sporadic or FAD. Furthermore, no unique
pattern of duplication was observed at these
loci in four clinically demented DS patients
(mean age = SD, 61 * 5.4 years), compared
to four nondemented DS patients (59 = 5.4
years).

It is conceivable that in AD, somatic cells
may suffer nondisjunction or some other
event that would randomly duplicate either
copy of chromosome 21. Under these cir-
cumstances, the signal intensities of the two
allelic fragments for a given RFLP in DNA
from large numbers of cells might be expect-
ed to be approximately equal, although both
would be increased relative to normal. To
rule out this possibility, we assessed the

summed signal intensities of both alleles at*

the AP locus relative to the hybridization
signal of a control locus on chromosome 4,
D4S10 (Fig. 1) (13). Again, the analysis
(Figs. 1 and 2) revealed no significant differ-
ence between DNA from AD and normal
individuals (P > 0.05) but readily yielded
evidence of increased dosage in DS relative
to AD (P<0.0001) and normal
(P < 0.0001) (14).

Since gene duplication is only one of
several mechanisms by which putative inher-
ited defects on chromosome 21 might cause
sporadic AD, we also examined the possibil-
ity of allelic association between sporadic
AD and RFLPs at each of the genetic loci
discussed above. Allelic association, which
often results from linkage disequilibrium,
provides a potential strategy to determine
the proximity of polymorphic DNA seg-
ments to the sites of disease-producing mu-
tations. In the case of sporadic AD, the
demonstration of a significant allelic associa-
tion at one of the chromosome 21 loci,
especially the AP gene, would provide a
persuasive argument for both a genetic etiol-
ogy in sporadic AD and a primary role for
this region of the chromosome in the patho-
genesis of AD. This approach has been used
to identify a candidate gene for cystic fibro-
sis (15). However, when the frequency of
individual alleles in the 63 AD patients, all
of whom were Caucasian, was compared to
the frequency of the same alleles in the
normal Caucasian population, no significant
difference was observed for any of the chro-
mosome 21 loci (P > 0.10 in all cases). The
lack of an allelic association for RFLPs at the
AP and SODI loci with AD does not sup-
port the view that either of these genes plays
a role in predisposition to the disorder. In
the case of the anonymous markers linked to
FAD, the lack of allelic association with AD
is not surprising, because these markers are
not located precisely at the site of the FAD
mutation and are not in apparent linkage
disequilibrium with FAD (3).

The absence of either gene duplication or
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allelic association, together with the deposi-
tion of amyloid in normal aged brain and
the observation that FAD is not tightly
linked to RFLPs in either the AP gene or
the SODI gene (2, 10), indicates that neither
gene is the site of the primary defect causing
AD. It remains unclear if the appearance of
amyloid in AD brain is merely a by-product
of neuronal death or if this protein plays an
active but secondary role in the pathogenesis
of the disorder.
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The Amyloid  Protein Gene Is Not Duplicated in
Brains from Patients with Alzheimer’s Disease

Ruporrn E. Tanzi, EDwWARD D. BirDp, SAMUEL A. LATT,

RACHAEL L. NEVE*

Complementary DNAs (cDNAs) encoding portions of the amyloid B protein were
used to investigate possible amyloid gene duplication in sporadic Alzheimer’s disease.
A strategy employing two Eco RI restriction fragment length polymorphisms
(RFLPs) detected by the amyloid cDNAs was used. RFLPs allow the detection of a 2:1
gene dosage in the DNA of any individual who is heterozygous for a particular RFLP.
The amyloid gene regions homologous to the cDNAs used were not duplicated in the
DNA from brains of individuals with sporadic Alzheimer’s disease. Similar results
were also obtained with a strategy employing a test for 3:2 gene dosage.

HE AMYLOID 3 PROTEIN (AP) 1s A

4.2-kD peptide present in amyloid

plaques, neurofibrillary tangles, and
cerebrovascular deposits in the brains of
individuals affected with Alzheimer’s disease
(AD) (I, 2) and in older patients with
Down syndrome (DS) (trisomy 21) (2).
Complementary DNAs (cDNAs) encoding
AP have been isolated and mapped to the
chromosomal region 21ql1.2-21q21 (3,
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4). Increased expression of the AP gene
occurs in fetal DS brain relative to normal
(3) and is probably the result of a 50%
increase in AP gene dosage due to the
presence of a third copy of chromosome 21.
Thus, the abundance of amyloid plaques and
deposits observed in AD brain might also be
due to increased AP gene dosage. A duplica-
tion of the AP gene in leukocyte DNA from
three patients with sporadic AD has been
reported (5). This observation was based on
a densitometer-detected 3:2 increase in the
signal intensity of an 8.6-kb Eco RI band in
three AD DNA samples when the DNAs
were hybridized with a 1.1-kb ¢cDNA en-
coding the 3’ end of the AP gene.

We have investigated possible AP gene
duplication with both simple quantitative
blotting and an alternate strategy employing
restriction fragment length polymorphisms
(RFLPs) detected by the AP cDNAs.
RFLPs allowed us to detect a 2:1 gene
dosage in the DNA of any individual who is
heterozygous for a particular RFLP. Two
Eco RI RFLPs are detected at the AP gene
locus (Fig. 1). An infrequent Eco RI RFLP
is revealed by the clone FB63, a 1.05-kb
fetal brain cDNA representing the 3’ end of
the AP gene. The alleles comprising this
RFLP are 8.7- and 8.3-kb bands with fre-
quencies of 0.96 and 0.04, respectively, in a
panel of random unaffected individuals
(n = 70). A more frequent Eco RI RFLP is
detected by a 1.6-kb cDNA, HL124, which
was isolated from an HL60 promyelocytic
leukemia cell line cDNA library and contains
the coding region of the AP gene immedi-
ately 5’ to FB63. The alleles constituting
this RFLP are 6.6 and 6.1 kb in size with
frequencies of 0.37 and 0.63 (n = 70), re-
spectively.

DNA was extracted from frozen tissue
from various brain regions of 35 individuals
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who had died of AD. All samples were
confirmed upon autopsy to display the
neuropathological hallmarks of AD (senile
amyloid plaques, neurofibrillary tangles, and
cerebrovascular amyloid). Thirty control
brain samples were obtained from autopsied
individuals who survived past the age of 65
without displaying senile dementia and
whose brains showed no histopathological
evidence of AD beyond that expected for
their age group. DNA from the 65 brain
samples was digested with Eco RI and sepa-
rated by agarose gel electrophoresis for sub-
sequent hybridization to the AP c¢DNAs,
FB63 and HL124 (Fig. 2). Of the 35 AD
DNAEs, only one was heterozygous for the
RFLP detected by FB63, while 4 of the 30
control DNAs displayed both allelic bands.
When hybridized with HL124, ten of the
AD DNA samples and nine of the control
samples were heterozygous for the RFLP.

Eight of the heterozygous AD DNA sam-
ples and seven of the unaffected controls
were then chosen for further analysis. By
restricting analysis to only those individuals
who were heterozygous for one of the two
Eco RI RFLPs, we could compare directly
the intensity of hybridization signal on each
allele of the AP gene within each individual.
If the AP gene on one of the number 21
chromosomes were duplicated, it would be
reflected in a doubling of the intensity of
one of the RFLP allelic bands with respect
to the other. We also examined a DNA
sample from a DS patient with a trisomy 21
karyotype (Fig. 2B).

We measured by densitometry the signal
intensities of the two allelic bands in nine
AD samples and ten control DNA samples
heterozygous for either of the two Eco RI
RFLPs detected by FB63 and HL124 (Ta-
ble 1). Densitometric measurements of
FB63 hybridization to control DNA sam-
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Flg. 2. Hybridization of HI.124 and FB63 to Eco
RI-digested DNAs from AD, DS, and control
(UA) individudls heterozygous for the Eco RI
RFLPs detected by these cDNAs. Postmortem
brain regions from which DNA was isolated
included Brodman areas 4, 17, and 24 and the
cerebellum. DNA was extracted according to
standard protocol (9) in the presence of 25 mM
EDTA to minimize deoxyribonuclease activity.
(A) Hybridization of HL.124 to DNAs from AD
(lanes 1 to 4) and control (lanes 5 to 8) individ-
uals. Lane 1, AD 15; lane 2, AD 18; lane 3, AD
28; lane 4, AD 31; lane 5, UA 36; lane 6, UA 37,
lane 7, UA 52; lane 8, UA 61. (B) Hybridization
of FB63 to DNAs from DS 1 (lane 1), AD 17
(lane 2), and UA 6 (lane 3). This figure depicts a
composite of lanes taken from several different
autoradiograms.

Table 1. Relative hybridization of (A) FB63 or
(B) HL124 to polymorphic Eco RI digest frag-
ments of DNA from normal (UA), sporadic
Alzheimer’s disease (AD), or Down syndrome
(DS) individuals. Values given are estimates of
the ratios of the radioactivity exposures, necessary
for the observed relative autoradiographic densi-
ties (10) for the 8.7-kb versus the 8.3-kb band (A)
or the 6.6-kb versus the 6.1-kb band (B) recog-
nized by the relevant probes. A few individual
data points represent the average of two or three
readings; others reflect one scan. Calculated for
the UA and AD data in (B), from all samples for
which scanning densitometry was possible, aré
the mean + SEM values.

Hybridization
(A) Sample ratio (8.7-kb: Mean

8.3-kb band)

UA6 1.132

UA 37 0.989 1.061

AD 17 1.065

DS1 2.067
Hybridization

(B) Sample ratio (6.6-kb: M;Eth

6.1-kb band)

UA 36 1.073

UA 37 1.400

UA 46 1.581

UA 52 1.613

UA 56 1.645

UA 58 1.448

UA 61 1.561 1.474 + 0.075

AD 11 1.589

AD 15 1.641

AD 18 1.230

AD 19 1.773

AD 20 1.501

AD 25 1.563

AD 28 1.331

AD 31 1.120 1.468 + 0.078

REPORTS 667



Table 2. Hybridization of (A) FB63 or (B) HL124 probes, relative to that of probe p9Tau (9-kb band) to Hind III digest fragments of DNA from normal
(UA), sporadic Alzheimer’s disease (AD), or Down syndrome (DS) individuals. In (A), data are given for the 3.7-kb fragment recognized by FB63. In (B),
data are given for the 4.3-kb, 3.0-kb, or 2.5-kb fragments recognized by HL124. All values, estimated as described (10), are normalized to the intensity of the
9.0-kb Hind III band to which p9Tau hybridizes. In (A) the mean + SEM for the hybridization ratios in normal and AD DNA were 0.399 + 0.033 and

0.423 + 0.023, respectively.

Hybridization Hybridization ratio (versus 9-kb Tau band)
(A) Sample ratio 3.7-kb (B) Sample 4.3-kb 3.0-kb

. 3 0- 2.5-kb

(FB63):9-kb(Tau) - band o

UA 36 0.342 UA 36 1.182 1.015 0.444

UA 37 0.396 UA 37 1.464 1.373 0.384

UA 52 0.402 UA 52 1.871 1.518 0.462

UA 58 0.282 UA 58 2.255 1.657 0.607

UA 61 0.506 UA 61 1.991 1.531 0.552

UA 62 0.468 UA 62 1.625 1.337 0.441
Mean + SEM 1.731 + 0.158 1.405 * 0.091 0.482 *+ 0.033

AD 11 0.371 AD 11 1.105 1.039 0.501

AD 15 0.406 AD 15 1.118 1.160 0.290

AD 18 0.447 AD 18 1.219 1.246 0.221

AD 19 0.390 AD 19 1.749 1.281 0.323

AD 28 0.501 AD 28 1.927 1.909 0.569
Mean + SEM 1.424 + 0.173 1.327 = 0.151 0.381 * 0.066

DS1 0.695 DS 1 2.819 3.296 0.608
ples from two unaffected individuals re- £ 1 23:56:8 254545 3.0, and 2.5 kb, were chosen for comparison
vealed an average ratio of 1.06:1 for the 55 == & . tothe 9.0-kb p9TAU fragment. When the
intensity of the signal of the 8.7-kb band ';9;‘;:5"'  eseemms (i signal stength of each AP Hind III frag-
compared to the 8.3-kb band (Table 1A). o ‘ AT ment was compared to that of the 9.0-kb
The DS control DNA sample, however, 3 =«&8&8 :‘: __ __ ™" pITAU Hind III band, only the DS DNA
yielded a ratio that was approximately dou- by %% sample demonstrated increased AP gene
ble this value (2.07:1), due to a third copy =~ % == %% “ed = -tauaz)  dosage relative to the control probe (Table

of the AP gene on the extra chromosome
21. The 8.7-kb:8.3-kb band ratio in the
DNA sample from the sporadic AD patient
that was heterozygous for the FB63 RFLP
was 1.07: 1. This suggests that the 3’ region
of the AP gene homologous to FB63 is not
duplicated in this AD DNA sample.

The average ratio of the 6.6-kb and 6.1-
kb bands (detected by HL124) from seven
DNA samples from unaffected controls was
1.47:1. The ratio is not unity, probably
because HL124 shares more sequence with
the 6.6-kb fragment than with the 6.1-kb
fragment. The average ratio of the 6.6-
kb:6.1-kb band intensities yielded by hy-
bridization of HL124 to eight DNA sam-
ples from individuals with sporadic AD was
1.47:1. Thus, AP allelic duplication of the
5’ portion of the gene homologous to
HL124 does not appear to exist in these
cight sporadic AD brain DNA samples.

This method does not eliminate the possi-
bility of AP gene duplication on both num-
ber 21 chromosomes. Therefore, we also
investigated the possibility of =3:2 AP gene
dosage in the AD DNA samples by compar-
ing the amounts of DNA in genomic bands
detected by the AP ¢cDNAs and a control
probe from a chromosome other than chro-
mosome 21. The control probe used was
p9TAU, a cDNA encoding the microtu-
bule-associated protein tau, that has been
mapped to chromosome 17 (6). A Southern
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Fig. 3. Hybridization of HL124 (A) and FB63
plus p9TAU (B) to the following Hind III-
digested DNAs: Lane 1, AD 19; lane 2, UA 37,
lane 3, AD 28; lane 4, UA 61; lane 5, UA 36; lane
6, AD 18; lane 7, DS 1. After its simultaneous
hybridization with FB63 and p9TAU, the filter
was stripped in 0.01 X standard sodium citrate at
65°C for 2 hours with one change of wash buffer
before its hybridization with HL124. Asterisks
have been positioned next to the genomic bands
compared in the densitometry experiments. Lane
7 in (B) reveals an RFLP detected by p9TAU.

blot containing Hind III-digested DNA
from sporadic AD patients, unaffected con-
trols, and a DS control was simultaneously
hybridized to FB63 and p9TAU (Fig. 3B).
The average ratio of FB63(3.7 kb) and
p9TAU(9.0 kb) band intensities derived
from values obtained with six unaffected
DNA samples was 1:2.5 (Table 2A). A
similar average ratio (1:2.4) was obtained
from five AD DNA samples. The DS DNA
sample, however, yielded a ratio of 1:1.44.
These data indicate that, although the DS
sample demonstrates a clear duplication of
the AP gene, neither the six unaffected nor
the five AD samples show any evidence of
increased AP gene dosage relative to the DS
control. The same Southern blot was rehy-
bridized with HL.124. Three of the Hind III
bands detected by HL124, with sizes of 4.3,

2B). The values obtained for the unaffected
samples were within the same range as those
yielded by the AD DNAs and displayed no
duplication of the AP gene when compared
to the DS control sample.

Thus, our data indicate that neither the 5’
nor the 3’ portions of the AP gene are
duplicated in DNA from brain tissue of
patients with sporadic AD. The absence of
AP gene duplication in leukocytes of familial
AD patients has been observed with the 3’
FB63 cDNA (7). Together, these data cast
doubt on the hypothesis that a duplication
of the AP gene underlies AD.

Other mechanisms could lead to over-
expression of AP. These may include pro-
moter defects, abnormal production of in-
ducers or suppressors of the AP gene, aber-
rant microenvironmental cues leading to
tissue-specific enhancement of AP synthesis,
or abnormal post-translational modifica-
tions of the precursor AP molecule.
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Gene Dosage of the Amyloid B Precursor Protein in

Alzheimer’s Disease

MARrcIA BERMAN PopLISNY, GLORIA LEE, DENNIS J. SELKOE

The progressive deposition in the human brain of amyloid filaments composed of the
amyloid B protein is a principal feature of Alzheimer’s disease (AD). Densitometric
analysis of Southern blots probed with a complementary DNA for the amylmd protein
has been catried out to determine the relative dosage of this gene in genomic DNA of
14 patients with AD, 12 aged normal subjects, and 10 patients with trisomy 21 (Down
syndrome). Whereas patients in the last group showed the expected 1.5-fold increase in
dosage of this gene, none of the patients with AD had a gene dosage higher than that of
the normal controls. These results do not support the hypothesis that the genetic defect
in AD involves duplication of a segment of chromosome 21 containing the amyloid
gene. Alternative mechanisms for the brain-specific increase in amyloid protein

deposition in AD should be considered.

P‘:].'i HE DEPOSITION OF EXTRACELLULAR

amyloid filaments within clusters of
degenerating  neurites  (neuritic
plaques) and in cerebral and meningeal
blood vessels is a constant accompaniment
of Alzheimer’s disease (AD) (1). The major
proteinaceous component of this brain amy-
loid is a 4- to 5-kD hydrophobic protein
designated the amyloid B protein (B-ADP)
(2-5). The recent isolation of complemen-
tary DNA (cDNA) clones for the B-AP

precursor (6-9) has shown that it is a frag-
ment of a larger precursor and that its gene
is on the long arm of human chromosome
21, Patients with trisomy 21 [Down syn-
drome (DS)] almost invariably develop am-
yloid deposits in the brain at a premature
age—perhaps due in part to increased dos-
age of the B-AP gene.

Because vascular and plaque amyloid de-
posits in AD are morphologically and bio-
chemically similar if not identical to those in

DS (1, 10, 11), an increased gene dosage for
the B-AP precursor could also be operative
in AD (12). In view of the potential impor-
tance of this issue for understanding amyloi-
dogenesis in AD and for diagnosing subjects
at risk, we isolated cDNAs for the B-AP
precursor and determined its relative gene
dosage in genomic (leukocyte) DNA from
14 patients with AD, 10 patients with DS,
and 12 normal aged humans. Our results do
not support recent reports (13, 14) that a
subsegment of chromosome 21 containing
the amyloid gene is duplicated in AD.

A Agtll cDNA library derived from nor-
mal adult human brain (15) was screened
with a 29-base oligonucleotide correspond-
ing to bases 1849 to 1877 of the full-length
cDNA clone for the B-AP precursor report-
ed by Kang et al. (7). Of seven clones
isolated, the largest clone (B-6) contained a
1.6-kb insert, which, by partial sequencing,
corresponded to nucleotides 849 to 2451 of
the sequence of Kang et al. Digestion of 8-6
with Eco RI produced two fragments of
~0.9 and ~0.7 kb (6, 7). The 0.7-kb frag-
ment encodes the carboxyl terminal of the
precursor and contains an additional 366
bases of 3’ untranslated region; this frag-
ment coincides to a large extent with the
probe used in the AD gene dosimetry study
of Delabar et al. (13). The 0.9-kb fragment
encodes a major portion of the precursor
protein that is on the amino-terminal side of
the amyloid peptide. Each Eco RI fragment
was purified and used independently to
probe Southern blots. As a control probe
not localized to chromosome 21, we used a
cDNA for the human microtubule-associat-
ed protein 2 (MAP 2) (16). This gene is on
chromosome 2 and is not linked to the
familial AD defect in four pedigrees with
autosomal dominant AD (17).

Department of Neurology and Program in Neurosci-
ence, Harvard Medical School, Boston, MA 02115, and
the Center for Neurologic Dlscascs Departmcnt of
Medicine (Neurology), Brigham and Women’s Hospital,
Boston, MA 02115gv

Table 1. Results of the relative gene dosage of the B-AP in normal controls (C), Alzheimer’s disease (AD), and Down syndrome (DS) shown for each
Southern blot used in this study. The relative gene dosage was determined as described in Fig. 2. Each value represents the mean relative gene dosage (+ SD)
derived from » samples in a particular diagnostic category (C, AD, or DS) examined on that blot. # is defined in Fig. 2. N is the total number of DNA samples

for diagnostic category run on blot.

Blot number

Patient
groups 1 3 5 7 8 9 11 12 13 16 17 18 23 28 30 31 32
Mean 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
C SD 0.1 0.2 0.2 0.1 0.1 0.2 0.1 0.2 0.1 0.1 0.2 0.2 0.0 0.2 0.1 0.1 0.2
n/IN 6/6 8/8 6/6 6/6 5/5 4/6 5/6 4/6 5/5 5/5 4/6 5/5 3/5 3/5 4/5 4/6 5/6
Mean 1.0 0.9 0.9 1.1 1.0 1.1 1.0 1.0 1.0 0.9 0.9 1.0 1.0 0.9 1.0 1.0 0.9
AD SD 0.1 0.1 0.1 0.2 0.2 0.3 0.2 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.2 0.2 0.3
n/N 8/8 8/8 5/5 6/8 8/8 8/9 7/9 8/8 2/2 6/7 5/6 6/7 5/7 5/6 4/6 4/4 3/5
Mean 1.5 1.5 1.6 1.5 1.6 1.6 1.6 1.5 1.3 1.6 1.5 1.6 1.4 1.4 1.5 1.6 1.5
DS SD 0.1 0.4 0.5 0.4 0.6 0.2 0.2 0.2 0.2 0.0 0.1 0.2 0.2 0.3 0.1 0.3
n/IN 3/3 3/4 3/5 3/3 2/3 2/3 3/3 3/3 1/1 6/7 2/6 6/6 5/5 3/5 4/5 517 5/6
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