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MiR-16 regulates cell death in Alzheimers disease
by targeting amyloid precursor protein
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Abstract. - OBJECTIVE: The aim of this
study was to investigate the role of miR-16 in
Alzheimer’s disease (AD) and to explore its
mechanism of action.

MATERIALS AND METHODS: A cellular AD
model using PC12 cells and primary hippocam-
pal neurons was established to evaluate the ex-
pression level of miR-16. Transfection of a miR-
16 mimic and a miR-16 inhibitor were per-
formed to explore its effect on cell apoptosis
and cell viability. In addition, we carried out
bioinformatics analysis, luciferase reporting
gene assay, and gene expression analyses to
identify the potential target of miR-16 and to
verify the effect of the target gene on the cellu-
lar AD model.

RESULTS: Downregulation of miR-16 was
confirmed in the cellular AD model with both
PC12 cells (p < 0.05) and primary hippocampal
neurons (p < 0.05). Overexpression and inhibi-
tion of miR-16 in the cellular AD model with pri-
mary hippocampal neurons decreased and in-
creased apoptosis, respectively. The gene en-
coding amyloid precursor protein (APP) was
identified as the target gene of miR-16. Knock-
down of APP in primary hippocampal neurons
decreased cell apoptosis and increased cell vi-
ability in the cellular AD model.

CONCLUSIONS: Our results demonstrate
that downregulation of miR-16 in primary hip-
pocampal neurons play an important role in the
paracrine effect and might be involved in the
development of AD.

Key Words:
Alzheimers disease, miR-16, Amyloid precursor pro-
tein, Primary hippocampal neurons, Apoptosis.

Introduction

Alzheimer’s disease (AD), a chronic neurode-
generative disease characterized by loss of men-
tal ability that is severe enough to influence ordi-
nary daily life, is the most common cause of de-
mentia'. The occurrence of AD strongly corre-

lates with increasing age, and the prevalence of
AD in people over 65 years old is reported to
range from 4.4% to 9.7%>. AD will be an even
greater public health problem in the future, since
the number of elderly (65+ years) is expected to
reach 1 billion in 20303, Therefore, there is an ur-
gent need for new molecular targets, concepts,
and approaches to treat this disease.

At the cellular level, AD is characterized by
neurofibrillary tangles and progressive formation
of insoluble senile plaques composed mainly of
B-amyloid (AB) peptide, which is a cleavage
product of the amyloid precursor protein
(APP)**. Moreover, Ap-mediated neurotoxicity
plays a critical role in the disease and the accu-
mulation of A in the brain is strongly associated
with the pathogenesis of AD*>.

A class of endogenous, highly conserved non-
coding small RNAs, miRNAs, exert a role in
post-transcriptional suppression of gene expres-
sion via target gene degradation and inhibition of
translation®. There is growing evidence’® that
miRNAs participate in various biological events,
and recent studies®!® have suggested that miR-
NAs are involved in the pathogenesis of AD.
Lukiw et al'! showed that some miRNAs, such as
miR-9 and miR-125b, were elevated in AD pa-
tients. Hebert et al'? proposed that miR-29a/b-1
can regulate beta-amyloid precursor protein-con-
verting enzyme (BACE) 1/B-secretase, which is
involved in APP cleavage into Af, in patients
with sporadic AD.

In this study, we investigated the role of miR-
16 in AD and explored its mechanism of action.
Our results demonstrated the downregulation of
miR-16 in a cellular AD model of primary neu-
rons. We validated APP as the target gene of
miR-16. Furthermore, we showed that overex-
pression of miR-16 in primary neurons protected
the primary neurons from death. Our data sug-
gest that miR-16 plays an important role in the
pathogenesis of AD.
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Materials and Methods

Cell Culture and Treatment

The primary hippocampal neurons were isolat-
ed according to previously described methods'?.
Briefly, the brain cortex was isolated from
Sprague-Dawley (SD) rat embryos on embryonic
day 16. After rinsing with Hank’s buffered saline,
tissues were cut into small pieces, digested with
trypsin, dissociated, and collected by centrifuga-
tion. Cells were resuspended and seeded in poly-
D-lysine pre-coated cell culture plates at a densi-
ty of 1x10° cells/ml, and cultured in serum-free
neurobasal medium containing 1 x B,; and 0.05
mM glutamine.

Rat PC12 cells were obtained from ATCC,
plated in poly-D-lysine pre-coated cell culture
plates at a density of 1 x 10° cells/ml, and cul-
tured in Dulbecco’s Modified Eagle Medium
(DMEM) containing 5% fetal bovine serum (Hy-
clone, Logan, UT, USA), 10% horse serum, and
1% penicillin-streptomycin. PC12 cells were
maintained at 37°C in 5% CO,.

For the AP insult, an aggregated form of A, 4,
was prepared according to previously described
methods'? and was used at a concentration of 10
uM.

Cell Transfection

Transfection of neurons with amyloid precur-
sor protein (APP) siRNA (Invitrogen, Carlsbad,
CA, USA), miR-16 mimic (GenePharma Co.Ltd,
Shanghai, China; 50 nM), miR-16 inhibitor
(GenePharma Co. Ltd; 50 nM), Pre-miR Precur-
sor Negative Control (Ambion, Austin, TX,
USA; 10 nM), and pre-miR-16 (Ambion; 50 nM)
were performed with Lipofectamine 2000 (Invit-
rogen) according to the manufacturer’s instruc-
tions.

Quantitative Real-time Reverse
Transcription-Polymerase Chain
Reaction (RT-PCR)

Total cellular RNA was extracted using Trizol
reagent (Invitrogen) according to the manufactur-
er’s instructions. RNA was quantified using a
Nanodrop 2000 (Thermo Scientific, San Jose,
CA, USA). A High Capacity cDNA Reverse
Transcription Kit and TagMan MicroRNA Re-
verse Transcription Kit were used for mRNA and
miRNA reverse transcription, respectively (Ap-
plied Biosystems, Foster City, CA, USA). RT-
PCR was conducted using a One Step SYBR®
Prime Script™ RT-PCR Kit (Takara, Dalian,

China) to detect APP and GAPDH mRNA as
well as using TagMan microRNA assays to de-
tect miRNA and U6 (Applied Biosystems, Foster
City, CA, USA). Expression of the glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH) and
U6 genes were assessed simultaneously in all
samples as internal controls. Relative gene ex-
pression was determined by the 24T method".

Quantification of Apoptosis by
Hoechst/propidium lodide Nuclear
Staining

Double nuclear staining with fluorescent
dyes Hoechst 33342 and propidium iodide (PI)
(Molecular Probes, Eugene, OR, USA) was
used to determine cell apoptosis according to a
previously described method'*. Briefly, after
the cells were incubated with different treat-
ments for 24 h, Hoechst 33342 and PI were
added to the culture medium at concentrations
of 8 and 1.5 uM, respectively. The cells were
further incubated at 4°C for 30 min. Images
were taken under a fluorescent microscope,
cells in 5 randomly picked fields (400x magni-
fication) were counted, and the percentage of
apoptotic cells was calculated.

MTT cell Proliferation

Primary cultured neurons (1 x 10° cells/ml)
were seeded in 96-well plates, transfected with
either the miR-16 mimic or inhibitor, and incu-
bated for 48 h before AP insult for 24 h. Cells
were treated with 3-(4, 5-dimethylthiazol-2-yl)-2,
5-diphenyltetrazolium bromide (MTT; 5 mg/mL)
at 24 h intervals and proliferation was measured
using a microplate reader (Molecular Devices,
Sunnyvale, CA, USA). Results were reported as
percentages of the optical density (OD) values of
the control group.

Western Blotting

Primary hippocampal neurons with pre-miR-
control or pre-miR-16 transfections were lysed in
RIPA buffer, followed by high-speed centrifuga-
tion and quantification using bicinchoninic acid.
Cellular proteins were separated by sodium do-
decyl sulfate-polyacrylamide gel electrophoresis
and transferred onto polyvinylidene difluoride
membranes. After blocking, membranes were in-
cubated with APP (Sigma, St. Louis, MO, USA).
GAPDH (Santa Cruz Biotechnology, Santa Cruz,
CA, USA) was used as the loading control. The
appropriate horseradish peroxidase-conjugated
secondary antibodies were applied, and the pro-
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tein bands were detected with SuperSignal Ultra
Chemiluminescent Substrate (Pierce, Rockford,
IL, USA) on X-ray films (Kodak, Tokyo, Japan).

Luciferase Assays

The pMIR-APP-3’UTR plasmid, with the pu-
tative binding site of the APP 3’UTR down-
stream of the firefly luciferase gene, was generat-
ed by cloning and inserting a 900-bp sequence of
the 3° UTR downstream of the Xhol and Xbal
sites in the pMIR-REPORT Luciferase Vector
(Ambion, Foster City, CA, USA). For luciferase
activity measurement, primary hippocampal neu-
rons were grown in 24-well plates to 60-70%
confluence, followed by the co-transfection of
luciferase plasmid with Renilla plasmid (Am-
bion) (as a control for transfection efficiency)
and pre-miR-16 (as a negative control) using
Lipofectamine 2000 (Invitrogen). The activities
of luciferase and Renilla were assessed after 48 h
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with the Dual-Luciferase Reporter 1000 Assay
System (Promega, Madison, WI, USA).

Statistical Analysis

All statistical analyses were carried out using
SPSS v18 (SPSS Inc., Chicago, IL, USA). Data
are presented as the mean + standard deviation
(SD). Student’s #-test was used to examine differ-
ences between groups and p < 0.05 was consid-
ered significant.

Results

Downregulation of miR-16 in the
Cellular AD Model

We employed cellular AD models of rat neu-
ronal differentiated PC12 cells and hippocampal
neurons from SD rats. In both models, we found
a significant decrease in the level of miR-16 after
A treatment (both p < 0.05, Figure 1).
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Figure 1. The expression of miR-16 was decreased in A insult cellular Alzheimer’s disease fAD) model. The mor-
phology of rat neuronal differentiated PC12 cells fA) and hippocampal neurons from Sprague-Dawley rats. The ex-
pression of miR-16 was evaluated in cellular AD model of PC12 (CJ and primary hippocampal neurons /D] by using

realtime PCR. *p < 0.05 when compared to control cells.
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Figure 2. miR-16 regulates cell apoptosis and cell viability in cellular Alzheimer’s disease (AD) model. Cell apoptosis was
determined by Hoechst 33342 (blue)/PI (red) nuclear double staining fA). Normal primary hippocampal neurons cells; (B).
Primary hippocampal neurons with miR-16 mimic treatment (CJ. Primary hippocampal neurons with miR-16 inhibitor treat-
ment; (D). Primary hippocampal neurons with AP treatment; (E). Primary hippocampal neurons with Ap and miR-16 mimic
treatment; (F). Primary hippocampal neurons with A and miR-16 mimic treatment. {G) Quantification of cell apoptosis; [H)
Cell viability was determined by MTT assay. *p < 0.05 when compared to control group; “p < 0.05 when compared to AP

treatment group; 'p < 0.05 when compared to Af} treatment group

Overexpression of miR-16 Decreased Cell
Apoptosis and Viability in Cellular AD
Model

Since primary neurons are more similar to
neurons in vivo, we performed all the analyses in
a cellular model of primary hippocampal neu-
rons. After the miR-16 mimic and inhibitor trans-
fections, we performed the AP treatment. The re-
sults showed a significant decrease and increase
in cell apoptosis in the primary neurons with
miR-16 mimic (p < 0.05) and inhibitor (p < 0.05)
transfections, respectively (Figure 2A-G). More-
over, we found significantly decreased cell via-
bility in the primary neurons with themiR-16

mimic transfection (p < 0.05), and decreased cell
viability in the primary neurons with the trans-
fected miR-16 inhibitor (p < 0.05) (Figure 2H).

miR-16 targets APP at the 3'UTR
and Decreases its Expression in Primary
Neurons

We searched for miR-16 target genes using the
Targetscan database, and the results predicted a
putative miR-16 binding site within the 3> UTR
of APP (Figure 3A). To explore the effect of miR-
16 on the mRNA and protein levels of APP, pri-
mary hippocampal neurons transfected with pre-
miR-16 were examined. The results suggested
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that there was a decrease in APP mRNA and pro-
tein after transfection with pre-miR-16 (Figure
3C and D). A luciferase experiment was also em-
ployed to detect binding of miR-16 to the 3’'UTR
of APP. Luciferase activity decreased after a par-
tial segment of the 3°UTR of APP was cloned in-
to the luciferase reporter vector (Figure 3B).

APP Knockdown Exhibits a Similar Effect
as miR-16A Overexpression

We employed APP siRNA to verify the effect
of APP knockdown in the cellular AD model. The
results showed that cell apoptosis was decreased
following AP insult in primary neurons after APP
siRNA transfection (p < 0.05, Figure 4A-D),
while cell viability was significantly increased
following AP insult in primary neurons after siR-
NA APP transfection (p < 0.05, Figure 4E).

Discussion
During the past few years, several agents have

been approved that enhance the cognition and
global function of AD patients, and recent ad-
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vances in understanding AD pathogenesis have
led to the development of numerous compounds
that might modify the disease process. A wide
array of anti-amyloid and neuroprotective thera-
peutic approaches is under investigation. These
are based on the hypothesis that AP protein
plays a pivotal role in disease onset and progres-
sion and those secondary consequences of Af
generation and deposition, including tau hyper-
phosphorylation and neurofibrillary tangle for-
mation, oxidation, inflammation, and excitotoxi-
city, contribute to the disease process. Interven-
tions in these processes with agents that reduce
amyloid production, or that remove, limit aggre-
gations of, or immunize against Af, might block
the cascade of events comprising AD pathogene-
sis. Reducing tau hyperphosphorylation, limiting
oxidation and excitotoxicity, and controlling in-
flammation might be beneficial disease-modify-
ing strategies'>!6.

In the present study, we found a significantly
decreased level of miR-16 following Af insult in
the cellular Alzheimer’s disease (AD) models of
rat neuronal differentiated PC12 cells and hip-
pocampal neurons from SD rats. MiR-16 overex-
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Figure 3. miR-16 targets amyloid precursor protein (APP) in primary hippocampal neurons and reduced APP expression. A,
A putative target site of miR-16 in 3-UTR of APP mRNA predicted by TargetScan. Mm: mouse; Hs: Human; Rn: rat. B, De-
creased luciferase activity after pre-miR-16 transfection. C, miR-16 overexpression decreased the gene expression of HDAC4.
D, miR-16 overexpression reduced the protein level of HDAC4. *p < 0.05 when compared to control miRNA.
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Figure 4. Amyloid precursor protein (APP) knockdown exhibited a similar effect on cell apoptosis and cell viability of pri-
mary hippocampal neurons. Cell apoptosis was determined by Hoechst 33342 (blue)/PI (red) nuclear double staining (A). Nor-
mal primary hippocampal neurons cells; (BJ. Primary hippocampal neurons with AP treatment (C). Primary hippocampal neu-
rons with A treatment and APP knockdown. /D) Quantification of cell apoptosis; fE) Cell viability was determined by MTT
assay. *p < 0.05 when compared to control group; “p < 0.05 when compared to A treatment group.

pression was found to decrease cell apoptosis
and cell viability in the cellular AD model, and
this may be attributed to decreased expression of
APP in the cellular AD model. These results sug-
gest a possible role for miR-16 in primary neu-
rons that gives insight into the development and
pathogenesis of AD.

Previous reports!” have shown that miRNA
plays an important role in multiple, specific neu-
rological processes such as neuroplasticity and
stress response. Direct associations can be found
between miRNA and AD. According to the amy-
loid cascade hypothesis in AD, the accumulation
of dense plaques and neurofibrillary tangles in
the brain leads to progressive dementia. Studies!”
have shown that the differential expression level
of miRNAs, such as miR-9, miR-124a, miR-
125b, miR-128, miR-146a, miR-219, affect the
function and behavior of the aged brain. These
data are consistent with the hypothesis that dif-
ferential expression of mRNA through miRNA
regulation may contribute to neural dysfunction
in the AD brain. Wang et al'® showed that miR-
107 was involved in accelerated disease progres-

sion through targeting of BACEI1. In addition,
using a cellular model, Hebert et al'® revealed
that miR-29a/b-1 can regulate BACE1/p-secre-
tase to affect the process of APP cleavage into
AP in patients with sporadic AD. Boissonneault
et al®® demonstrated that miR-298 and miR-328
could bind to sites in the 3’'UTR of BACEI mR-
NA and regulate BACE1 protein expression in
cultured neuronal cells. Recently, several miR-
NAs, such as miR-20a, miR-17-5p, miR-106a,
and miR-106b, were identified as novel endoge-
nous regulators of APP, indicating that miRNAs
can influence APP expression in the brain during
the development of disease®'?. In this study, we
found downregulation of miR-16 in the cellular
model of AD.

Our bioinformatics analysis indicated that
within the 3° UTR of the APP gene, there is a pu-
tative binding site for miR-16. By employing
multiple molecular assays, we confirmed a sub-
stantial correlation between the miRNA and APP
levels. Liu et al* previously demonstrated that
APP is a target of miR-16 and that miR-16 could
negatively regulate APP protein accumulation in



B. Zhang, C.-F Chen, A.-H.

Wang, Q.-F Lin

AD mice. Our results here are consistent with re-
sults from their study. In addition, by using APP
siRNA, we found that APP knockdown exhibited
a similar effect in the cellular model of AD.

AP, a neurotoxic agent, has been verified in
both in vitro and in vivo models of AD?**25:2¢,
Furthermore, it was demonstrated that A, 4, in-
sult to neuronal cells is one of the major causes
of AD. Therefore, we employed this peptide to
induce the AD phenotype in primary neurons in
vitro. In our study, we found nearly 60% rate of
cell death and 40% rate of cell apoptosis in pri-
mary cultured hippocampal neurons. After
transfection with a miR-16 inhibitor, the cul-
tured cells exhibited a slight increase in apopto-
sis, even in intact cells without exogenous Af
insult. These results suggested that downregula-
tion of miR-16 may promote the production of
endogenous AP by upregulating APP expression
and inducing similar cytotoxic effects as exoge-
nous Af insult.

Conclusions

Our results demonstrated that the downregula-
tion of miR-16 in primary neurons play an impor-
tant role in the cellular AD phenotype and might
be involved in the pathogenesis of AD. Based on
these results, we propose the existence of a mole-
cular event that may explain the pathogenesis of
AD. However, further assays should be per-
formed to verify the role of miR-16 in vivo.

Conflict of Interest

The Authors declare that they have no conflict of interests.

References

1) Burns A, Iurre S. Alzheimer's disease. Br Med J
2009; 338: 158.

2) Qu C, KivipELTo M, StrRAuss EV, Epidemiology of
Alzheimer's disease: occurrence, determinants,
and strategies toward intervention. Dialogues Clin
Neurosci 2009; 11: 111-128.

3) From THE CENTERS FOR DISEASE CONTROL AND PREVEN-
TioN. Public health and aging: trends in aging--
United States and worldwide. JAMA 2003; 289:
1371-1378.

4) LING S, ZHou J, Rubp JA, Hu Z, FANG M. The recent
updates of therapeutic approaches against abeta
for the treatment of Alzheimer's disease. Anat
Rec (Hoboken) 2011; 294: 1307-1318.

4026

5)

6)

8)

10)

11)

12)

13)

14)

15)

16)

17)

18)

NiwA R, ZHou F LI C, Stack FJ. The expression of
the Alzheimer’s amyloid precursor protein-like
gene is regulated by developmental timing mi-
croRNAs and their targets in Caenorhabditis ele-
gans. Dev Biol 2008; 315: 418-425.

BArTEL DP. MicroRNAs: genomics, biogenesis,
mechanism, and function. Cell 2004; 116: 281-97.

BoNAUER A, CARMONA G, Iwasakl M, MiONE M, Koy-
ANAGI M, FiscHER A, BURCHFIELD J, Fox H, DOEBELE
C, OHTANI K, CHAVAKIS E, POTENTE M, TJwA M, Ur-
BICH C, ZEIHER AM, DimMELER S. MicroRNA-92a
controls angiogenesis and functional recovery
of ischemic tissues in mice. Science 2009; 324:
1710-1713.

PARMACEK MS. MicroRNA-modulated targeting of
vascular smooth muscle cells. J Clin Invest 2009;
119: 2526-2528.

ABSALON S, KOCHANEK DM, RAGHAVAN V, KRICHEVSKY
AM. MiR-26b, upregulated in Alzheimer's dis-
ease, activates cell cycle entry, tau-phosphoryla-
tion, and apoptosis in postmitotic neurons. J Neu-
rosci 2013; 33: 14645-14659.

ZHU HC, WANG LM, WANG M, SONG B, TAN S, TENG
JF, DuaNn DX. MicroRNA-195 downregulates
Alzheimer's disease amyloid-beta production by
targeting BACE1. Brain Res Bull 2012; 88: 596-
601.

Lukiw WJ. Micro-RNA speciation in fetal, adult and
Alzheimer's disease hippocampus. Neuroreport
2007; 18: 297-300.

HEeBERT SS, HORRe K, NicoLAl L, PAPADOPOULOU AS,
MANDEMAKERS W, SILAHTAROGLU AN, KAUPPINEN S,
DEeLACOURTE A, DE STROOPER B. Loss of microRNA
cluster miR-29a/b-1 in sporadic Alzheimer's dis-
ease correlates with increased BACE1/beta-sec-
retase expression. Proc Natl Acad Sci U S A
2008; 105: 6415-6420.

FANG M, WANG J, ZHANG X, GENG Y, Hu Z, RupD JA,
LING S, CHEN W, HAN S. The miR-124 regulates the
expression of BACE1/beta-secretase correlated
with cell death in Alzheimer's disease. Toxicol Lett
2012; 209: 94-105.

J1Y, STRAWN TL, GRUNZ EA, STEVENSON MJ, LOHMAN
AW, Lawrence DA, Far WP. Multifaceted role of
plasminogen activator inhibitor-1 in regulating
early remodeling of vein bypass grafts. Arte-
rioscler Thromb Vasc Biol 2011; 31: 1781-1787.

YuaN W, Guo J, Lt X, Zou Z, CHeEN G, SuN J, WANG
T, Lu D. Hydrogen peroxide induces the activation
of the phospholipase C-gamma1i survival path-
way in PC12 cells: protective role in apoptosis.
Acta Biochim Biophys Sin 2009; 41: 625-630.
SINGH S, KusHwAH AS, SINGH R, FARSWAN M, KAUR R.
Current therapeutic strategy in Alzheimer's dis-
ease. Eur Rev Med Pharmacol Sci 2012; 16:
1651-1664.

MEezA-SosA KF, PEDRAZA-ALVA G, PEREZ-MARTINEZ L. mi-
croRNAs: key triggers of neuronal cell fate. Front
Cell Neurosci 2014; 8: 175.

WANG WX, RAJEEV BW, STROMBERG AJ, REN N, TANG
G, HuanG Q, Ricoutsos I, NEtsoN PT. The expres-



MiR-16 regulates cell death in Alzheimer’s disease

19)

20)

21)

22)

sion of microRNA miR-107 decreases early in
Alzheimer's disease and may accelerate disease
progression through regulation of beta-site amy-
loid precursor protein-cleaving enzyme 1. J Neu-
rosci 2008; 28: 1213-1223.

HEeBERT SS, HORRE K, NicoLAl L, BERGMANS B, PA-
PADOPOULOU AS, DELACOURTE A, DE STROOPER B. Mi-
croRNA regulation of Alzheimer's Amyloid precur-
sor protein expression. Neurobiol Dis 2009; 33:
422-428.

BoISSONNEAULT V, PLANTE I, RIVEST S, ProvosT P Mi-
croRNA-298 and microRNA -328 regulate expres-
sion of mouse beta-amyloid precursor protein-
converting enzyme 1. J Biol Chem 2009; 284:
1971-1981.

HEeBERT SS, HORRE K, NicoLal L, BERGMANS B, PA-
PADOPOULOU AS, DELACOURTE A, DE STROOPER B. Mi-
croRNA regulation of Alzheimer's Amyloid precur-
sor protein expression. Neurobiol Dis 2009; 33:
422-428.

PATEL N, HOANG D, MILLER N, ANSALONI S, HUANG Q,
RoGEeRrs JT, Lee JC, SAUNDERs AJ. MicroRNAs can
regulate human APP levels. Mol Neurodegener
2008; 3: 10.

23)

24)

25)

26)

Liu W, L C, ZHu J, SHU P YIN B, GoNg Y, QIANG B,
Yuan J, PENG X. MicroRNA-16 targets amyloid pre-
cursor protein to potentially modulate
Alzheimer's-associated pathogenesis in SAMP8
mice. Neurobiol Aging 2012; 33: 522-534.

Pike CJ, Cummings BJ, Cotman CW. beta-Amyloid
induces neuritic dystrophy in vitro: similarities
with Alzheimer pathology. Neuroreport 1992; 3:
769-772.

MOoOECHARS D, DEWACHTER |, LORENT K, REVERSE D,
BAEKELANDT V, NAIDU A, TESSEUR |, SPITTAELS K, HAUTE
CV, CHecLER F, GobAux E, CORDELL B, VAN LEUVEN F
Early phenotypic changes in transgenic mice that
overexpress different mutants of amyloid precur-
sor protein in brain. J Biol Chem 1999; 274:
6483-6492.

Du YS, DEWACHTER |, LORENT K, REVERSE D, BAEKELANDT
V, NADU A, TESSEUR |, SPTTAELS K, HAUTE CV, CHECLER F,
Gobaux E, CorpeLL B, VAN LeuveN F Amyloid-beta
peptide-receptor for advanced glycation endproduct
interaction elicits neuronal expression of
macrophage-colony stimulating factor: a proinflam-
matory pathway in Alzheimer disease. Proc Natl
Acad Sci U S A 1997; 94: 5296-5301.



