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Abstract

 

We have isolated a novel Alu sequence-containing cDNA,
designated AD7c-NTP, that is expressed in neurons, and
overexpressed in brains with Alzheimer’s disease (AD). The

 

1,442-nucleotide AD7c-NTP cDNA encodes an 

 

z 

 

41-kD
protein. Expression of AD7c-NTP was confirmed by nucleic
acid sequencing of reverse transcriptase PCR products iso-
lated from brain. AD7c-NTP cDNA probes hybridized with
1.4 kB mRNA transcripts by Northern blot analysis, and
monoclonal antibodies generated with the recombinant pro-
tein were immunoreactive with 

 

z 

 

41–45-kD and 

 

z 

 

18–21-
kD molecules by Western blot analysis. In situ hybridization
and immunostaining studies localized AD7c-NTP gene ex-
pression in neurons. Using a quantitative enzyme-linked
sandwich immunoassay (Ghanbari, K., I. Beheshti, and H.
Ghanbari, manuscript submitted for publication) con-
structed with antibodies to the recombinant protein, AD7c-
NTP levels were measured under code in 323 clinical and
postmortem cerebrospinal fluid (CSF) samples from AD,
age-matched control, Parkinson’s disease, and neurological
disease control patients. The molecular mass of the AD7c-
NTP detected in CSF was 

 

z 

 

41 kD. In postmortem CSF,
the mean concentration of AD7c-NTP in cases of definite
AD (9.2

 

6

 

8.2 ng/ml) was higher than in the aged control
group (1.6

 

6

 

0.9; 

 

P 

 

, 

 

0.0001). In CSF samples from individ-
uals with early possible or probable AD, the mean concen-
tration of AD7c-NTP (4.6

 

6

 

3.4) was also elevated relative to
the levels in CSF from age-matched (1.2

 

6

 

0.7) and neuro-
logical disease (1.0

 

6

 

0.9) controls, and ambulatory patients
with Parkinson’s disease (1.8

 

6

 

1.1) (all

 

 P 

 

, 

 

0.001). CSF lev-
els of AD7c-NTP were correlated with Blessed dementia
scale scores (

 

r

 

 5 

 

0.66;

 

 P 

 

5 

 

0.0001) rather than age (

 

r

 

 5
2

 

0.06;

 

 P 

 

. 

 

0.1). In vitro studies demonstrated that overex-
pression of AD7c-NTP in transfected neuronal cells pro-
motes neuritic sprouting and cell death, the two principal

neuroanatomical lesions correlated with dementia in AD.
The results suggest that abnormal AD7c-NTP expression is
associated with AD neurodegeneration, and during the
early stages of disease, CSF levels correlate with the severity
of dementia. (

 

J. Clin. Invest.

 

 1997. 100:3093–3104.) Key
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Introduction

 

Alzheimer’s disease (AD)

 

1

 

 is the most prevalent neurodegen-
erative disease and the most common cause of dementia in the
Western hemisphere. AD neurodegeneration is characterized
by prominent atrophy of corticolimbic structures with neu-
ronal loss, neurofibrillary tangle formation, aberrant prolifera-
tion of neurites, senile plaques, and 

 

b

 

A4-amyloid deposition in
the brain (1). Approximately 90% of AD occurs sporadically.
The cause is unknown, but the most important overall risk fac-
tor is aging (2). The apolipoprotein 

 

e

 

4 genotype (3) and a fam-
ily history of Trisomy 21 Down syndrome (4) increase risk or
accelerate the course of sporadic AD. Familial forms of AD,
which account for 5–10% of the cases, have been linked to mu-
tations in the amyloid precursor protein (APP) gene (5) lo-
cated on Chromosome 21, or presenilin genes located on
Chromosomes 1 and 14 (6–10). Overexpression and abnormal
cleavage of APP may promote AD neurodegeneration since
all individuals with Trisomy 21 Down syndrome who survive
beyond the fourth decade develop AD with extensive central
nervous system (CNS) accumulations of 

 

b

 

A4-amyloid (11),
and experimentally, 

 

b

 

A4-amyloid is neurotoxic and apoptoge-
nic (12). In addition, missense mutations in presenilin 1, as oc-
cur in nature, cause vasculopathy and massive accumulations
of amyloid beta-peptides in the brain (13). 

CNS biochemical and molecular abnormalities identified in
AD include: (

 

a

 

) increased phosphorylation of 

 

tau

 

 and other cy-
toskeletal proteins in neurons (14); (

 

b

 

) aberrant expression of
genes modulated with neuritic sprouting such as the growth as-
sociated protein, GAP-43 (15), constitutive endothelial nitric
oxide synthase (16), transforming growth factor (TGF) 

 

b

 

 (17),
and metallothionine-3 (18); (

 

c

 

) increased expression of genes
associated with glial cell activation, such as glial fibrillary
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1. 

 

Abbreviations used in this paper:

 

 AD, Alzheimer’s Disease; ADRI,
rabbit polyclonal antibody; BDSS, Blessed dementia scale score; CIL,
confidence interval limits; CSF, cerebrospinal fluid; ELSIA; enzyme-
linked sandwich immunoassay; MS, multiple sclerosis; PD, Parkin-
son’s disease; HPLC, high performance liquid chromatography; RT-
PCR, reverse transcriptase-polymerase chain reaction.
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acidic protein (19) and alpha-1 antichymotrypsin (20); and (

 

d

 

)
altered expression of genes that protect neurons from either
cytotoxic or programmed cell death, including sulfated glyco-
protein-2 (21), cathepsin D (22), superoxide dismutase 1 (23),
mitochondrial cytochrome oxidase (24), C1q component of
complement (25), Calbindin D28k (26), and bcl-2 (27). In pre-
vious studies, we demonstrated increased immunoreactivity in
AD brains using a polyclonal antisera prepared against a pan-
creatic protein (28). Using such polyclonal antibodies, we iso-
lated the AD7c-NTP cDNA from an AD brain expression li-
brary. This study characterizes the AD7c-NTP cDNA and its
over-expression in AD brains, and demonstrates increased lev-
els of the corresponding protein in cerebrospinal spinal fluid
(CSF) samples from individuals with early, i.e., possible or
probable, as well as advanced AD using a recently developed
quantitative enzyme-linked sandwich immunoassay (ELSIA).

 

2

 

 

 

Methods

 

Isolation of the AD7c-NTP cDNA.

 

A cDNA library was prepared
commercially (Invitrogen Corp., San Diego, CA) using RNA ex-
tracted from the temporal lobe of an individual with end-stage AD.
The library was ligated into the pcDNA2 vector. To isolate the
AD7c-NTP gene, 

 

z 

 

5 

 

3 

 

10

 

5

 

 transformed and IPTG induced 

 

Escheri-
chia coli

 

 colonies were screened using polyclonal antibodies to hu-
man pancreatic thread protein (28), followed by radiolabeled anti-
human IgG (Amersham Corp., Arlington Heights, IL) (29). Restriction
endonuclease fragments (XhoI–PstI; PstI–PvuII; PvuII–HindIII) of
AD7c-NTP were subcloned into pGem7 (Promega Corp., Madison,
WI), and the nucleotide sequence of both strands was determined by
the dideoxy nucleotide chain termination method using T7 DNA
polymerase (29). The DNA sequence was assembled with the
MacVector Software version 4.5 and analyzed using a Sequence
Analysis Software of the Genetics Computer Group version 7.3 as
implemented on a MicroVax II computer. Database searches were
performed using the BLAST network service of the National Center
for Biotechnology Information.

 

In vitro expression.

 

Antisense and sense cRNAs were transcribed
from AD7c-NTP cDNA plasmid linearized with Kpn1 and Xho1, re-
spectively. The cRNA transcripts were translated in a rabbit reticulo-
cyte lysate system (Stratagene, Inc., La Jolla, CA) in the presence of
[

 

35

 

S]methionine (Dupont-New England Nuclear, Boston, MA), and
the products of in vitro translation were analyzed by denaturing
PAGE (SDS-PAGE) and autoradiography. The AD7c-NTP cDNA
was ligated into the pTrcHis expression vector (Invitrogen Corp.)
which encodes a 5

 

9

 

 6-His Tag sequence used to isolate the fusion pro-
tein by metal chelate chromatography. The fusion protein was affinity
purified using ProBond resin (Invitrogen Corp.), and detected by
Western blot analysis with antibodies to the T7-tag fusion partner
(Novagen, Inc., Madison, WI).

 

Generation of polyclonal and monoclonal antibodies to recombi-
nant AD7c-NTP. 

 

Polyclonal antibodies were generated in rabbits
immunized with affinity purified recombinant AD7c-NTP protein.
Monoclonal antibodies (mAb) were generated in Balb/c mice immu-
nized with purified recombinant AD7c-NTP protein. These studies
employed polyclonal and the N3I4, N2J1, N2T8, and N2U6 mono-
clonal AD7c-NTP antibodies as described previously (30).

 

Human brain tissue. 

 

Human brain tissue was obtained from the
Alzheimer’s Disease Research Center brain bank at the Massachu-
setts General Hospital (MGH-ADRC). All brains were harvested
within 12 h of death and the histopathological diagnosis of AD was
rendered using CERAD criteria (31). The AD group (

 

n

 

 5 

 

17) had a

mean age of 76.3

 

6

 

8.8 yr and the control group (

 

n

 

 5 

 

11) had a mean
age of 78.0

 

6

 

6.2 yr. Fresh frozen frontal and temporal lobe tissue was
used for Northern and Western blot analyses. Postmortem (CSF)
samples (8 AD; 7 age-matched controls) were used to detect AD7c-
NTP by Western blot analysis. Paraffin-embedded histological sec-
tions were used to localize AD7c-NTP gene expression by in situ hy-
bridization and immunohistochemical staining.

 

Northern analysis of AD7c-NTP mRNA expression and in situ hy-
bridization. 

 

Samples (15 

 

m

 

g) of total RNA isolated (29) from AD
and aged control frontal lobe tissue (Brodmann Area 11), and normal
adult human kidney, liver, spleen, gastrointestinal tract, ovaries, fallo-
pian tubes, uterus, thyroid, lung, skeletal muscle, and pancreas were
subjected to Northern hybridization analysis using 2 

 

3 

 

10

 

6

 

 dpm/ml of
[

 

a

 

32

 

P]dCTP–labeled AD7c-NTP cDNA as a probe (29). To evaluate
RNA loading, the blots were stripped of probe and rehybridized with
a 10-fold molar excess of a [

 

g

 

32

 

P]ATP–labeled synthetic oligonucle-
otide corresponding to 18S ribosomal RNA (32). The results were an-
alyzed by autoradiography and densitometry (ImageQuant; Molecu-
lar Dynamics, Sunnyvale CA). Paraffin sections (10 

 

m

 

m thick) of AD
and control brains were hybridized (15, 16) with antisense and sense
(negative control) AD7c-NTP cRNA probes generated from com-
plete cDNA templates linearized with Kpn1 or Xho1. The probes
were labeled with [11-digoxigenin]UTP using SP6- or T7 DNA-
dependent RNA polymerase (29). Specifically bound probe was de-
tected with alkaline phosphatase–conjugated sheep F(ab9)

 

2

 

 anti-
digoxigenin (Boehringer Mannheim Biochemicals, Indianapolis, IN)
and X-phosphate/5-bromo-4-chloro-3-indolyl-phosphate/nitro-blue-
tetrazolium-chloride. The probe specificity was confirmed by North-
ern blot analysis of brain using identical cRNA probes labeled with
[

 

a

 

32

 

P]UTP.

 

Reverse transcriptase polymerase chain reaction amplification
(RT-PCR) studies. 

 

Samples of total RNA (2 

 

m

 

g) isolated from hu-
man brain were reverse transcribed using random hexamer primers
(29) and Superscript reverse transcriptase (GIBCO BRL, Gaithers-
burg, MD). The cDNA products (10%) were subjected to PCR am-
plification to detect AD7c-NTP sequences using the primers: (459–480)
5

 

9

 

 TGTCCCACTCTTACCCAGGATG and (849–826) 5

 

9

 

 AAGC-
AGGCAGATCACAAGGTCCAG. 

 

b

 

-actin control primers (33)
(5

 

9

 

 AATGGATGACGATATCGCTG; 5

 

9

 

-ATGAGGTAGTCTGC-
AGGT) were incorporated into all studies. The PCR products were
ligated into PCRII TA cloning vectors (Invitrogen Corp.). The nucle-
otide sequences of clones isolated from 6 AD and 5 aged control
brain samples were determined by the dideoxy chain termination
method (29).

 

Immunodetection of AD7c-NTP expression. 

 

Western immuno-
blotting studies (29, 30) were performed using protein extracts (60 

 

m

 

g
samples) generated from postmortem human frontal and temporal
lobe tissue, and various non-CNS tissues. In addition, 40 

 

m

 

l samples
of postmortem and antemortem cerebrospinal fluid were evaluated
by Western blot analysis. The blots were probed with rabbit poly-
clonal (1:800) or N3I4, N2U6, or N2J1 mouse monoclonal (5 

 

m

 

g/ml)
antibodies prepared against recombinant AD7c-NTP (30). Antibody
binding was detected with horseradish peroxidase–conjugated sec-
ondary antibody diluted 1:40,000 (Pierce Chemical Co., Rockford,
IL), and Supersignal enhanced chemiluminescence reagents (Pierce
Chemical Co.). The levels of AD7c-NTP expression were quantified
by volume densitometric scanning of the autoradiograms (Im-
ageQuant; Molecular Dynamics). Cellular localization of AD7c-NTP
immunoreactivity was demonstrated in paraffin-embedded histologi-
cal sections of frontal (Brodmann Area 11) and temporal (Brodmann
Area 21) lobe from AD and age-matched control brains. The sections
were immunostained by the avidin–biotin horseradish peroxidase
complex method (15, 16) using the N2T8 AD7c-NTP mAb. Adjacent
sections were immunostained with mAb to glial fibrillary acidic pro-
tein as a positive control, and with mAb to Dengue virus as a negative
control.

 

Source of CSF.

 

CSF specimens were obtained from five sources:
(

 

a

 

) ambulatory patients with possible or probable AD who had been

 

2. Ghanbari, K., I. Beheshti, and H. Ghanbari, manuscript submitted
for publication.
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evaluated and followed in the MGH Memory Disorders Unit; (

 

b

 

) am-
bulatory patients with Parkinson’s disease (PD) evaluated and
treated in the MGH Movement Disorders Clinic; (

 

c

 

) patients evalu-
ated and treated at the MGH for chronic or relapsing multiple sclero-
sis (MS) or other inflammatory CNS diseases; (

 

d

 

) nondemented
MGH controls evaluated for pain or symptoms referable to neurolog-
ical or neuropsychiatric disorders, e.g., cervical radiculopathy, seizure
disorder, peripheral neuropathy, schizophrenia, and psychotic de-
pression; and (

 

e

 

) deceased patients with postmortem confirmed AD
or histologically intact normal brains from the Ramsey Alzheimer’s
Treatment and Research Center. The PD patients represented neuro-
degenerative disease controls, while the MS patients served as non-
neurodegenerative neurological disease controls.

CSF samples from the MGH ambulatory patients with early (pos-
sible or probable) AD or established PD were obtained between 1979
and 1992. The AD and PD patients were subjected to detailed neu-
rological, neurobehavioral, and cognitive assessments, including
Blessed Dementia Scale Scores (BDSS), Mini-Mental Status Exami-
nations (MMSE), electroencephalography, and computed tomo-
graphic or magnetic resonance imaging studies of the brain. Several
control patients also had neuropsychiatric examinations with cogni-
tive testing. Follow-up evaluations conducted over the subsequent
years included neurological examinations and cognitive performance
tests, e.g., BDSS and MMSE. The clinical diagnosis of probable AD
was rendered using criteria established by the National Institute of
Neurological and Communicative Disorders and Stroke/Alzheimer’s
Disease and Related Disorders Association (NINDS/ADRDA) (34).
Among those who died, postmortem examinations were obtained to
confirm the diagnosis of AD. The diagnoses of PD and MS were
made based upon the clinical course and sequential examinations. 

The clinical (antemortem) CSF samples used in this study repre-
sented discarded lumbar puncture specimens obtained for diagnosis
or use in previous informed consent research protocols approved by
the human studies committee at the MGH. Postmortem CSF was har-
vested from the lateral ventricles. All CSF samples were clear, color-
less, nonhemolyzed, and stored at 

 

2

 

80

 

8

 

C until used. The level of pro-
tein present in CSF varied from 0.15 to 0.45 mg/ml with the majority
of samples in the range of 0.3 to 0.4 ml. Western blot analysis was
used to characterize the molecular mass of AD7c-NTP in both ante-
mortem and postmortem CSF specimens (15, 20). In addition, the
molecular mass of AD7c-NTP was analyzed in several samples by
high performance liquid chromatography (HPLC) (size exclusion col-
umn: Supelco TSK, G2000SW, flow rate 1 ml/min). In brief, 100 

 

m

 

l of
CSF were passed through the column along with molecular mass
standards and 50 (0.5 ml) fractions were collected. Each fraction was
analyzed for AD7c-NTP immunoreactivity by two ELSIAs that em-
ploy the N3I4 or N3C11 as the capture antibodies linked to the solid
phase support followed by detection with polyclonal antibodies pre-
pared against the recombinant protein. These results were confirmed
by capillary electrophoresis (Bio-Rad cartridge 1423050) based on
size exclusion of the fractions that contained AD7c-NTP immunore-
activity.

 

ELSIA to measure AD7c-NTP concentrations in CSF. 

 

The con-
centration of AD7c-NTP in CSF was determined by an ELSIA that
was developed after exploring approximately 100 different mono-
clonal and polyclonal antibody combinations.

 

2

 

 The N3I4 monoclonal
antibody was used to capture AD7c-NTP-immunoreactive proteins,
and a rabbit polyclonal antibody (ADRI) was used to detect bound
proteins.

 

2

 

 Both N3I4 and ADRI were generated with recombinant
AD7c-NTP (30), and affinity purified on Protein A/G columns (29).
Antibody binding specificity to recombinant AD7c-NTP and not to
nonrelevant proteins such as human albumin or gamma globulin was
demonstrated in direct binding radioimmunoassays (35, 36). The
AD7c-NTP ELSIA was highly sensitive (30 pg), reproducible (C.V. 

 

,

 

10%), and linear up to 100 ng/ml (

 

r

 

2

 

 

 

. 

 

0.9) with a recovery rate of
more than 90% based on additions of AD7c-NTP recombinant pro-
tein. Duplicate CSF samples (100 

 

m

 

l) were analyzed under code and
the values obtained were in the linear range of the standard curve. In

addition, there was no difference in the results of AD7c-NTP levels as
expressed either as ng/ml of CSF or ng/

 

m

 

g protein in CSF. The clini-
cal records were reviewed without knowledge of the assay results. 

 

Data analysis.

 

The data were analyzed using descriptive statistics
to determine group mean (

 

6

 

SD and 95% confidence interval limits
[CIL]) age, BDSS, and CSF AD7c-NTP levels, and gender ratios. For
the postmortem component of the study, between-group comparisons
were made using Student’s 

 

t

 

 and Chi-square tests. In addition, multi-
ple linear regression analysis was used to assess potential correlations
between CSF AD7c-NTP levels and diagnosis, age (

 

. 

 

50 yr), or gen-
der. For the clinical (antemortem) component of the study, inter-
group differences in mean age, BDSS, and CSF AD7c-NTP levels
were analyzed by analysis of variance and post hoc Duncan and
Fisher’s LSD tests. Multiple linear regression analysis was used to as-
sess potential correlations between CSF AD7c-NTP levels and diag-
nosis, age (

 

. 

 

50 yr), BDSS, or gender. The data analysis was per-
formed using the Number Cruncher Statistical System software,
version 6.5 (JL Hintze, Kaysville, Utah).

 

In vitro expression studies.

 

The AD7c-NTP cDNA was ligated
into the pcDNA3 mammalian expression vector which contains a
CMV promoter (Invitrogen Corp.). SH-Sy5y (37) and PNET2 (38)
neuronal cells were transfected with either pcDNA3-AD7c-NTP or
pcDNA3 (empty vector, negative control), plus a luciferase gene re-
porter construct (pcDNA3-Luc) using Cellfectin reagent (GIBCO
BRL). Transfected cells were selected with G418, and stably trans-
fected cell lines were examined for growth properties, morphology,
and expression of AD7c-NTP. Cell growth was assessed by measuring
[

 

3

 

H]thymidine incorporation into DNA, and determining the density
of viable cells in the cultures. AD7c-NTP expression was evaluated
by Western blot analysis and immunocytochemical staining with the
N3I4 mAb. The immunostaining studies were performed with cells
grown in 4-well Lab-Tek tissue culture chambers (Nunc, Inc., Naper-
ville, IL).

 

Results

 

Characteristics of the AD7c-NTP cDNA isolated from an AD
brain library. 

 

The AD7c-NTP cDNA contains 1442 nucle-
otides and begins with an oligo-dT track as shown in Fig. 1.
The nucleotide sequence contains an 1125-nucleotide open
reading frame starting with the putative first AUG codon, and
a 302-nucleotide untranslated sequence that contains an
AATAAA polyadenylation signal (Fig. 1). Bestfit and GAP
analyses revealed the presence of four Alu-type sequences em-
bedded in the open reading frame (nucleotides 1–170, 423–
593, 595–765, and 898–1068), and a near-duplication (85%
identical) of the first 450 nucleotides starting at nucleotide 898.
The translated 375 amino acid sequence has a predicted mo-
lecular weight of 41,718 and estimated pI of 9.89, and is rich in
Ser (11.7%) and Pro (8.8%) residues. Kyte-Doolittle and
Chou-Fasman hydrophilicity and Hopp-Woods surface proba-
bility profiles predict a 15 amino acid hydrophobic leader se-
quence, and seven putative membrane-spanning regions. Cor-
responding with the organization of the cDNA, subsequent
analysis of the protein revealed four 83–91% identical re-
peated (once or twice) antigenic domains between 9 and 23
amino acids in length beginning at residues: No.s 1–31, 175 and
277; No.s 2–121 and 334; No.s 3–208 and 308; and No.s 4–232
and 332. Protein subsequence analysis demonstrated 17
cAMP, calmodulin-dependent protein kinase II, protein ki-
nase C, or glycogen synthase kinase 3 phosphorylation sites,
and one myristylation site. In addition, two serine/threonine
kinase protein domains (residues 6–48, and 272–294) were
identified. Since the AD7c-NTP cDNA exhibits no significant
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primary sequence homology with human pancreatic thread
protein (28), the cross-reactivity of polyclonal antibodies with
AD7c-NTP molecule probably occurs through conformational
epitopes.

The in vitro translated protein and pTrcHis-AD7c-NTP re-
combinant protein purified by metal chelate chromatography
and cleaved from the fusion partner had molecular masses of

 

z 

 

39–42 kD by SDS-PAGE (Fig. 2 

 

A

 

) or Western blot analysis
(Fig. 2 

 

B

 

). In addition, in BOSC cells transfected with the
AD7c-NTP cDNA ligated into the pcDNA3 vector (Invitro-
gen Corp.), a single 

 

z 

 

39–42-kD protein was detected by
Western blot analysis using the N3I4 mAb (Fig. 2 

 

C

 

). No im-
munoreactivity to AD7c-NTP was detected using preimmune

rabbit sera, nonrelevant rabbit polyclonal antibodies to GAP-
43, or nonrelevant mAbs to Dengue virus (data not shown) or
FB50 (Fig. 2 

 

B

 

).

 

AD7c-NTP mRNA expression in AD and aged control
brains. 

 

In Northern blot hybridization studies, AD7c-NTP
cDNA probes detected 1.4 kB and 0.9 kB (weak) mRNA tran-
scripts in adult human frontal and temporal lobe tissue, but not
pancreas, kidney, liver, spleen, gastrointestinal tract (various
regions) ovaries, fallopian tubes, uterus, thyroid, lung, skeletal
muscle, testis, and thymus (data not shown). With values nor-
malized to 18S RNA signals to correct for differences in load-
ing, densitometric analysis of nonsaturated autoradiograms re-
vealed significantly higher mean (7.34

 

6

 

0.65 versus 4.04

 

6

 

0.39)

Figure 1. Nucleotide and translated 
amino acid sequence of the
AD7c-NTP cDNA (GenBank 
#AF010144). The shaded region 
corresponds to the nucleic acid se-
quences detected in six AD brains 
by RT-PCR analysis of mRNA. The 
cDNA exhibits significant homology 
with Alu genes. The open reading 
frame begins with a putative first 
methionine codon. The translated 
amino acid sequence encodes a 41.7-
kD protein with a hydrophobic 
leader sequence (italics) followed by 
a myristylation motif (bold italics) 
and potential AI cleavage site. That 
same region (underlined italics) ex-
hibits significant homology with the 
insulin/IGF-1 chimeric receptor. 
There are 17 potential glycogen syn-
thase kinase-3, protein kinase C, or 
cAMP or Ca-dependent kinase II 
phosphorylation motifs (circled) and 
one TGFb motif (double-underline). 
There are seven putative membrane 
spanning regions (dashed under-
line).
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levels of the 1.4-kB AD7c-NTP transcripts in AD compared
with normal aged control brains (P , 0.01). Expression of
AD7c-NTP mRNA in human brain was verified by RT-PCR
amplification of RNA isolated from six AD and five aged con-
trol brains (frontal lobe). The expected 390 nucleotide PCR
product was obtained with all samples (data not shown). The
specificity of the PCR products was demonstrated by Southern
blot analysis using [32P]-labeled oligonucleotide probes corre-
sponding to internal sequences, and by determining that the
nucleic acid sequences of the 390-nucleotide PCR products
cloned from six AD brains were identical to the sequence cor-
responding to the shaded region in Fig. 1.

AD7c-NTP protein expression in AD and aged control
brains. Western blot analysis using the N3I4 AD7c-NTP
mAbs (30) detected z 41-kD proteins in both AD and aged

control frontal lobe tissues (data not shown). Densitometric
analysis of the autoradiograms revealed higher levels of the
z 41-kD AD7c-NTP protein in most AD relative to aged con-
trol samples, and Student’s t test analysis demonstrated the
group mean differences to be statistically significant (t 5 9.5;
19 df; P , 0.0001) (Fig. 2 F). Similar results were obtained with
temporal lobe tissue samples from the same brains (data not
shown). When brain proteins were extracted in buffer contain-
ing 1 mM Na4P2O7 and 2 mM Na2VO4 to minimize protein de-
phosphorylation, z 41–45-kD rather than z 41-kD AD7c-NTP
species were detected with the N2J1 (data not shown) and
N2U6 mAbs (Fig. 2 D). In addition, N2J1 (data not shown)
and N2U6 mAbs detected z 18–21-kD AD7c-NTP proteins as
shown in Fig. 2 D, independent of whether 1 mM Na4P2O7 and
2 mM Na2VO4 were included in the extraction buffer. Expres-

Figure 2. AD7c-NTP expression in vitro and in vivo. (A) [35S]Methionine-labeled recombinant protein detected by in vitro translation using 
sense strand cRNA transcripts. (B) Western blot analysis of purified recombinant protein demonstrating specific immunoreactivity with the Tag 
and N3I4 AD7c-NTP mAbs, but not with nonrelevant FB50 mAb. (C) Western blot analysis of BOSC cells stably transfected with pcDNA3-
AD7c-NTP or pcDNA3 (empty vector). The blots were probed with the N3I4 AD7c-NTP antibody. (D) Western blot autoradiograms demon-
strating higher levels of the z 41–45-kD and 18–21-kD AD7c-NTP proteins in late, end-stage (L) AD compared with early (E), i.e., possible or 
probable AD frontal lobe tissue using the N2U6 mAb. The possible/probable AD group included individuals with abundant senile plaques, but 
insufficient neurofibrillary tangles to fulfill the CERAD (31) criteria for definite AD. The late AD cases all had end-stage definite AD dementia 
with abundant neurofibrillary tangles, neuritic plaques, and neuropil threads. Normal aged control (C) brains are included for comparison. The 
tissue samples were homogenized in buffer containing 1 mM Na4P2O7 and 2 mM Na2VO4 to preserve protein phosphorylation. Note the clusters 
of three or four bands between z 41 and z 45 kD. (E) Increased levels of the z 41-kD AD7c-NTP protein in AD (A) compared with aged con-
trol (C) ventricular fluid samples demonstrated by Western blot analysis using the N3I4 mAb. (F) Increased levels (arbitrary densitometry units) 
of the N3I4-immunoreactive z 41-kD AD7c-NTP protein in AD relative to age-matched control frontal lobe tissue with the mean6SEM for 
each group. Similar results were obtained for temporal lobe specimens.
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sion of z 18–21-kD AD7c-NTP–immunoreactive proteins was
also increased in AD brains (30), and preliminary studies sug-
gest that these molecules are encoded by a distinct mRNA that
shares significant nucleic acid sequence homology with AD7c-
NTP (de la Monte et al., unpublished observation). In a small
series, comparisons between early (possible or probable) and
late end-stage or definite AD revealed generally higher levels
of both the z 41–45-kD and z 18–21-kD AD7c-NTP–immu-
noreactive proteins in brains with end-stage disease (Fig. 2 D).
Using the N3I4 antibody, Western blot analysis detected z 41-
kD AD7c-NTP molecules in postmortem CSF, and higher lev-
els in AD relative to aged control samples (Fig. 2 E). Quantita-
tive analysis of AD7c-NTP levels measured in CSF by ELSIA
are presented below. Western blot analysis of noncentral ner-
vous system tissues revealed no specific binding with any of the
AD7c-NTP mAbs (data not shown).

Cellular localization of AD7c-NTP protein and mRNA in hu-
man brain. Immunohistochemical staining studies with N2T8
mAb localized AD7c-NTP immunoreactivity in neurons, neu-
ropil fibers, white matter fibers, and irregular neuritic pro-
cesses in AD brains (Fig. 3, A, C, and D). In contrast, there
was very low level or absent immunoreactivity in aged control
brains immunostained with the N2T8 mAb (Fig. 3 B). In situ

hybridization studies demonstrated AD7c-NTP-related mRNA
transcripts in frontal (Brodmann Area 11) and temporal
(Brodmann Area 21) cortex neurons in both AD and aged
control brains (Fig. 3, E, G, and H). However, dark-field mi-
croscopy revealed strikingly elevated levels of AD7c-NTP
mRNA expression in both temporal and frontal cortex neu-
rons in AD (Fig. 3 G) relative to aged control brains (Fig. 3 H),
corresponding with the immunohistochemical staining results.
Low levels of AD7c-NTP mRNA transcripts were also detec-
ted in cortical and white matter glial cells in AD. AD7c-NTP
mRNA transcripts were not detected in cerebral blood vessels,
and specific hybridization signals were not observed in any
of the specimens hybridized with digoxigenin-labeled sense
strand cRNA probes. 

Characterization of AD7c-NTP in CSF. Next, we studied
the characteristics of AD7c-NTP molecules in CSF. Fig. 4
demonstrates that a single molecular mass species of 41 kD
was present in antemortem CSF as analyzed by HPLC frac-
tionation of CSF followed by immunologic analysis of each
fraction. In this study, we used two ELSIAs that employ mAbs
that recognized distinct and separate epitopes on the recombi-
nant 41-kD AD7c-NTP protein. Thus, in contrast to the multi-
ple molecular mass forms of approximately 41–44 and 18–21

Figure 3. (A–D) Increased and altered AD7c-NTP immunoreactivity in AD relative to aged control frontal cortex neurons demonstrated by im-
munohistochemical staining using the N2T8 mAb. Immunoreactivity was revealed with diaminobenzidine which yields a brown immunoprecipi-
tate. Increased AD7c-NTP immunoreactivity was observed in AD (A) relative to aged control (B) cortical neurons, as well as in degenerating 
neurons (C) and abnormal neuritic processes (D) in AD cerebral cortex. (E and F) Brightfield photomicrographs of in situ hybridization results 
using antisense (E) or sense (F); negative control digoxigenin-labeled cRNA probes. Arrows indicate examples of neurons and purple grains 
represent positive hybridization signals. (G and H) Dark-field photomicrographs of in situ hybridization results demonstrating more intense la-
beling (white grains) in AD (G) than in aged control (H) cortical neurons (arrows) in the frontal lobe.
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kD identified in AD brain tissue by Western blot analysis (Fig.
2 D), the dominant molecule found in CSF derived from indi-
viduals with early (possible or probable) AD appeared as a
single 41-kD protein species.

Figure 5. Distribution of AD7c-NTP concentrations (ng/ml) in
postmortem AD (n 5 121) and aged control (n 5 19) CSF samples. 
AD7c-NTP levels were measured by a forward sandwich ELSIA us-
ing N3I4 as the capture antibody and polyclonal ADRI as the detec-
tion antibody. Note that 84% of the AD samples contained . 3 ng/ml 
of AD7c-NTP protein. 

Table I. Population Profile and AD7c-NTP Levels in Postmortem and Clinical Cerebrospinal Fluid

Group No. cases Age (yr)* Male:Female No. (%) BDSS* AD7c-NTP (ng/ml)*

Postmortem study
Alzheimer’s disease 121 77.366.5 42(35):79(65) ND 9.268.2‡

Control 19 72.566.8 9(47):10(53) ND 1.660.9
Clinical study

Early Alzheimer’s disease 89 66.568.6 44(49):45(51) 15.468.2‡ 4.663.4‡

Parkinson’s disease 32 57.5614.1 17(54):15(46) 1.562.0 1.861.1
Multiple sclerosis 41 44.6613.5‡ 18(44):23(56) ND 1.060.9
Control 18 61.8613.3 12(67):6(33) 0.160.3 1.260.7

ND, not done. *Mean6SD; ‡statistically significant differences (P , 0.0001) relative to all other groups by Student’s t test or ANOVA.

Figure 4. Characterization of the molecular size of AD7c-NTP pro-
tein in AD CSF samples. The top represents a Western blot of CSF 
with the N3I4 mAb. In this study, CSF was fractionated by HPLC 
(size exclusion) and each fraction (n 5 50) was analyzed by two dif-
ferent ELSIAs using N3I4 and N3C11 mAbs as capture antibodies 
linked to the solid phase support and polyclonal as detection antibod-
ies. These antibodies had been prepared against the 41-kD recombi-
nant AD7c-NTP protein. It is apparent that there was only one 41-kD 
molecular mass species of AD7c-NTP with such defined immunore-
activity present in these two CSF samples. 
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Analysis of AD7c-NTP levels in postmortem CSF from AD
and aged control patients. Postmortem CSF was obtained from
121 patients with histopathologically confirmed end-stage AD.
In addition, samples were obtained from 19 neurologically
normal aged controls. The control group had a mean age
(6SD) 72.566.8 yr (range: 60–85), 9 (47%) males and 10
(53%) females, and a mean postmortem interval of 564 h. The
AD group had a mean age of 77.366.5 yr (range: 61–85), 42
(35%) males and 79 (65%) females, and a mean postmortem
interval of 662 h. In the control group, the CSF concentrations
(ng/ml) of AD7c-NTP ranged from 0.1 to 3.5, the mean level
(6SD) was 1.6060.87, and the 95% CIL were 1.17–2.03. (Fig.
5; Table I). In the AD group, the CSF concentrations of AD7c-
NTP ranged from 0.3 to 60.9 ng/ml, the mean level was
9.2468.20, nearly sixfold higher than control (T 5 9.87, 138 df;
P , 0.0001), and the 95% CIL were 7.7–10.7. Levels of AD7c-
NTP above 3 ng/ml were detected in 84% of the AD samples,
compared with 5% of control (x2 5 52.6, P , 0.0001). There-
fore, elevated levels (. 3 ng/ml) of AD7c-NTP in CSF were
correlated with the histopathological diagnosis of AD (r 5
0.61; r2 5 0.38; T 5 9.13; P , 0.0001). In contrast, there were
no correlations between AD7c-NTP CSF levels and age (. 50
years), gender, duration of dementia, or postmortem interval.

Population profile of patients included in the clinical
study. AD7c-NTP levels were measured in 180 clinical CSF
samples from 89 patients with early (possible or probable)

AD, 32 with established PD, 41 with MS or other inflamma-
tory CNS disease, and 18 neurologically intact aged controls
(Table I). The mean and corresponding 95% confidence inter-
val limits for age overlapped among the AD (66.568.6; 95%
CIL: 64.9–69.1), PD (57.5614.1; 95% CIL: 52.6–62.3), and con-
trol (61.8613.3; 95% CIL: 56.2–67.4) groups, but the MS pa-
tients were significantly younger 44.6613.5; 95% CIL: 40.3–
48.8) than the other three groups (F-ratio 5 38.4; P , 0.0001).
Although the gender ratios varied, there were no significant
differences among the groups (x2 5 4.55; 3 df; P 5 0.21). BDSS
data obtained within 6 mo of the CSF harvests were available
for 89 AD, 11 control, and 22 PD patients. As expected, the
mean BDSS was significantly higher in the AD group
(15.468.2; 95% CIL: 13.3–17.5) relative to the PD (1.562.0;
95% CIL: 0.3–2.7) and aged control (0.160.3; 95% CIL: 0.1–
0.3) groups (F-ratio 5 25.95, 3 df; P , 0.0001). 

Elevated CSF levels of AD7c-NTP in patients with early
(possible or probable) AD. The mean level of AD7c-NTP
was significantly higher in the AD group (4.663.4; 95% CIL:
3.9–5.3) compared with the PD (1.861.1; 95% CIL: 1.4–2.1),
MS (1.060.9; 95% CIL: 0.7–1.3), and aged control (1.260.7;
95% CIL: 0.8–1.6) groups (F-ratio 5 26.17, P , 0.0001). Al-
though the distribution of CSF AD7c-NTP levels in the AD
group was broad (range: 0–18.7 ng/ml), the mean level was
two- to fourfold higher than in the other three groups, and
62% of the samples had AD7c-NTP concentrations above 3 ng/
ml (Table I; Fig. 6), and 89% were above 2 ng/ml. In contrast,
the CSF AD7c-NTP concentrations measured in both the neu-
rological disease and normal control groups were tightly clus-
tered such that levels greater than 3 ng/ml were detected in
only 2.4% (n 5 1) of the MS, and 0% of the aged control sam-
ples. In the PD group, 16% (n 5 5) of the CSF samples had
AD7c-NTP concentrations between 3.1 and 3.3, while the re-
maining 84% had levels below 3 ng/ml. Chi-square analysis
demonstrated the proportion of AD samples with AD7c-NTP
levels above 3 ng/ml to be significantly greater than in the
other three groups (x2 5 51.4; 3 df; P , 0.0001). Similarly, lev-
els of AD7c-NTP above 2 ng/ml were observed in 89% of AD
and only 11% of aged controls (P , 0.0001).

Analysis of CSF AD7c-NTP levels in relation to AD de-
mentia and BDSS. All of the patients with early AD were
subjected to sequential neurological evaluations and diag-
nosed with probable (54%) or definite (postmortem con-
firmed: 46%) AD, 4–10 yr after the initial assessments. The
clinical CSF samples used in this study were obtained within
6 mo of the most recent neuropsychiatric and cognitive testing.
Linear regression analysis demonstrated significant correla-
tions (Fig. 7) between CSF AD7c-NTP levels and AD diagno-
sis (r 5 0.54; r2 5 0.29; t 5 8.52; P , 0.0001) and BDSS (r 5
0.66; r2 5 0.44; t 5 8.1; P 5 0.0001), but not with age . 49 yr
(r 5 0.06; r2 5 0.004; t 5 0.87; P . 0.1) or gender (r 5 0.06;
r2 5 0.004; t 5 20.82; P . 0.1). Stepwise multivariate regres-
sion, including BDSS, age . 49 yr, and gender in the equation,
demonstrated only BDSS to be a significant correlate of CSF
AD7c-NTP concentration (r2 5 0.27; t 5 4.6; P , 0.0001).

Effects of AD7c-NTP overexpression in neuronal cells. Sub-
confluent cultures of SH-Sy5y cells transfected with pcDNA3
contained round or spindled shape cells with few or no pro-
cesses (Fig. 8 A). In contrast, SH-Sy5y cells transfected with
pcDNA3-AD7c-NTP exhibited extensive neuritic growth with
fine interconnecting processes on most cells (Fig. 8 C). Similar
effects were observed in PNET2 human central nervous sys-

Figure 6. Distribution of AD7c-NTP concentrations (ng/ml) in clini-
cal CSF samples from patients with possible or probable AD (n 5 89), 
multiple sclerosis (MS; n 5 41), Parkinson’s disease (PD; n 5 32), or 
no neurological disease (normal aged controls; n 5 18). Approxi-
mately 62% of the patients with possible or probable AD (subse-
quently confirmed to have definite AD by detailed clinical follow-up 
and postmortem examination of the brains) had concentrations of 
AD7c-NTP protein in CSF . 3 ng/ml, compared with 0% in the con-
trol, 2% in the MS, and 16% in the PD groups. Similarly, levels of 
AD7c-NTP above 2 ng/ml were observed in 89% of AD and only 
11% of aged controls (P , 0.0001).
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tem-derived neuronal cells (Fig. 8, B and D). In addition,
pcDNA3-AD7c-NTP transfected cultures always contained
numerous round, refractile floating cells (dead) which failed to
exclude Trypan blue dye. Immunocytochemical staining of sta-
tionary cultures using the N3I4 mAb revealed intense labeling
of the cell bodies, nuclei and cell processes of SH-Sy5y cells
transfected with pcDNA3-AD7c-NTP (Fig. 8, F and G), and
low level or absent immunoreactivity in SH-Sy5y cells trans-
fected with pcDNA3 (empty vector) (Fig. 8 E). Finally, over-
expression of AD7c-NTP in SH-Sy5y neuronal cells stably
transfected with pcDNA3-AD7c-NTP resulted in significantly
lower densities of viable cells in the cultures, despite normal or
slightly elevated levels of DNA synthesis (Fig. 8 H).

Discussion

The AD7c-NTP cDNA is a novel gene that contains Alu en-
coded sequences. Alu sequences represent a family of inter-

spersed repetitive elements in human and other mammalian
genomes (39). Modulation of Alu gene expression during cell
proliferation and differentiation suggests a functional role for
Alu genes and gene products in these states (40–42). Previous
studies demonstrated Alu sequence insertions and rearrange-
ments in mutated genes associated with systemic (43–46) as
well as neurological (47) diseases. It will be important to deter-
mine whether AD7c-NTP represents a normal or mutated
gene. AD7c-NTP gene expression in human brain tissue was
verified by six different methods including nucleic acid se-
quencing of cloned RT-PCR products and detection of the
corresponding z 41-kD protein in cerebrospinal fluid. Struc-
ture analysis of the deduced amino acid sequence suggests that
the AD7c-NTP cDNA encodes a membrane spanning protein.
The presence of a TGFb motif and IGF-1/insulin hybrid recep-
tor domain suggest that AD7c-NTP expression may be related
to cell growth and potentially modulated by IGF-1 or insulin
stimulation. This analysis is consistent with the finding that

Figure 7. Analysis of AD7c-NTP levels in CSF in relation to BDSS (A and C) or patient age (B and D). The AD7c-NTP ELSIA was performed 
with clinical CSF samples obtained within 6 mo of neuropsychiatric testing. Panels A and B depict the mean (6SD) BDSS (A) and correspond-
ing CSF AD7c-NTP levels (B) in patients with possible or probable AD and in cognitively normal aged controls. Linear regression analysis dem-
onstrated a positive correlation between AD7c-NTP concentrations in CSF and BDSS (r2 5 0.44; r 5 0.66; P , 0.0001) (C) but not between 
AD7c-NTP levels and age between 45 and 90 yr (r2 5 0.0045) or gender (r2 5 0.0038).
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over-expression of AD7c-NTP causes neuritic growth in stably
transfected neuronal cells. Recent preliminary studies also
demonstrated increased expression and phosphorylation of en-
dogenous AD7c-NTP-related proteins following insulin stim-
ulation of PNET2 and SH-Sy5y cells (de la Monte, S.M., and
J.R. Wands, unpublished observations). 

The human tissue studies revealed elevated levels of
AD7c-NTP expression in AD relative to aged control brains,
and increased AD7c-NTP gene expression localized in AD
brain neurons by in situ hybridization and immunohistochemi-

cal staining. Although the cDNA was isolated from a library
prepared with RNA obtained from a single AD brain, the RT-
PCR studies confirmed the presence of identical sequences in
AD brains. Increased expression of AD7c-NTP occurs in both
histologically intact and degenerating neurons and cell pro-
cesses, and recent studies suggest that abnormal AD7c-NTP
protein expression is an early event in AD neurodegeneration
(30). Indeed, in vitro studies demonstrated that over-expres-
sion of the AD7c-NTP gene in transfected neuronal cells
promotes neuritic sprouting and cell death, two principal

Figure 8. AD7c-NTP overexpression in transfected neuronal cells results in increased neuritic sprouting. (A) SH-Sy5y and (B) PNET2 cells sta-
bly transfected with pcDNA3 (empty vector). (C) SH-Sy5y and (D) PNET2 cells stably transfected with pcDNA3-AD7c-NTP. Note fine neuritic 
processes (arrows) on most cells in C and D. (E–G) Immunocytochemical staining of SH-Sy5y cells stably transfected with pcDNA3 (E) or 
pcDNA3-AD7c-NTP (F and G) using N3I4 mAb. Note intense labeling of nuclei and cell processes (arrows) in F and G and absent labeling in E. 
Western blot analysis demonstrated expression of the expected z 41–45-kD protein bands (data not shown). Decreased cell viability in 
pcDNA3-AD7c-NTP transfected SH-Sy5y cells (H). Cell growth and [3H]thymidine incorporation into DNA were assessed in synchronized cul-
tures fed with medium containing 10% FCS. The density of viable cells was determined at each time point (H, left panel). Despite higher levels 
of DNA synthesis (H, right panel), cell density was significantly reduced in four replicate AD7c-NTP–transfected cultures compared with control 
(pcDNA3-transfected) cells. 



AD7c-NTP Characterization in Brain and CSF 3103

pathological processes in AD neurodegeneration. It will be
important to determine in future studies if AD7c-NTP overex-
pression leads to neuronal degeneration in vivo such as in a
transgenic mouse model, and whether the increased AD7c-NTP
immunoreactivity observed in AD brains and CSF is primarily
the result of aberrantly upregulated gene (mRNA) expression,
or accumulation and abnormal processing of the protein.

Recently, we studied the expression of the AD7c-NTP
gene by immunohistochemistry and found that the protein ac-
cumulated in AD brain neurons (20). AD7c-NTP immunore-
activity colocalizes with tau-immunoreactive neurofibrillary
tangles and dystrophic neurites. However, abnormal AD7c-
NTP gene expression precedes the formation of neurofibril-
lary tangles, and occurs in neuronal populations that do not yet
exhibit neurofibrillary tangle pathology in AD (30). In prelim-
inary studies, we demonstrated that elevated CNS levels of
AD7c-NTP were detectable in postmortem ventricular fluid
by Western blot analysis (30). In this study, we searched for el-
evated levels of AD7c-NTP protein in CSF using a recently de-
veloped quantitative ELSIA, and sought to determine whether
the elevated CSF AD7c-NTP levels were correlated with the
severity of dementia in early AD. Simple objective measures
to assess AD neurodegeneration could help in the develop-
ment of therapeutic agents.

Using the N3I4 and N3C11 antibodies, only a single z 41-
kD AD7c-NTP–immunoreactive protein was detected in CSF
subjected to HPLC fractionation and ELSIA analysis of each
fraction (Fig. 4) and significantly elevated levels of AD7c-NTP
protein were observed in AD relative to aged control CSF
samples. The z 42–45-kD and z 21-kD AD7c-NTP–immu-
noreactive bands observed by Western blot analysis of brain
tissue were not detected in CSF, perhaps for two reasons: (a)
the higher molecular mass species may represent phosphory-
lated forms of AD7c-NTP which were either not preserved or
were never present in the CSF samples; and (b) the N2J1 and
N2U6 mAbs which detected the 21-kD AD7c-NTP-related
species were not used in the ELSIA or HPLC fractionation
studies. Recent studies suggest that the 21-kD AD7c-NTP–
related protein is derived from a distinct mRNA, as we have
already isolated and expressed the corresponding cDNA (de la
Monte, S.M., and J.R. Wands, unpublished observations). 

Levels of 41-kD AD7c-NTP above 3 ng/ml were detected
in 62% of the early possible or probable AD and 84% of the
definite end-stage postmortem AD CSF samples. Moreover,
levels of AD7c-NTP above 2 ng/ml were observed in 89% of
early clinical AD compared with 11% of aged control CSF
samples. The mean level of AD7c-NTP in CSF from patients
with end-stage definite AD was twofold higher than in the
early possible or probable AD samples, yet no such difference
was observed between the clinical (antemortem) and postmor-
tem aged control CSF levels. This result suggests that AD7c-
NTP concentrations in CSF may increase with progression of
AD neurodegeneration. An important aspect of this study was
the availability of archival CSF specimens from patients sub-
jected to systematic prospective assessment of neuropsychiat-
ric and cognitive function and careful follow-up, including
postmortem examination of the brains (46%). In addition, the
inclusion of clinical CSF samples from neurological disease
controls provides important data concerning the specificity
and sensitivity of the AD7c-NTP ELSIA. The lack of correla-
tion between AD7c-NTP levels in CSF and age in both the
clinical and postmortem studies suggests that aberrantly in-

creased expression of AD7c-NTP reflects neuropathological
changes in the brain rather than a nonspecific effect of aging.
Moreover, it is unlikely that the reported CNS accumulations
of AD7c-NTP protein represent a response to nonspecific in-
jury since similar abnormalities were not observed in patients
with multiple sclerosis. Furthermore, the specificity of AD7c-
NTP as a biochemical marker of AD has been confirmed re-
cently using non-AD dementia control CSF sample (our un-
published observations).

AD7c-NTP levels in CSF were positively correlated with
BDSS. Correspondingly, CSF AD7c-NTP levels were not ele-
vated in PD or control patients who had BDSS scores of 0 or 1.
In postmortem cases, elevated CSF levels of AD7c-NTP were
correlated with end-stage dementia and histopathologically
proven AD (high densities of neurofibrillary tangles and senile
plaques) rather than age or duration of disease. These findings
suggest that increased levels of the z 41-kD AD7c-NTP pro-
tein in CSF may mark AD neurodegeneration and correlate
with severity of dementia. However, elevated levels of AD7c-
NTP were not observed in several AD samples. Low levels of
AD7c-NTP in CSF could reflect either very early disease (as
observed in the antemortem clinical samples), or severe end-
stage AD with depletion of neuronal populations susceptible
to neurodegeneration (as observed in several postmortem
cases) (30). Therefore, it would be of interest to examine
AD7c-NTP levels in CSF sampled over the course of Alzheimer’s
disease.

Finally our studies suggest that expression of AD7c-NTP
and related genes is modulated with neuritic sprouting, and
that overexpression of AD7c-NTP in neuronal cells causes
neuritic growth and cell death. Aberrant neuritic sprouting
(15, 16, 48, 49) and apoptotic cell death are important features
of AD neurodegeneration (50–52). We are led to believe that
the overexpression of AD7c-NTP in AD brains and elevated
levels in CSF may reflect these neurodegenerative processes,
since there is a general correlation of AD7c-NTP levels with
the severity of the dementia.
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