non-smokers

Smokers

Highly smokers (= 20 PY)

1* Reference group.

WI LEYM

Genotypes  Controls Cases  p-value OR (95% Cl)
D/D 19 13 - 1*

D/I 15 11 0.87 1.09 (0.34-3.44)
1/1 7 0 0.08 0.00 (0.00-1.29)
D/D 36 44 0.18 1.73(0.71-4.25)
D/l 31 35 0.28 1.58 (0.63-3.98)
1/1 19 9 0.30 0.57 (0.17-1.90)
D/D 26 31 0.16 1.83(0.71-4.71)
D/I 21 27 0.22 1.74 (0.65-4.72)

Abbreviations: 95% Cl, Confidence Interval; OR, Odds ratio; PC, Prostate Cancer; PY, Packet year.

suggest that the RAS could be a good regulator of prostatic function.
Moreover, it has been revealed that the level of RAS particular ele-
ments, and sensitivity of tissues on angiotensin could be modulated
by the steroid hormones such as androgens. These androgens are
responsible for the maintenance and growth of prostate gland. In
addition, an inverse association has been shown between the risk
of a PC incident and the use of any antihypertensive medication.*®
Moreover, a significant association has been established between
ACE 1/D gene polymorphism and serum enzyme concentration.*’
Thus, questioning the biological rationale underlying the selection
of this candidate polymorphism gene.

Our study aimed to investigate whether ACE |I/D gene polymor-
phism is associated with the occurrence of PC and with clinical and
epidemiological parameters in a Tunisian population. This is to our
knowledge, the first study performed in North Africa to this con-
cern. In this Tunisian cohort, the frequencies of the D allele were
0.608 and 0.723 in controls and patients, respectively, which were
different from Latino and Asian ethnicities.?’ We found that the D
allele frequency of Tunisian men controls is close to The Iranian men
controls and that the D allele frequency of PC Tunisian patients is
near to Turkish PC patients.29 Indeed, carrying of the D allele was as-
sociated with increased PC risk. Patients with D/D + D/I genotypes
were at 3 times increased risk of PC development. Conversely, carri-
ers of the I/1 genotype were associated with a significantly lower risk
of PC, which may demonstrate a protective effect of I/l genotype on
PC development. These findings indicate that the ACE I/D gene poly-
morphism could be associated with PC susceptibility in the Tunisian
population. Several Genetic association studies on ACE I/D gene
polymorphism and its potential relationship with PC risk have been
reported that ACE |/D polymorphism greatly varies between popula-
tions. Our findings were in agreement with some studies, which out-
lined an association between ACE I/D polymorphism and PC risk?? in
Asian,’® Latino, Turkish and Portuguese populations.3® The ACE*|
allele and I/1 genotype were significantly associated with a reduced
risk of PC development compared to subjects with the D allele and
D/D genotype in the Asian population.?’ Moreover, the ACE*D al-
lele and D/D genotype were associated with five times increased
risk of PC development in comparison with patients harboring ACE*
| allele and I/1 and D/I genotypes in the Latino population® and it's
also associated with increased risk of PC development in Turkish

and Portuguese populations.®® However, our data contrast multi-
ple studies in which no significant association has been reported in
other ethnic groups: the Netherlands and Lebanon popula\tions.sz'53
Thus, the effect of ACE I/D polymorphism in PC susceptibility in the
Caucasian population?’ remain under debate. These discrepancies
may be explained by genetic or/and environmental factors that in-
teract with ACE gene polymorphism to determine PC susceptibility.

The prostate gland has an important role in the synthesis of the
ACE enzyme.>* Previous studies reported that I/D polymorphism
is responsible in part of ACE enzyme serum level,*”>° and that D/D
carries have a higher enzymatic ACE level compared with I/1 car-
ries. The deletion genotype D/D is described as a growth factor
and participates in several pathologies such as prostate cancer by
the activation of various signaling pathways involved in cell prolif-
eration and inhibition of apoptosis.®®~>8 Furthermore, the prostate
gland needs androgens to function correctly. Androgen secretions
influence the synthesis and the function of Angll, a substrate of
ACE, in a genomic and a rapid non-genomic way. Androgen has pro-
cancerogenic feature and can contribute to PC progression.‘m'ss"60
Thus, in addition to the D/D genotype, the hormonal context may
represent one of the mechanism(s), which modulate the angioten-
sin expression contributing to PC progression. To summarize, the
implication of ACE polymorphisms including ACE 1/D can increase
ACE gene expression, Angiotensin Il (Ang Il) affecting angiogene-
sis and the progress of PC oncogenesis. Furthermore, it has been
demonstrated that homozygote genotype Il can display as little
as half of the plasma ACE level compared with DD homozygote
genotype, however, the ID heterozygote display an intermediate
level.*’ Thus, we think that D allele could play a major role on an-
giogenesis, proliferation and progress of PC disease.

Moreover, we explore the potential prognostic value of ACE
polymorphism in PC. We found a positive association between D/D
or D/I genotypes and advanced age (270 years). We were also able
to detect a significant correlation between advanced Gleason grade
(28) and epidemiological parameters with D/D or D/l genotypes.
However, we failed to demonstrate any association between ACE
I/D gene polymorphism and tumor status, metastasis, and other
epidemiological parameters in our cohort. Some researchers have
characterized ACE |I/D polymorphism as a prognostic factor that
could predict PC progression and clinical outcome??3%; In a chine
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TABLE 5 Logistic regression: effect of prostate cancer risk factors on Gleason score

SAID ET AL.

Gleason score® B Std. Error ~ Wald
28  Constant -2.125 1.059 4.023
[Age < 70] -0.439 0.410 1.148
[Age class = 2] ob
[Tobacco status = S] 1.405 0.592 5.639
[Tobacco status = NI] 1.703 1.049 2.634
[Tobacco status = NS] o°
[Alcohol Consumption = NI] ob
[Alcohol Consumption = No] 0.488 0.449 1.179
[Alcohol Consumption = Yes] oP
[Diabetes = NI] -17.712 6197.851 0.000
[Diabetes = No] 0.553 0.475 1.354
[Diabetes = Yes] o°
[HTAcardio = No] -0.206 0.516 0.159
[HTAcardio = Yes] o°
[Genotype = D/D] 0.686 0.739 0.861
[Genotype = D/I] 0.563 0.738 0.582
[Genotype = I/1] o°
ND  Constant -65.967 2875.473 0.001
[Age < 70] -31.238  1449.595 0.000
[Age = 70] o°
[Tobacco status = S] 16.903 2039.693 0.000
[Tobacco status = NI] 50.486 2498.178 0.000
[Tobacco status = NS] o°
[Alcohol Consumption = NI] oP
[Alcohol Consumption = No] 16.161 1185.214 0.000
[Alcohol Consumption = Yes] oP
[Diabetes = NI] -16.959 0.000
[Diabetes = No] 1.709 1.961 0.760
[Diabetes = Yes] o°
[HTA = No] 14.428 822.077 0.000
[HTA = Yes] oP
[Genotype = D/D] 16.098 822.078 0.000
[Genotype = D/I] 17.218 822.081 0.000
[Genotype = I/1] o°

95% Confidence Interval for

Exp(B)

Lower
dl Sig Exp(B) Bound Upper Bound
1 0.045
1 0.284 0.644 0.288 1.440
0
1 0.018 4.075 1.278 12.995
1 0.105 5.493 0.702 42.965
0
0
1 0.277 1.628 0.675 3.925
0
1 0998 2.032E-008 0.000 0.0000
1 0.245 1.738 0.685 4.410
0
1 690 0.814 0.296 2.238
0
1 0353 1.985 0.466 8.451
1 0446 1.755 0.414 7.452
0
1 0982
1 0983 1.271E-013 0.000 0.0000
0
1 0993 21930272.314 0.000 0.0000
1 0984 843106649742839 0.000 0.0000

2000000.000

0
0
1 0989 10440772.664 0.000 0.0000
0
1 4.311E-008 4.311E-008 4.311E-008
1 0.383 5.525 0.118 257.702
0
1 0986 1845599.638 0.000 0.0000
0
1 0984 9800575.860 0.000 0.0000
1 0983 30042073.687 0.000 0.0000
0

Note: Logistic regression: Number of observation = 124, Chi-square: 53.235, p = 0.000, R% 0.349;-2 Log likelihood = 96.953.
Abbreviations: HTA, arterial hypertension; NI, Not available information; NS, Non-Smoker; S, Smoker.

*The reference category is PC with Gleason score < 8.
®This parameter is set to zero because it is redundant.

population, D/D or D/l genotype was found to be associated with
advanced age 271 years and aggressive stage?’; and with high-grade

tumor and high PSA serum in Portugal.36

Nevertheless, the I/1 gen-
otype was associated with the protective role against early stage of
PC and there is no significant association between D/D or D/I geno-

type and advanced tumor stage, in the Turkish population.?’ Indeed,

many functional studies highlight that ACE is a vasoconstrictor that
could affect cancer progression.”>¢* Our results highlight that ACE
I/D gene polymorphism could be implicated in PC progression and
may improve the aggressive of disease in the Tunisian population.
We could explain this heterogeneity of results by the difference
of genetic pool between ethnicities and populations and the impact
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of environmental and lifestyle, which could interact with ACE ge-
netic variants.

A limitation of our study is the relatively small sample size in part
due to the low incidence of the disease in Tunisia. Further analysis
on a larger cohort could help better to understand the significance
of ACE I/D polymorphism in the pathobiology of PC and its contribu-

tion to the aggressiveness of the disease.

5 | CONCLUSION

In summary, our study provides the first evidence of a correla-
tion between ACE |I/D gene polymorphism and PC susceptibility
in a Tunisian population and its potential prediction of clinical be-
havior. ACE 1/D polymorphism may improve PC prognostication.
Further studies are needed to explore other ACE gene polymor-
phisms and their expression level, in the Tunisian population, and
the mechanisms by which they contribute to PC development and

prognosis.
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