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CYP19 haplotypes increase risk for Alzheimer’s disease

R Huang, S E Poduslo

J Med Genet 2006;43:e42 (http:/ /www.jmedgenet.com/cgi/content/full /43/8/e42). doi: 10.1136/jmg.2005.039461

Cytochrome P450 aromatase, an enzyme that catalyses the
conversion of androgens to oestrogen, is expressed at high
levels in the gonads and in the brain. Aromatase activity is
increased in the nucleus basalis of Meynert during aging and
in Alzheimer’s disease (AD), making the gene (CYP19), at
15921.1, a potential candidate risk factor.We examined 18
single nucleotide polymorphisms spanning the 5’-untrans-
lated region and the entire coding region of CYP19 in 227
patients with AD and 131 control spouses.We found that the
gene region could be divided into two haplotype blocks; a
haplotype in block 1 and a haplotype in block 2 increased
the risk of developing the disease by twofold in APOE 4
carriers. The implication of two haplotypes conferring
increased risk for AD warrants further investigation of the
regulation of aromatase activity in brain.

tive disorder characterised by severe cognitive impair-

ment. APOE 4 is an established risk factor for late onset
AD. Other genetic variants (www.alzgene.org) have been
implicated; however, successful replication has been difficult
owing to the potential multiple genetic interactions that may
exist for this disease. Recently a particular haplotype in the
gene for cytochrome P450 aromatase has been suggested to
increase risk for the disease by 60%.'

Cytochrome P450 aromatase is an enzyme that catalyses
the conversion of androgens, such as testosterone, to
oestrogens, which act as sex steroid hormones but also
function during growth and differentiation. There are high
levels of expression in both the gonads and the brain. The
gene (CYPI9al) is localised on chromosome 15q21.2 and
spans 123 kb. There is a large 5’ flanking regulatory region of
93 kb with at least nine tissue specific promoters. Each tissue
expresses a unique first exon or 5’ untranslated region
(UTR), which splices into a common splice acceptor site (AG/
GACT) in exon II. The coding region and the translated
protein product are the same in all tissues.” While there is a
brain specific promoter (If), other promoters may also
regulate expression in the brain in a region specific manner.?

We investigated 18 SNPs covering the major portion of the
gene. Two haplotype blocks were defined, based on our
genotype data; one block resided solely in the 5’'-UTR while
the second block covered a small section of the 5'-UTR and
the coding region. We found that two haplotypes, one in each
block, increased the risk of developing the disease by twofold
in APOE 4 carriers. Interestingly, haplotype 1 in block 1 was
protective in APOE 4 carriers.

ﬁ Izheimer’s disease (AD) is a complex neurodegenera-

METHODS

Subjects

There were 227 patients with AD (primarily white; 157
women and 70 men; mean (SD) age of onset, 71.1
(8.0) years, range, 50-92 years; 181 patients with age of
onset >64 years) and 131 control spouse subjects (white; 77

women and 54 men; average age at enrolment, 72.0
(8.1) years, range 50-88 years). The clinical diagnosis of
probable AD was made according to NINCDS-ADRDA
criteria,* after a review of the medical records to verify a
documented progressive decline in cognition and appropriate
blood work to rule out other medical conditions, including
thyroid and vitamin B12 deficiencies. In addition, we
included a computed tomography and/or magnetic resonance
imaging scan of the brain, which showed cortical atrophy but
no evidence of strokes or tumours. The patients were of
European descent. As a group, spouses had a similar age,
ethnic background, and environment, which controlled for
unmeasured risk factors in addition to age and race. All
participants or those who were the authorised representatives
for the patients gave consent for the study, in accordance
with institutional review board guidelines.

SNP selection

The HapMap project had genotyped 41 single nucleotide
polymorphisms (SNPs) on CYP19al (as of September 2004;
www.hapmap.org) which spanned the complete 5'- UTR
through exon 9, but not exon 10 through the 3'- UTR (fig 1).
Two haplotype blocks and nine tagSNPs were identified,
using a haplotype based method.” Block 1 extended from 1.4
to 5" of 1.2 and had three tagSNPs (figl). Block 2 extended
from 5’ of 1.6 through exon 9 and had six tagSNPs. Thus,
block 1 covered most of the 5-UTR while block 2 covered the
3’ part of the 5'-UTR and the coding region. We genotyped 18
SNPs spanning the gene, with a focus on the block 2 coding
region. Block 1 (table 1) consisted of the 3 tagSNPs (SNP 2.2,
rs7181886; SNP 3.8, 1s6493494; and SNP 4.1, rs2008691) and
one additional SNP used in the previous study (SNP 4,
rs1008805)." Block 2 had the six tagSNPs (SNP 4.8,
1s1062033; SNP 5, rs767199; SNP 6, rs727479; SNP 6.5,
1s700518; SNP 6.8, 159944225; SNP 7.5, 1s2899472), plus the
three SNPs genotyped in the previous study (SNP 7,
1s1065778; SNP 8, rs1143704; SNP 9, rs10046).' In addition,
there were seven SNPs in the exon area posted on the NCBI
website (www.ncbi.nlm.nih.gov; as of September 2004 ); four
were non-synonymous and three were synonymous. We
genotyped the four non-synonymous SNPs (SNP 5.8,
152236722; SNP 7.1, rs1803154; SNP 8.3, rs700519; SNP 8.8,
1s2304462) and two synonymous SNPs (SNP 6.5, 15700518
and SNP 8.8, 1s2304461). The one synonymous SNP that we
did not genotype overlapped with the two non-synonymous
SNPs (152304462 and rs700519). We designed 17 pairs of
primers for the 18 SNPs, with two of the SNPs (rs2304462
and rs700519) sharing one pair of primers because of the
short distance between them. The primer sequences are listed
in table 1.

Abbreviations: AD, Alzheimer’s disease; EM, expectation
maximisation; LD, linkage disequilibrium; SBE, single base extension;
SNP, single nucleotide polymorphism; UTR, untranslated region
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Table 1  Selection of SNPs and primer sequences used
Name dbSNP ID Position* Function Primer direction and sequence
22 rs7181886 49290361 5'-UTR F TCATCATGTGTCTGGAGGTCTG
R GAAAGGGAAGGGCTAAGAAGGA
SBE CTCCTTTACTCCAGCCTCTICT
3.8 rs6493494 49265891 5'-UTR F GCCCATTGTGATCTGCAAGTAG
R CAGGAAGGTGAAGGGTAGTGAT
SBE CCTGGACATTGTGCTCCAGC
4 rs1008805 49265655 5'-UTR F TGTCCTTACCGAATCACTACCCT
R CCACTTTACAGATGTGGCTTGG
SBE CAGGCTGGGGCAGGAC
4.1 rs2008691 49264366 5'-UTR F TGTACAGACACGCTTCTTCCAG
R CACACTGTGGGAACTATCCTGA
SBE CAGAGTATCTTTATCACCACAGCAGAATCA
4.8 rs1062033 49263394 5-UTR F GGTTCTATGTGAGCAAAGCTAGG
R GAAGCCCTTAACTGCTGGAATG
SBE TAGCATGTGGAAAAGCTCCCTGA
5 rs767199 49256443 5'-UTR F CAGTGTGTAGCTCCGTGAAGGTT
R GGCAGTCCCAAGCTCTAGTGTCT
SBE ACAGGTGACATGAATGTGGAG
5.8 rs2236722 49251051 Exon 2 Trp39Arg F CTGAGGTCAAGGAACACAAGATGG
codon 1 R CTTACCTGGTATTGAGGATGTGCC
SBE TTIGAGGATGTGCCCTCATAATTCC
6 rs727479 49250603 Intron F GCTCAAGATGGGGTGGAGTAAAG
R CCACTATCACCACATTCCCAAGAA
SBE TCTTCTCCCTTTCACTTTGTTTCC
6.5 rs700518 49245168 Exon 3 Val80Val F CTACTGCATGGGAATTGGAC
codon 3 R CCAGACTCGCATGAATICTC
SBE CAACTACTACAACCGGGT
6.8 rs9944225 49244136 Intron F GGCGTATTTCCCTAGACTITCAGCCA
R ATTTGGGCTTTGAGGATACCGTGG
SBE TATCTGCAAACATTGTCTCATTAACGCAT
7 rs1065778 49236262 Intron F TGATTCAACTGGAGAAGGATGTCC
R CTTGAGGACCTGAAAAGACAGGAA
SBE ACATGCATTTGCTAAGAGAGCT
7.1 rs1803154 49236161 Exon Lys108Ter F GAAACAGGGAGTCAGTAGGTAG
Codon 1 R CCGAATCGAGAGCTGTAATG
SBE GTCCTCAAGTATGTTCCACATAATG
7.5 rs2899472 49232111 Intron F CCATAAATTTGGCATGTGGCT
R TGAAAGGCCAGGATGTTGTTC
SBE AGCCAACCCTTCCACACAAAG
8 rs1143704 49226758 Intron F TGCTATCGTGGTTAAAATCCAAGG
R TTACCTGAGAGGCCAAGAAAAACA
SBE GTAATACAACTTTGGAAGATTITATGAGTACA
8.3 rs700519 49224024 Exon Arg264Cys F GCTAACTCTGGCACCTTAAC
Codon 1 R CTCAGTGGCAAAGTCCATAC
SBE CCATAGAAGTTCTGATAGCAGAAAAAAGA
8.4 rs2304462 49224023 Exon Arg264His F Same as 8.3
codon 2 R Same as 8.3
SBE CAGTTTCTCTTCTGTGGAAATCCTG
8.8 rs2304461 49220612 Exon Pro408Pro F TTIGGAAGGATGCACAGACTCGA
Codon 3 R AGATACTTCTTAGAGCTGGAGACC
SBE GCACAGACTCGAGTTTTITCCC
9 rs10046 49219042 3’-UTR F CCATCCTCGTTACACTTCTGAG
R CTTCACCGACTATTTCTCCCTC
SBE CTACTGATGAGAAATGCTCCAGAGT
*SNP position on chromosome. F, forward; R, reverse; SBE, single base extension.
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Genotyping

APOE was genotyped as described previously.® SNPs were
genotyped using fluorescent detected single base extension.”
The 17 pairs of primers were divided into three groups, based
on the efficiency of multiplex PCR. The first group had five
pairs of primers, while the second and third groups each had
six pairs of primers. Multiplex PCR was performed for each
group of primers to obtain products of 100-500 bp (60 ng of
genomic DNA, 0.6-4.8 pmol of each primer in 10 pl reaction
volume containing 1 pl 10x reaction buffer, 3.3 nmol dNTP,
and 0.7 U Tag polymerase (Qiagen)). The PCR program was
94°C for 5 minutes, then 35 cycles of 94°C for 30 seconds,
52°C for 30 seconds, and 72°C for 45 seconds, and a final
extension of 72°C for 10 minutes. The PCR products from the
second and third multiplex reactions were pooled. Shrimp
alkaline phosphatase/Exol enzymatic treatment followed,
with incubation at 37°C for 75 minutes with 1 U of Exol
(New England Biolabs) and 2.5 U of shrimp alkaline
phosphatase (Amersham Pharmacia Biotech). Single base
extension (SBE) reaction was then performed (SNaPshot
Multiplex kit; Applied Biosystems) for the first group and the
pooled second and third groups separately. The SBE primers
were ~20 nucleotides in length. Primers that ended one
nucleotide 5-" of the SNPs were selected; ATCG tails of
different sizes were added to the 5-" end of the primers to
make their length vary by 7-8 nucleotides from each other
(table 1). The 5 pl SBE reaction consisted of 2.5 pl of reaction
mix, 1.5 pl of the treated PCR product from the previous step
and 0.2 umol/l of each SBE primer. The reaction program was
38 cycles of 96°C for 10 seconds, 50°C for 5 seconds, and 60°C
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for 30 seconds. Shrimp alkaline phosphatase (0.5 U) treat-
ment was carried out at 37°C for 75 minutes, followed by
inactivation at 75°C for 15 minutes. The SBE products from
the first group of SNPs were separated on one gel, and those
for the pooled second and third groups were separated on
another gel. For the separation, 1 pl aliquots of the samples
were denatured at 95°C for 5 minutes in 1.5 pl of loading
buffer containing the Liz 120 size standard (Applied
Biosystems) and separated on 5% Long RangerJ 6 mol/l urea
polyacrylamide gels, using the ABI Prism 377 sequencer
system (Applied Biosystems). Each sample was run at least
twice to minimise genotyping error, and each batch of
reactions had both positive and negative controls. There were
no missing data. Samples were analysed using GeneScan
(version 3.7) and Genotyper (version 3.7) software (Applied
Biosystems).

Statistical analysis

Hardy-Weinberg equilibrium tests were performed separately
for patient and control groups for each SNP with HelixTree
(version 4.1.0); no significant deviations were observed.
Single locus analyses were performed with SAS 9.1. Age, sex,
and APOE adjusted P values for the single locus analysis were
obtained using logistic regression. Pairwise linkage disequili-
brium (LD) (D') for the SNPs was evaluated with HelixTree,
using all of the subjects. Haplotype blocks were then defined,
based on the pairwise D’ values. Haplotypes were inferred for
each individual for each block by use of the expectation
maximisation (EM) algorithm, implemented in HelixTree.
The haplotype data for the individuals with EM probabilities

Table 2  Allele distribution in all the subjects and in APOE 4 carriers and non-carriers
All subjects APOE 4 carriers APOE 4 non-carriers

Allele Controls* AD patients*  p Controls* AD patients* p Controls* AD patients* p

2.2 C 13 (4.96) 25 (5.51) 0.6088 5 (7.58) 14 (4.43) 0.2930 8 (4.08) 11 (7.97) 0.1429
G 249 (95.04) 429 (94.49) 61 (92.42) 302 (95.57) 188 (95.92) 127 (92.03)

3.8 C€ 142 (54.20) 270 (59.47) 0.0698 31 (46.97) 186 (58.86) 0.0807 111 (56.63) 84 (60.87) 0.3432
T 120 (45.80) 184 (40.53) 35 (53.03) 130 (41.14) 85 (43.37) 54 (39.13)

4 C 99 (37.79) 197 (43.39) 0.2600 20 (30.30) 146 (46.20) 0.0201 79 (40.31) 51 (36.96) 0.6871
T 163 (62.21) 257 (56.61) 46 (69.70) 170 (53.80) 117 (59.69) 87 (63.04)

41 C  41(15.65) 75(1652)  0.1543 9 (13.64) 41 (12.97) 0.9045 32(16.33) 34 (24.64)  0.0800
T 221 (84.35) 379 (83.48) 57 (86.36) 275 (87.03) 164 (83.67) 104 (75.36)

48 C  125(4771) 199 (43.83) 02200 35 (53.03) 139 (43.99) 0.1856 90 (45.92) 60 (43.48)  0.6013
G 137(52.29) 255 (56.17) 31 (46.97) 177 (56.01) 106 (54.08) 78 (56.52)

5 C  127(48.47) 240 (52.86) 02728 30 (45.45) 168 (53.16) 0.2587 97 (49.49)  72(52.17)  0.6653
T 135 (51.53) 214 (47.14) 36 (54.55) 148 (46.84) 99 (50.51) 66 (47.83)

5.8 T 262(100) 454 (100) N/A N/A N/A
c o 0

6 G 87(33.21) 168 (37.0) 01581 15 (22.73) 116 (36.71) 0.0286 72(36.73)  52(37.68)  0.9700
T 175 (66.79) 286 (63.0) 51 (77.27) 200 (63.29) 124 (63.27) 86 (62.32)

6.5 A 124 (47.33) 239 (52.64) 0.0942 26 (39.39) 166 (52.53) 0.0551 98 (50.00) 73 (52.90) 0.5488
G 138(52.67) 215 (47.36) 40 (60.61) 150 (47.47) 98 (50.00) 65 (47.10)

6.8 G 240(91.60) 412(90.75) 07958 59 (89.39) 282 (89.24) 0.9708 181 (92.35) 130 (94.20) 0.7607
T 22 (8.40) 42 (9.25) 7 (10.61) 34 (10.76) 15 (7.65) 8 (5.80)

7 A 123 (46.95) 240 (52.86) 0.0677 26 (39.39) 166 (52.53) 0.0546 97 (49.49) 74 (53.62) 0.4413
G 139 (53.05) 214 (47.14) 40 (60.61) 150 (47.47) 99 (50.51) 64 (46.38)

7.1 A 262 (100) 454 (100) N/A N/A N/A
T 0 0

7.5 G 189(72.14) 361 (79.52) 0.0115 43 (65.15) 251 (79.43) 0.0126 146 (74.49) 110(79.71) 0.1806
T 73 (27.86) 93 (20.48) 23 (34.85) 65 (20.57) 50 (25.51) 28 (20.29)

8 A 118 (45.04) 235 (51.7¢) 0.0549 25 (37.88) 164 (51.90) 0.0400 93 (47.45) 71 (51.45) 0.4157
T 144 (54.96) 219 (49.24) 41 (62.12) 152 (48.10) 103 (52.55) 67 (48.55)

8.3 € 252 (96.18) 431 (94.93) 0.2043 63 (95.45) 304 (96.20) 0.7921 189 (96.43) 127 (92.03) 0.0759
T 10 (3.82) 23 (5.07) 3 (4.55) 12 (3.80) 7 (3.57) 11 (7.97)

8.4 G 262(100) 454 (100) N/A N/A N/A
A 0 0

8.8 € 262 (100) 454 (100) N/A N/A N/A
T 0 0

9 C© 119 (45.42) 231 (50.88) 0.0890 25 (37.88) 161 (50.95) 0.0553 94 (47.96) 70 (50.72) 0.5197
T 143 (54.58) 223 (49.12) 41 (62.12) 155 (49.05) 102 (52.04) 68 (49.28)
e4— 228 (87.02) 257(56.61) <0.0001 N/A N/A
od+ 34(12.98) 197 (43.39)

*n (%). N/A, not applicable.
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Figure 2 Linkage disequilibrium. Numbers in the figure are D'. The
strength of the linkage gisecauﬂibrium is shown by the increasing
darkness of shading for higher D’ values.

greater than 90% were exported to SAS for logistic regression
analysis to determine the risk associated with particular
haplotypes. Each haplotype was compared with the combina-
tion of the other haplotypes.

RESULTS
Allelic frequencies
APOE 4 was significantly increased in Alzheimer’s patients, as
previously reported (p<<0.0001, table 2). Among the 18 SNPs
that were genotyped for CYP19al, four (SNP 5.8, rs2236722;
SNP 7.1, 1s1803154; SNP 8.4, rs2304462; SNP 8.8, 1s2304461)
exhibited no heterozygosity and were excluded from further
analysis. The SNP 7.5 (rs2899472) had the most significant
allelic frequency associated with the disease (T allele,
p=0.0115) (table 2), after adjustment for age, sex, and
APOE status. The two flanking SNPs, SNP 7 (rs1065778) (G
allele, p=0.0677; odds ratio (OR) 1.67; 95% confidence
interval (CI) 1.12 to 2.49) and SNP 8 (rs1143704) (T allele,
p = 0.0549) approached significance in frequency associated
with the disease, suggesting a high risk haplotype with the
disease.

We then divided the sample into two groups, based on the
APOE 4 genotype. The odds ratio of the SNP 7.5 T allele was
increased from 1.67 to 2.08 (p = 0.0126; 95% CI 1.17 to 3.70)

Electronic letter

in APOE 4 carriers. SNPs 7 and 8 also exhibited greater
significance in APOE 4 carriers (p =0.0546 and p = 0.04,
respectively). Two additional SNPs (SNP 4, rs1008805 and
SNP 6, 15727479) were also significant (p =0.0201 and
p = 0.0286, respectively) in APOE 4 carriers. None of the SNPs
were significant in APOE 4 non-carriers.

Linkage disequilibrium and haplotype blocks

LD across the gene was examined for the 14 markers and all
of the subjects. The markers were all in LD with most of the
other SNPs with a D’ >0.85; the exception was rs1008805,
which was only in LD with the two adjacent markers (fig 2).
"Strong" LD was defined as having a pairwise D'=0.85." The
haplotype block was defined as having strong LD pairs =0.9.
The boundary of the two blocks was between SNP 4.1
(rs2008691) and 4.8 (rs1062033). The SNPs in block 1 were
in LD as were the SNPs in block 2. Thus, the linkage
disequilibrium extended over 37.4 kb, which covered the
entire coding region in block 2. The linkage disequilibrium
further supports the high risk haplotype.

Haplotypes

Block 1 had three major haplotypes with frequencies >5%,
whereas block 2 had four major haplotypes (tables 3 and 4).
Logistic regression, accounting for age, sex, and APOEF status,
was performed, using subjects with EM probability of
haplotype estimation >90%. The H1 haplotype (GTTT) in
block 1 (p=0.0567) and the H2 haplotype in block 2
(CTTGGGTTCT) (p =0.0856) approached significance, after
adjustment for age, sex, and APOE status. However, when the
samples were stratified according to APOE 4 status, the H2
haplotype in block 1 in APOE 4 carriers had an OR of 1.927
(p=0.0262; 95% CI 1.081 to 3.436). Moreover, the HI1
haplotype in block 2 (GCGAGAGACC) in APOE 4 carriers had
an OR of 1949 (p=0.0473; 95% CI 1.008 to 3.768).
Interestingly, the H1 haplotype in block 1 (GTTT) in APOE
4 carriers seemed to be protective with an odds ratio of 0.579
(p=0.0452; 95% CI = 0.34 to 0.988). No haplotypes in either
block were significant for APOE 4 noncarriers. There was no
detectable interaction with age or sex between the haplo-
types. Thus, risk associated with these haplotypes is
independent of age and sex, but is dependent upon APOE 4
status.

DISCUSSION

Cytochrome P450 aromatase activity has been localised to
neurons and glia in the basal forebrain and hypothalmic
nuclei.” While aromatase activity was increased in the
nucleus basalis of Meynert during ageing and during the
AD process, it was decreased in the hypothalmic nuclei in
AD.’ Interestingly, there was no sex difference in immuno-
staining. In our studies, we found no sex effect on the risk for
the disease associated with the aromatase haplotypes.

Table 3 Haplotype association: block 1: 2.2, 3.8, 4, 4.1
All subjects APOE 4 carriers APOE 4 non-carriers
H1 H2 H3 Others H1 H2 H3 Others H1 H2 H3 Others
Controls 116 95 28 19 85! 19 5 7 81 76 23 12
(44.97) (36.82) (10.85) (7.3¢) (53.02) (28.79) (7.58) (10.61) (42.19) (39.58) (11.98) (6.25)
Patients 176 187 50 37 124 138 27 25 52 49 23 12
(39.11) (41.56) (11.11) (8.22) (39.49) (43.95)  (8.60) (7.96) (38.24) (36.03) (16.91) (8.82)
H1 v all the others H1 v all the others H1 v all the others
OR=0.71 95% C1 0.50 to 1.01 p=0.0567 OR=0.58 95% Cl0.3410 0.99 p=0.0452 OR=0.82 95% Cl 0.52t0 1.30 p=0.3866
H2 v all the others H2 v all the others H2 v all the others
OR=1.21 95% C1 0.85 10 1.71 p=0.2950 OR=1.93 95% Cl1 1.09 to 3.44 p=0.0262 OR=0.90 95% Cl1 0.56 to 1.43 p=0.6462
H3 v all the others H3 v all the others H3 v all the others
OR=1.39 95% Cl0.811t02.38 p=0.2348 OR=1.16 95% Cl0.43t03.15 p=0.7649 OR=1.44  95% Cl 0.76 to 2.74 p=0.2655
H1, GTTT; H2, GCCT; H3, GCTC. Significant p values are shown in bold.
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APOE 4 non-carriers

APOE 4 carriers

H1

All subjects

Table 4 Haplotype association: block 2: 4.8, 5, 6, 6.5, 6.8,7,7.5, 8, 8.3, 9

Others
29

H3 H4
14

H2
47

H1

Others
10

H2 H3 H4

Others
39

H3 H4

H2

H1

39

65

14

17

13

53 20

78 64

Controls

(16.67) (33.50) (24.23) (20.10) (7.22) (14.95)

(10.00)

(23.33)

(28.33)

(21.67)
106

(15.35)

(20.87) (7.87)

(25.20)

(30.71)
154

Patients

(35.83) (20.15) (21.64) (5.22) (17.16)

(13.84)

(21.71) (10.53)

(19.05)

(14.84) (34.87)

(8.90)

(19.41) (21.69)

(35.16)

H1 v all the others

0.0473 OR=1.08

H1 v all the others

0.1284 OR=1.94

H1 v all the others

OR=1.33

0.7730

p=

95% Cl 0.67 to 1.73

p=

95% CI 1.01 to 3.77

p=

95% Cl1 0.92 to 1.93

H2 v all the others

0.0994 OR

H2 v all the others

0.0856 OR

H2 v all the others

OR

0.3022

p=

95% Cl 0.43 to 1.30

=075

p=

95% C10.31 to 1.11

0.59

p=

95% Cl 0.46 to 1.05

=0.69

H3 v all the others

0.8113 OR=1.15

H3 v all the others

0.9066 OR

H3 v all the others

OR=1.03

0.6335

p=

95% Cl 0.65 to 2.02

p=

95% Cl 0.48 to 1.79

=0.92

p=

95% Cl 0.67 to 1.58

H4 v all the others

0.8113 OR

H4 v all the others

0.8052 OR

H4 v all the others

OR

0.7340

p=

95% C1 0.32 to 2.23

0.85

p=

95% C1 0.48 to 1.79

=0.92

p=

95% Cl 0.49 to 1.75

=0.92

Only the subjects with EM probability of haplotype estimation higher than 90% were used for haplotype association analysis. *95% Cl. H1, GCGAGAGAC; H2, CTTGGGTTCT; H3, CTTGGGGTCT; H4, GCTATAGACC. Significant p values are
shown in bold.
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A genome wide linkage disequilibrium study of late onset
AD found that a microsatellite marker (D15S659) located at
15g21.1 was associated with the disease in patients from
Finland.® As CYPI9al is approximately 2 cM from the marker,
this group analysed nine SNPs spanning the gene and found
that the haplotype Al (CACTTTGTT) increased the risk for
the disease.'

Given that the reported genetic association with the
disease was significant and with the relevant role of
aromatase in brain, we investigated SNPs spanning the gene,
using the tagSNPs identified through the HapMap project, as
well as those SNPs in the report on the patients from
Finland." As non-synonymous SNPs in coding sequences are
more likely to affect protein function, we also included the
four non-synonymous SNPs and two of the three synony-
mous SNPs identified at the NCBI website.” Our studies
indicated an increased risk associated with SNP 7.5
(rs2899472) in the total number of AD patients, which was
amplified in APOE 4 carriers. There was also a significant
association with SNPs 4, 6, and 8 (rs1008805, rs727479,
rs1143704) in APOE 4 carriers. SNPs 5-7 were significantly
associated with the disease in the patients from Finland, but
not in APOE 4 carriers. None of the SNPs in our study was
significant for APOE 4 non-carriers. Among the six coding
SNPs, only two exhibited sufficient heterozygosity for further
analysis. The synonymous SNP 6.5 had a trend toward
significance in APOE 4 carriers.

The HapMap project defined two haplotype blocks by
genotyping 41 SNPs; similar results were subsequently found
by the group from Finland,' and confirmed by our genotyped
data of 14 SNPs. The boundary between the two blocks is
between SNP 4.1 (rs2008691) and SNP 4.8 (rs1062033).
Haplotype H2 (GCCT) of block 1 and haplotype HI1
(GCGAGAGACC) of block 2 were found to be associated
with the disease in APOE 4 carriers in our study. The group
from Finland found that haplotype Al (CACTTTGTT)
increased the risk for the disease. They did not find any
interaction with APOE in their sample. The Al haplotype is
part of our H2 and H3 haplotypes in block 2. Our haplotype
H2 approached significance, with p = 0.0856. However, it was
the H1 haplotype in block 2 that was significant in APOE 4
carriers in our study. We also found significant linkage
disequilibrium in each block, as described previously.'
Neither study found evidence of interaction between
CYPI9al and sex.

Aromatase expression in the brain is controlled by the exon
Lf," responsible for transcripts in the amygdala, by the
promoter II for the hypothalamus preoptic area, and by
promoter 1.4 in other areas of the brain. It is thought that
regulation of aromatase activity may differ in various brain
regions. The transcription factors necessary for expression in
the different brain regions have not been well studied. While
numerous studies of mRNA expression in various brain
regions have been made, the regulatory mechanisms for the
expression have not been taken into consideration. The study
with the patients from Finland and our study indicate that
there may be functional alterations within the coding/intron
regions that may also affect expression of the enzyme. With
the implication of the two haplotypes conferring increased
risk for AD, the regulation of aromatase in brain warrants
further investigation.
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