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Abstract

Objective—To describe the influence of TTTAN aromatase polymorphism on the relation
between obesity and plasma estradiol in obese men.

Design—A 2 years cohort study.
Setting—Clinical research center.
Patients—Severely obese Caucasian men (31 had gastric bypass surgery and 118 controls).

Intervention—Men were genotyped for the TTTAn CYP19A1 polymorphism. Anthropomorphic
measures, plasma estradiol and other hormonal levels were determined at baseline and two years
follow up.

Main outcomes measures—Relationships between weight and changes in weight and plasma
estradiol were examined in relation to the TTTAn polymorphism.

Results—Mean age was 46.5 + 10.82 years, and BMI was 47.1 + 8.46 kg/m2. The most common
repeats were 7 and 11. TTTAN number did not correlate to plasma estradiol in the univariate
analysis. When patients were stratified per weight groups, the correlation between plasma
estradiol and weight was seen only among men with higher TTTA repeat at baseline and two
years. Similarly, only men with higher TTTA exhibited reduced estradiol levels after weight loss.

Conclusion—Higher TTTA repeat are associated with a strengthened relationship between
obesity and estradiol. The well established effect of increased weight on plasma estradiol appears
to be absent in men with low TTTA numbers.

Keywords
Obesity; aromatase polymorphism; TTTA repeats; hormones; estradiol; testosterone

Corresponding author: Ahmad O. Hammoud MD, MPH Assistant professor Division of Reproductive Endocrinology and Infertility
University of Utah, Suite 2B200 30 North 1900 East Salt lake City, Utah Ahmad.hammoud@hsc.utah.edu.




1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Hammoud et al. Page 2

Background

Male obesity is associated with increased serum estradiol levels due to the increased
peripheral aromatization of androgens that results from increased body mass.(1) Estradiol in
men is derived from intra-testicular and peripheral aromatization of C19 androgens
(androstenedione, testosterone) under the influence of aromatase, a product of the CYP19
gene (2-4). Multiple studies have reported increased estrogen and reduced free and total
testosterone levels among obese men that may result in altered spermatogenesis and reduced
fertility. (5-6) We and others showed that weight loss reduces the extent of abnormalities in
the reproductive hormonal profile in obese men. (7-8)

Several previous reports showed the existence of polymorphisms in the aromatase enzyme
gene or CYP19A1. CYP 19A1 is a single copy gene located on chromosome15qg21.2. (2-4,
9) Aromatase polymorphisms were shown to affect risks for various estrogen dependent
diseases in women such as breast cancer, endometrial cancer, and osteoporosis. (10-19) In
men, aromatase polymorphisms may influence the incidence of osteoporosis and prostate
cancer.(4, 20-26) Other studies showed no association between aromatase polymorphism
and breast cancer, endometriosis, or osteoporosis in women, and men.(27-33).

The most commonly studied aromatase polymorphism is the tetranucleotide TTTA repeat
polymorphism (TTTAR) present in intron 4 of the CYP 19A1 gene. (17, 20-21, 23) This
polymorphism is associated with the activity of the aromatase enzyme both in vivo and in
vitro. (20)

The nature of the interaction between the TTTAn aromatase polymorphism and obesity in
the alteration of the reproductive hormonal profile in men has been controversial and the
interaction of the polymorphism on the effects of weight loss on estradiol levels is unknown.
(20-21) The purpose of this study was to investigate, 1) the association between variants of
the TTTAnN aromatase polymorphism and levels of reproductive hormones and 2) the
interaction of weight and change in weight with the polymorphism on reproductive
hormones in a group of severely obese men.

Material and Methods

Patient population

The Utah Obesity Study aimed at studying the 2-year morbidity of severely obese
patientswho underwent Roux-en-Y gastric bypass surgery compared to control groups. The
recruitment criteria are detailed in previous publications (34). The Utah obesity study
originally recruited 206 Caucasian men (BMI =35 kg/m?2): 67 men that underwent gastric
bypass surgery and 139 controls. Subjects and controls were seen at enrollment and at 2
years follow-up. At baseline, 149 men had sufficient baseline blood and DNA samples
available for analysis (31 had gastric bypass surgery and 118 controls). One hundred and
twenty five men presented for the follow- up in two years, 24 in the group that had surgery
and 101 in the control group. The 24 men who failed to follow up had similar demographic
and anthropometric characteristics compared to men who had their 2 years follow up (data
not shown).

Anthropometrics

All men had detailed questionnaires and anthropometric measures at baseline and at the two-
year follow up. Height was measured using a Harpenden anthropometer (Holtain, Ltd) to the
nearest centimeter. Weight was measured in a hospital gown with a Scaletronix scale (model
5100) (Scaletronix Corporation, Wheaton, IL). The scale has an 800 pound capacity and
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weighing accuracy of 0.1 kilogram. BMI was calculated as body weight divided by height
squared (kg/m?). Circumferences (Lufkin metal tape) were measured at the waist (at the top
of the iliac crest) and hip (at the largest circumference over the buttocks).

Metabolic and hormonal analysis

At baseline and at the 2-year follow up, study participants underwent a morning venous
blood draw after 12 h overnight fasting. The following were measured: total testosterone
using Electrochemiluminescent Immunoassay (ECLIA) (Elecsys Testosterone kit, Roche
Diagnostics, Se 1.1), sex hormone binding globulin using ECLIA (Elecsys SHBG kit, Roche
Diagnostics, Se 0.01, CV% 1-1.1), LH using ECLIA (Elecsys LH kit, Roche Diagnostics,
Se 0.011, CV% 1.2-1.5), FSH using ECLIA (Elecsys FSH kit, Roche Diagnostics, Se
0.0036, CV% 1-1.3), estradiol using ECLIA (Architect kit, Abbott Diagnostics
Laboratories, sensitivity (Se) 10, CV%: 2.4-6.2), Inhibin B using Enzyme-Linked
Immunosorbent Assay (ELISA) (Inhibin B ELISA kit, Diagnostic Systems Laboratory, Se
10, CV% 10), HOMA-IR (glucose and insulin), Leptin using ELISA (Human Leptin ELISA
Kit, Linco Research, Se 0.5, CV% 11-24.5) , Adiponectin using ELISA (Human
Adiponectin Elisa Kit (K1001-1), B-Bridge International, Se 2, CV% 12.5-13.8). Free
testosterone and estradiol was were calculated using the following formula: FT FH = ([TH] -
(N x [FHD)/(Kt[SHBG - [TH] + N[FTFH]]) (35). A similar formula was used to calculate
free estradiol. All hormonal analyses were performed at the ARUP Institute for Clinical and
Experimental pathology. ARUP is a national reference laboratory located in Salt Lake City,
Utah.

DNA analysis

The particular polymorphism targeted is the tetranucleotide TTTA repeat polymorphism
(TTTARN) present in intron 4 of the Cyp19 Al gene (36-37). Genomic DNA was extracted
from patients' EDTA blood samples using QlAamp DNA blood kit (QIAGEN). The DNA
region containing the tetranucleotide polymorphism (TTTAnN) at the CYP19A1 gene was
genotyped by using a modified PCR and electrophoresis method (20). The primers were
designed to yield a 128 bp PCR product with forward primer, 5'-
TGATAGAGTCAGAGCCTGTC and reverse primer, 5'-
GTAAGCAGGTACTTAGTTAGC. The polymerase chain reaction was performed in 10 ul
volume containing 5 ul of 2X FailSafe PCR premix (EPICENTRE Inc), 100 mM Tris-Hci,
100 mM KCI, 5 mM MgClI2, 400uM of each (ANTP and PCR enhancer), 1 ul of 10 pmol for
each primer, 1 ul of 1 unit KlenTaq enzyme and 2 ul DNA (20 ng/ul). The PCR temperature
profile was as follows: 95°C for 5 minutes followed by 35 cycles of 95 °C for 30 s, 60 °C
for 30 s and 72 °C for 30 s, and finishing by 10 minutes of incubation at 72 °C. The PCR
products were subjected to capillary electrophoresis and were analyzed using QlAxcel
multicapillary electrophoresis system (Q/AGEN,USA) at ARUP Institute for Clinical and
Experimental pathology. Each genotype was verified and confirmed by sequencing at the
University of Utah core research facilities.

Previous reports described various classifications for the TTTAnN 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” (11, 16-17, 21, 24-25), “8 repeats/ more than 8
repeats “ (19, 32, 38), “9 repeats/ more than 9 repeats” (20, 22, 26, 33), “10 repeats/ more
than 10 repeats” (13-14, 28), “11 repeats/ more than 11 repeats” (12) (19) or “12 repeats/
more than 12 repeats” (37). There is accordance of results among these studies that higher
number of repeats is associated with higher estrogen levels. For the purpose of this analysis,
the number of repeats on each allele was dichotomized to two variables: “7” = 7 repeats and
“X’= more than 7 repeats.” This threshold is the most commonly utilized in the literature.
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(11, 16-17, 21, 24-25) Subsequently, our three genotypic groups were the following: “7-7,”
“7_X11 and “X_X.”

Statistical analysis

Results

The unadjusted means were reported as mean + SD, the adjusted means of plasma estradiol
and various hormonal parameters were reported as mean + SE. General linear models with
polynomial contrasts were used to calculate and compare genotype-specific plasma estradiol
means. Covariates for adjustment of the means included age, BMI, and total testosterone
levels. Bonferonni correction was used for multiple comparisons. SPSS 16.0 (SPSS Inc,
Chicago, IL) was used for statistical analysis.

The mean age of our patients was 46.5 + 10.82 years, the mean BMI was 47.1 + 8.46 kg/m2
and the mean weight was 337.2 + 60.87 Ib. The distribution of the TTTAn repeats is given
in figure 1. The most frequent numbers of repeats in our population were 7 and 11. The
distribution of the three genotypes at baseline was as follows: “7-7"= 28.2% (n=42), “7-X"=
18.1% (n=27) and “X-X"=53.7% (n=80). The distribution of the demographic (age) and
anthropometric measures (height, weight, BMI, waist, hip) between the three genotypes at
base line and the two years follow up was similar in the three genotype groups (data not
shown). The proportion of subjects who would undergo bypass surgery at baseline was
similar to the proportion of subjects who had undergone bypass surgery in the group
providing 2-year follow-up data.

The unadjusted means of the different metabolic and hormonal parameters between the three
genotypic groups are given in table 1. The three genotypic groups did not differ for any
metabolic and hormonal parameters at baseline and at the 2 years follow up. Higher numbers
of TTTARN repeats were associated with higher estradiol levels, but the difference was not
statistically different. The levels of free estradiol levels followed the same trends as total
estradiol. At baseline the free estradiol levels between the three genotypic groups were as
follows: “7-7": 0.98+0.30 pg/ml, “7-X”: 1.03+0.34 pg/ml and “X-X": 1.06+ 0.39 pg/ml,
(p=0.53). Choosing other previously used thresholds for TTTAn repeats such as (both
allele= 7 repeats compared to both allele = 11 repeats) and (equal or lower than 9 repeats
compared to more than 9 repeats) did not result in a significance difference in estradiol
levels.

In contrast to the effect of TTTA repeat on estradiol, Weight was strongly associated with
estradiol levels at baseline and at the 2 years follow up (data not shown). The absence of
association in the raw data between TTTAn and estradiol indicates a much larger and
important role for weight in the determination of estradiol level in obese men. To determine
whether the TTTAnN polymorphism modulate the effect of weight on estradiol levels, the
estradiol levels were averaged per weight category in the groups with high and low number
of TTTA repeats, Figure 2. Higher TTTAn repeats were associated with an enhancement of
the interaction between weight and estradiol levels. The correlation between weight and
estradiol level is clearly and statistically significantly seen among men homozygous for
higher TTTAnN repeat numbers both at baseline and at two years, whereas no such
correlation is evident for men homozygous for lower numbers of repeats.

The apparent relationship between higher TTTAR repeats and strengthened relationship
between weight and estradiol levels was next evaluated in relation to the interaction between
the TTTAnN polymorphism with the effect of weight loss on estradiol levels. At the 2 years
follow up and after an average weight loss of 43.0+ 66.00 (—255.00 — +49.00) Ib, one
hundred and twenty five men presented for the follow- up, 24 in the group that had surgery
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and 101 in the control group. The average percent weight loss in our patient population was
11% with a range of a loss of 52 % to a gain of 14%. The percent weight loss after follow up
was divided into three categories: minimal change in weight (weight loss or gain of less than
10%) n=68, moderate weight loss (weight loss more than 10 % of the original weight but
less or equal to 25%) n= 11 and severe weight loss (weight loss more than 25% of the
original weight) n=37. The rest of patients had weight gain of more than 10% of the original
weight and were part of the control group, they were subsequently excluded from the
analysis of the effect of weight loss on estradiol levels. The percent of change in estradiol in
response to change in weight among patients with low and high TTTAn repeats is presented
in Figure 3. After correction for gastric bypass surgery, men with higher TTTAn repeats (X-
X) reduced dramatically their estradiol in response to weight loss, p=0.003. In men with
lower TTTAR repeats, the change in estradiol was not associated with degree of weight loss
(p=0.84).

Discussion

Our data show that the numbers of TTTAnN repeats in the aromatase polymorphism may
have a small contribution when compared to weight on estradiol levels in obese men. Failure
to demonstrate a more clear effect of the polymorphism on estradiol levels appears
attributable to an interaction between the effects of weight and the polymorphism on
estradiol levels. In this regard, we found that the effect of increasing degrees of obesity on
estradiol levels depends on the number of TTTAN repeats in the aromatase polymorphism,
as does the decline in estradiol levels with weight loss. Thus, the interaction of weight and
estradiol levels in men varies according to this polymorphism. Our population included only
obese men, in another population that includes normal and overweight men in addition to
obese men, the effect of TTTAnN repeats may be more pronounced. Another limitation that
precluded the statistical significance is the small sample in our study.

The effect of aromatase polymorphism on the estrogen metabolism in men has been reported
in previous work. Gennari et al studied the effect of aromatase polymorphism in bone
metabolism. found that men with higher numbers of TTTAn repeats (more than 9) on both
alleles had higher estradiol value and higher estradiol to testosterone ratio when compared
with men lower number of TTTAR repeats on both alleles. This difference in hormonal
profile at baseline was also reflected in a higher lumbar bone mineral density in men with
higher numbers of TTTAnN repeats (more than 9) on both alleles. This difference was
reduced when the authors corrected for BMI, suggesting a stronger effect of obesity on
estradiol and bone density than the aromatase polymorphism.(20) These results are
consistent with our observations although our study population included no men of normal
weight. Our data suggest further, however, that the effect of weight on estradiol is more
pronounced in the high TTTAN repeat group than in the low TTTAR repeat group, such that
correcting for BMI might be expected to have different outcomes for different allelic groups
for the TTTAnN polymorphism. A previous study by Van Pottelbergh et al, who did not find a
correlation between aromatase polymorphism and reproductive hormones until he they
excluded men with the lowest (25! percentile) and highest (75t percentile) BMIs. In this
same study, men who were carrier of the polymorphism with the higher number of TTTAnR
repeats were less likely, after an average 3.4 years of follow-up, to reduce their bone mineral
density at the total distal forearm and mid-subregion when compared to men with the shorter
TTTAnN repeat allelic variant.(21) Our data suggest that the correlation between weight and
estradiol among subjects in Van Pottlebergh's data may have been obscured by the
“subpopulation of men with lower TTTAR repeats for whom the weight-E2 relationship is
damped. Together our data taken with these studies shows that the effect of obesity
dominates the effect of the TTTAN repeats on estradiol levels, but to a lesser degree for men
with lower repeat numbers among whom the weight to estradiol relationship is blunted.
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The polymorphism studied in this our paper is located in intron 4 of the CYP19 gene. A
biological plausibility of the relation between TTTAnR repeats and aromatase activity may be
attributed to a possible linkage to other polymorphisms in the promoter or other regulatory
area of the CYP 19A1 gene. In factThere are several SNPs that were described in the
aromatase genes such as the (3'UTR) C>T change (rs10046)(36—37), and the deletion/
insertion polymorphism located in the intron 4, IVS4 [-/TCT](rs11575899), Arg264Cys and
Val80Val (G/A). (36, 39) These polymorphisms have been linked to various clinical
conditions with conflicting results. (40) The deletion/insertion polymorphism [-/TCT] has
been suggested to affect the relation between TTTAnN polymorphism and estrogen levels. We
have screened a group of men from the same population for the deletion/insertion
polymorphism [-/TCT] and found that it did not strengthen the relation between the TTTA
polymorphism and estradiol levels (data not shown). Other polymorphisms are of uncertain
clinical significance. There are 2 coding SNPs that have been described, Arg264Cys and
Val80Val (G/A), these polymorphism were not associated estrogen-dependent end points.
(40) Another coding SNP, Trp39Arg, was associated with less active aromatase protein in a
Japanese population. (14) A recent report found that the (rs2470152) SNP (G—A) located in
intron 1 of the CYP 19A1 gene to be highly correlated to estrogen levels in in two
populations of 1041 young and 4490 older men. (41).

A direct role of the TTTAnN polymorphism on transcriptional or post transcriptional
pathways of the aromatase enzyme remains to be demonstrated. The aromatase enzyme is
known to have several tissue specific promoters.(4) The expression of CYP19A1 in adipose
tissue is dependent on promoter 1.4 regulated by class | cytokines and other activators such
as TNFa and glucocortcoids.(42-43) Our data show that the various allelic forms of the
TTTAnN polymorphism account for differential effects of weight on estradiol levels; this
may, for instance, imply that this polymorphism may be related to differential expression of
aromatase in fatty tissue through activation or repression of fat tissue specific promoter. In
conclusion, the TTTAn aromatase polymorphism may influences the levels of estradiol in
men by differentially modulating the quantitatively greater effects of obesity.
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Figure 1.
Distribution of the different alleles with different numbers of TTTAN repeats
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Figure 3.

Change in estradiol levels (pg/ml) between the baseline and the 2 years follow up by
category of weight loss in the two group of men with higher number of TTTAn repeats (X-
X) and Lower number of TTTAN repeats (7-7) of the aromatase polymorphism (mean + 1
SD). The percent weight loss after follow up was divided into three categories: minimal
change in weight (weight loss or gain of less than 10%) n=68, moderate weight loss (weight
loss more than 10 % of the original weight but less or equal to 25%) n= 11 and severe
weight loss (weight loss more than 25% of the original weight) n=37. P value is testing for
linear trend in the three categories.
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Table 1

Unadjusted means of metabolic and hormonal parameters

7-7 7-X X-X P value?

Baseline n=42 n=27 n=80

Glucose 107.1+34.06 120.5+35.66 110.2+31.05 0.620
Insulin 17.4+11.21 18.1+19.58 17.3+13.36 0.979
Glycosylated Hemoglobin 6.1+1.26 6.5+1.40 6.1+0.96 0.996
Adiponectin 7.2£3.53 7.0£3.04 8.1+6.23 0.365
Leptin 41.5+22.01 51.9+28.26 48.5+27.42 0.164
C reactive Protein (mg/dL) 0.6+0.63 0.6+0.39 0.6+0.52 0.993
Luteinizing Hormone (1U/L) 4.2+2.37 4.5%2.72 4.242.38 0.983
Follicle Stimulating Hormone(1U/L) 5.0+4.44 6.0+4.45 4.613.26 0.544
Sex hormone Binding globulin (nmol/L) | 24.5+16.87 30.0+11.65 27.2+16.83 0.371
Total testosterone (ng/dL) 287.7£135.73 | 303.4+131.47 | 332.1+154.68 | 0.112
Free testosterone (pg/mL) 59.9+24.06 57.7+20.52 66.9+30.97 0.183
Estradiol (pg/mL) 34.6+9.28 38.6+10.82 37.7£12.71 0.161

a . . . .
ANOVA with polynomial contrast and Bonferroni correction.
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