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bstract

The frequent polymorphism XbaI (A351G) in the estrogen receptor alpha (ERalpha) gene has been associated with some postmenopausal
athologies’ risk such as Alzheimer’s disease (AD) or cognitive decline. In the present study, we explored whether the XbaI polymorphism leads
o different gray matter volumes using voxel-based morphometry (VBM) on 20 magnetic resonance images of healthy postmenopausal women.
ubjects carrying the less common XbaI/X allele were contrasted to non-carriers in groups well balanced by relevant confounding variables. The
baI/X allele carriers displayed clusters ranging from 9 to 28% of tissue reductions in the cerebellar (cluster size, z, stereotactic coordinates: 16 mm3;

3 3
.17; 14, −94, −38) and cerebral cortex, in particular in the occipital lobe (272 mm ; 3.76; −38,−68,−16), in the middle frontal gyrus (192 mm ;
.71; 38, 12, 38) and in the middle temporal gyrus, while the opposite comparison was negative. The XbaI/X allele in ERalpha gene is associated
o smaller gray matter volumes of the cerebral and cerebellar cortex. This allele might increase the susceptibility for senile neurodegenerative
onditions, being associated to smaller cerebral reserve.
 2008 Elsevier Ireland Ltd. All rights reserved.
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strogens’ beneficial effects on the prevention of some patholo-
ies, from osteoporosis to Alzheimer’s disease (AD), in women
uring aging are generally accepted and attributed to the activa-
ion of estrogen receptors (ERs), among which estrogen receptor
lpha (ERalpha) and ERbeta are the most widely investigated.
he protective effect could be mediated by variants in the genes

oding for the estrogen receptors. At this regard, a common
estriction fragment length polymorphism XbaI (A351G) has
een described in intron 1 of the ERalpha gene, that is in
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trong linkage disequilibrium with another known polymor-
hism, PvuII, in Caucasoid populations [2].

A protective role of the XbaI/X (351G) allele has been
videnced on physical aging in women after menopause. In par-
icular, the XX genotype has been associated with higher bone

ineral density or otherwise reduced fracture risk [12,24]. A
rend for lower bone loss rates and greater benefit from estro-
en replacement treatment (ET) was also observed [30]. Lower
ammographic densities in postmenopausal women carrying

he XbaI/X allele were observed per se [33], and in response to
T [34].
Much more controversial is the role of the XbaI polymor-
hism on the brain. The majority of the studies recorded an
ncreased frequency of the less common XbaI/X allele in
atients with AD [13,14,5,6,21] or cognitive impairment [27],

mailto:papers@centroalzheimer.it
dx.doi.org/10.1016/j.neulet.2008.01.076
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nd evidence exists suggesting that the increased risk might be
pecific for late onset AD [15]. Some state that the risk provided
y the XbaI/X allele can raise up to 7.6 times the usual risk in
he interaction with the �4 APOE allele [5,6,21,27,15].

Nonetheless, these findings are not systematically replicated
19,22,18,7,32,35]. In one study they have even been clearly
isconfirmed, with detection of higher frequency of the XbaI/x
351A) allele in subjects with AD [25]. Two other researches
etected increased risk in allele XbaI/x carriers for familial early
nset [23], or sporadic AD [29], although this was observed in
he interaction with the APOE genotype in both studies.

Finally, an association of the XbaI polymorphism with a trend
or different amygdaloid and hippocampal morphology has been
ecently reported [7], but further studies are needed to clarify the
ole of this polymorphism on the cerebral morphology and on
ognitive decline.

In this study, we aimed to investigate the relationship between
he XbaI polymorphism of ERalpha and gray matter morphol-
gy, in a sample of healthy women in their postmenopausal age,
ell balanced by important confounding factors. The a priori
ypothesis was that the less frequent XbaI/X allele would be
ssociated to a disadvantage, based on the evidence that the mod-
latory action of the XbaI/X allele is less effective in mediating
strogenic effects on the cerebral cortex [20]. This implies that
he negative effects of menopausal reduction of estrogen levels
ould be amplified in XbaI/X carriers. To test this hypothesis,
e quantitatively analyzed magnetic resonance (MR) images
ith a sensitive technique investigating the gray matter at the
oxel level.

Subjects in this study were drawn from a wider group of
3 non-demented postmenopausal women aged 50 or over,
ecruited to investigate the effect of ET on cognition [10]. Sub-
ects were healthy volunteers, whose cognition was checked,
esides MMSE (Mini Mental State Examination), by admin-
stration of an extensive neuropsychological battery tapping
earning, verbal and spatial long- and short-term memory, atten-
ion, executive and visuospatial functions, praxis and non-verbal
ntelligence (detailed neuropsychological findings are reported
n Ghidoni et al. [10]. ET users were all taking estrogen hor-

one therapy not combined with progestin (i.e., Estraderm,
.05/0.1 mg of estradiol USP per day transdermally). A sub-
roup of 37 women gave consent to undergo both MR imaging
nd blood drawing.

The study was approved by the local ethical committee
CEIOC, Brescia, Italy, Prot. No. 48/2001) and informed consent
as undersigned by all participants.
Among the 37 subjects who underwent both blood drawing

nd MR, 22 were currently treated with ET or underwent ET
n the past, 15 never received ERT. The proportion of treated
nd untreated women was not homogeneous among carriers and
on-carriers of XbaI/X. Since ET was strongly associated with
reater gray matter volumes in previous studies on this sample
10,4], a subgroup where XbaI/X carriers and non-carriers were

alanced as to treatment was drawn. The minimum subgroup
ize was 5 subjects (5 non XbaI/X carriers + ERT), therefore
ther 15 subjects (5 non XbaI/X carriers + no ERT; 5 XbaI/X
arriers + no ERT; 5 XbaI/X carriers + ERT) were chosen trying
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o reach the best match of confounding variables (age, education,
POE genotype, etc.) among groups.
DNA was extracted according to standard procedures. ERal-

ha XbaI polymorphism was analyzed by PCR amplification
ollowed by restriction analysis (XbaI, Fermentas) as described
n Kobayashi et al., 1996 [17]. Capital “X” stands for absence of
he restriction site (indicating nucleotide G) and lower case letter
x” stands for the presence of the restriction site (nucleotide A).

APOE genotyping was carried out by PCR amplification and
haI restriction enzyme digestion. The genotype was resolved
n 4% Metaphor Gel (BioSpa, Italy) and visualized by ethidium
romide staining [11].

3D high resolution MR scans were collected at the
ittà di Brescia Hospital, Brescia, with a 1.0 Tesla
hilips Gyroscan (TR = 20 ms, TE = 5.0 ms, flip angle = 30◦,
eld of view = 220 mm, acquisition matrix = 256 × 256, slice

hickness = 1.3 mm). Images were preprocessed with SPM2
http://www.fil.ion.ucl.ac.uk/spm/software/spm2/) following an
ptimized voxel-based morphometry (VBM) protocol including
ustomized template, customized prior probability maps, and
ain VBM steps (normalization, segmentation, modulation and

moothing) [8,9,26]. The customized template, rather than the
PM template, was used, in order to minimize the deformation
f individual images to the common space. In fact, the cus-
omized template is a mean of the brains of the subjects under
xamination, while the SPM one is built on different subjects.
mages of two subjects of the present study were not prop-
rly normalized in the first step of the template creation, where
hey should have been mapped onto the SPM template, and
ere therefore excluded from the creation of the customized

emplate. The customized template in this study was there-
ore a mean of the brains of our subjects, with the exclusion
f two of them, i.e. it was anyway a more appropriate tem-
late than other standard spaces. The two subjects have been
uccessfully normalized onto this final customized template,
nd could properly enter each further stage of the statistical
omparisons.

Smoothed gray matter images of XbaI/X allele carriers and
on-carriers were contrasted in direct and opposite comparisons.

Voxel-by-voxel comparisons were carried out using an
NCOVA model, modelling the effects of groups and paramet-

ic nuisance covariates (cranial size and age) (“Single Subjects:
onditions and covariates” procedure). The threshold for sig-
ificance was set at 0.001 uncorrected. Percent changes were
omputed from the VBM values of brain volumes by subtract-
ng, in each voxel, the mean value of non-carriers minus the

ean value of the carriers, and dividing this difference by the
ean value of non-carriers.
Non-parametric tests (Kruskall–Wallis, Mann–Whitney and

isher’s exact test) were used to compare sociodemographic fea-
ures among groups. P threshold was set at 0.05 for statistics of
ociodemographic characteristics.

All women scored normally in the overall evaluations and

europsychological tests [10].

For the whole group of 37 women from which the bal-
nced subgroup was drawn, genotype frequencies were in
ardy–Weinberg equilibrium (p = 1.00). The minor allele fre-

http://www.fil.ion.ucl.ac.uk/spm/software/spm2/
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Table 1
Sociodemographic features of the subjects selected in order to balance carriers
and non-carriers of the XbaI/X allele of ERalpha for ET exposure and APOE
genotype

Non-carriers
(n = 10)

Carriers
(n = 10)

p

Age 57.5 (5.7) 56.8 (2.1) 0.290
Education 10.3 (3.3) 11.6 (5.8) 0.818
Age at menopause 47.2 (6.3) 50.8 (2.2) 0.253
Time on untreated menopause 7.8 (6.2) 5.0 (2.9) 0.494
ET treatment 5/10 5/10 1.00
ET duration 8.3 (5.5) 5.4 (2.6) 0.249
Lag ET 2.2 (3.2) 1.6 (3.6) 0.700
APOE �4a 2 3 0.628

Numbers denote mean (S.D.) years of age, of education, of ET (estrogen
replacement therapy) duration or (Lag ET) lag from beginning of menopause to
b
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uency (MAF) was 0.43; the genotypic frequencies of XX, Xx,
x were 0.19 (7/37), 0.49 (18/37), 0.32 (12/37), respectively.
he XbaI genotype and allele distributions were similar to those
reviously reported in an Italian population (�2 = 1.27; p = 0.53
nd �2 = 0.48; p = 0.49, respectively) [25].

The distribution of ET treatment was not homogeneous in
ubjects carrying different genotypes (XbaI/X non-carriers: 5 ET
s. 7 no ET; XbaI/X carriers: 17 ET vs. 8 no ET). Although the
roportion only approached statistical significance at Fisher’s
xact test (p = 0.086, computed among all genotypes), the strong
ffect of ET previously detected on this sample [4] made it nec-
ssary to balance by ERT, to allow detection of subtle genotype
ffects.

In the subgroup balanced by ET exposure, age and education
evel did not differ significantly among XbaI/X allele carriers
nd non-carriers. Of particular interest, no statistical differences
ere detected both in duration of treatment and in the time lag
etween menopause and ET (Table 1). The APOE/�4 allele was
omogeneously represented across the subgroups (Table 1), as
ell as APOE/�3 (exact p < 0.628). None of the subjects in the

elected group carried the APOE/�2 allele.
The XbaI/X allele carriers displayed smaller gray matter

olumes (Fig. 1) in a set of clusters scattered in the cortical
ssociative regions, namely, the occipital cortex (mm3; z; stereo-
actic coordinates: x, y, z: 272; 3.76; −38, −68, −16), the middle
rontal (192; 3.71; 38, 12, 38) and middle temporal (32; 3.13; 70,
22, −8 and 8; 3.09; 60, −24, −22) gyri, and in the cerebellum

16; 3.17; 14, −94, −3 and 16; 3.12; 22, −74, −62). At the cho-

en threshold of p < 0.001, the difference in gray matter covered
total of 536 mm3, and the significant clusters corresponded to

egions with a tissue reduction ranging from 9 to 28% compared
o controls. Opposite comparisons were negative.

a
e
s
f

ig. 1. Smaller gray matter structures in subjects carrying the XbaI/X allele of estroge
alues of gray matter volume at the peaks of significance at p = 0.001.
ighter voxels correspond to higher Z value. In each graph, subjects 1–10 are the non
eginning of ET.
denotes significance on Mann–Whitney or Fisher’s exact tests.
a Number of alleles.

Due to the small sample size, individual values of brain vol-
mes were plotted for each peak of significance (Fig. 1). The
ispersion of the values was reasonably limited, at least for the
hree most significant peaks.

In this study we investigated the influence of the XbaI
olymorphism on gray matter morphology in healthy post-
enopausal women well matched as to ET treatment and

omparable as to the other relevant confounders (APOE geno-
ype, ET duration, distance of ET from menopause onset, etc.),
nd XbaI/X carriers displayed smaller gray matter volumes. The

xtent of the difference covered a total of 536 mm3 at the cho-
en threshold (p < 0.001 uncorrected), and the change ranged
rom 9 to 28%, quite notable considering that it was found in

n receptor alpha (p = 0.05 for illustrative purpose) and plots showing individual

-carriers, subjects 11–20 are the carriers of the XbaI/X allele.
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ealthy subjects. The result is consistent with the a priori hypoth-
sis that postmenopausal XbaI/X carriers would have displayed
maller gray matter volumes. Moreover, the regions displaying
maller gray matter volume lie within the pattern of cortical
tructures previously associated to greater volume after ET [4],
ndependently of genotype, in a sample including these subjects,
howing that the effect is found in regions sensitive to a trophic
ffect of estrogens in this age range.

Disagreement exists about the effect of the two alleles of the
baI polymorphism on AD susceptibility, as attested by a recent
eta-analysis [3]. Indeed, both the XbaI/X and the XbaI/x alleles

ave been associated with AD, mainly in its late onset form
13,14,5,4,22,16,7,32,23,29,16], or at least to cognitive decline
14,27], with and without interaction with the �4 allele of the
POE.
Nonetheless, dementia and cognitive decline are complex

onditions related to a great number of confounding fac-
ors independently affecting risk. We hypothesized that direct
nformation about healthy gray matter morphology might be
nformative about the role that the XbaI polymorphism might
ave on age-related cognitive changes, and tried to match sub-
ects for the most relevant confounding factors affecting cerebral
ealth. To date, the only available study about human brain mor-
hology associated with this polymorphism described a trend
or smaller amygdaloid and hippocampal volumes in women
arrying the most common XbaI/x allele [7]. Nonetheless, the
rend for smaller volumes entirely vanished after stratification
ccording to APOE genotype, indicating that neither the XbaI/x
or the XbaI/X alleles influenced medial temporal volumes by
hemselves.

Therefore, we investigated the whole gray matter in a sam-
le of healthy postmenopausal women, paying attention to the
atching of important confounding variables such as ET expo-

ure. In the original group who underwent both blood drawing
nd MR scanning, the proportion of those who underwent ET
as unbalanced, with XbaI/X carriers more often undergoing
T. This leads to two considerations. First, the disadvantage
ssociated to the XbaI/X allele might lead women carrying
t to undergo ET more often than non-carriers. This possibil-
ty can plausibly be drawn, as postmenopausal women with

less efficient receptor might experience greater sufferance
rom the menopausal estrogen dearth. Second, this proportion
f treated subjects among XbaI/X carriers and non-carriers only
pproached statistical significance at exact test, but the effect
f ET on the brain demonstrated particularly strong, at least on
he sample described in the present study [10,4]. This dispro-
ortion could therefore mask the effect of the genotype under
nvestigation, with a strong and opposite effect on the gray mat-
er volumes. We ruled out this confounding effect by selecting
ubjects balancing by ET, but it can be hypothesized that little
ttention to this variable might be a source of uncontrolled vari-
bility possibly explaining part of the heterogeneity of findings
rom different studies. As to APOE, in our sample, the �4 allele

as homogeneously represented across the subgroups. Evidence

xists that �4 carriers of the APOE, well known risk factor for
D, have different cerebral morphology, be they affected by AD
r normal young controls [20]. It is not clear to which extent this
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orphological difference mediates the risk for developing AD,
onetheless its primary effect on brain morphology is likely to
ide, as well as to interact with, other genotype’s effect.

We used a fine technique, detecting volume changes at the
oxel level at direct t-test comparison in the different cere-
ral districts, and found the less common XbaI/X allele to be
ssociated with significantly smaller gray matter volumes in
egions other than the medial temporal, namely the associative
eocortex, in the occipital, frontal and temporal lobes and in
he cerebellum. This pattern of smaller cortical volume in the
baI/X carriers is compatible with the majority of epidemi-
logical studies, detecting increased risk for dementia in the
baI/X carriers and with an increased risk for cognitive decline.

ndeed, altered functional connectivity with frontal, temporal,
ccipital and cerebellar regions has been detected in patients
ith AD, the most frequent cause of cognitive decline [1].
onetheless, we suggest to interpret conservatively the findings,

s conferring a generic higher vulnerability, as posterior regions
re involved also in other kinds of dementia, such as Lewy Bod-
es disease. The plausible reduced response of the ERalpha to
he neurotrophic effect of estrogens in the XbaI/X carriers might
ncrease risk for different kinds of cognitive decline. Findings
rom studies in HeLa cells [22], indicated that the modulatory
ction of the XbaI/X allele tends to be less effective in mediating
strogenic effects on the cerebral cortex, and this may interact
ith a variety of pathological processes. On the other hand, the
bserved pattern of smaller volumes is restricted to neocorti-
al regions, while ERalpha are more massively represented in
he limbic structures [28]. This finding may be due to the fact
hat VBM is not the most appropriate technique to detect sub-
le tissue changes in structures as small as, for example, the
mygdala. Nonetheless, ERalpha are present in the associative
ortex of both rat and human brains [28,18], and are known
o mediate the effect of estrogens of augmenting the cholinergic
ransmission [28]. Moreover, quite recent evidence suggests that
Ralpha are importantly represented in the cerebral and cere-
ellar vasculature, an often underestimated target of estrogen
ffect throughout the whole brain [31]. This is consistent with
he posterior clusters of smaller tissue located in the cerebellum,
structure with particularly dense vascularization.

Anyway, far from providing definitive answers to the debated
uestion of the role of the XbaI polymorphism on cerebral age-
ng, this study suffers from important limitations, first of all
he small sample size. In this study, a p < 0.001 was accepted
ue to the a priori hypothesis. Moreover, the opposite com-
arison is negative, and the difference is found in comparing
ormal women vs. normal women, a kind of comparison aimed
o detect really subtle differences. Nonetheless, the findings must
e replicated with a more powerful experiment, therefore in
arger samples, which allow a more powerful test and can lead
o results surviving correction for multiple comparisons. There-
ore, caution in the interpretation of these data, which should
onsidered as having only an explorative value, is recommended:

heir use for any clinical application is discouraged as improper.
eplication on larger samples is required, provided a careful
heck of important confounders often disregarded such as ET
nd APOE genotype. Availability of a larger sample would also



3 roscie

a
d
g
g

A

o

R

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

08 M. Boccardi et al. / Neu

llow to explore a number of interesting issues, like the effect of
ifferent haplotypes in the ERalpha gene or cumulative effect in
enes belonging to the same pathway as estrogen receptor beta
ene.

cknowledgments

The study was supported by grants from the Italian Ministry
f Health and Cariplo Foundation.

eferences

[1] G. Allen, H. Barnard, R. McColl, A.L. Hester, J.A. Fields, M.F. Weiner,
W.K. Ringe, A.M. Lipton, M. Brooker, E. McDonald, C.D. Rubin, C.M.
Cullum, Reduced hippocampal functional connectivity in Alzheimer dis-
ease, Arch. Neurol. 64 (2007) 1482–1487.

[2] L. Becherini, L. Gennari, L. Masi, R. Mansani, F. Massart, A. Morelli,
A. Falchetti, S. Gonnelli, G. Fiorelli, A. Tanini, M.L. Brandi, Evidence
of a linkage disequilibrium between polymorphisms in the human estro-
gen receptor alpha gene and their relationship to bone mass variation in
postmenopausal Italian women, Hum. Mol. Genet. 9 (2000) 2043–2050.

[3] L. Bertram, M.B. McQueen, K. Mullin, D. Blacker, R.E. Tanzi, System-
atic meta-analyses of Alzheimer disease genetic association studies: the
AlzGene database, Nat. Genet. 39 (2007) 17–23.

[4] M. Boccardi, R. Ghidoni, S. Govoni, C. Testa, L. Benussi, M. Bonetti,
G. Binetti, G.B. Frisoni, Effects of hormone therapy on brain morphol-
ogy of healthy postmenopausal women: a voxel-based morphometry study,
Menopause 13 (2006) 584–591.

[5] M.L. Brandi, L. Becherini, L. Gennari, M. Racchi, A. Bianchetti,
B. Nacmias, S. Sorbi, P. Mecocci, U. Senin, S. Govoni, Associa-
tion of the estrogen receptor alpha gene polymorphisms with sporadic
Alzheimer’s disease, Biochem. Biophys. Res. Commun. 265 (1999) 335–
338.

[6] R.M. Corbo, G. Gambina, M. Ruggeri, R. Scacchi, Association of estro-
gen receptor alpha (ESR1) PvuII and XbaI polymorphisms with sporadic
Alzheimer’s disease and their effect on apolipoprotein E concentrations,
Dement. Geriatr. Cogn. Disord. 22 (2006) 67–72.

[7] T. den Heijer, S.C. Schuit, H.A. Pols, J.B. van Meurs, A. Hofman, P.J.
Koudstaal, C.M. van Duijn, A.G. Uitterlinden, M.M. Breteler, Variations
in estrogen receptor alpha gene and risk of dementia, and brain volumes
on MRI, Mol. Psychiatry 9 (2004) 1129–1135.

[8] K.J. Friston, D.E. Glaser, R.N. Henson, S. Kiebel, C. Phillips, J. Ash-
burner, Classical and Bayesian inference in neuroimaging: applications,
Neuroimage 16 (2002) 484–512.

[9] K.J. Friston, W. Penny, C. Phillips, S. Kiebel, G. Hinton, J. Ashburner,
Classical and Bayesian inference in neuroimaging: theory, Neuroimage 16
(2002) 465–483.

10] R. Ghidoni, M. Boccardi, L. Benussi, C. Testa, A. Villa, M. Pievani, L.
Gigola, F. Sabattoli, L. Barbiero, G.B. Frisoni, G. Binetti, Effects of estro-
gens on cognition and brain morphology: involvement of the cerebellum,
Maturitas 54 (2006) 222–228.

11] J.E. Hixson, D.T. Vernier, Restriction isotyping of human apolipoprotein
E by gene amplification and cleavage with HhaI, J. Lipid Res. 31 (1990)
545–548.

12] J.P. Ioannidis, S.H. Ralston, S.T. Bennett, M.L. Brandi, D. Grinberg, F.B.
Karassa, B. Langdahl, J.B. van Meurs, L. Mosekilde, S. Scollen, O.M.
Albagha, M. Bustamante, A.H. Carey, A.M. Dunning, A. Enjuanes, J.P. van
Leeuwen, C. Mavilia, L. Masi, F.E. McGuigan, X. Nogues, H.A. Pols, D.M.
Reid, S.C. Schuit, R.E. Sherlock, A.G. Uitterlinden, GENOMOS Study.
Differential genetic effects of ESR1 gene polymorphisms on osteoporosis
outcomes, JAMA 292 (2004), 2105-2014.
13] K. Isoe, Y. Ji, K. Urakami, Y. Adachi, K. Nakashima, Genetic associa-
tion of estrogen receptor gene polymorphisms with Alzheimer’s disease,
Alzheimer Res. 3 (1997) 195–197.

14] K. Isoe-Wada, M. Maeda, J Yong, Y. Adachi, H. Harada, K. Urakami, K.
Nakashima, Positive association between an estrogen receptor gene poly-

[

nce Letters 434 (2008) 304–309

morphism and Parkinson’s disease with dementia, Eur. J. Neurol. 6 (1999)
431–435.

15] Y. Ji, K. Urakami, K. Wada-Isoe, Y. Adachi, K. Nakashima, Estrogen
receptor gene polymorphisms in patients with Alzheimer’s disease, vas-
cular dementia and alcohol-associated dementia, Dement. Geriatr. Cogn.
Disord. 11 (2000) 119–122.

16] H. Kazama, N.N. Ruberu, S. Murayama, Y. Saito, K. Nakahara, K. Kane-
maru, H. Nagura, T. Arai, M. Sawabe, H. Yamanouchi, H. Orimo, T. Hosoi,
Association of estrogen receptor alpha gene polymorphisms with neurofib-
rillary tanglesm, Dement. Geriatr. Cogn. Disord. 18 (2004) 145–150.

17] S. Kobayashi, S. Inoue, T. Hosoi, Y. Ouchi, M. Shiraki, H. Orimo, Associ-
ation of bone mineral density with polymorphism of the estrogen receptor
gene, J. Bone Miner. Res. 11 (1996) 306–311.

18] M.F. Kritzer, Regional, laminar and cellular distribution of immunoreac-
tivity for ERbeta in the cerebral cortex of hormonally intact, postnatally
developing male and female rats, Cereb. Cortex 16 (2006) 1181–1192.

19] J.C. Lambert, J.M. Harris, D. Mann, H. Lemmon, J. Coates, A. Cumming,
D. St-Clair, C. Lendon, Are the estrogen receptors involved in Alzheimer’s
disease? Neurosci. Lett. 306 (2001) 193–197.

20] M. Lehtovirta, M.P. Laakso, G.B. Frisoni, H. Soininen, How does the
apolipoprotein E genotype modulate the brain in aging and in Alzheimer’s
disease? A review of neuroimaging studies, Neurobiol. Aging 21 (2000)
293–300.

21] G.F. Lin, Q.W. Ma, D.S. Zhang, Y.L. Zha, K.J. Lou, J.H. Shen, Polymor-
phism of alpha-estrogen receptor and aryl hydrocarbon receptor genes in
dementia patients in Shanghai suburb, Acta Pharmacol. Sin. 24 (2003)
651–656.

22] H. Maruyama, H. Toji, C.R. Harrington, K. Sasaki, Y. Izumi, T. Ohnuma,
H. Arai, M. Yasuda, C. Tanaka, P.C. Emson, S. Nakamura, H. Kawakami,
Lack of an association of estrogen receptor alpha gene polymorphisms and
transcriptional activity with Alzheimer disease, Arch. Neurol. 57 (2000)
236–240.

23] K.M. Mattila, K. Axelman, J.O. Rinne, M. Blomberg, T. Lehtimaki, P.
Laippala, M. Roytta, M. Viitanen, L. Wahlund, B. Winblad, L. Lann-
felt, Interaction between estrogen receptor 1 and the epsilon4 allele of
apolipoprotein E increases the risk of familial Alzheimer’s disease in
women, Neurosci. Lett. 282 (2000) 45–48.

24] S. Mitra, M. Desai, M.I. Khatkhatay, Association of estrogen receptor alpha
gene polymorphisms with bone mineral density in postmenopausal Indian
women, Mol. Genet. Metab. 87 (2006) 80–87.

25] R. Monastero, A.B. Cefalu, C. Camarda, D. Noto, L.K. Camarda, R. Cal-
darella, E. Imbornone, M.R. Averna, R. Camarda, Association of estrogen
receptor alpha gene with Alzheimer’s disease: a case-control study, J.
Alzheimer’s Dis. 9 (2006) 273–278.

26] T.E. Nichols, A.P. Holmes, Nonparametric permutation tests for functional
neuroimaging: a primer with examples, Hum. Brain Mapp. 15 (2002) 1–25.

27] L. Olsen, H.B. Rasmussen, T. Hansen, Y.Z. Bagger, L.B. Tanko, G. Qin,
C. Christiansen, T. Werge, Estrogen receptor alpha and risk for cognitive
impairment in postmenopausal women, Psychiatr. Genet. 16 (2006) 85–88.

28] M.K. Osterlund, Y.L. Hurd, Estrogen receptors in the human forebrain
and the relation to neuropsychiatric disorders, Prog. Neurobiol. 64 (2001)
251–267.

29] E. Porrello, M.C. Monti, E. Sinforiani, M. Cairati, A. Guaita, C. Monto-
moli, S. Govoni, M. Racchi, Estrogen receptor alpha and APOE epsilon4
polymorphisms interact to increase risk for sporadic AD in Italian females,
Eur. J. Neurol. 13 (2006) 639–644.

30] P.B. Rapuri, J.C. Gallagher, J.A. Knezetic, V. Haynatzka, Estrogen receptor
alpha gene polymorphisms are associated with changes in bone remodeling
markers and treatment response to estrogen, Maturitas 53 (2006) 371–
379.

31] C. Stirone, S.P. Duckles, D.N. Krause, Multiple forms of estrogen receptor-
alpha in cerebral blood vessels: regulation by estrogen, Am. J. Physiol.
Endocrinol. Metab. 284 (2003) 184–192.
32] C. Usui, N. Shibata, T. Ohnuma, S. Higashi, T. Ohkubo, A. Ueki, M.
Nagao, H. Arai, No genetic association between the myeloperoxidase gene-
463 polymorphism and estrogen receptor-alpha gene polymorphisms and
Japanese sporadic Alzheimer’s disease, Dement. Geriatr. Cogn. Disord. 21
(2006) 296–299.



ence L

[

[

M. Boccardi et al. / Neurosci

33] F.J. van Duijnhoven, I.D. Bezemer, P.H. Peeters, S. Higashi, T. Ohkubo, A.

Ueki, M. Nagao, H. Arai, Polymorphisms in the estrogen receptor alpha
gene and mammographic density, Cancer Epidemiol, Biomarkers Prev. 14
(2005) 2655–2660.

34] F.J. van Duijnhoven, P.H. Peeters, R.M. Warren, S.A. Bingham, A.G. Uit-
terlinden, P.A. van Noord, E.M. Monninkhof, D.E. Grobbee, C.H. van

[

etters  434 (2008) 304–309 309

Gils, Influence of estrogen receptor alpha and progesterone receptor poly-

morphisms on the effects of hormone therapy on mammographic density,
Cancer Epidemiol. Biomarkers Prev. 15 (2006) 462–467.

35] K. Yaffe, L.Y. Lui, D. Grady, K. Stone, P. Morin, Estrogen receptor 1
polymorphisms and risk of cognitive impairment in older women, Biol.
Psychiatry 51 (2002) 677–682.


	Effect of the XbaI polymorphism of estrogen receptor alpha on postmenopausal gray matter
	Acknowledgments
	References


