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Abstract

A role of adenosine deaminase in male fertility is suggested by
the presence of adenosine receptors in the acrosomal region of
spermatozoa and in the epithelium of vas deferens. A relationship
between ADA enzymatic activity and fertility in men has also been
reported.

We have carried a genetic study on three polymorphic sites
(ADA1, ADA2 and ADA4) within the ADA gene in relation to varicocele
and infertility in 136 men who were referred to the clinic for varicocele
and in 246 blood donors as controls. ADA sites were studied by DNA
analysis.

Subjects homozygote for the three more common alleles present
in the ADA sites considered (ADAT*1/*1, ADA2*1/*1 and ADAé6*2/*2)
were more frequent among subjects with varicocele than among
controls (OR = 1.834, 95% C.I. 1.122-2.996). This phenomenon was much
more marked in infertile than in fertile subjects. Subjects with this joint
genotype displayed the lowest value of rectilinear sperm motility:
such motility was the lowest among infertile subjects carrying the triple
homozygous genotype.

Many polymorphic sites have been detected within the ADA
gene. ltis likely that ADA variability may influence not only its enzymatic
activity but also its function as an ecto-enzyme which could affect
fertility in man.

Introduction

Several lines of evidence suggest an important role of adenosine in
male reproductive functions. Adenosine receptors and ecto-adenosine
deaminase are present in the acrosomal and equatorial region of
human spermatozoa and inhibition of ADA activity improves sperm
fertilization [1,2]. The epithelium of vas deferens plays an important
role in conditioning the environment to which the sperm is exposed
prior to its ejaculation. This epithelium expresses adenosine receptors
that contribute to modulate anion secretion [3]. Recently a statistically
significant relationship has been observed between plasma activity of
ADA isoenzymes and fertility in men suggesting an important effect
of ADA activity on fertility [4,5].

Adenosine deaminase genetic polymorphisms

Adenosine Deaminase (ADA) is a polymorphic enzyme that
irreversibly deaminates adenosine to inosine thus contributing
to the regulation of intracellular and extracellular concentrations
of adenosine. The ADA gene is localized on human chromosome
20q13.11 and consists of 12 exons spanning approximately 32 Kb of
DNA [6]. A high number of differences among normal sequences
have been found through the coding and intronic regions of the gene
[7]. Tt is unknown at present if such ADA genetic variability affects
its enzymatic activity and its interaction with ADA binding proteins.

Adenosine regulates glucose metabolism and immunological
functions. High ADA activity is associated to low concentration of
adenosine resulting in low engagement of adenosine receptors and in
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turn into a weaken T cell activation and increased glucose tolerance.
On the contrary, low ADA activity is associated to high adenosine
concentration resulting in high engagement of adenosine receptors
and in turn to strengthen T cell activation and decreased glucose
tolerance. The possible consequences at the clinical level of the
“normal” genetic variability of ADA have not been addressed.

ADA was supposed to be an exclusively cytosolic enzyme until
the demonstration that it is present on the surface of many cell as an
ecto-enzymes [8]. The functional role of ecto-ADA consists mostly
in the local degradation of extracellular adenosine: ADA is also
able to transduce signals through its interaction with CD26 or AIR,
two ADA-anchoring proteins. In this way it acts as a costimulatory
molecule, which facilitates a variety of specific signaling events in
different cell types [8]. Quantitatively, the strength of the transduced
signal would depend upon the concentration of ecto-ADA available.

We have studied three intragenic adenosine deaminase
polymorphisms (PCRP) in a sample of subjects with varicocele.
The three PCRP_ spanning approximately over 28 Kb have a known
molecular basis and include the presence/absence of a Taq I site
(ADA)) (nt 4050-4053, exon 1), of a Pst I site (ADA,) (nt 19465-
19470, intron 2) and of a MInN I site (ADA,) (nt 31230-31235, exon
6) [7]. The Taq I PCRP at exon 1 corresponds to a G > A transition at
nt 4052 and leads to the substitution of asparagine for aspartic acid at
codon 8 [9]. The Asp8Asn mutation is the molecular genetic basis for
the biochemical polymorphism at the ADA locus reported by Spencer
et al. with two common alleles ADA*1 and ADA*2 [10].

Since ADA has an important role in the regulation of adenosine
concentration in body fluids and in signal transduction events, its
genetic polymorphism may influence the susceptibility and/or the
clinical course of human diseases.
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In this paper we have investigated the relationship between the
genetic variability of ADA gene and male infertility in a sample of
men with varicocele.

Material and Methods

One hundred and thirty six subjects with varicocele admitted
consecutively in the Outpatient Department were studied: 77
were infertile. Diagnosis of varicocele was made by Doppler
ultrasonography. Mean grade of varicocele was 2.75 (+ 0.11) in fertile
and 2.83 (£ 0.11) in infertile men; mean age was 27.16 years (+ 0.84
) in fertile and 37.90 years (£ 0.75) in infertile man; 246 fertile blood
donors without varicocele were studied as controls (mean age 34.2
years * 1.20). All subjects gave verbal informed consent to participate
in the study that was approved by the Council of Department.

ADA genotypes were determined by PCR. Genomic DNA was
extracted from venous blood samples collected in NaEDTA. PCR
amplification was carried out as described by Hirschhorn et al. with
slight modifications [9]. Briefly, the PCR volume was 25 pl containing
100 ng of DNA, 1.5 mM MgCl,, 2.5 x reaction buffer, 5 pmoles of each
primer, 50 mM each dNTP, 2 U of Supertherm DNA polymerase (LPI
FISCHER). Thirty cycles (1 min at 95 °C, 1 min and 30 sec at 65 °C, 2
min at 72 °C) were performed using a DNA Thermal Cycler (Perkin
Elmer).

Sense and antisense (forward and reverse) primers for the 4052
Taq I polymorphism (indicated as ADA, locus) were respectively:

Table 1: Distribution of ADA loci in men with varicocele and in controls.

5-ACCGAGCCGGCAGAGACCCAC-3
5-ACTTGACAGACAGCGAAACTGAGACCCAGA-3’

Sense and antisense primers for the 19465 Pst I polymorphism
(indicated as ADA, locus) were respectively:

5GAGCACAAGCTTTGGAATTGGGCTTGGGTT-3’
5-ACACCAGGAGGACAAGACTCAGAGGCCCAGAA-3

Sense and antisense primers for the 31230 MIuN I polymorphism
(indicated as ADA locus) were respectively:

5-CATAGCAGTTAGGATTTGAAGACACTGAGCCC-3
5-AGGAGACACCATGGTCCCTGGTTCTTGTGAT-3’

7 ul of each reaction was digested in 2 U of the specific enzyme
according to manufacturer’s directions. Each digestion was resolved
on 3% agarose gel in TAE (Tris/acetate/EDTA) buffer pH 8.0.
Following electrophoresis, the gel was stained with ethidium bromide
and the fragments were visualized by UV.

The three sites studied show each 2 alleles (ADA *1 and ADA *2,
ADA *1 and ADA *2, ADA 1 and ADAG*Z): ADA *1is more frequent
than ADA *2, ADA*1 is more frequent than ADA *2 and ADA *2 is
more frequent than ADA *1).

The alleles corresponding to the presence and absence of the
restriction sites have been indicated as allele 1 and allele 2 respectively.

Varicocele

1
2-1

2
Total

Chi square test of independence
Fertile vs Infertile p = 0.653
Varicocele vs Controls p = 0.923

2-1
2

Total

Chi square test of independence
Fertile vs Infertile p = 0.200
Varicocele vs Controls p = 0.054

2-1
2
Total

Chi square test of independence
Fertile vs Infertile p = 0.106
Varicocele vs Controls p = 0.408

Infertile

61 (79.2%)
15 (19.5%)
1(1.3%)
77

54 (70.1%)
20 (26.0%)
3(3.9%)
77

8 (10.4%)

17 (22.1%)

52 (67.5%)
77

Fertile
ADA,
50 (84.7%)
8 (13.6%)
1(1.7%)

59

ADA,
34 (57.6%)
20 (33.9%)

5 (8.5%)

59

ADA
2 (3.4%)
19 (32.2%)
38 (64.4%)
59

Total

111 (81.6%)
23 (16.9%)
2 (1.5%)
136

88 (64.7%)
40 (29.4%)
8 (5.9%)
136

10 (7.4%)

36 (26.5%)

90 (66.2%)
136

Controls

199 (80.9%)
42 (17.1%)
5 (2.0%)
246

128 (52.0%)

92 (37.4%)

26 (10.6 %)
246

9 (3.6%)
72 (29.3%)
164 (66.7%)
246
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Table 2: ADA loci joint distribution in men with varicocele and in controls.
ADA *1/*1; ADA,*1/*1; ADA,*2/*2 are the common genotypes.

Varicocele
Infertile (1) | Fertile (2) Total (3) Controls (4)
No common genotype 4 5 500y | 3(51%) | 7 (5.1%) 15 (6.1%)

(a)

1 common genotype
(b)

2 common genotypes
(c)

3 common genotypes
(d)

Total 77 59 136
Chi square test of independence

Infertile vs controls (1 vs 4) p = 0.0034

Fertile vs controls (2 vs 4) p = 0.3490

Varicocele vs controls (3 vs 4) p = 0.0098

Odds Ratio analysis [d vs (a+b+c)] O.R C.I.

All subjects with varicocele vs controls 1.834 1.122-2.996
Infertile vs controls 2.577 1.433.4.632

Fertile vs controls 0.693 0.336-1.417

16 (20.8%) | 15 (25.4%) | 31(22.8%) | 91 (37.0%)

26 (33.8%) | 25 (42.4%) | 51 (37.5%) | 89 (36.2%)

31 (40.3%) | 16 (27.1%) | 47 (34.6%) | 51(20.7%)

246

Genotyping determinations were made in groups of twenty
samples including cases and controls in order to eliminate possible
errors due to incomplete enzymatic digestion.

Statistical analyses were carried out by commercial software
(SPSS).

Results

Table 1 shows the distribution genotypes of the three ADA loci
in men with varicocele and in controls. A borderline statistically
significant difference between varicocele and controls is observed for
the ADA, locus only. The decrease of carriers of ADA *2 allele was
more marked among infertile men.

In Table 2 we have calculated a cumulative parameter as an
indicator of the number of rare alleles in the ADA gene. For each locus
we have considered as fundamental the allele with highest frequency
in the population i.e. allele *1 for the ADA, and ADA, loci and
allele *2 for the ADA_locus. Therefore in individuals with the joint
genotype “ADA *1/*1, ADA *1/*1, ADA *2/*2” the parameter has a
value = 0 while in individuals carrying the rare alleles at all loci the
parameter has a value = 3. Since homozygotes for the less frequent

alleles are rare, the great majority of carriers of these alleles are
heterozygote. Therefore the parameter is an indicator of the degree of
heterozygosity. The parameter displayed a highly significant difference
between varicocele and control. A marked increase of the class with
three common genotypes was observed in varicocele as compared
to control. This increase was much more marked in infertile than in
fertile subjects.

We have also assessed spermatic parameters in relation to single
ADA genotypes. No statistically significant difference in sperm
concentration and atypical spermatozoa was observed among
genotypes of ADA,, ADA, and ADA_. No statistically significant
difference in rectilinear sperm motility and abnormal sperm motility
was observed among ADA, and ADA, genotypes). A borderline
difference in the last two parameters (respectively p = 0.03 for
rectilinear motility and p = 0.05 for proportion of spermatozoa with
abnormal mobility) was observed among ADA, genotypes (data not
shown).

Table 3 shows the value of spermatic parameters in relation to
the number of more common genotypes at the ADA loci. Rectilinear
motility showed a statistically significant correlation with the number
of rare alleles present at the ADA gene. The lowest motility was
observed in subjects carrying all three common genotypes. As shown
in Table 4, this decrease in motility was very marked and statistically
significant in infertile men only. In these subjects a high value of eta
squared was observed suggesting that more than 20% of the variance
of rectilinear motility was due to the ADA genetic variability.

Discussion

Our data suggest that genetic variability within the ADA gene
influences susceptibility to varicocele, sperm parameters and fertility.
The study of three polymorphic sites in ADA gene has shown that
subjects homozygote for the three common alleles at all these sites
are more susceptible to varicocele; moreover in infertile subjects with
this genotype rectilinear spermatozoa motility is drastically reduced.
Opverall, these observations suggest a heterozygote advantage.

A role of adenosine deaminase in male fertility is suggested by
the presence of adenosine receptors in the acrosomal region of
spermatozoa and in the vas deferens epithelium; moreover recent
data have shown a relationship between ADA isoenzyme activity

Table 3: Spermatic Parameters in relation to the number of more common genotypes present in the ADA locus.

Spermatic concentration

Atypical spermatozoa

Rectilinear motility Abnormal motility

Mean S.E Mean S.E Mean S.E Mean S.E
No common genotype (a) 34.6 11.9 72.9 5.2 36.2 9.1 7.5 1.4
1 common genotype (b) 53.8 10.2 76.5 23 31.7 3.1 12.6 1.9
2 common genotypes (c) 45.0 5.8 70.5 3.2 32.7 23 10.6 1.4
3 common genotypes (d) 50.1 8.8 68.5 3.4 23.9 2.1 16.1 2.6

Significance of difference
avsbvscvsd
Variance analysis p=0.760 p =0.388 p =0.032 p =0.205
Linear correlation p =0.848 p=0.138 p=0.013 p=0.110
(atb+c) vs d

Student t p=0.767 p =0.245 p = 0.004 p =0.096
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Table 4: Spermatozoa rectilinear motility in relation to the number of more
common genotypes present in the ADA locus in fertile and infertile men.

Fertile Infertile

Mean S.E Mean S.E
No common genotype (a) 38.0 10.9 32.5 22.5
1 common genotype (b) 32.7 2.9 30.5 6.1
2 common genotypes (c) 30.7 3.5 34.7 29
3 common genotypes (d) 28.9 2.5 15.4 2.6

Significance of difference
avsbvscvsd
Variance analysis p =0.633 p =0.005
Linear correlation p=0.214 p=0.013
Eta squared 0.026 0.235
(atb+c)vs d

Student t p = 0.364 p =0.000
Eta squared 0.013 0.225

and fertility in men. Our genetic analysis of ADA genomic area in
relation to varicocele and infertility is consistent with this reported
relationship.

Besides the Asp8Asn variation in exon 1 of ADA gene, it is
possible that also other polymorphic sites contribute to ADA activity
and in turn to adenosine concentration. We have studied only three
polymorphic sites in the ADA gene: many other polymorphic sites
are present in this area; their possible influences on ADA functions in
human metabolism and immune reactions are at present unknown.
It is likely that these polymorphic sites have also a role in modulating
ADA ecto-enzyme functions influencing the interaction of ADA
molecule with cell surface proteins.

The relative low number of subjects examined represents a
limitation of our study. However, the relationship between genetic

variability within the ADA gene and both infertility and spermatic
rectilinear motility is highly significant and suggests that further
investigation in this area would be rewarding.
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