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Association of the Estrogen Receptor-oo Gene With the
Metabolic Syndrome and Its Component Traits in

African-American Families

The Insulin Resistance Atherosclerosis Family Study

Carla J. Gallagher,"?? Carl D. Langefeld,* Candace J. Gordon,> Joel K. Campbell,*
Josyf C. Mychalecky,?*?%7 Michael Bryer-Ash,® Stephen S. Rich,*” Donald W. Bowden,*** and

Michele M. Sale??:%:9-10

OBJECTIVE—We previously detected an association between a
region of the estrogen receptor-a (ESR1) gene and type 2
diabetes in an African-American case-control study; thus, we
investigated this region for associations with the metabolic
syndrome and its component traits in African-American families
from the Insulin Resistance Atherosclerosis Family Study.

RESEARCH DESIGN AND METHODS—A total of 17 single
nucleotide polymorphisms (SNPs) from a contiguous 41-kb in-
tron l-intron 2 region of the ESR1 gene were genotyped in 548
individuals from 42 African-American pedigrees. Generalized
estimating equations were computed using a sandwich estimator
of the variance and exchangeable correlation to account for
familial correlation.

RESULTS—Significant associations were detected between
ESR1 SNPs and the metabolic syndrome (P = 0.005 to P = 0.029),
type 2 diabetes (P = 0.001), insulin sensitivity (P = 0.0005 to P =
0.023), fasting insulin (P = 0.022 to P = 0.033), triglycerides (P =
0.021), LDL (P = 0.016 to P = 0.034), cholesterol (P = 0.046), BMI
(P = 0.016 to P = 0.035), waist circumference (P = 0.012 to
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P = 0.023), and subcutaneous adipose tissue area (P = 0.016).

CONCLUSIONS—It appears likely that ESR1 contributes to
type 2 diabetes and CVD risk via pleiotropic effects, leading to
insulin resistance, a poor lipid profile, and obesity. Diabetes 56:
2135-2141, 2007

ariants in the estrogen receptor-a (ESR1) gene

have been associated with components of the

metabolic syndrome, including obesity (1), HDL

cholesterol (2), LDL metabolism (3), blood pres-
sure (4,5), and type 2 diabetes (1). A genome scan for type
2 diabetes using 638 affected African-American sibling
pairs from 247 families revealed the greatest evidence for
linkage (logarithm of odds [LOD] 2.26) at 163.5 cM on
chromosome 6q (6); the support (LOD-1) interval contains
the ESRI1 gene at 154 cM. A recent study by our group
found evidence for association of the intron l-intron 2
region of ESR1 with type 2 diabetes in African Americans
and European Americans (7).

Animal models of the ESR1 gene support pleiotropic
effects on phenotypes related to diabetes and cardivascu-
lar disease (CVD) risk because male and female esri
knockout mice exhibit insulin resistance, impaired glu-
cose tolerance, and obesity (8). A human male with an
ESR1-null mutation had insulin resistance, impaired glu-
cose tolerance, obesity, and increased height (9).

Previously reported associations of the ESR1 gene with
components of the metabolic syndrome and type 2 diabe-
tes motivated the current investigation. The Insulin Resis-
tance and Atherosclerosis (IRAS) Family Study is designed
to identify the genetic basis of insulin resistance and
visceral adiposity as components of the pathway that lead
to type 2 diabetes and atherosclerosis (10). We focused on
African-American individuals of the IRAS Family Study
because both linkage in the 6q region (6) and the associ-
ation between ESR1 and type 2 diabetes in our previous
study (7) were the strongest in African Americans. We
evaluated 17 single nucleotide polymorphisms (SNPs)
across a contiguous 41-kb region spanning ESRI1 intron
l-intron 2 for associations with metabolic syndrome and
its components, as well as type 2 diabetes, in 548 African-
American subjects.
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RESEARCH DESIGN AND METHODS

IRAS Family Study subjects. The study design, recruitment, and phenotyp-
ing of the IRAS Family Study have previously been described in detail (10).
Studies were conducted under institutional review board approval at each
participating institution and adhered to the Declaration of Helsinki. All
participants provided informed consent. Briefly, multigenerational African-
American and Hispanic families were initially recruited from probands of the
original IRAS cohort (11). Ascertainment of the proband was based on the
sample size of available family members (with a target of four living full
siblings and five living offspring of these siblings). Ascertainment was supple-
mented with additional non-IRAS families recruited from the general popula-
tion. Families were not selected based on any phenotypic criteria. Participants
were from Los Angeles, California (African American), San Luis Valley,
Colorado (rural Hispanic), and San Antonio, Texas (urban Hispanic). The
analyses reported here were conducted using only the 42 multigenerational
self-reported African-American families from Los Angeles containing 548
individuals.
Metabolic syndrome. Individuals were classified as having the metabolic
syndrome using the definition of the 2001 National Cholesterol Education
Program Adult Treatment Panel III (12); i.e., the presence of any three of the
following: fasting plasma glucose (FPG) =100 mg/dl or known diabetes,
serum triglycerides =150 mg/dl, HDL cholesterol <40 mg/dl in men or <50
mg/dl in women, waist circumference >102 cm in men or 88 cm in women, or
blood pressure =130/85 mmHg or treated hypertension. We expanded our
investigations to encompass the available traits related to each of these
phenotypic clusters, as detailed below.
Diabetes and glucose homeostasis traits. Diabetes was diagnosed using
the American Diabetes Association criteria of FPG values =126 mg/dl and/or
current use of diabetes medications. In the 42 African-American families used
in this study, 12.6% of family members had type 2 diabetes. Individuals with
type 2 diabetes were excluded for analyses of glucose homeostasis traits.
The following traits were tested for association: FPG, fasting plasma
insulin, acute insulin response to glucose (AIR,), and insulin resistance,
expressed as the insulin sensitivity index (S;). Glucose values were obtained
after a minimum 8-h fast. Plasma glucose and insulin levels were measured at
the University of Southern California (Los Angeles, CA) using the glucose
oxidase technique on an autoanalyzer and the insulin dextran-charcoal
immunoassay (13). Insulin sensitivity was assessed by the frequently sampled
intravenous glucose tolerance test, using a reduced sampling protocol (14).
Glucose in the form of a 50% solution (0.3 g/kg) and regular human insulin
(0.03 units/kg) were injected through an intravenous line at 0 and 20 min,
respectively. Blood was collected at —5, 2, 4, §, 19, 22, 30, 40, 50, 70, 100, and
180 min. AIR, was defined as the mean insulin increment in the plasma insulin
concentration above the basal in the first 8 min after the administration of
glucose. S; was calculated by mathematical modeling methods (MINMOD)
(15).
Lipid traits. Lipid traits tested for association included triglycerides, HDL,
LDL, and total cholesterol levels. Plasma was separated from blood collected
after a 12-h fast and stored at —70°C before analysis. Total cholesterol and
triglycerides were measured using enzymatic methods. LDL cholesterol was
calculated using the Friedewald equation (16) if triglyceride was <400 mg/dl
or otherwise by ultracentrifugation. HDL cholesterol was measured using the
direct method (17).
Obesity and adiposity traits. Obesity traits used for association analyses
included waist circumference, BMI, visceral adipose tissue (VAT), and subcu-
taneous adipose tissue (SAT). Height and waist circumference were measured
to the nearest 0.5 cm and weight to the nearest 0.1 kg. BMI was calculated as
the weight in kilograms divided by the square of the height in meters.
Abdominal fat mass was measured at the L2/L3 and L4/L5 vertebral region by
compted tomography. Scans were read for VAT and SAT at the Department of
Radiology, University of Colorado Health Sciences Center (Denver, CO).
Bowel fat was subtracted from the VAT and L4/L5 measures used in these
analyses. A small number of participants were missing L4/L5 data but had
L2/L3 data; for these participants, L4/L5 data were imputed from the L2/L3
data using a simple linear model.
Blood pressure. Blood pressure traits tested for associations with ESR1
SNPs were systolic and diastolic blood pressure and pulse pressure (systolic
blood pressure minus diastolic blood pressure). Seated blood pressure was
measured in triplicate following a 5-min rest period using a standard sphyg-
momanometer. The average of the second and third blood pressure measure-
ments was used. Analyses were not adjusted for antihypertensive medications
because data were available for less than one-third of participants.
SNP genotyping. Total genomic DNA was purified from whole blood using
PUREGENE DNA isolation kits (Gentra, Minneapolis, MN). The 17 SNPs
across intron l-intron 2 region of the ESR1 gene were genotyped using a
MassARRAY system (Sequenom, San Diego, CA) (18), and primer sequences

2136

are shown in supplementary Table 1 (available in an online appendix at
http://dx.doi.org/10.2337/db06-1017). Seventeen replicate pairs were 100% con-
cordant for all SNPs. Nine of the 17 SNPs had been genotyped in the HapMap
Yoruba sample (HapMap data release no. 19). Using the locations of rs6902771
and rs11155819 to define the boundaries of the region of interest and Tagger
(19), these 9 SNPs tagged the 27 HapMap SNPs in this region with minor allele
frequency >5% at the following levels: 85.2% with 7% > 0.2, 70.4% with »* > 0.5,
and 55.6% with 7% > 0.8.

Association analyses. Each pedigree had been previously examined for
consistency of stated family structure (20). SNPs were evaluated for Mende-
lian consistency using PedCheck (21), with two genotypes converted to
missing. Maximum likelihood estimates of allele frequencies were computed
using the largest set of unrelated individuals and tested for departures from
Hardy-Weinberg equilibrium.

To test for association, a series of generalized estimating equations (GEEs)
(22) were computed. Familial correlation was accounted for using a sandwich
estimator of the variance and exchangeable correlation. For type 2 diabetes,
glucose homeostasis, lipids, and blood pressure traits, tests were computed
adjusting for age, sex, and BMI. For metabolic syndrome and obesity traits,
adjustments were made only for age and sex. For each quantitative trait, a
family of power transformations conditional on the above covariates (23) was
explored. To minimize the heterogeneity of variance, the phenotypes were
transformed to best approximate the normality assumptions. We computed
four tests of association for each SNP: the overall test of genotypic association
with 2 d.f. and the statistical contrasts defined by three genetic models—-
dominant, additive, and recessive. Associations were considered significant if
P < 0.05 for the 2 d.f. Where this was the case, the three genetic models were
then considered to provide information on possible mode of inheritance.
Potential influential points and outliers have been checked. The analyses were
performed using SAS software (SAS Institute, Cary, NC).

To avoid the potential increase of type I error rate, we also estimated the
empirical P values for the single SNP GEE association analyses. We used the
gene dropping approach implemented in Mendel version 5.7 (24) to simulate
10,000 datasets based on the IRAS Family Study pedigree structure under the
null hypothesis of no association between phenotype and genotype data. The
empirical P value was determined as the proportion of simulated data sets
with statistics more extreme than the observed value. Only empirical P values
are presented because this approach is more conservative and adjusts for
deficiencies in the large sample approximation of the GEE method.
Haplotype analyses. To test for haplotypic associations, pedigree disequi-
librium test (PDT) or quantitative PDT (QPDT) analyses (25) were performed.
Metabolic syndrome and type 2 diabetes PDT analyses were unadjusted for
covariates, while quantitative trait QPDT analyses were adjusted for age, sex,
and BMI (glucose homeostasis, lipid, and blood pressure traits) or age and sex
(obesity traits). Analyses of two-, three-, and four-SNP haplotype moving
windows were conducted. Because there was a small number (n = 53) of
unrelated African-American founders in the IRAS Family Study, linkage
disequalibrium (LD) structure of the region of the ESR1 gene under investi-
gation was determined using 635 unrelated African-American control subjects
who were not participants in the IRAS Family Study (supplementary Fig. 1), as
described in Gallagher et al. (7). Four haplotype blocks were identified:
rs6902771-rs7774230 (five SNPs in intron 1 plus rs7774230 in intron 2; block
1), rs1709181-rs11155818 (block 2), rs827417-rs1709183 (intron 2; block 3),
and rs1033182-rs11155819 (intron 2; block 4). Haplotypic association analyses
were conducted for these four haplotype blocks. Additional ad hoc haplotype
analyses were conducted where multiple SNPs were associated with the same
trait.

RESULTS

Demographic information and mean trait values for all
traits investigated for association are summarized in Table
1. The mean age of the family members was 42.9 = 14.1
years, and mean BMI was 30.0 = 6.8 kg/m® Of the
African-American participants, 60% were female.

Metabolic syndrome and type 2 diabetes. Five SNPs
showed significant associations with the metabolic syn-
drome (P = 0.006 to P = —0.029) (Table 2). Only the most
significant result (P < 0.05) across the four tests is
presented for each SNP in the tables. These SNPs are
located in haplotype block 1 (rs6902771 and rs8340799),
block 3 (rs2431260), and block 4 (rs1033182 and
rs2175898). SNP rs1033182 (located in haplotype block 4)
was also associated with type 2 diabetes (Table 2). Single
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TABLE 1
Demographic summary of African-American subjects in the IRAS
Family Study

TABLE 3
Significant unadjusted PDT haplotype associations with type 2
diabetes and SNPs in intron 2 of the ESR1 gene

Subjects

Phenotype with data Means = SD Median
Age (years) 525 429 + 14.1 414
Female (%) 548 59.5 —
Metabolic syndrome (%) 532 20.7 —
Diabetes (%) 532 12.6 —
Fasting glucose (mg/dl) 464 948 = 9.8 93.0
Fasting insulin (nU/ml) 465 14.3 = 11.8 11.0
AIR, (pnU/dD 451 987.8 = 827.8 734.8
S; 452 1.64 = 1.18 1.41
Triglycerides (mg/dl) 526 79.6 = 62.9 64.0
LDL cholesterol (mg/dl) 525 113.1 = 32.3 110
HDL cholesterol (mg/dl) 526 46.9 = 124 45.0
Total cholesterol (mg/dl) 526 176.0 = 35.7 174.0
Waist circumference (cm) 523 91.2 = 14.9 91.1
BMI (kg/m?) 523 30.0 = 6.8 29.0
Visceral area L4/L5 (cm?) 484 91.8 = 57.5 81.7
Subcutaneous area L4/L5 484 3565.1 = 1904 321.9

(cm?)
Systolic blood pressure 526 118.6 + 18.6 115.0

(mmHg)
Diastolic blood pressure 526 74.9 + 10.3 74.0

(mmHg)

Data are n unless otherwise indicated.

SNP QPDT analyses of rs1033182 showed evidence for
transmission distortion with S; (P = 0.038) and disposition
index (P = 0.048) (data not shown).

PDT moving windows two-, three-, and four-SNP haplo-
type analyses of metabolic syndrome did not produce any
significant association results. Two three-SNP haplotypes
were associated with type 2 diabetes (Table 3). These
haplotypes are both located in intron 2 and overlap at
rs712221; however, none contained the associated single
SNP rs1033182.

Metabolic syndrome components and related traits.
Four of 17 SNPs showed evidence of significant associa-
tion with S; (P = 0.0005 to P = 0.023) as summarized in
Table 4. These four SNPs are in high LD in the founders
from the African-American IRAS Family Study families
(pairwise D' values 0.86-1.00) and all are located within
haplotype block 1 (supplementary Table 1), which con-
tains a total of six genotyped SNPs (rs6902771-rs7774230).
Two of the four SNPs (rs6902771 and rs7774230) were also
associated with fasting insulin (P = 0.033 and P = 0.022,
respectively). In addition, associations between rs4870056
and rs2234693 with fasting insulin approached significance
(P = 0.052 [under an additive model for rs4870056] and
P = 0.051 [dominant model for rs2234693]; data not

TABLE 2

Haplotype Z P Frequency
rs1709181, rs12664989,
and rs712221*
CGT —2.07 0.039 0.50
CGA 0 0 0.02
CCT 1.36 0.174 0.42
CCA 1.94 0.052 0.002
TGA 0 0 <0.001
TCT 1.94 0.052 <0.001
TCA 1.94 0.052 0.053
rs712221, rs1514348,
and rs111558187
TGG —0.22 0.827 0.07
TGA —1.66 0.098 0.42
TTG 1.82 0.069 0.41
TTA —1.70 0.089 0.03
AGG —1.00 0.317 0.001
AGA —1.00 0.317 0.009
ATG 1.94 0.052 0.07

*Global test, P = 0.021. tGlobal test, P = 0.049.

shown). The mean trait value is shown for each of the
three genotypes (Table 4). For the two SNPs associated
across both traits, alleles associated with a higher fasting
insulin (rs6902771 allele 2 and rs7774230 allele 1) are also
associated with reduced S, although genetic models
differ. Haplotypes consisting of all SNPs associated with
one of the glucose homeostasis traits (i.e., rs6902772 and
rs7774230 for fasting insulin and rs6902771, rs4870056,
rs2234693, and rs7774230 for S;) were not significantly
associated with these traits (data not shown).

Three of the 17 SNPs showed evidence of significant
association with at least one lipid measure (P = 0.016 to
P = 0.046) (Table 4). SNPs rs9322331 and rs12664989 are
in high LD in the IRAS Family Study founders as are
rs12664989 and rs712221 (both D' = 1), whereas the D’
value between rs9322331 and rs712221 is only 0.31. In the
635 African-American control subjects, the D’ values for
the pairwise comparisons described were 0.82, 0.69, and
0.50, respectively (7). All three SNPs show an association
with LDL levels (P = 0.016 to P = 0.034). For rs9322331,
allele 2 is associated with higher triglycerides and higher
LDL cholesterol, whereas allele 2 of rs12664989 is associ-
ated with both lower LDL and total cholesterol. Although
rs12664989 and rs712221 are both located in haplotype
block 2, the two-SNP haplotype containing these SNPs
was not significantly associated with LDL cholesterol
levels (data not shown).

Three of the 17 SNPs showed evidence of significant

Significant single SNP associations of ESR1 intron 1-intron 2 SNPs with the metabolic syndrome and type 2 diabetes

Phenotype SNP Major/minor alleles P Model Odds ratio (95% CI)
Metabolic syndrome rs6902771 C/T 0.012 2 d.f.

Metabolic syndrome 1s9340799 A/G 0.029 Additive 1.53 (1.05-2.27)
Metabolic syndrome rs2431260 G/C 0.005 Dominant 2.51 (1.31-4.80)
Metabolic syndrome rs1033182 G/A 0.020 2 d.f.

Type 2 diabetes rs1033182 G/A 0.001* 2 d.f.

Metabolic syndrome rs2175898 A/G 0.006 Dominant 2.51 (1.30-4.84)

Data are adjusted for age and sex. *Adjusted for age, sex, and BMI. Empirical P values and the model for the most significant association

are shown.
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TABLE 6

Summary of pleiotropic effects of SNPs across ESR1 intron 1-intron 2 region

Metabolic
SNP syndrome

Type 2
diabetes

Fasting
insulin S,

i Triglycerides

Waist

LDL Cholesterol BMI circumference SAT

rs6902771 X X X
rs4870056 X
1s9322331

rs2234693 X
rs9340799 X

rs7774230 X X
rs1709181

rs12664989

rs712221

rs1514348

rs11155818

rs827417

rs2431260 X

rs1709183
rs1033182
rs2175898
rs11155819

X
X

X

>

X represents a positive association (reported in Tables 2 and 4).

and also with quantitative measures of insulin resistance,
lipid profile, and adiposity.

Three of the five SNPs associated with metabolic syn-
drome (Table 2) were also associated with multiple com-
ponents of the metabolic syndrome: rs6902771 with fasting
insulin, S;, and BMI; rs22431260 with BMI, waist circum-
ference, and SAT; and rs2175898 with BMI and waist
circumference (Table 4). SNP rs9340799, also known as
the Xbal polymorphism, was associated with metabolic
syndrome in African-American families from the IRAS
Family Study (Table 2), although associations with indi-
vidual quantitative metabolic traits were not detected.
Association between rs1033182 and type 2 diabetes, first
detected in an African-American case-control population
(7), was observed in this independent African-American
family—based sample (P = 0.001 for genotypic association,
adjusted for age, sex, and BMI) and showed a transmission
distortion in relation to S;. Additionally, two three-SNP
haplotypes in intron 2 also showed association with type 2
diabetes (Table 3), suggesting that multiple ESR1 variants
may contribute to diabetes risk. In nondiabetic family
members, an association between FPG and a two-SNP
haplotype contained within haplotype block 3 and 2.7 kb
upstream of rs1033182 (possibly tagging an ungenotyped
SNP in this region) was also noted (Table 5).

Four of the six SNPs in haplotype block 1 (supplemen-
tary Table 1) (7) demonstrated association with S, and
two of these SNPs also displayed an association with
fasting insulin (Table 4). The six-SNP haplotype showed
association with type 2 diabetes in our previous study of
African-American case and control subjects (7). The cur-
rent results may shed some light on how ER-a is involved
in glucose homeostasis because variants in this region of
the ESR1 gene appear to affect an insulin resistance
phenotype but are not involved in insulin secretion since
associations were not observed with AIR,. An influence of
ESRI1 on S is consistent with the finding that mice with a
nonfunctional esr! gene (8,9) and the only human male
identified without a functional copy of ESR1 (9) exhibit
insulin resistance. Minor allele homozygotes of rs4870056,
rs2234693, and rs7774230 have increased S; (Table 4).
Because ER-a has pleiotropic influences, including effects
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on reproductive fitness (26), common “risk” alleles may
have been retained in the population due to positive
selective pressure unrelated to their effect on the meta-
bolic phenotypes investigated. Alternatively, common ma-
jor alleles of rs2431260 and rs2175898, associated with
increased BMI and waist circumference (Table 4), may
reflect past selection pressures favoring high-energy stor-
age.

Significant associations were detected between ESR1
SNPs and triglycerides and LDL and total cholesterol
levels (Table 4), with nominal association between a
three-SNP haplotype and HDL cholesterol (Table 5). All
SNPs associated with lipid traits, except for rs9322331
(block 1, intron 1), were located in intron 2 within haplo-
type block 2. Associations have been reported between
ESR1 polymorphisms in intron 1 and exon 4 and LDL
particle size and small LDL cholesterol (3,27-29) and total
cholesterol in adolescent females (29). Herrington et al.
(2) found that rs2234693 modified the effects of hormone
replacement therapy on levels of HDL cholesterol in
postmenopausal women. After reaching sexual maturity,
esrl knockout mice display elevated total cholesterol,
with an increase in smaller LDL particles (30).

SNPs in the ESR1 gene were also associated with
measures of adiposity, specifically BMI, waist circumfer-
ence, and SAT (Table 4). Estrogens are known to play an
important role in body fat distribution. Male and female
esrl knockout mice have large increases in white adipose
tissue compared with wild-type mice (8,31). Linkage of
waist circumference to this region of chromosome 6 has
been reported in the Framingham Heart Study (32). Al-
though we did not see an association between rs2234693
(the ESR1 Pvull polymorphism) or rs9340799 (Xbal) and
adiposity traits in this population, associations between
these ESR1 SNPs and BMI and/or waist circumference
have been reported (33-35). Associated SNPs in our study
are located in regions flanking these markers. We ob-
served an association between rs2431260 and SAT. Low
estrogen levels are associated with increased abdominal
and subcutaneous fat (36), and estrogen has been found to
upregulate expression of ER-a in subcutaneous adipocytes
(37). Pedersen et al. (38) found that estrogens act through
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ER-a to upregulate the number of antilipolytic a2A-adren-
ergic receptors in subcutaneous fat depots, which could
explain how estrogens maintain fat distribution.

Although rs2234693 (Pvull) allele C has been associated
with lower BMI (30), waist circumference (32), and lower
small LDL concentration (27,28), this allele was associated
with reduced S; in this study. The rs9340799 (Xbal) minor
allele G has been associated with reduced waist circum-
ferenc (32), LDL cholesterol, and apolioprotein B (3) but
showed an additive risk for metabolic syndrome in the
IRAS Family Study families. The modest associations
observed (0.02 > P > 0.03) could be the result of type I
error. Alternatively, these alleles may have differential
effects on these traits or be in LD with a functional SNP
present on different haplotypic backgrounds.

Unless there is a systematic bias, associations with
quantitative traits are unlikely to be confounded by admix-
ture. Haplotypic analyses were performed using family-
based methods that overcome potential biases due to
stratification. Empirical P values are presented to adjust
for deficiencies in the large sample approximation of the
GEE method; however, corrections for multiple compari-
sons were not applied due to correlations between SNPs
and traits. One potential adjustment is a Bonferroni cor-
rection for the four haplotype blocks examined. If we
apply this correction, the following associations remain
significant: metabolic syndrome (rs6902771, P = 0.048;
rs2431260, P = 0.020; rs2175898, P = 0.024), type 2
diabetes (rs1033182, P = 0.004), and S; (rs6902771, P =
0.002; rs4870056, P = 0.028; rs7774230, P = 0.012), while
an association with waist circumference (rs2431260, P =
0.048) is of borderline significance. This approach may be
overly conservative considering correlations between
blocks; however, the significance of the results should be
considered with these issues in mind.

Because the majority of published studies only geno-
typed 1s9340799 (Xbal) and rs2234693 (Pvull) in ESR1
intron 1, it is possible that our higher SNP density in this
region, together with the decreased LD observed in the
African-American population (7), have more precisely
localized association signals with certain traits investi-
gated in this study. Given the highly polymorphic nature of
the ESR1 gene and broad impact of ER-a and estradiol on
human physiology, it is plausible that different variants (or
haplotypes) within introns 1 and 2 (tagged by SNPs or
haplotypes genotyped in this study) may produce a range
of splice variants and/or alter transcription factor binding
sites. Genotyped SNPs are not located within putative
consensus splice donor/acceptor or branch sites and are
some distance from exon 2 (rs9340799 is 350 bp proximal
to exon 2 and rs7774230 317 bp distal). In independent
sequencing studies of 48 African-American type 2 diabetic
case and 48 African-American control subjects, we did not
detect any polymorphisms in ESR1 exon 2 (7). Wang et al.
(39) described a novel splice variant, ER-a36, containing a
small, noncoding alternate exon 1 located in ESR1 intron
1 that is spliced to exons 2—-6, then to a novel downstream
“exon 9.” Like the ER-a46 isoform, which lacks exon 1
(40), translation is initiated from a sequence located in
exon 2. ER-a36 is postulated to act as a dominant-negative
inhibitor of transcriptional activation mediated by the
common 66 kDal isoform, ER-a66 (39). Additionally, splice
variants lacking exon 2 have been described in normal and
tumor tissues (41), and in vitro studies indicate that these
isoforms are transcriptionally inactive (42). Although
rs6902771 is distal to alternate exon 1, if polymorphisms
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within the ESR1 intron l-intron 2 region (possibly in LD
with associated SNPs) alter ER-a36 alternate exon 1,
ER-a36, or ER-a46 intron 1 promoters, or exon 2 skipping,
this in turn could impact transcription of downstream
genes affecting metabolic phenotypes. Herrington et al. (2)
noted that the rs2234693 C-allele produces a potential
binding site for the myb family of transcription factors,
although it is unknown whether this allele influences
transcriptional activation of ER-a.

These results suggest that multiple variants across the
intron l-intron 2 region of the ESR1 gene may influence
diabetes and CVD risk through pleiotropic effects on
components of the metabolic syndrome (Table 6), specif-
ically insulin resistance, a poor lipid profile, and obesity.
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