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BACKGROUND: Obesity in men is associated with low sperm count, however, this finding is inconsistent. Here, we describe length of the
short tandem repeat aromatase (CYPI9AI) polymorphism and its relationship to increased weight and sperm count.

METHODS: A cohort of 215 men was recruited from the community and BMI, hormone levels and sperm parameters were determined at
enrollment. Men (196) were genotyped for length of the tetranucleotide TTTA repeats polymorphism (TTTA,,), defined as short (S <7
repeats) or long (L > 7 repeats). Genotypes were categorized using allele combinations as ‘low repeats’ = S-S, or ‘high repeats’ = S—L/
L—L. Weight and sperm parameters were examined in relation to size of TTTA, repeat.

RESULTS: Mean (+ SD) age was 29.8 + 8.6 years and mean BMI was 25.6 + 4.6 kg/m?”. Men with high repeats had higher estradiol (E,)
levels (98.0 + 33.36 pmol/I) than men with low repeats (85.9 + 26.61 pmol/I; P = 0.026). Lower FSH levels tended to be present in men
with high repeats versus men with low repeats (P = 0.052). After stratification by genotype, a negative correlation between BMI and sperm
count (Pearson’s coefficient = 0.406) was seen only among men with high repeats (P = 0.019). Only men with high repeats exhibited
increased E, with increased weight. A decrease in testosterone: E, ratio with increasing BMI was more pronounced in men with high
versus low, repeats (R* = 0.436 versus 0.281).

CONCLUSIONS: Higher TTTA repeat numbers (>7 repeats) in the aromatase gene are associated with a negative relationship between

obesity and sperm count. The effect of obesity on E; and sperm count appears to be absent in men with low (<7) repeats.
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Background

Male obesity is associated with physiological changes that can nega-
tively affect male fertility (Hammoud et al., 2008a). Obese men have
demonstrated a 3-fold increase in the prevalence of oligozoospermia
when compared with men with normal BMI (Hammoud et al.,
2008b). However, such evidence of decreased spermatogenesis is
not consistently seen (MacDonald et al., 2010). The proposed
causes of reduced spermatogenesis include a reduction in circulating
levels of free and total testosterone and increased estradiol (E;)
levels (Hammoud et al., 2009b). Increased E, levels are postulated
to contribute to the central suppression of gonadotrophin production,

which in turn may decrease both testosterone production and
spermatogenesis.

E, in men is derived mainly from intratesticular and peripheral aro-
matization of the C19 androgens (androstenedione, testosterone) by
aromatase, a product of the CYPI9 gene. CYP I9Al is a single copy
gene located on chromosomel5q21.2 (Polymeropoulos et al., 1991;
Sebastian and Bulun, 2001; Bulun et al., 2003; Ma et al., 2005). Aroma-
tase polymorphisms have been shown to affect various estrogen-
dependent diseases in women and men. The most commonly
studied aromatase polymorphism is the tetranucleotide TTTA
repeats polymorphism (TTTA,) present in Intron 4 of the CYP
I9Al gene (Van Pottelbergh et al., 2003; Gennari et al., 2004;
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Tofteng et al., 2004). This polymorphism is associated with the activity
of the aromatase enzyme both in vivo and in vitro (Gennari et al., 2004).
We recently demonstrated that the relationship between obesity and
serum E, in men differs according to which polymorphism is present
(Hammoud et al., 2009a). We showed that a significant relationship
between serum E; and weight was restricted to severely obese men
with higher numbers of TTTA, repeats. Among severely obese men
with lower numbers of repeats, increased levels of E, were not
seen with increasing weight (Hammoud et al., 2009a). In the current
study, we hypothesized that the TTTA,, repeat polymorphism in the
aromatase enzyme could affect the relationship between weight
and sperm parameters through its modulation of the effect of
weight on E,.

Materials and Methods

Study population

In an Institute Review Board approved protocol, 257 men were recruited
for a study of spermatogenesis from the general community. These men
were recruited through advertisement to participate in a larger study
that aims to create a DNA, semen data and clinical information repository
for the study of spermatogenesis in the general population. The men com-
pleted a detailed general health and reproductive health questionnaire, and
donated blood and semen samples for hormonal, DNA and sperm par-
ameters analysis. Three men with cryptorchidism, two men with self-
reported varicoceles and one man with a high FSH level were excluded.
Of the 25| men to be considered, 215 men had reported BMI and had
a semen sample analyzed with more than 0.5 ml. Genotyping of aromatase
enzyme was performed on 196 men (DNA was unavailable for 19 men). In
the questionnaires, men were asked to identify their height and weight.
Several reports showed that self-reported BMI has a reasonable accuracy
in predicting the incidence of obesity (Bolton-Smith et al., 2000; Gillum and
Sempos, 2005). In men, the sensitivity and specificity for determining clini-
cal obesity by a self-reported BMI have previously been reported as 83 and
96%, respectively (Bolton-Smith et al., 2000; Gillum and Sempos, 2005). In
this paper, the self-reported BMI is referred to as BMI. BMI was divided
into three categories according to the National Heart Lung and Blood
Institute (National Insitutes of Health) classification: Normal weight
(BMI < 25 kg/m?), overweight (25 < BMI < 30kg/m?) and obese
(BMI > 30 kg/m?), and these classes correspond to the World Health
Organization (WHO) classes of BMI: Normal, pre-obese and obese,
respectively.

To reduce possible misclassification in the self-reported BMI (or BMI),
BMI was also analyzed as a continuous variable (Bolton-Smith et al., 2000).

To assess the effect of self-reported BMI on the validity of our analysis, a
‘calculated BMI" was also derived from the self-reported BMI using
reported formulas that compared self-reported BMI to true BMI. The ‘cal-
culated BMI'= —0.202 4 1.005 x BMI + 0.014 x AGE (Nyholm et al.,
2007). The ‘calculated BMI" may constitute a better estimation of the
true BMI.

Semen analysis

All study participants had between 2 and 5 days of sexual abstinence prior
to collection of the semen specimen. Sperm parameters analyzed included
sperm concentration (million/ml), total progressively motile sperm per
ejaculate and sperm morphology according to the WHO criteria. All ana-
lyses were performed by experienced technicians operating under an
active quality control program.

Metabolic and hormonal analysis

Study participants underwent a morning venous blood draw after 12 h
overnight fasting. The following were measured: E, using an electrochemi-
luminescent immunoassay (ECLIA) [Architect kit, Abbott Diagnostics Lab-
oratories, sensitivity (Se) 10, coefficient of variation (CV)%: 2.4—6.2], FSH
using ECLIA (Elecsys FSH kit, Roche Diagnostics, Se 0.0036, CV% | —1.3),
LH using ECLIA (Elecsys LH kit, Roche Diagnostics, Se 0.011, CV% 1.2—
I.5), total testosterone using ECLIA (Elecsys Testosterone Kit, Roche
Diagnostics, Se 1.1), sex hormone-binding globulin (SHBG) using ECLIA
(Elecsys SHBG kit, Roche Diagnostics, Se 0.01, CV% |—1.1). Free testos-
terone was calculated using the following formula: FH = ([H] — (N x
[FH]))/ (Kt[SHBG — [H] + N[FH]]) where FH is the free hormone (tes-
tosterone) concentration, H is total hormone (testosterone) concen-
tration, Kt is the association constant of SHBG for testosterone and
N = KaCa + I, Ka is the association constant of albumin to testosterone
and Ca is the albumin concentration (Vermeulen et al., 1999). All hormo-
nal analyses were performed at the ARUP Institute for Clinical and Exper-
imental Pathology. ARUP is a national reference laboratory located in Salt
Lake City, Utah, USA.

DNA analysis

Blood was collected in a 10 ml tube containing sodium citrate. DNA was
extracted using the Gentra Puregene DNA purification kit (Qiagen, Valen-
cia, CA, USA). Forty nanograms of DNA template was submitted to the
DNA Sequencing and Genomics Core Facility at the University of Utah
Health Sciences Center for genotyping.

PCR amplification of the polymorphic fragment in intron 4 of the
CYPI9al gene was performed using primers 5-CAA CTC GAC CCT
TCT TTA TG-3' (forward) and 5-GTT TCT GTT TGA CTC CGT
GAG TTT GA-3’ (reverse). The forward primer was 5’ labeled with a flu-
orescent dye (56-FAM) for automated fragment analysis. Forty nanograms
of DNA in a 20 wl reaction containing 7.5 wM primer, 0.5 pl Tag DNA
polymerase Platinum (Invitrogen) and 10x buffer containing 1.5 mM
MgClI2 was amplified using an Applied Biosystems 9700 GeneAmp PCR
block. The thermal cycling profile included a 5 min initial denaturing step
at 94°C, a 3-step 35 cycles amplification (20s at 94°C, 20s at 56°C
and 40 s at 72°C), a 72°C extension for 10 min. and cooling phase to
20°C. Electrophoresis was performed on an Applied Biosystems3|30xI
Genetic Analyzer. The analysis was carried out using Applied Biosystems
GeneMaper Software. Eight homozygous subject samples were sequenced
in duplicate to verify the number of repeats. PCR products from two het-
erozygous subjects were cloned and 10 clones of each subject were
sequenced.

Previous reports described various classifications for the TTTA,
repeats: the number of repeats on each allele was dichotomized into
two groups based on the number of repeats such as ‘7 repeats/more
than 7 repeats’ (Van Pottelbergh et al., 2003; Tofteng et al., 2004;
Paynter et al., 2005; Tsuchiya et al., 2006; Huang et al., 2007, 2008), ‘8
repeats/more than 8 repeats’ (Masi et al, 2001; Salmen et al., 2003;
Suzuki et al., 2003), ‘9 repeats/more than 9 repeats’ (Remes et al.,
2003; Gennari et al., 2004; Lorentzon et al., 2006; Czajka-Oraniec et al.,
2008), ‘10 repeats/more than |0 repeats’ (Miyoshi et al., 2000; Baxter
et al, 2001; Okobia et al., 2006), ‘Il repeats/more than || repeats’
(Masi et al., 2001; Ahsan et al., 2005) or ‘12 repeats/ more than |2
repeats’ (Kristensen et al., 2000). There was a concordance of results
among these studies, in that a higher number of repeats were associated
with higher estrogen levels. For the purpose of this analysis, the number of
repeats on each allele was dichotomized to two variables: ‘S’ short =7
repeats and ‘L’ long = more than 7 repeats.” This threshold is the most
commonly utilized in the literature (Van Pottelbergh et al., 2003;
Tofteng et al., 2004; Paynter et al., 2005; Tsuchiya et al., 2006; Huang
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et al., 2008, 2007; Hammoud et al., 2009a). Subsequently, our two geno-
typic groups were the following: ‘low repeats = S—S’ and ‘high repeats =
S—L/L—L" corresponding to the homozygous group with two alleles with
low repeats (S—S) and the combined groups of homozygous with two

Percentage(%) Percentage of TTTAn repeats alleles

70

high repeats alleles (L—L) and heterozygote with one low and one high : 60
repeats alleles (S—L). 50—
: 40
Statistical analysis : 0]
The unadjusted means were reported, and indicated in figures as mean + 20

SD. Demographic, hormonal and semen parameters in the two genotypes
were compared using (‘one-way’ ANOVA) analysis of variance. Within
each genotype, a general linear model with polynomial contrasts was
used to calculate the mean sperm concentration, serum E, and testoster-
one to estrogen (E;) ratio as a function of BMI categories after correcting

7 8 9 10 11 12 13
TTTAN repeats alleles

for age. The P values of this model compare the mean values in all three
categories and assess for linear correlation. The two groups S—L and L—L
were combined to increase the number of cases in each of the subgroups.
Bonferonni correction was used for multiple comparisons. Pearson’s coef-
ficient of correlation was used to calculate the correlation of two continu-

Figure | Distribution of the number of A repeat alleles in our
study of Intron 4 of the CYP I9Al (aromatase) gene in men
(n=196). Seven and || repeats were the most frequent alleles.

ous variables. The Statistical Package for the Social Sciences version|6.0
(SPSS Inc., Chicago, IL, USA) was used for statistical analysis. Statistical

significance was set at P << 0.05.
Table | Unadjusted means of demographic, hormonal

and semen parameters in the two genotypes of the
aromatase gene TTTA repeat polymorphism in men
(data are mean + SD).

Results

The mean (+SD) age of this population was 29.8 + 8.6 years and
mean BMI was 25.6 + 4.6 kg/m?. The distribution of the three BMI

Low repeats High repeats P

categories was as follows: Normal weight (BMI < 25 kg/m?) was (n=162) (n=34) value
53.5% (n=116), overweight (25 < BMI< 30kg/m?) was 29.5% . B
2 o Demographic parameters
(n = 64) and obese (BMI > 30 kg/m“) was 17% (n = 35). The distri- AGE (years) 305 4 9.0 74490 0.06
bution of the TTTA, repeat alleles in the study population is shown in N T o ’
Fig. |. The distribution of the TTTA,, repeat genotypes was as follows: BMI (kg/m’) 259148 243144 0.06
‘low repeats’ (S—S) was 82.7% (n = 162) and the ‘high repeats’ (S-L/ Hormonal parameters
L—L) was 17.3% (n = 34). E, (pmol/l) 859 +26.7 98.0 + 334 0.026*
The distribution of the various demographic, hormonal and semen Free testosterone ~ 363.6 £ 1235  409.0 £ 1248  0.054
parameters between the two TTTA, repeat genotypes is detailed in (pmol/1)
Table I. Men with high repeats showed significantly higher E; levels Total testosterone 189 £70 206+ 6.8 0.16
(98.0 + 33.36 pmol/l) when compared with men with low repeats (nmol/1)
(85.9 £ 26.61 pmol/I; P = 0.026). Of interest are the correspondingly Testosterone to 0.18 0.1 020+ 0.1 0.46
lower FSH levels in men with high repeats (3.2 + 1.84 IU/ml) when estrogen ratio
compared with subjects with low repeats (3.8 + 1.69IU/ml; P= Sex o BAL145 3181128 0.56
. i . L L hormone-binding
0.052). The difference in FSH levels did not reach statistical signifi- globulin (nmol/1)
cance, but suggested a strong statistical trend. Inhibin B (pg/ml) 1026 + 52.6 107.9 + 61.1 061
The effect of BMI on sperm concentration comparing men with low FSH (1U/) 38+ 1.7 39419 0,052
and high repeats is shown in Fig. 2. Mean sperm concentrations among LH (U/) 8 ; 8 8 ; ) 093
men in the three BMI categories among patients with low repeats did R R '
not differ: Normal weight (n = 81) = 90.3 + 7.86 million/ml, over- Semen parameters
weight (n = 52) = 78.7 + 9.68 million/ml and obese (n=29) = Volume (ml) 26+ 15 24+ 14 0.48
89.8 + 13.24 million/ml (P = 0.97). However, mean sperm count Concentration 86.5 +69.5 93.5 £ 56.1 0.58
among all men with high repeats in the three BMI categories fell (million/mi)
with increasing BMI:  Normal weight (n=21)=1058+ Normal head 287+ 135 326+ 134 0.17
[1.94 million/ml, overweight (n = 8) = 93.9 + 19.36 million/ml and morphology (%)
Progressive motile 05402 05402 0.77

obese (n=4)=42.8 + 27.37 million/ml (P = 0.044) (33 out of 34
men with high repeats had reported BMI).

The mean E, levels showed a similar relationship with a significant
increase in E; in response to weight seen only among men with high
repeats (Fig. 3). Among men with low repeats numbers, mean
serum E, were as follows: Normal weight (n=63)=103.7 £+

sperm (%)

*Statistically significant.

Low repeats: <7 TTTA repeats in Intron 4 of the CYP 19AI (aromatase) gene.
High repeats: >7 TTTA repeats in Intron 4 of the CYP |9Al (aromatase) gene.

E,, estradiol.
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. TTTAn repeats

H Low repeat
M High repeat

120 o ad

*p=0.044

Mean sperm concentration (million/mL)

Normal weight Overweight Obese

BMI groups

Figure 2 Sperm concentration in the different BMI groups in
patients with low repeats, <7 TTTA repeats (gray columns,
P=10.97) and high repeats, >7 TTTA repeats (black columns,
P = 0.044). P value is testing for linear trend in the three categories
(P value is assessing for a linear correlation). Data are mean + SD
[Low repeats: Normal weight (n=81), overweight (n=52) and
obese (n= 29). High repeats: Normal weight (n = 21), overweight
(n = 8) and obese (n = 4)].

200 TTTAn repeat

Miow repeat
M High repeat .

150 5

‘p=0.024

Mean estradiol (pmol/L)

MNormal weight Overweight Obese

EMI groups

Figure 3 Serum estradiol in the different BMI groups in patients
with low repeats (gray columns, P= 0.22) and high repeats (black
columns, P =0.024). P value is testing for linear trend in the three
categories (P value is assessing for a linear correlation). Data are
mean + SD [Low repeats: Normal weight (n= 63), overweight
(n=44) and obese (n=24). High repeats: Normal weight
(n=16), overweight (n = 3) and obese (n = 2)].

7.82 pmol/I, overweight (n=44) = 118.1 + 9.22 pmol/| and obese
(n=24)= 12224 12.72 pmol/I (P=0.22) (131 out of 162 men
with low repeats had enough serum for E, analysis). Mean serum E,

Table Il Correlations between self-reported and
calculated BMIs with semen parameters and serum E,
in men in the two groups of the TTTA, aromatase
polymorphism (Pearson’s coefficient of correlation).

TTTA Pearson’s Sperm Serum
polymorphism  coefficient of concentration E,

correlation (million/ml) (pmolll)
Low repeats BMI —0.012 0.121
(n=162) (self-reported)

Calculated BMI  —0.010 0.120
High repeats BMI —0.406* 0.623**
(n=34) (self-reported)

Calculated BMI —0.403* 0.615%*

*Correlation is significant at the 0.05 level (two-tailed).
*Correlation is significant at the 0.01 level (two-tailed).

between the three BMI categories in patients with high repeats
were as follows: Normal weight (n = 16) = 99.9 + 6.81 pmol/|, over-
weight (n=3)= 1044+ 15.77 pmol/l and obese (n=2)=
150.7 + 19.26 pmol/I (P=10.024) (21 out of 34 men with high
repeats had enough serum for E, analysis). To account for possible
misclassification resulting from the use of self-reported BMI and for
the low number (n = 2) of cases in the category of ‘obese with high
TTTA, repeats’, BMI (as a continuous variable) as well as the ‘calcu-
lated BMI" were correlated with sperm concentration and E, levels
in men with low and high repeats (Table Il). We show that BMI cor-
related negatively with sperm concentration and positively with serum
E, in men with high repeats while there was no correlation in men with
low repeats. These results were duplicated with the ‘calculated BMI’
(Table 1I).

Mean testosterone-to-estrogen ratios declined with increasing BMI
(Fig. 4). Among men with low repeat numbers, ratios of testosterone
to E; were as follows: Normal weight (n = 63) = 0.21 + 0.008, over-
weight (n=44) =0.16 + 0.010 and obese(n =24) =0.13 + 0.014
(P < 0.001). Mean testosterone-to-estrogen ratio between the three
BMI categories in patients with high repeats were as follows:
Normal weight (n=16)=0.23 +0.018, overweight (n=3)=
0.14 + 0.042 and obese (n=12)=0.06 + 0.052 (P =0.008). The
fall in testosterone to E, ratios with increasing BMI appears to be
more pronounced among subjects with the long allele of the TTTA,
repeats.

Discussion

In this study, we showed that men with a higher number of TTTA,
repeats in intron 4 of the aromatase enzyme gene have higher
serum E, levels, lower FSH levels and exhibit a relationship between
increased weight and reduction in sperm concentration.

Because testicular tissue is known to express the aromatase
enzyme (Lambard et al, 2005), we have theorized that the
TTTA, repeat polymorphism can affect sperm concentration
through two potential mechanisms. First, increasing the intratesticu-
lar E; concentration would reach a threshold that has deleterious
effects on spermatogenesis (local testicular mechanism) (Goyal
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050 TTTAN repeat

+ low repeat
+ High repeat

low repeat
~~ High repeat

0.40

0.304

0.204

Total testosterone/estradiol ratio

0.10+

0.00+

Figure 4 Scatter plot denoting the correlation between total tes-
tosterone/estradiol ratio in relation to BMI in the two TTTA, geno-
type groups. In patients with high repeats the relationship is more
exaggerated, as evidenced by the higher R = 0.436 compared with
patients with low repeats, R> = 0.281 (R* quantifies the change in
total testosterone/estrogen that is explained by the change in BMI).

et al., 2003). Second, increasing circulating E; would result in an
increased suppression of hypothalamic—pituitary function (periph-
eral mechanism). In our study, the TTTA, repeats polymorphism
in Intron 4 of the CYP [|9Al gene affected the circulating E,
values, which paralleled the decrease in sperm concentration with
increasing BMI in men with higher TTTA,, repeats. The higher circu-
lating E, levels were also associated with lower FSH levels among
men with high repeat numbers, suggesting that this peripheral
mechanism is involved in the effect of the aromatase polymorphism
on sperm concentration. These data does not allow the direct
evaluation of changes in intratesticular hormonal parameters in
relation to the different genotypes of the TTTA, polymorphism.
However, intratesticular testosterone concentration is much
higher than the circulating levels and even a small change in the
activity of the aromatase enzyme might dramatically alter intratesti-
cular estrogen levels compared with the circulating estrogen. The
absence of an effect of TTTA, polymorphism on sperm concen-
tration independent of weight suggests that the main mechanism
of influence of the TTTA, polymorphism on spermatogenesis is
through an increase in the circulating estrogen associated with
increased weight and a subsequent suppression of the hypothala-
mic—pituitary axis (peripheral mechanism).

The aromatase enzyme is known to have multiple tissue-specific
promoters (Bulun et al., 2003). This study and our previous study
show that the TTTA,, repeat polymorphism appears to be instrumen-
tal in the relationship between increased weight and alterations in hor-
monal and sperm parameters in men. Whether the TTTA, repeat

polymorphism in Intron 4 affects the expression of an adipose tissue-
specific promoter remains to be demonstrated.

The difference in the effect of weight on sperm concentration
among men with the different genotypes of the TTTA, repeat poly-
morphism (i.e. negative effect of weight on sperm concentration is
only seen in high repeats group) may explain some of the divergence
of results in studies describing the effect of increased weight on sperm
parameters (Hammoud et al., 2008a; MacDonald et al., 2010). It is
possible that these different study populations had a different distri-
bution of the TTTA, genotypes that either helped to show this
relationship (higher proportion of men with high TTTA,, repeats) or
blunt it (higher proportion of men with low TTTA, repeats). One
of the limitations of our study population is the low number of men
that were both obese and had high repeats. Future studies with
larger numbers of men are needed to confirm our observation.

In summary, men with higher repeats in intron 4 of the CYP 19AI
gene have higher circulating E; levels and a greater dependence of E,
levels on weight. In these men, increased BMI was associated with an
exaggerated decrease in testosterone to the E, ratio and a reduction
in sperm concentration. Men with low numbers of TTTA,, repeats did
not show a relationship between increased weight and E, levels or
sperm concentration.
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