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Objectives: To identify novel candidate regions for late-
onset Alzheimer disease (LOAD) and to confirm link-
age in previously identified chromosomal regions.

Design: Family-based linkage analysis.

Setting: Probands with familial LOAD identified in clin-
ics in the Dominican Republic, Puerto Rico, and the
United States.

Patients: We conducted a genome scan in 1161 mem-
bers primarily clinically diagnosed as having LOAD; these
members were from 209 families of Caribbean Hispanic
ancestry.

Main Outcome Measures: We analyzed 376 micro-
satellite markers with an average intermarker distance
of 9.3 centimorgan. We conducted linkage analysis us-
ing possible and probable LOAD, and we performed af-
fecteds-only 2-point linkage analyses assuming either an
autosomal dominant or a recessive model. Subse-
quently, we conducted a multipoint affected sibling pair
linkage analysis.

Results: Two-point parametric linkage analysis identi-
fied a locus at 3q28 with a genomewide empirical P value

of .03 (logarithm of odds [LOD], 3.09) in a dominant model
for probable and possible LOAD. Other regions sugges-
tive of linkage included 2p25.3 (LOD, 1.77), 7p21.1 (LOD,
1.82), and 9q32 (LOD, 1.94). Under a recessive model,
we also identified loci at 5p15.33 (LOD, 1.86), 12q24.21
(LOD, 2.43), 14q22.3 (LOD, 2.53), and 14q23.1 (LOD,
2.16) as suggestive for linkage. Restricted to probable
LOAD, many of these loci continued to meet criteria sug-
gestive for linkage, as did lociat 2p25.3 (LOD, 2.72), 3q28
(LOD, 2.28), 6p21.31 (LOD, 2.19), and 7p21.1 (LOD,
2.05). APOE conditional analysis indicated that the ob-
served linkage at 3q28 was independent of the APOE &4
allele. Multipoint nonparametric affected sibling pair link-
age analysis provided confirmation of suggestive linkage
for most, but not all, loci.

Conclusions: Seven loci with LOD scores greater than
2.0 were identified among multiple affected Caribbean
Hispanic families with LOAD. The highest LOD score was
found at chromosome 3q28. At least 2 other indepen-
dent studies have observed support for significant link-
age at chromosome 3q28, highlighting this region as a
locus for further genetic exploration.
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HE €4 VARIANT OF THE

apolipoprotein E (APOE)

gene remains the only

known genetic risk factor

associated with late-onset
Alzheimer disease (LOAD).! Daw et al?
predicted that there may be as many as 4
additional genetic variants that influence
the age at onset of LOAD. Several genome-
wide genetic linkage surveys also suggest
additional LOAD loci.*!® Despite these
efforts, to our knowledge, no single
gene has been found to show consistent
associations in multiple data sets. Never-
theless, broadly overlapping loci confer-
ring modest susceptibility to LOAD
have been reported in families from North
America or Europe on chromosomes
12p11 to 12q13,131617 1021 to 10q25,*018
and 9p21 to 9p22 12141920 Within these re-

gions, analyses have implicated several
candidate genes, but most lack confirma-
tion in independent studies or their
replication has been inconsistent. The
susceptibility locus for complex traits is
often difficult to replicate because the
number of families included in the
follow-up study is too few.*! Neverthe-
less, replication of linkage or association
remains the critical step in the validation
of genetic studies.

In a previous genomewide study of Ca-
ribbean Hispanic families,' confirmatory
evidence for linkage to chromosome 12p*
and 10q," and evidence for a novel locus
on 18q,'° were reported. In the present re-
port, we describe the second phase of this
study, with the results of a follow-up ge-
nome scan that included additional fami-
lies of the same ethnic origin.
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Table 1. Descriptive Characteristics of the Families Included in the Study*
Families
Characteristic IPhase 1and 2 Phase 2 Only Phase 1 0n|yI
No of families 209 108 101
No. of family members examinedt 1161 611 550
Individuals per familyt 5.6 57 55
% of women 65.9 65.1 66.7
Age at onset of AD, mean, y 73.2 72.9 73.6
Affected statust
Probable and possible LOAD
Total 585 (50.4) 267 (43.7) 318 (57.8)
Unaffected 490 (42.2) 285 (46.6) 205 (37.3)
Unknown (ambiguous) 86 (7.4) 59 (9.7) 27 (4.9)
Probable LOAD only
Total 449 (38.7) 200 (32.7) 249 (45.3)
Unaffected 491 (42.3) 285 (46.6) 206 (37.5)
Unknown (ambiguous) 221 (19.0) 126 (20.6) 95 (17.3)
Families size by No. of members affected
Probable and possible total 209 108 101
=5 20 9 11
4 22 7 15
3 47 25 22
2 98 45 53
1 22 22 0
Probable only total§ 202 102 100
=5 1 2 9
4 10 2 8
3 33 19 14
2 97 45 52
1 51 34 17
Members with at least 1 copy of APOE 4%
Those with probable and possible LOAD 314 (27.0) 164 (26.8) 150 (27.3)
Those with probable LOAD only 241 (20.8) 118 (19.3) 123 (22.4)
Unaffected individuals 221 (19.0) 143 (23.4) 78 (14.2)

Abbreviations: AD, Alzheimer disease; APOE €4, apolipoprotein E €4; LOAD, late-onset AD.
*Data do not always total the number of participants examined because of missing values.

tProbands are included.

tData are given as number (percentage) of total family members examined. Percentages may not total 100 because of rounding.

§The numbers of families are reduced when restricted to probable AD.

DI  METHODS S

FAMILIES

We included 1161 individuals from 209 Caribbean Hispanic
families participating in a family study of AD. Of those fami-
lies, 101 were included in the earlier study, whom we refer to
as phase 1 families'?; for the second scan, we added 108 fami-
lies that included 611 individuals, whom we refer to as phase
2 families (Table 1). Three families from the first genome scan
study were not included because many family members lacked
adequate DNA for a genome scan at that time. There were ap-
proximately 5 members within each collected family. The sam-
pling design and detailed characteristics of the participants have
been described elsewhere.”

A physician, typically a gerontologist (M.M.), internist (R.L.),
or neurologist (R.M.), examined all patients and participating fam-
ily members and obtained blood at the examination. To be in-
cluded in the study, the proband and a living sibling were re-
quired to meet National Institute of Neurological and
Communicative Disorders and Stroke and the Alzheimer’s Dis-
ease and Related Disorders Associations™* criteria for probable
or possible AD. The Clinical Dementia Rating Scale was used to
rate disease severity.” Brain imaging and other laboratory study

results were reviewed when they were available, and offered when
medically required for diagnosis. The battery of neuropsycho-
logical tests used was developed and evaluated extensively in His-
panics.?# All diagnoses were established at a consensus confer-
ence that included physicians and the neuropsychologists. Eleven
patients died during the study, and subsequent autopsies con-
firmed the clinical diagnoses in each person.

In the present genome scan, we conducted linkage analysis
using 2 phenotypes for affection: (1) possible and probable
LOAD (combined) and (2) probable LOAD only (restricted).
Individuals with other forms of dementia or with mild cogni-
tive impairment were considered unknown.

The institutional review board of Columbia-Presbyterian
Medical Center and Columbia University Health Sciences and
the Bioethics National Committee for Research in the Domini-
can Republic approved the study. We obtained informed con-
sent from the participants directly or from a family member (sur-
rogate) when the individual had dementia.

GENOTYPING

A total of 376 autosomal microsatellite markers with an aver-
age intermarker distance of 9.3 centimorgan were genotyped
at the Center for Medical Genetics, Marshfield Medical Re-
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search Foundation, Marshfield, Wis. Marker heterozygosity
ranged from 0.53 to 0.92 (average, 0.77). Maps from the
Marshfield Medical Research Foundation (http://research
.marshfieldclinic.org/genetics/) and the Ensembl (http://www
.ensembl.org/index.html) were used for locus order and inter-
marker distance. Order was confirmed by comparison with the
UCSC Genome Browser (http:/genome.ucsc.edu/).

We first checked and corrected nonpaternity problems us-
ing computer software (RELATIVE? and RELTEST?*"). We
checked for mendelian inconsistencies in marker data using
other computer software (PEDCHECK).*! We estimated allele
frequencies from data that included all genotyped individuals
using a computer program (SIB-PAIR; http://www2.qimr.edu
.auw/davidD/sib-pair.html). APOE genotyping was performed as
described in a previous study, with slight modifications.>**

STATISTICAL AND GENETIC ANALYSIS

To simplify the presentation, we report the results from the com-
bined phase 1 and phase 2 families using the combined and re-
stricted LOAD phenotypes.

We conducted 2-point analyses using a computer program
(MLINK) from a computer package (FASTLINK),** produc-
ing 2-point logarithm of odds (LOD) scores. Because the mode
of inheritance for LOAD is unknown, we tested dominant and
recessive transmissions under an affecteds-only model.”> We
assumed genetic parameters used in other similar genome-
wide linkage analyses: a disease allele frequency of 0.001 and
a penetrance of 0.001 for gene carriers and O for noncarriers.

We also repeated the 2-point analysis, conditional on the APOE
€4 allele. For this purpose, we considered an individual with LOAD
and at least 1 APOE &4 allele affected. An individual was consid-
ered unknown if the individual had AD but did not have at least
1 APOE €4 allele. Unaffected individuals were coded as unaf-
fected regardless of their APOE status (e4-positive conditional
analysis). To determine the effect of alocus, independent of APOE,
we conducted an analogous conditional linkage analysis, in which
an individual with LOAD was considered affected in the absence
of an APOE €4 allele (e4-negative conditional analysis). This con-
ditional analysis eliminated the need to stratify families into APOE
€4 positive or negative families.

We also conducted multipoint nonparametric affected sib-
ling pair linkage analysis using computer software (GENE-
HUNTER, version 2.1).2* Specifically, we used the weighted
“all pairs” option and set the increment function to scan at a
distance of 1.0 centimorgan throughout the genetic map. Af-
fected sibling pair analysis calculates the probabilities of shar-
ing 0, 1, or 2 alleles (2, z;, or 2,, respectively) identical by de-
scent between sibling pairs, because loci that are involved in
susceptibility to a trait will have probabilities (z, z;, and z,)
that differ from the expected mendelian proportions.*®*° Un-
der the assumption of dominance variation, we limited the shar-
ing probabilities to the “possible triangle,” as described else-
where,**! to ensure biological consistency. This is defined as
follows: 2o+ 7+ =1, 2;=0.5,and 7, = (2 X g,).

To adjust for multiple testing, we computed empirical P val-
ues using the genotyping information and marker allele fre-
quencies from the data to simulate genotypes under the as-
sumption of no linkage. We simulated 100 replicates with
probable and possible LOAD as the phenotype using com-
puter software (SIMULATE).* We then used a computer pro-
gram (MLINK) to analyze the simulated data sets under the same
analytical models as we applied in the original data set. Based
on our empirical data, suggestive linkage was defined as a 2-point
LOD score of 1.77 (dominant) or 1.79 (recessive), significant
linkage was defined as an LOD score of 2.81 (dominant) or 2.67
(recessive), and highly significant linkage was defined as an LOD

score of 3.73 (dominant) or 3.59 (recessive). These defini-
tions were based on guidelines suggested by Lander and Krug-
lyak,” in which suggestive linkage was defined as statistical evi-
dence that the linkage would occur once at random in a genome
scan, significant linkage was defined as statistical evidence that
linkage would occur once in 20 such genome scans or P<<.05
(ie, empirical P=.05), and highly significant linkage was de-
fined as statistical evidence that linkage would occur once in
100 scans or P<.01 (ie, empirical P=.01).

BN  RESULTS R

DEMOGRAPHICS

Among the 1161 family members in the 209 families,
65.9% were women (Table 1). The average age at onset
was 73.2 years, and 50.4% of the participants met the cri-
teria for probable or possible LOAD. Other forms of de-
mentia or no consensus diagnosis were determined in
7.4% of family members.

Compared with the phase 1 set of 101 families, the
phase 2 set of 108 families had a similar age at onset and
there were no differences in the proportion of women.
There were differences in the proportion of affected fam-
ily members and in those with probable or possible LOAD
(Table 1), but the number of individuals per family was
approximately the same. The frequency of APOE €4 did
not differ between the first and second set of families.

2-POINT ANALYSIS

Four microsatellite markers achieved LOD scores that
were suggestive for linkage in the combined families in
the dominant model, and 3 were suggestive for linkage
when the phenotype was restricted to probable LOAD
(Table 2). While markers at 2p25.3 and 3q28 were sug-
gestive in both dominant models, only the marker at 3q28
met the criteria for significant linkage (Table 2). In the
recessive model, 5 markers had LOD scores suggestive
for linkage in the combined phenotypes and 3 markers
were suggestive using the restricted phenotype. Of these
markers, only 2q25.3 and 3q28 also met the criteria for
significant linkage and were either suggestive or signifi-
cant for linkage regardless of the phenotype definition
or the model specified. Additional data available (eTable;
available at: http://www.archneurol.com) show the lo-
cations of 26 microsatellite markers with LOD scores
greater than 1.0 in the phase 1 and phase 2 families and
by the diagnoses (probable and possible LOAD, or prob-
able LOAD only). Review of the e-Table also shows the
individual LOD scores for each model and each pheno-
type definition in the phase 1 and phase 2 families.

APOE Conditional Analysis

We repeated the analysis conditioning on the presence
or absence of an APOE ¢4 allele (Figure 1). The LOD
scores for the APOE conditional analysis were much lower
than those from the unadjusted analysis. The APOE con-
ditional model specifically tests for a “joint effect” of the
marker and the APOE ¢4 allele. This results in a reduc-
tion of linkage score in the unadjusted model, which in-
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Table 2. Summary of 2-Point LOD Scores From the Combined Set of Phase 1 and Phase 2 Families
LOD Score

Probable and Possible LOAD Probable LOAD I
Chromosome Locus Marker IDominant Model Recessive ModelI IDnminanl Model Recessive ModelI
2p25.3 D251780 1.77* 1.49 2.72% 2.58*
2p25.1 D251400 0.61 0.25 1.36 1.46
3028 D352418 3.09% 2.67* 2.28* 2.28*
5p15.33 D552488 1.52 1.86* 0.10 0.04
6p21.31 D651051 1.67 1.30 2.19% 2.13*
7p21.1 D783051 1.82* 0.94 2.05 1.71
8p22 ATT070 0.52 1.26 1.01 1.24
9¢32 D95930 1.94%* 1.68 0.14 0.00
10g26.2 D10S1222 0.68 0.60 1.15 1.72
11p15.1 D1151981 1.23 0.77 0.53 0.34
12p13.32 D125372 1.03 0.42 017 0.10
12q24.21 D1252070 0.99 2.43* 0.57 0.75
14g22.3 D145750 1.50 2.53* 1.39 1.49
14923.1 D145592 1.29 2.16* 0.77 1.01
20013.12 D205481 0.50 0.45 0.88 1.00
22q11 AGAT120 0.63 1.08 0.25 0.23

Abbreviations: LOAD, late-onset Alzheimer disease; LOD, logarithm of odds.

*Score meets the criteria for suggestive or significant linkage.

dicates the independent effects of the marker. Among
markers with LOD scores greater than 1.0 in Table 2, 2
(D6S1051 and D14S750) had APOE conditional LOD
scores greater than 1.0, suggesting that APOE influence
on most of the markers was weak. A few markers (eg,
D3S52387, D8S592 and D225532) were significant for APOE
conditional analysis only.

Multipoint Linkage Analysis

Four loci (2p25.3,3q28, 7p21.1, and 14q23.1) achieved
LOD scores greater than 1.0 (Figure 2A). These loci cor-
responded well with the results of the single-point analy-
sis previously described. When the diagnosis was re-
stricted to include only probable LOAD, the results
differed (Figure 2B). Eight loci had LOD scores greater
than 1.0, and 4 of these loci exceeded LOD scores of 2.0.
The highest LOD score was on chromosome 2 at 2p25.3
(LOD, 2.9), which was significant for linkage. Addi-
tional loci suggestive for linkage included 2q34 (LOD,
2.75), 3928 (LOD, 2.75), and 621 (LOD, 2.1). There
were slight, but no significant, differences in the phase
1 and phase 2 families compared with the combined fami-
lies (data not shown).

To model genetic heterogeneity, we conducted het-
erogeneity LOD (HLOD) analysis for the chromosomal
loci with substantial evidence of linkage, namely, chro-
mosomes 2,3, 6, 7,12, and 14. Overall, the HLOD scores
for probable LOAD (range, 0.59-2.34) were higher than
those for probable and possible LOAD (range, 0.09-
3.64). However, the highest HLOD of 3.64 was ob-
served at 7p (28 centimorgan) for possible and probable
LOAD. Individual plots for the multipoint linkage analy-
sis for all 22 chromosomes and the plots for HLOD analy-
sis for chromosomes 2, 3, 6, 7, 12, and 14 are available
on request.

B COMMENT

During the past 10 years, 10 genomewide linkage stud-
ies?> 7910121519 of T OAD have been published. These stud-
ies suggest that the most consistent evidence for linkage
for LOAD occurs at 6p, 9q, 10q, 12p, and 19¢q.** Linkage
at 19q most likely represents APOE, but other genetic vari-
ants may reside at this locus as well.* With the exception
of APOE, investigators have encountered difficulty in re-
fining the exact locations for each of the putative loci iden-
tified in genomewide scans. This difficulty has been attrib-
uted to clinical and genetic heterogeneity, population
variability, and sample size requirements for replication of
initial linkage findings. Several attractive candidate genes
have been identified within these intervals, including o-2-
macroglobulin due to its ability to mediate the clearance
and degradation of amyloid B, the major component of
B-amyloid deposits; catenin (cadherin-associated pro-
tein), a-3 (CTNNA3) binds with B catenin, which inter-
acts with presenilin 1 (PSEN1); plasminogen activator, uro-
kinase (PLAU), which converts plasminogen to plasmin and
may be involved in amyloid precursor protein processing;
insulin-degrading enzyme (IDE), a protease involved in the
termination of the insulin response and cleavage of amy-
loid B; gluthathione S-transferase omega-1 (GSTO1) in-
volved in apoptosis and the inflammatory response; glu-
tathione S-transferase omega-2 (GSTO2) involved in
oxidative stress and glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) involved in apoptosis and binds to amy-
loid precursor protein and amyloid 3, but independent rep-
lication remains inconsistent.**>*

For this study, we augmented a previous genomewide
scan'® by doubling the number of families included. The
cohort represents a unique collection of families from the
Dominican Republic and Puerto Rico. It was previously re-
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Figure 1. Summary of unadjusted and apolipoprotein E e4 (APOE €4) (the only known genetic risk factor associated with late-onset Alzheimer disease) conditional
2-point linkage analysis in the dominant (A) and recessive (B) models. LOD indicates logarithm of odds.

ported that LOAD is more frequent in this population than
in non-Hispanic populations of European or US ances-
try’>*° and that the risk of LOAD associated with APOE &4
in Caribbean Hispanics is lower than in non-Hispanic popu-
lations in Europe or the United States.”

We have identified several loci meeting genomewide
criteria for suggestive linkage and 2 loci (2p25.3 and 3q28)

that would meet the criteria for significant linkage ac-
cording to the criteria suggested by Lander and Krug-
lyak® for LOAD among multiple affected Caribbean His-
panic families. The highest LOD score was at 3q28,
meeting genomewide criteria for significant linkage in
the 2-point analysis and for suggestive linkage in the mul-
tipoint analysis. The same conclusion was reached when
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Figure 2. Multipoint linkage analysis in probable and possible late-onset Alzheimer

disease (LOAD) (A) and in probable LOAD only (B). In A, loci at 2p25.3, 3928,

7p21, and 1423 achieved logarithm of odds (LOD) scores greater than 1.0; all chromosomes are included. In B, 8 loci had LOD scores greater than 1.0, and 4 of

these loci exceeded LOD scores of 2.0. The highest LOD scores were at positions 2
cM indicates centimorgan.

a more restrictive diagnosis was used in the follow-up
analyses. For most markers with significant or sugges-
tive linkage, including the markers at 3q28, the influ-
ence of the €4 allele of APOE was minimal.

Noticeably positive scores with markers from 3q28
have been previously reported. Hiltunen et al® used
linkage disequilibrium mapping to associate specific
microsatellite markers with familial LOAD in a case-
control study in the geographically distinct population
of Finland. The association reached a genomewide sig-
nificance level of P<<.05 and a haplotype that included
several markers near 3q28 associated with LOAD. More
recently, a genetic linkage study® of dementia in the
Amish reported LOD scores of 1.89 and 2.16 at position
3q28, which were among the highest LOD scores in
that investigation. Candidate genes at 3q28 include
somatostatin (SST) and an autosomal homologue of the
fragile X mental retardation gene (FXR1). It is remark-
able that 3 independent studies of LOAD, a case-control
study and 2 family-based studies, of individuals from
different ethnic backgrounds have identified the same
locus as possibly harboring a genetic variant that
increases LOAD susceptibility. Clearly, additional
genetic investigations, including fine mapping of this

p25.3 (LOD, 2.9), 2434 (LOD, 2.75), 3q28 (LOD, 2.75), and 6g21 (LOD, 2.1).

region, may lead to the identification of the LOAD-
linked genetic variant.

Less striking was the suggestive linkage at 5p15.33 in
our study. In the 2-point analysis, the LOD score was 1.5
(dominant model) and 1.9 (recessive model). Pericak-
Vance et al'* reported an LOD score of 2.2 (recessive
model) and Hiltunen et al® found a strong association with
marker D5S807 in their Finnish case-control study. How-
ever, the LOD score in our study decreased below 1.0
when the analysis was restricted to probable LOAD. Ad-
ditional genetic mapping will be required to determine
whether this locus is important.

Among the suggestive linkage observed at 2p25.1,
6p21.31, 7p21.1, 10q26.2, and 14q23.1, only the chro-
mosome regions containing 6p21.31 and 14q23.1 have
been previously reported. By using the National Insti-
tute of Mental Health families, Blacker et al’ found sug-
gestive linkage at 6p21.1 with marker D651017, as did
Hiltunen et al® in the case-control association in a Finn-
ish cohort. Supplementing the National Institute of
Mental Health families with families from the Indiana Alz-
heimer Disease Center National Cell Repository (now re-
ferred to as the National Cell Repository for Alzheimer
Disease), Myers et al'? also reported suggestive link-
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age that was significant only among individuals with an
APOE ¢4 allele. At least 2 studies®” have reported sug-
gestive linkage at 14922, which is proximal to PSENI.
PSENT is involved in y-secretase activity, resulting in pro-
teolytic cleavage of amyloid precursor protein. Muta-
tions in PSENI are the most frequent cause of early-
onset, familial AD. However, it is unlikely that an allelic
variant in the promoter region of PSEN1 represents link-
age to 14q22.3, even though CC homozygosity in the pro-
moter of PSEN1 was associated with LOAD in 1 study.”
We are not aware of prior reports suggesting linkage at
2p25. While this result may represent a false positive, it
is notable that the LOD score for this locus increased when
the diagnosis was restricted to probable LOAD and was
not modified in the APOE conditional analysis. Zubenko
et al*” found suggestive linkage at 12q24, as we ob-
served in the 2-point recessive model. Despite several re-
ports of linkage,*'"**% to our knowledge, no genetic vari-
ant has been identified. Furthermore, there seem to be
2 independent AD loci at 12p and 12q.>'»131922

Unlike previous reports,”'*!>!? we did not find evi-
dence for linkage at 9p, where several other reports have
provided support for linkage. Differences in the ethnic
background of the population we have studied and the
possibility of variability in genetic markers used may par-
tially explain the absence of linkage. Alternatively, the
markers we used may not have been close enough to the
sites to detect the linkage signal reported by other groups.
For example, we observed no evidence for linkage at
19q13, near the APOE locus. However, a strong associa-
tion was previously detected between LOAD and the APOE
€4 allele in our familial AD data set of Caribbean
Hispanics.*

We observed differences in the results for multipoint
linkage analysis under 2 different definitions, namely,
combined (probable and possible) LOAD vs probable
LOAD only, illustrating the difficulties of gene identifi-
cation in complex neuropsychiatric disorders. Closer ex-
amination of our results revealed that the restricted defi-
nition (probable LOAD only) reduced the number of
affected individuals in many families. The excluded fami-
lies in this restricted analysis had contributed negative
scores toward the overall support for linkage in the com-
bined (probable and possible LOAD) phenotype. One pos-
sible explanation for decreased LOD scores in analyses
with the less restrictive diagnostic definition is a higher
level of genetic heterogeneity. Support for this view came
from our multipoint HLOD analysis, which showed re-
sults that were substantially higher for several chromo-
somes. However, that multipoint analysis was consis-
tent with the 2-point analyses and is unlikely to be the
main reason for the discrepancy.

This report describes the results of a genomewide
screen of 209 families with multiple affected family
members of Caribbean Hispanic ancestry that included
1161 individuals. Despite the fact that ethnic back-
ground differs from previously published studies, many
of the linkage signals overlap with those reported from
studies of whites in the United States and Western
Europe. On the other hand, this report differs from
other genetic linkage studies in that we observed little
evidence for linkage at 9p, 10q, or 19q. Given the

strength of the linkage signal in the present study and
others, 3q28 is a promising chromosomal region for
further genetic exploration.
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eTable. LOD Scores in Phase 1 and 2 Families With LOAD

Probable and Possible LOAD* Probable LOAD Only*
Phase 2 Families Phase 1 Families I I Phase 2 Families Phase 1 Families
Cytogenetic I 10 T T 1
Region Position, cMt Dominant Recessive Dominant Recessive Dominant Recessive Dominant Recessive
1p36.12 46.6 0.34 1.03 0.02 0.00 0.46 0.94 0.05 0.03
2p25.3 10 1.60 1.22 0.34 0.27 1.05 1.43 1.68 1.23
2p25.1 27.6 0.00 0.00 1.11 0.93 0.00 0.00 0.72 1.11
3p21.31 7 0.00 0.00 0.34 0.73 0.00 0.00 1.27 1.37
328 209.4 0.03 0.00 0.10 0.02 0.06 0.00 0.77 1.21
3028 216 1.58 1.21 1.51 1.46 0.68 0.51 1.60 1.76
4p15.33 25.9 0.05 0.00 0.88 1.09 0.00 0.00 1.49 1.59
4p15.31 35 0.00 0.00 0.78 1.23 0.00 0.00 0.72 0.92
4p12.5 43 0.00 0.00 1.01 0.72 0.00 0.00 0.18 0.15
5p15.33 0 0.98 1.11 0.73 0.76 0.09 0.10 0.10 0.04
6p21.31 51 0.69 1.01 0.98 0.28 0.51 0.72 1.80 1.4
7p21.3 17 0.00 0.00 0.95 1.24 0.00 0.00 0.88 0.76
7p21.1 29 0.03 0.00 1.79 1.47 1.35 0.65 0.70 1.06
7p12.3 70 0.00 0.00 1.25 0.71 0.15 0.06 0.01 0.00
8p22 30 0.45 0.71 0.10 0.55 1.04 0.98 0.29 0.27
9032 120 0.23 0.14 1.94 1.63 0.00 0.00 1.00 0.27
10922.3 101 0.00 0.00 1.04 0.66 0.00 0.00 0.16 0.09
1026.2 156 0.00 0.00 1.18 1.79 0.00 0.00 1.79 2.01
12p13.3 18 0.00 0.00 0.75 0.34 0.00 0.00 1.92 1.4
12p13.1-2 27 0.00 0.00 1.33 1.29 0.00 0.00 0.67 1.08
12924.21 125 0.03 0.28 1.12 2.15 0.00 0.00 0.59 0.84
14q12 232 1.46 0.88 0.00 0.00 1.06 0.66 0.00 0.02
14922.3 60 0.83 1.44 0.77 1.09 0.65 0.95 0.59 0.54
149231 67 0.04 0.24 1.59 2.03 0.06 0.14 0.84 0.88
17923.2 82 0.47 0.60 0.00 0.00 1.02 0.92 0.00 0.00
18¢22.3 116 0.00 0.00 1.09 1.58 0.00 0.00 0.37 0.91
20q13.12 62 0.01 0.00 0.82 0.80 0.03 0.04 1.10 1.34
20q13.2 80 0.21 0.09 0.23 0.11 0.00 0.00 1.23 1.19
20q12.32 101 213 1.91 0.00 0.00 0.93 0.68 0.10 0.02

Abbreviations: LOAD, late-onset Alzheimer disease; LOD, logarithm of odds.
*L0D scores greater than or equal to 1.00 are highlighted in bold.
tChromosomal locations in centimorgan (cM) are based on the Kosambi map function.
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