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Abstract Although epidemiological studies reveal that
cigarette smoking is inversely associated with Alzheimer’s
disease (AD) and Parkinson’s disease (PD), the underlying
mechanism remains largely unknown. Considering the facts
that amyloid precursor protein-binding protein, family B,
member 1 (APBB1) is mapped to a suggestive linkage
region on chromosome 11 for nicotine dependence (ND),
and has been implicated in the pathogenesis of AD and PD,
it represents a plausible candidate for genetic study of ND.
Five single nucleotide polymorphisms (SNPs) within
APBB1 were genotyped in a sample consisting of 2,037
participants of either African-American (AA) or European-
American (EA) origin, and examined their associations
with ND assessed by three commonly used measures:
Smoking Quantity (SQ), the Heaviness of Smoking Index
(HSI), and the Fagerström Test for ND (FTND). Individual
SNP-based association analysis showed that all Wve SNPs

are associated with at least one ND measure in one of the
three samples; however, only the association of SNP
rs4758416 with SQ and HSI remained signiWcant after cor-
rection for multiple testing in the pooled sample. Haplotype
analysis demonstrated three major haplotypes signiWcantly
associated with ND after Bonferroni correction. Formed by
rs4758416-rs10839562-rs1079199, haplotype C-C-T
showed positive association with FTND in the AA and
pooled samples, and conversely, haplotype G-C-T showed
negative association with SQ and HSI in AA and EA sam-
ples. Another haplotype, C-T-G, formed by rs10839562-
rs1079199-rs8164, was signiWcantly associated with HSI in
the EA sample. Based on these Wndings, we conclude that
APBB1 represents an important candidate gene in the
genetic study on ND and neurodegenerative diseases and
warrants further investigation in future.

Introduction

Nicotine is commonly believed to be the primary addictive
substance in tobacco smoking. Nicotine exerts its pharma-
cological eVects on the central nervous system by binding
to nicotinic acetylcholine receptors (Leonard and Bertrand
2001), and increases dopamine levels in the nucleus accum-
bens (Pontieri et al. 1996). Despite continued campaigns
against cigarette smoking, it remains a leading preventable
cause of death in the USA and globally. It has been esti-
mated that one in every Wve deaths is attributable to ciga-
rette smoking (Peto et al. 1992), resulting in 438,000 deaths
and $157.7 billion in healthcare and related expenditures
annually in the US (Leistikow 2000; Mokdad et al. 2004).

Considerable biochemical and pharmacological research
indicates multiple genes and biochemical pathways are
modulated by nicotine, leading to changes in downstream
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actions, neural circuit plasticity and the development of
addiction. Further, twin and family studies reveal that nico-
tine dependence (ND) is highly heritable, with an average
heritability of 0.56 for male and female smokers (Li et al.
2003a; Sullivan and Kendler 1999). A common approach
for identifying vulnerability genes for ND is to conduct a
linkage study followed by candidate gene-based association
analysis. Susceptibility loci for ND have been reported in
more than 20 linkage studies (for a recent review, see Li
2008). One of these chromosomal regions, 11p15, is where
amyloid precursor protein-binding protein, family B, mem-
ber 1 (APBB1) is located, which has been linked to ND in
three independent samples: the Framingham Heart Study
(FHS), Mid-South Tobacco Family (MSTF) samples, and
Family Study for Panic Disorder (Gelernter et al. 2004; Li
et al. 2003b; Wang et al. 2005).

APBB1 spans approximately 24 kb, consisting of 15
exons. The protein encoded by APBB1 is an adaptor protein
localized in the nucleus, which belongs to Fe65 protein
family. As a regulatory factor, APBB1 interacts with
actions of amyloid precursor protein (APP). Through
APBB1, the signaling pathway consisting of transient
axonal glycoprotein-1 and APP (TAG1-APP) negatively
modulates neurogenesis (Ma et al. 2008). Moreover,
through enhanced production of the carboxyl-terminal frag-
ment substrates of �-secretase as well as direct stimulation
of processing by �-secretase, APBB1 stimulates �-secrete-
mediated libration of the APP intercellular domain. On the
other hand, multiple splicing transcript variants of APBB1
lead to diVerent stimulating capabilities of the proteins
encoded (Wiley et al. 2007).

Previously, we reported that nicotine modulates expres-
sion of mRNA and protein levels of the APP and APLP2
genes in diVerent mouse brain regions and in SH-SY5Y
neuroblastoma cells (Gutala et al. 2006). Furthermore,
there are the following evidences supporting the role of
APBB1 in ND. First, APBB1 has been shown to inXuence
learning and memory in Fe65 knockout mice (Wang et al.
2004), which is associated with the pharmacological eVect
of nicotine on the cognitive behavior. Second, it is known
that APBB1 is involved in the modulation of �-amyloid
secretion (Pietrzik et al. 2002, 2004; Sabo et al. 1999), sug-
gesting that it regulates proteolytic events associated with
Alzheimer’s disease (AD) pathogenesis. Third, epidemio-
logical studies suggest that tobacco smoking is inversely
correlated with neurodegenerative diseases such as AD and
Parkinson’s disease (PD) (Birrenbach and Bocker 2004;
Fratiglioni and Wang 2000; Sacco et al. 2004). These facts
strongly indicate that APBB1 is a plausible candidate for a
genetic study on ND.

An in-depth understanding of the role of APBB1 in
tobacco smoking will not only provide insights into the eti-
ology of ND, but also reveal its protective eVect on cogni-

tive function. In this study, we performed a family-based
genetic association study of APBB1 with ND in a sample
consisting of 2,037 participants of African-American (AA)
and European-American (EA) origin. Both individual SNP-
and haplotype-based association analyses indicated that
APBB1 is signiWcantly associated with ND in both ethnic
populations.

Methods

All the participants involved in this study were recruited
primarily from the mid-south states of Tennessee, Missis-
sippi and Arkansas in the USA during 1999–2004, and are
of either AA or EA origin. Proband smokers were required
to smoke an average of 20 or more cigarettes per day for the
last 12 months, to have smoked for at least the last 5 years,
and to be at least 21 years of age. Once a smoker proband
was identiWed, all his or her siblings and biological parents
were recruited whenever possible, regardless of their smok-
ing status. Participants included 1,366 individuals from 402
AA families and 671 individuals from 200 EA families,
yielding a total of 2,037 individuals. The families varied in
size from two to nine with an average size of 3.14 (§0.75;
SD) for AAs and 3.17 (§0.69; SD) for EAs. Average age
was 39.4 (§14.4; SD) years for the AA and 40.5 (§15.5;
SD) years for EA participants. For more detailed demo-
graphic and clinical characteristics of this study, please
refer to our previous reports (Li et al. 2005, 2006). All par-
ticipants provided informed consent. The study protocol,
forms and procedures were approved by all participating
Institutional Review Boards.

In this study, the levels of ND for smokers were ascer-
tained by three commonly-used measures in the literature:
smoking quantity (SQ: deWned as the number of cigarettes
smoked per day), the Heaviness of Smoking Index (HSI: 0–
6 scale), and the Fagerström Test for ND (FTND: 0–10
scale). Given the overlap in the content of these three ND
measures, there exists fairly robust correlations among
them in the AA (r = 0.88–0.97), EA (r = 0.91–0.97) and
pooled (r = 0.89–0.97) samples.

To uniformly cover the whole gene including 5�- and 3�-
untranslated regions, Wve tagger SNPs were selected span-
ning the APBB1 gene, with an average inter-SNP distance
of 5 kb per SNP, and were genotyped using the Illumina
BeadChip system at the Center for Inherited Disease
Research (CIDR) at Johns Hopkins University. The Ped-
Check program (O’Connell and Weeks 1998) was used to
identify any possible errors, such as inconsistent Mendelian
inheritance or other genotyping errors. Among over than
10,000 assays, 120 inconsistencies (83 in the AA sample,
1.24%; and 37 in the EA sample, 1.11%) were detected and
excluded from the following association analyses. To
123



Hum Genet (2008) 124:393–398 395
further verify the quality of SNP-typing, we checked any
signiWcant departures from Hardy-Weinberg Equilibrium
(HWE). Except for SNP rs1552513, which departed
slightly from HWE in the AA sample, all other SNPs were
in HWE (Table 1). Pair-wise Linkage Disequilibrium (LD)
(Fig. 1) among all SNPs was determined using the Haplo-
view program (Barrett et al. 2005), based on haplotype
blocks as deWned by Gabriel et al. (2002). One block
formed by rs10839562-rs1079199 in the EA sample was
detected; no signiWcant LD blocks were detected for the
AA or pooled samples.

The PBAT program (Lange et al. 2003) was employed to
determine the association of individual SNPs with each ND
measure. Haplotype association was analyzed by the FBAT
program (Horvath et al. 2004). P values were evaluated
under the null distribution of no linkage and no association.
Additive, dominant, and recessive models were tested by
incorporating age and gender as covariates for the AA and
EA samples; for the pooled sample, age, gender and ethnic-
ity covariates were employed. An association of an individ-

ual SNP with ND was considered signiWcant if its P value
was less than the corrected P value, based on the method of
SNP spectral decomposition (SNPSpD) approach for multi-
ple testing (Nyholt 2004). For haplotype analysis, Bonfer-
roni correction was used to calculate the corrected P-value.

Results

Association analysis of individual SNPs

Heterogeneity is a major concern for any genetic associa-
tion studies employing a sample comprised of mixed eth-
nicities. Thus, our data were analyzed separately for each
ethnic-speciWc sample, while the results from the pooled
sample were also computed to capitalize on improved
power due to increased sample size (assuming a lack of
heterogeneity across samples). As shown in Table 2, we
found that all Wve SNPs examined in this study showed
signiWcant association with at least one ND measure in one

Fig. 1 LD structures for Wve SNPs within APBB1 in the three samples. The number in each box represents the D� value for each SNP pair

Table 1 Information for Wve SNPs within APBB1 and their minor allele frequencies (MAFs) from the NCBI dbSNP database and from this study

YRI is the sub-Saharan African sample; CEU is the European sample. Both are from the international HapMap project

Both MAF and HWE on the AA and EA samples are from this study

UTR untranslated region

dbSNP ID Alleles Position (Chr.11) SNP location MAF MAF HWE

YRI CEU AA EA AA EA

rs1552513 C/T 6392604 Intron 1 0.408 (T) 0.408 (T) 0.374 (T) 0.397 (T) 0.046 1.000

rs4758416 C/G 6390725 Intron 1 0.150 (G) 0.375 (C) 0.210 (G) 0.428 (C) 0.528 0.263

rs10839562 C/G 6389841 Intron 1 0.092 (G) 0.300 (G) 0.097 (G) 0.275 (G) 0.199 0.886

rs1079199 C/T 6384682 Intron 2 0.458 (T) 0.333 (C) 0.483 (C) 0.289 (C) 0.180 0.946

rs8164 A/G 6372458 3� UTR 0.308 (A) 0.133 (A) 0.298 (A) 0.162 (A) 0.650 0.550
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of the three samples. However, only the association of SNP
rs4758416 with SQ and HSI remained signiWcant after cor-
rection for multiple testing in the pooled sample.

Haplotype analysis

We employed the FBAT program to analyze the association
between haplotypes and ND measures. We scanned all pos-
sible haplotypes consisting of three consecutive SNPs, and
found three haplotypes that were signiWcantly associated
with ND after Bonferroni correction (Table 3). The Wrst two
haplotypes, formed by rs4758416-rs10839562-rs1079199,
were C-C-T and G-C-T. The haplotype C-C-T showed pos-
itive associations with all three ND measures in the AA and
pooled samples. However, after correction for multiple test-
ing, only the association with FTND remained signiWcant in
the AA (Z = 2.50; P = 0.012; 91 informative families) and
pooled (Z = 2.63; P = 0.008, 109 informative families)
samples. On the other hand, the G-C-T haplotype showed
signiWcant inverse association with all three ND measures
for the three samples. After correction for multiple testing,
we found that this haplotype remained signiWcant with at
least one ND measure in each of the three samples. For
example, this haplotype was signiWcantly associated with
SQ in the AA sample under both the additive (Z = ¡2.67;
P = 0.008, 128 informative families) and dominant models
(Z = ¡2.75; P = 0.006, 125 informative families), and with
HSI under the recessive model in the EA sample
(Z = ¡2.62; P = 0.009, 52 informative families) with a fre-
quency of 47.5%. In the pooled sample, under the additive
model, its Z score was ¡2.80 (P = 0.005, 235 informative
families) for HSI and ¡2.95 (P = 0.003, 233 informative
families) for SQ.

The last signiWcant haplotype, C-T-G, consisting of
rs10839562-rs1079199-rs8164, showed negative associa-
tions with all three ND measures for all three samples.
However, only the association in the EA sample with a fre-

quency of 57.7% and a Z score of ¡2.55 (P = 0.011, 70
informative families) remained signiWcant with HSI after
Bonferroni correction.

Discussion

After genotyping Wve SNPs in APBB1 and observing sev-
eral preliminary positive Wndings, we found only SNP
rs4758416 remained signiWcantly associated with SQ and
HSI in the pooled sample after correction for multiple test-
ing, providing further evidence of nominal association of
rs4758416 with ND observed in each ethnic-speciWc sam-
ple. In addition, we found three major haplotypes signiW-
cantly associated with ND after Bonferroni correction. Two
halpotypes, C-C-T and G-C-T, consisting of rs4758416-
rs10839562-rs1079199, showed signiWcant associations
with at least one ND measure in one of the three samples.
C-C-T appears to be a risk haplotype for ND, while G-C-T
seems to function as a protective haplotype. A comparison
of the two haplotypes with opposite genetic eVects on ND
behaviors reveals they are primarily determined by
rs4758416, suggesting this region may harbor causative
SNP(s) aVecting ND. Another haplotype, C-T-G, formed
by rs10839562-rs1079199-rs8164, showed a signiWcant
protective eVect in ND as measured by HSI in the EA
sample.

This study has several unique strengths. First, this is a
family-based association study, consisting of one of the
largest cohorts recruited for studying the genetics of ND.
Second, our samples include two major ethnicities in the
USA, African-Americans and European-Americans, per-
mitting an examination of potential genetic diVerences
underlying the expression of ND. Finally, as this is a fam-
ily-based association study, it is considered to be robust to
population stratiWcation and thus reduces the likelihood of
false association caused by sample admixture. However,

Table 2 P-values, associative alleles and informative families (last two are in parentheses) for individual SNP-based associations with ND in the
three samples

Adjusted P-value after correction for multiple testing at 0.05 signiWcance level is 0.0104, 0.0123, and 0.0109 for the AA, EA, and pooled samples,
respectively. Bold values indicate signiWcant associations after correction for multiple testing

Only the lowest P-value given by any genetic model is shown for non-signiWcant associations (bold values)

Superscript indicates the model used, a additive, d dominant, and r recessive models, respectively

dbSNP ID AA EA Pooled

SQ HSI FTND SQ HSI FTND SQ HSI FTND

rs1552513 0.210r 0.218a 0.190a 0.330d 0.191d 0.038d 0.524a 0.361d 0.353r

rs4758416 0.035a 0.062a 0.069a 0.028a 0.039a 0.055a 0.003a 0.008a 0.013a

rs10839562 0.593a 0.651d 0.794a 0.092d 0.035r 0.076r 0.149d 0.219d 0.388d

rs1079199 0.015d 0.038r 0.015d 0.150d 0.093r 0.236r 0.045r 0.075d 0.131d

rs8164 0.305a 0.403a 0.422a 0.120d 0.051d 0.020d 0.327d 0.421d 0.549d
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although the family-based association study can minimize
the potential impact of population stratiWcation or admix-
ture on association results, it could not completely elimi-
nate such an eVect. Thus, more caution is needed when one
uses samples comprised of participants with diVerent eth-
nicity for an association study.

APBB1 is an important regulatory factor during cellular
response to nicotinic stimulation and in the APP nuclear
signaling process (Gutala et al. 2006). The existence of
alternative splicing within APBB1 suggests the presence of
various protein isoforms of this gene (Wiley et al. 2007).
This is supported by a study reporting that a polymorphism
in intron 13 of APBB1 is associated with AD that alters the
splicing of the transcript (Hu et al. 2002). This suggests that
the APBB1 SNPs associated with ND are likely important
in the regulation of alternative splicing of APBB1, and
thereby altering the expression of the isoforms, although
they are all located in the introns of the gene.

Two of the three haplotypes showed signiWcant inverse
associations with ND, suggesting protective functions
against the development of ND. Given (a) APBB1 is impor-
tant in the etiology of AD and PD, (b) tobacco smoking is
inversely associated with AD and PD, and (c) APBB1 vari-
ants are associated with ND, this study provides further evi-
dence regarding the potential connection between smoking
and both AD and PD at the gene level. In addition, a protec-
tive eVect of a deletion in intron 13 of APBB1 for late-onset
AD has been reported (Cousin et al. 2003; Hu et al. 2002;
Lambert et al. 2000) although other studies failed to repli-
cate such an association (Guenette et al. 2000; Prince et al.
2001). Despite these discrepancies observed among diVer-
ent studies, it is still suggested that APBB1 remains a poten-
tial candidate for a genetic study with AD (Cousin et al.
2003).

Conclusion

We provide new evidence supporting our previous linkage
results on chromosome 11p15 for ND by demonstrating
that APBB1 is signiWcantly associated with ND in both AA
and EA samples. Two of the three haplotypes are inversely
associated with ND, suggesting they are protective against
the development of ND. This provides novel evidence for
the reported inverse association of smoking with AD and
PD from epidemiological studies. Thus, APBB1 plays an
important role in the etiology of ND, implicating its impor-
tance as a candidate gene for future investigations of ND.

Acknowledgments We acknowledge the invaluable contributions of
personal information and blood samples by all participants in the study.
We thank the Center for Inherited Disease Research (CIDR) for
performing genotyping on our sample. This project was funded by
National Institutes of Health Grant DA-12844 to MDL. We also thankT

ab
le

3
Z

- 
an

d 
P

-v
al

ue
s 

an
d 

in
fo

rm
at

iv
e 

fa
m

ili
es

 (
la

st
 tw

o 
ar

e 
in

 p
ar

en
th

es
es

) 
fo

r 
as

so
ci

at
io

ns
 o

f 
m

aj
or

 h
ap

lo
ty

pe
s 

w
ith

 th
re

e 
N

D
 m

ea
su

re
s 

in
 th

e 
th

re
e 

sa
m

pl
es

F
or

 th
e 
W

rs
t 

SN
P

 c
om

bi
na

tio
n,

 P
 v

al
ue

s 
co

rr
ec

tio
n 

at
 0

.0
5 

si
gn

iW
ca

nc
e 

le
ve

l 
ar

e 
0.

01
67

, 0
.0

12
5,

 a
nd

 0
.0

10
0 

fo
r 

th
e 

A
A

, E
A

 a
nd

 p
oo

le
d 

sa
m

pl
es

, r
es

pe
ct

iv
el

y;
 a

nd
 0

.0
10

0,
 0

.0
16

7,
 a

nd
 0

.0
10

0,
re

sp
ec

tiv
el

y,
 f

or
 th

e 
se

co
nd

 S
N

P
 c

om
bi

na
ti

on

S
up

er
sc

ri
pt

 in
di

ca
te

s 
th

e 
ge

ne
tic

 m
od

el
 u

se
d,

 a
 a

dd
iti

ve
, d

 d
om

in
an

t, 
an

d 
r 

re
ce

ss
iv

e 
m

od
el

s,
 r

es
pe

ct
iv

el
y

H
ap

lo
ty

pe
A

A
E

A
Po

ol
ed

F
re

q 
(%

)
S

Q
H

S
I

F
T

N
D

F
re

q 
(%

)
S

Q
H

S
I

F
T

N
D

F
re

q 
(%

)
S

Q
H

S
I

F
T

N
D

rs
47

58
41

6-
rs

10
83

95
62

-r
s1

07
91

99

C
-C

-T
39

.1
1.

98
 

(0
.0

48
, 9

1)
r

2.
35

 
(0

.0
19

, 9
1)

r
2.

50
 

(0
.0

12
, 9

1)
r

23
1.

46
 

(0
.1

43
, 6

2)
d

1.
32

 
(0

.1
86

,7
3)

a
1.

29
 

(0
.1

96
,7

3)
a

34
2.

02
 

(0
.0

44
,1

09
)r

2.
53

 
(0

.0
11

, 1
08

)r
2.

63
 

(0
.0

08
,1

09
)r

G
-C

-T
12

.7
¡

2.
67

 
(0

.0
08

, 1
28

)a
¡

2.
23

 
(0

.0
26

, 1
26

)d
¡

2.
24

 
(0

.0
25

, 1
26

)d
47

.5
¡

2.
47

 
(0

.0
13

, 5
2)

r
¡

2.
62

 
(0

.0
09

, 5
2)

r
¡

2.
18

 
(0

.0
29

, 5
2)

r
24

.4
¡

2.
95

 
(0

.0
03

, 2
33

)a
¡

2.
80

 
(0

.0
05

, 2
35

)a
¡

2.
47

 
(0

.0
14

, 2
40

)a

¡
2.

75
(0

.0
06

, 1
25

)d

G
lo

ba
l 

P
-v

al
ue

0.
08

0r
0.

05
2r

0.
03

9r
0.

04
5r

0.
02

7r
0.

07
8r

0.
01

7r
0.

00
6r

0.
01

4r

rs
10

83
95

62
-r

s1
07

91
99

-r
s8

16
4

C
-T

-G
43

.5
¡

2.
16

 
(0

.0
31

, 1
93

)d
¡

1.
69

 
(0

.0
91

, 1
93

)d
¡

1.
50

 
(0

.1
33

, 1
96

)d
57

.7
¡

2.
25

 
(0

.0
24

, 7
0)

r
¡

2.
55

 
(0

.0
11

, 7
0)

r
¡

2.
20

 
(0

.0
28

, 7
0)

r
48

.6
¡

1.
69

 
(0

.0
91

, 3
39

)a
¡

1.
21

 
(0

.2
26

, 3
38

)a
¡

0.
67

 
(0

.5
03

, 2
57

)d

G
lo

ba
l 

P
-v

al
ue

0.
22

7d
0.

17
5d

0.
10

0d
0.

06
9r

0.
03

9r
0.

03
8d

0.
37

7a
0.

44
6a

0.
44

8a
123



398 Hum Genet (2008) 124:393–398
the Rutgers University Cell and DNA Repository, the contractor for the
NIDA Center for Genetic Studies, which is co-directed by Dr. Jay Tis-
chWeld and Dr. John Rice.

References

Barrett JC, Fry B, Maller J, Daly MJ (2005) Haploview: analysis and
visualization of LD and haplotype maps. Bioinformatics 21:263–
265

Birrenbach T, Bocker U (2004) InXammatory bowel disease and smok-
ing: a review of epidemiology, pathophysiology, and therapeutic
implications. InXamm Bowel Dis 10:848–859

Cousin E, Hannequin D, Ricard S, Mace S, Genin E, Chansac C, Brice
A, Dubois B, Frebourg T, Mercken L, Benavides J, Pradier L,
Campion D, Deleuze JF (2003) A risk for early-onset Alzheimer’s
disease associated with the APBB1 gene (FE65) intron 13 poly-
morphism. Neurosci Lett 342:5–8

Fratiglioni L, Wang HX (2000) Smoking and Parkinson’s and Alzhei-
mer’s disease: review of the epidemiological studies. Behav Brain
Res 113:117–120

Gabriel SB, SchaVner SF, Nguyen H, Moore JM, Roy J, Blumenstiel
B, Higgins J, DeFelice M, Lochner A, Faggart M, Liu-Cordero
SN, Rotimi C, Adeyemo A, Cooper R, Ward R, Lander ES, Daly
MJ, Altshuler D (2002) The structure of haplotype blocks in the
human genome. Science 296:2225–2229

Gelernter J, Liu X, Hesselbrock V, Page GP, Goddard A, Zhang H
(2004) Results of a genomewide linkage scan: support for chro-
mosomes 9 and 11 loci increasing risk for cigarette smoking. Am
J Med Genet B Neuropsychiatr Genet 128:94–101

Guenette SY, Bertram L, Crystal A, Bakondi B, Hyman BT, Rebeck
GW, Tanzi RE, Blacker D (2000) Evidence against association of
the FE65 gene (APBB1) intron 13 polymorphism in Alzheimer’s
patients. Neurosci Lett 296:17–20

Gutala R, Wang J, Hwang YY, Haq R, Li MD (2006) Nicotine modu-
lates expression of amyloid precursor protein and amyloid precur-
sor-like protein 2 in mouse brain and in SH-SY5Y neuroblastoma
cells. Brain Res 1093:12–19

Horvath S, Xu X, Lake SL, Silverman EK, Weiss ST, Laird NM (2004)
Family-based tests for associating haplotypes with general pheno-
type data: application to asthma genetics. Genet Epidemiol
26:61–69

Hu Q, Cool BH, Wang B, Hearn MG, Martin GM (2002) A candidate
molecular mechanism for the association of an intronic polymor-
phism of FE65 with resistance to very late onset dementia of the
Alzheimer type. Hum Mol Genet 11:465–475

Lambert JC, Mann D, Goumidi L, Harris J, Pasquier F, Frigard B, Cot-
tel D, Lendon C, Iwatsubo T, Amouyel P, Chartier-Harlin MC
(2000) A FE65 polymorphism associated with risk of developing
sporadic late-onset alzheimer’s disease but not with Abeta load-
ing in brains. Neurosci Lett 293:29–32

Lange C, Silverman EK, Xu X, Weiss ST, Laird NM (2003) A multi-
variate family-based association test using generalized estimating
equations: FBAT-GEE. Biostatistics 4:195–206

Leistikow BN (2000) The human and Wnancial costs of smoking. Clin
Chest Med 21:189–197

Leonard S, Bertrand D (2001) Neuronal nicotinic receptors: from
structure to function. Nicotine Tob Res 3:203–223

Li MD (2008) Identifying susceptibility loci for nicotine dependence:
2008 update based on recent genome-wide linkage analyses. Hum
Genet 123:119–131

Li MD, Cheng R, Ma JZ, Swan GE (2003a) A meta-analysis of esti-
mated genetic and environmental eVects on smoking behavior in
male and female adult twins. Addiction 98:23–31

Li MD, Ma JZ, Cheng R, Dupont RT, Williams NJ, Crews KM, Payne
TJ, Elston RC (2003b) A genome-wide scan to identify loci for
smoking rate in the Framingham Heart Study population. BMC
Genet 4(Suppl 1):S103

Li MD, Beuten J, Ma JZ, Payne TJ, Lou XY, Garcia V, Duenes AS,
Crews KM, Elston RC (2005) Ethnic- and gender-speciWc associ-
ation of the nicotinic acetylcholine receptor alpha4 subunit gene
(CHRNA4) with nicotine dependence. Hum Mol Genet 14:1211–
1219

Li MD, Payne TJ, Ma JZ, Lou XY, Zhang D, Dupont RT, Crews KM,
Somes G, Williams NJ, Elston RC (2006) A genomewide search
Wnds major susceptibility loci for nicotine dependence on chro-
mosome 10 in African Americans. Am J Hum Genet 79:745–751

Ma QH, Futagawa T, Yang WL, Jiang XD, Zeng L, Takeda Y, Xu RX,
Bagnard D, Schachner M, Furley AJ, Karagogeos D, Watanabe
K, Dawe GS, Xiao ZC (2008) A TAG1-APP signalling pathway
through Fe65 negatively modulates neurogenesis. Nat Cell Biol
10:283–294

Mokdad AH, Marks JS, Stroup DF, Gerberding JL (2004) Actual caus-
es of death in the United States, 2000. JAMA 291:1238–1245

Nyholt DR (2004) A simple correction for multiple testing for single-
nucleotide polymorphisms in linkage disequilibrium with each
other. Am J Hum Genet 74:765–769

O’Connell JR, Weeks DE (1998) PedCheck: a program for identiWca-
tion of genotype incompatibilities in linkage analysis. Am J Hum
Genet 63:259–266

Peto R, Lopez AD, Boreham J, Thun M, Heath C Jr (1992) Mortality
from tobacco in developed countries: indirect estimation from na-
tional vital statistics. Lancet 339:1268–1278

Pietrzik CU, Busse T, Merriam DE, Weggen S, Koo EH (2002) The
cytoplasmic domain of the LDL receptor-related protein regulates
multiple steps in APP processing. EMBO J 21:5691–5700

Pietrzik CU, Yoon IS, Jaeger S, Busse T, Weggen S, Koo EH (2004)
FE65 constitutes the functional link between the low-density lipo-
protein receptor-related protein and the amyloid precursor pro-
tein. J Neurosci 24:4259–4265

Pontieri FE, Tanda G, Orzi F, Di Chiara G (1996) EVects of nicotine
on the nucleus accumbens and similarity to those of addictive
drugs. Nature 382:255–257

Prince JA, Feuk L, Sawyer SL, Gottfries J, Ricksten A, Nagga K, Bog-
danovic N, Blennow K, Brookes AJ (2001) Lack of replication of
association Wndings in complex disease: an analysis of 15 poly-
morphisms in prior candidate genes for sporadic Alzheimer’s dis-
ease. Eur J Hum Genet 9:437–444

Sabo SL, Lanier LM, Ikin AF, Khorkova O, Sahasrabudhe S, Green-
gard P, Buxbaum JD (1999) Regulation of beta-amyloid secretion
by FE65, an amyloid protein precursor-binding protein. J Biol
Chem 274:7952–7957

Sacco KA, Bannon KL, George TP (2004) Nicotinic receptor mecha-
nisms and cognition in normal states and neuropsychiatric disor-
ders. J Psychopharmacol 18:457–474

Sullivan PF, Kendler KS (1999) The genetic epidemiology of smok-
ing. Nicotine Tob Res 1(Suppl 2):S51–S57; discussion S69–S70

Wang B, Hu Q, Hearn MG, Shimizu K, Ware CB, Liggitt DH, Jin LW,
Cool BH, Storm DR, Martin GM (2004) Isoform-speciWc knock-
out of FE65 leads to impaired learning and memory. J Neurosci
Res 75:12–24

Wang D, Ma JZ, Li MD (2005) Mapping and veriWcation of suscepti-
bility loci for smoking quantity using permutation linkage analy-
sis. Pharmacogenomics J 5:166–172

Wiley JC, Smith EA, Hudson MP, Ladiges WC, Bothwell M (2007)
Fe65 stimulates proteolytic liberation of the beta-amyloid precur-
sor protein intracellular domain. J Biol Chem 282:33313–33325
123


	Association of amyloid precursor protein-binding protein, family B, member 1 with nicotine dependence in African and European American smokers
	Abstract
	Introduction
	Methods
	Results
	Association analysis of individual SNPs
	Haplotype analysis

	Discussion
	Conclusion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


