UC Irvine
UC Irvine Previously Published Works

Title
Immune reactive cells in senile plaques and cognitive decline in Alzheimer’s disease

Permalink
bttgs:ggescholarshiQ.orgéucgitem4690322xg
Journal

Neurobiology of Aging, 24(2)

ISSN
0197-4580

Authors

Vehmas, Anne K
Kawas, Claudia H
Stewart, Walter F

Publication Date
2003-03-01

DOI
10.1016/s0197-4580(02)00090-8

Copyright Information
This work is made available under the terms of a Creative Commons Attribution License, available at
@s://creativecommons.orq/licenses/bv/4.0/{

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/690322xk
https://escholarship.org/uc/item/690322xk#author
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/

NEUROBIOLOGY
OF
AGING

ELSEVIER Neurobiology of Aging 24 (2003) 321-331

———————
www.elsevier.com/locate/neuaging

Immune reactive cells in senile plaques and cognitive
decline in Alzheimer’s disease

Anne K. Vehma$, Claudia H. Kawag, Walter F. Stewaft Juan C. Troncost*

a Department of Pathology, Neuropathology Division, The Johns Hopkins University School of Medicine,
720 Rutland Avenue, Ross 558, Baltimore, MD 21205-2196, USA
b Department of Neurology, University of California, Irvine, CA 92697-4540, USA
¢ Department of Epidemiology, The Johns Hopkins University School of Hygiene and Public Health, Baltimore, MD, USA

Received 24 October 2001 ; received in revised form 5 June 2002; accepted 13 June 2002

Abstract

We examined the associations of postmortem neocortical immunoreactivities for microglia, astrogytes] Aau with cognitive
changes in clinically characterized subjects with pathological diagnoses (CERAD classification) of definite AD (9), possible AD (15)
and age-matched controls (11). By measuring the fractional area (FA) of immunoreactivity, we foung thepdsits appear early
in the pathogenesis of fA but cannot account for cognitive decline. We found a significant increases in FA for microglia in pos-
sible AD cases (nondemented) compared to contrBls< 0.05) and in FA for astrocytes in definite AD (demented) compared to
possible AD ¢ < 0.01). Tau immunoreactivity was observed only in the neuropil of definite AD caBes (0.001). The signif-
icant increase in microglia between controls and AD possible cases suggests that activation of microglia occurs in the early patho-
genesis of AD, whereas the significant association between astrocytic reaction and dementia, suggests that these cells play a role
in the late stage of the disease, when dementia develops. Tau immunoreactivity appears as the strongest morphological correlate of
dementia.
© 2002 Elsevier Science Inc. All rights reserved.
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1. Introduction For example, SPs contain microglia and astrocytes, both of
which are immunocompetent cell8,10,13,45] as well as
In Alzheimer’'s disease (AD), amyloi@-peptide (A3- complement proteingl,31,46] Microglia are the principal

peptide) is deposited in the brain parenchyma and cere-immune cells in the CNS, and have the ability to phagocy-
bral blood vessels. Senile plaques (SP) composed®f A tize and to produce superoxide, complement, complement
neurofibrillary tangles (NFTs), and neuritic and synap- receptors, and cytoking8]. Because of the potentially neu-
tic abnormalities are the central pathological features of rotoxic effects of its products, the activation of microglia
AD. Although the neuropathology of end stage AD is may be seen as a “double edged sword” that can not only
well known [2,11,25,30,33,42,51]the earlier stages of protect but also harm the CN[B,45]. Indeed, the neuro-
the disease are not as clearly defined and need furthertoxicity of AB in vitro requires the presence of microglia,
study. Because SPs are present in some individuals withwhich are activated by this peptidg6,25,47] In the
well-documented normal cognitidid,9,22,43] it is impor- CNS, astrocytes are important for maintaining homeostasis
tant to ask whether the constituents of SPs and the reactior[6,18,21,28,37,48,494nd also have an important role in

to these lesions in nondemented and demented subjects argnmune responses. For example, these cells can migrate in
the same. There is growing evidence for a chronic immune response to chemotactic stimuli and gather in areas of injury
response in the brains of AD patients and that this responseor inflammation. They can produce complement, comple-
may contribute significantly to the damage and degenera-ment receptors, and cytokines (especially pro-inflammatory)
tion of neurons and neurites leading to demefi®ia,32] [10,39]

In this study, we examined differences in microglia and

"+ Corresponding author. Tek:1-410-955-5632; fax:-1-410-955-9777.  astrocytes, as markers of immune response, and Tau le-
E-mail address; troncoso@jhmi.edu (J.C. Troncoso). sions, as indexes of neuronal and neuritic injury, in the
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postmortem brains of clinically well characterized control 2. Materials and methods

and demented subjects from the Johns Hopkins University

Alzheimer’s Disease Research Center (JHU ADRC) and the 2.1. Subjects

Baltimore Longitudinal Study of Aging (BLSA/O]. First,

we examined the distribution of immunoreactivity of each  Subjects £ = 35) were from the JHU ADRCn( = 10)
antibody, and second, we quantitated these immunoreactiv-and the BLSA ¢ = 25). Cases were selected on the ba-
ities by measuring the fractional area in the brain region of sis of their neuropathological diagnoses according to the
interest according to the method of Gundersen eflal]. CERAD classification{35], as follows. Controlsi{ = 11)

We observed a significant increase the fractional area were cognitively normal and their brains were free of SP.
of reactive microglia associated with the transition from Possible AD cases:(= 15) were cognitively normal but
controls to possible AD cases, suggesting that microglia aretheir brains showed frequent neocortical neuritic SP on sil-
important in the early pathogenesis of AD. We also found ver stains. Cases similar to these may have been labeled as
significant increases ithe fractional areas of astrocytes “high pathology controls” in previous publications by oth-
and Tau lesions in the neocortex of demented compared toers[29]. Definite AD casesi = 9) were demented and had
nondemented subjects, suggesting that these changes occtirequent neocortical neuritic SP on silver stains. The demo-
later in the disease and are important for the developmentgraphic information, clinical status and neuropathological

of the clinical manifestations of dementia. Braak staging5] of the subjects are shown in tfiable 1
Table 1

Demographic information, clinical status and fractional area results in controls (CONTR), AD possible (AD poss) and AD cases (AD)

Subject Diagnosfs Age (year) Sex MMSE Tinfe Braak Area Fractional area (%)

AB HLA-DR GFAP Tau

1 AD 90.1 M [\ SMTG 2.23 2.55 3.2 0.19

2 AD 78.2 F 7 113.4 Vi SMTG 4.87 1.82 19.67 35

3 AD 88.6 M 18 12.4 [\ MFG 9.11 0.2 8.23 1

4 AD 72 F 15 7 \| SMTG 5.15 2.06 12.76 1.44

5 AD 92.5 F 16 2.5 [\ SMTG 9.09 0.07 6.06 0.27

6 AD 79.9 F 26 2.6 Il SMTG 2.33 1.23 3.7 0.08

7 AD 70.4 F 0 0.3 VI SMTG 5.54 2.86 9.67 1.44

8 AD 102.7 M 7 2.5 \Y SMTG 2.58 0.36 14.32 0.36

9 AD 74.5 F 14 9.1 \% SMTG 5.43 1.18 5.67 1.35
10 AD poss 82.8 F v MFG 7.23 0.03 2.07 0
11 AD poss 79.5 M 28 9.3 1l SMTG 0.77 0.18 5.67 0
12 AD poss 80.7 F 30 24 \Y SMTG 5 0.06 11.6 0
13 AD poss 89.6 M 25 28.3 [\ SMTG 0.72 2.77 3.41 0
14 AD poss 99 M 22 5.4 1l SMTG 1.73 1.41 6.43 0
15 AD poss 91.8 M 30 31.5 v MFG 3.94 0.45 4.8 0
16 AD poss 88 M 28 31 v SMTG 1.52 0 4.13 0
17 AD poss 94.2 M 26 10.1 v SMTG 1.02 1.41 3.13 0
18 AD poss 72.8 M 30 16.9 | SMTG 3.46 0.33 3.43 0
19 AD poss 78 F 28 4 1l MFG 1.2 0.4 3 0
20 AD poss 101 F 22 14 1l MFG 1.8 2.5 4.6 0
21 AD poss 84 M 27 13 v MFG 0.8 1.8 3.6 0
22 AD poss 83 F 29 14 1l MFG 3.24 29 2.6 0
23 AD poss 89 M 27 16 \ MFG 6.2 1.4 2.4 0
24 AD poss 81 M 30 23 1] SMTG 2.1 2 2.2 0
25 CONTR 81.3 M 30 16.9 1l SMTG 0 0 7.35 0
26 CONTR 86.9 M 27 1.9 I} SMTG 0.15 2.78 3.24 0
27 CONTR 83.7 M 28 26.4 0 SMTG 0.12 0.31 9.37 0
28 CONTR 83.7 M 30 4.2 1] SMTG 0.22 0 3.54 0
29 CONTR 92.9 M 28 47.4 Il SMTG 0.1 0 2.07 0
30 CONTR 73.6 M 29 6.2 1] SMTG 0.23 0.3 5.92 0
31 CONTR 90 M 29 7.9 Il SMTG 0.79 0.14 11.77 0
32 CONTR 68.6 M 27 7.8 1] SMTG 0.38 1.18 2.28 0
33 CONTR 73.2 M 30 9.5 | SMTG 0.18 1.66 1.05 0
34 CONTR 69.3 M 29 26.7 1l SMTG 0.07 1.46 5.89 0
35 CONTR 96 M 28 12.4 m MFG 0.22 0.64 2.47 0

aPpathological diagnosis according to CERABB].
bThe time difference in months between the last MMSE (Mini-Mental State Examination) and death.
¢Braak stagind5].
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Controls, possible AD cases and definite AD cases did not Table 2
differ by age. Differences among the three groups were Sources and concentrations of primary antibodies used in ICC (paraffin)
observed, however, for Braak stages and MMSE scores,Studies of human brain

Specifically, the three groups were significantly different Antibody Target Concentration  Source
in their distribution by Braak scoreP( < 0.005). Definite 10D5 AB 1-28 1/200 Elan Pharmaceuticals
AD cases had significantly lower MMSE scores than con- HLA-DR Microglia 1/100 DAKO
trols (P < 0.001) and possible AD case® (< 0.001). On (CR3-43)
average, MMSE scores were higher among controls than ™" Astrocytes 1/400 DAKO
. . . Tau (Tau-2) Tau (amino 1/1000 Sigma
possible AD cases, but the difference was not statistically 5y acids 95-108)
significant.
2.2. Diagnostic neuropathology croglia and astrocytes) immunostaining. The sections were

first treated with methanol#D, for 30 min, to eliminate
Brain tissues were fixed in 10% buffered formaldehyde endogenous peroxidase activity, and rinsed in deionized
for 2 weeks. Tissue blocks were processed for paraffin em-water for 10 min, followed by microwaving for 7 min. Sec-
bedding, cut at 10m, and stained with H&E and the Hi- tions for AR immunostaining were also pretreated with
rano silver method52]. The neuropathological diagnosis concentrated formic acid (80%) for 3min. Then 3% nor-
of AD was formulated according to CERAD recommenda- mal goat serum was used as blocker for 1h, followed by
tions, based on the frequency of neocortical neuritic SP asincubation overnight in the appropriate primary antibody

determined on silver stairi85]. at room temperature. The concentrations for primary an-
tibodies are presented ifable 2 After incubation with
2.3. Clinical evaluations primary antibodies, sections were incubated with the ap-

propriate secondary antibodies (ABC-kit, Vector Elite or

Clinical evaluations were conducted annually and have mouse-/rabbit- IgG and mouse-/rabbit-PAP) for 1 h in each
been described previousli3]. Briefly, ADRC subjects step. A standard diaminobenzidine (DAB) reaction was used
were seen at the center or, if necessary, in their homes.to visualize immunoreactivities. The single-labeled sections
BLSA participants generally came to the Gerontology were counterstained with hematoxylin. For double immuno-
Research Center (NIA) every 2 years for the full BLSA labeling HLA-DR/AB and GFAP/A8, the ABC-kit (Vector
protocols[40] and received home visits by the ADRC staff Elite) was used to detect the first and second antibodies,
in the year between their regular biennial visits. The evalu- with DAB and benzidine dihydrochloride, respectively, as
ations included comprehensive medical history, a complete chromagens. For double immunolabeling Tau/HLA-DR,
standardized neurological examinations, and a battery ofthe ABC-kit (Vector Elite) was used to detect the first and
neuropsychological procedures, including the Mini-Mental second antibodies, with SG and NovaRed respectively as
State Examination (MMSH) 2] and the Clinical Dementia  chromagens.
Rating Scale[4,19]. If a participant was unable to com- In a second set of experiments, we used floating sections
plete an annual visit, they were interviewed by telephone from the frontal (Brodman's area 8 or 9) and temporal
to update the medical history and to administer a Tele- (Brodman’s area 21 or 22) lobes. Tissues were lightly fixed
phone Blessed Information—-Memory Concentration Test in 4% paraformaldehyde, cryoprotected, frozen, and cut
(T-BIMC) [23]. If a subject showed significant declines on at 40pm on a sliding microtome. Floating sections were
the T-BIMC or other neuropsychological procedures, addi- single or double immunostained with antibodies fop,A
tional information was collected from the family with the microglia, and astrocytes. The standard avidin—biotin com-
Dementia Questionnaif@4] and medical records. Clinical  plex procedure was used in floating sections with the same
diagnoses were determined in a consensus conference. Thantibodies as described in the paraffin procedure. Sections
clinical diagnosis of AD was based on NINCDS—-ADRDA were pretreated with methanol8, for 20 min and washed

criteria[34]. in Tris buffered saline (TBS, 8 10 min). Sections for A
immunostaining were pretreated with 15% formic acid for
2.4. Immunocytochemistry 5min, blocked in 4% normal goat serum and 0.1% Triton

X-100in TBS for 1 h and incubated with primary antibodies
Serial tissue sections (1n) from paraffin-embedded for 24 h at £C. The concentrations for primary antibodies
middle frontal (MFG), (Brodmann's area 8 or 9) or su- were: A3 1-28, 1:1000; HLA-DR 1:500; and GFAP 1:2000.
perior and middle temporal gyri (SMTG), (Brodmann’s After incubation with primary antibodies, sections were in-
area 21 and 22) were examined with single and double cubated with the appropriate secondary antibodies (ABC-kit,
immunostains for &, microglia, astrocytes, and Tau pro- Vector Elite) at room temperature, each step for 1 h. Im-
tein using the antibodies described Table 2 We used munoreactivities were assessed by a standard DAB reaction.
the standard avidin—biotin complex procedure (f@ and In double immunolabeling the ABC-kit (Vector Elite) was
Tau) or the peroxidase—antiperoxidase technique (for mi- used to detect the first antibody with DAB as chromagen.
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Before exposure to the second primary antibody, tissues2.6. Quantitative analyses of immunoreactivities

were blocked in 4% normal goat serum (without Triton

X-100) in TBS for 30 min at room temperature. The tissue  Quantitative analyses were conducted on single immunos-
sections were then incubated with the second primary an-tains. In order to measure the amount of immunoreactivity
tibody overnight at 4C. The second antigen was detected (IR) for each antibody, the fractional area (FA) of the IR
with the ABC-kit (incubation for 1h at room temperature was measured by the method of Gundersen did@]. The

in both steps) with benzidine dihydrochloride as chromagen region of cortex analyzed was delineated with the help of
and 0.01 M sodium acetate as buffer (pH 6.0). In each run, a microscope equipped with stepping motors controlled by
negative controls, with no primary antibody, were used to Stereo Investigator Software (MicroBrightfield, Inc., Ver-

assess specificity. mont). A group of 20 points was placed in a systematic
random position, at 1000m intervals, within the boundary
2.5. Qualitative analyses of senile plaques of each region. The sum of the points falling over structures

of interest (e.g. microglia) was divided by the total number
The qualitative analyses utilized both single and double of grid points sampled to estimate the fraction of the area of
immunostains. We compared the pathological changes be-the region occupied by a particular type of cell. According
tween nondemented and demented subjects, in both SPs antb the Delesse principle (Gundersen et al.), the FA is equal
in the intervening neuropil. We also examined the possi- to the fraction of the volumeMg) occupied by the cell type
ble co-localization of Tau immunoreactivity with microglia being quantified. This method measures the percentage of

and/or astrocytes. the area of interest (in this case, the cerebral cortex) that is
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Fig. 1. Box plots of the distribution of samples by disease status (i.e. control, possible AD, definite AD) and H& f6FAP, HLA-DR, Tau. The box
area indicates the interquartile range, the line in the box indicates the median value, and the dashed lines indicate the 90% range.
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immunoreactive for a specific antibody. First, we outlined 3. Results

an area (100 m#A) of cortical gray matter (either MFG or

SMTG, Table J) that included all neuronal layers (from pia 3.1. Qualitative observations
to the boundary with the white matter). Then, starting from

a random site, the computer provided a systematic sampling For the qualitative analyses we studied single immunos-
of the outlined field (which was divided randomly into tains for AB (Figs. 1 and , HLA-DR (Fig. 3), GFAP Fig. 4)
1000pnm x 1000nm), and at each selected site it projected and Tau Fig. 5) on each subject. To examine the composi-
a counting frame (13@m x 100pm) and a superimposed  tion of SPs, we used double immunostains f@/ALA-DR
counting grid composed of small equidistant crosses. We (Figs. 6 and 7and A3/GFAP (Fig. 7A). The composition
counted all the crosses that fell on the cerebral cortex (total of SP, as examined by their IR with the various antibodies,
number of crosses) and the crosses that coincided with im-was heterogeneous. Some SP were IR only frbAt not
munoreactivity (IR) “hits”. IR was counted whether or not  for astrocytes or microglia. The majority of these SP were
it was associated with SP. The sum of hits for all counting of the diffuse type and most were found among possib|e AD
frames divided by the total number of crosses is the FA. A cases. Activated microg"a, detected by HLA-DR IR, were
change in this parameter can involve changes in the num-common in the SPs of definite AD as well as in possible
ber or size of the cells, or in both. Based on this data it AD, and they appeared to be associated with the core of
is impossible to determine which factor has changed. We the plaque in both group&igs. 6 and 7B Comparing con-
counted on average the following number of hits/points trols (no SPs, normal cognitionfFig. 3A) and possible AD
for different immunostains; with HLA-DR antibody in AD  cases (SPs, normal cognitioriig. 3B), reactive microglia
40/2768, in AD possible 28/3518, and in controls 23/3165; increased markedly in the latter group in association with
with GFAP antibody in AD 162/1645, in AD possible Sps and in the neuropil. Astrocytes, demonstrated by GFAP
97/1994 and in controls 105/1933; wittfBAantibody in AD  |R, were typically located in the periphery of SPs in cases of
98/1919, in AD possible 65/2266, and in controls 5.6/2355; possible Fig. 4B) and definite AD Figs. 4C and 74 but in

and with Tau antibody in AD 43/3457, in AD possible the latter were also abundant in the neuropil. Again, Tau IR
0/2200, and in controls 0/2300. This procedure was repeatedrevealed the sharpest distinction between possfiite 6A)

for each antibody in the same cortical area. The individ- and definite AD Fig. 5B—D) cases, as Tau immunoreactivity
ual conducting the measurements was blind to diagnostic

categories.
High power of A
2.7. Co-localization of Ag and microglia - (D)
To examine the co-localization offAcores and microglia
in SP, we randomly selected five cases of possible AD and
five of definite AD. On double immunostains, we examined |
and counted 150 SPs in each case by using the Stereo In-
vestigator System. Each SP was then classified as: without
core or microglia, without core but with microglia, or with
core and with microglia.

. . .
2.8. Satistical analyses o

Wia o 7 . . High power of C

Summary statistics (mean and 95% confidence inter- ., MLk s le o ey o '

vals) were derived for each of the four neuropathological & * : ‘.‘_‘ ; .woﬁ < &
markers among controls, possible AD cases, and definite mee g mpo = s o e
AD cases. Statistical differences in the fractional area of (&) = =% . val o0 = & Yy
AR deposits, microglial and astrocytic activity, and Tau v . "‘ . '~ . '-
among the three study groups were evaluated using the | s '7"', ‘__.’ . i
Wilcoxon Sign Test. This is a rank order nonparametric = ' = :9 o BN ;._": o
test suitable for small sample sizes or when values are ‘ Qh; : ;, Ry
not normally distributed. For each comparison between = #& # E BRE T e ST a
groups of sizen; and ny each value is assigned a rank L =@ =, = & P L . 10 pm

order between 1 and; + n». Significance testing is based

on a comparison of the sum of the rank scores derived

f h P Al dt h oth tibody): (A) control; (B) possible AD; (C) definite AD; (D) high power
or each group. groups were comparea 1o each other ¢ e o perineuronal B deposits in a control case (nondemented); (E)

(i.e. four markers and three possible comparisons) on eachhigh power of 48 in the crown and core of a senile plague in a case of
marker. AD.

Fig. 2. AB immunostaining in human neocortex §Al-28, Athena an-
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Fig. 3. HLA-DR immunostaining in human neocortex: (A) control; (B) possible AD; (C and D) definite AD (at different magnifications).

was observed only in definite AD cases, both within SP
(Fig. 5D) and in the neuropil (Tau threadskig. 5B), (neu-
rofibrillary tangles inFig. 5C. In definite AD cases, we de-
tected Tau positive microglia especially in association with
cores Fig. 9.

3.2. Quantitative results

Measurement of fractional areas (mea®.E.M.%): AR
FA was negligible, @ + 0.06%, in controls, Z + 0.5%
in possible AD, and 2 + 0.9% in definite AD, showing
a significant differences among groups. HLA-DR reactivity
showed a gradual increase, fron8@: 0.3% in controls to
1.240.3% in possible AD and.#14+0.3% in definite AD. The

Fig. 4. GFAP immunostaining in human neocortex: (A) control subject with astrocytes around small blood vessels; (B) possible AD case with astrocytes

difference in HLA-DR FA between controls and possible AD
cases was significanP(< 0.05). In contrast, FA for GFAP
was only slightly different between controls,251% and
possible AD, 42+ 0.6%, but significantly higher in definite
AD, 9.3+ 1.8%, compared to possible ADP(< 0.01). Tau

IR revealed the sharpest distinction between nondemented
and demented case® (< 0.001), as Tau IR was observed
only in the brains of subjects with definite AD,3t: 0.3%.

The box plots of the distribution of samples by disease status
and FA for specific antibodies are displayed-ig. 1 In the
examination of co-localization of SP-cores and microglia,
the cores were always associated with reactive microglia,
although the proportion of the different types of plaques
was different in possible AD compared to definite AD, as

surrounding a SP; (C) definite AD with abundant astrocytes around senile plague and in neuropil.
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Fig. 5. Tau immunostaining in neocortex: (A) no staining in possible AD; (B) neuropil Tau threads in definite AD; (C) neurofibrillary tangle in definite
AD; (D) senile plaque in definite AD.

16 pm

Fig. 6. A3 and microglia double-immunostains. Floating tissue sectiongu@0from neocortex in AD case. Bdhc (blue) staining fop A—28 (Athena
antibody) and Dab (brown) staining for microglia (HLA-DR): (A) note microglial cells (brown) inside senile plaques;B)eposits (blue) next to
blood vessels; (C) microglial cells (brown) along and around blood vessels; gDJeposits (blue) and microglial cells (brown) next to blood vessel.

shown inFig. 8 In the cases of definite AD, 42+ 10.7% 4. Discussion

of the plagues had no core or microglia,.84 5% had

only microglia, and 23 £ 6.7% had cores and microglia. 4.1. Subjects

In possible AD cases, 52+ 14% of the plaques had neither

core nor microglia, 22 + 7.9% had only microglia and The subjects in this study were clinically well character-

19.6 £ 6.6% had cores and microglia. These differences did ized and 45.7% of them had been examined within a year
not reach statistical significance with this small sample size before death and 74.3% within 2 yeaf@lle ). This short

(5 AD and 5 AD possible). Notably, we did not find plaque interval between the last clinical evaluation and autopsy
cores without microglia in cases of either possible or definite enhances the value of the clinical pathological correlations
AD (Figs. 6 and . examined in this study. It is also important to point out that
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(A) o lit s noses and, therefore, on the basis of the amount of SP in
£ the neocortex. Our observations suggest thatd&position
is an early event in the pathogenesis of AD; however, the
e lack of dementia in subjects with moderat@ Aeposition,
e i.e. the possible AD group, suggests that this pathological
: event is necessary but not sufficient for the development of

_"‘ dementia in AD.
e 20 pm 4.3. Microglia
(B) S L ¢ . : L
el It was of interest that the FA for microglia increased
i ﬁ‘; [ significantly in possible and definite AD cases compared to
W g controls. Because this increase in microglia was associated
§ ‘_-'_'fw }- : with the appearance ofAin possible AD cases, we specu-
S - U late that microglia may be increased as a reactionf@Ad
e constitute an important factor in the early stages of AD. We
b ,é"ft_-t_ : g 10u_m also observed that microglia were present within thg A

deposits and, in particular, were associated with the core of
Fig. 7. AB and astrocyte (GFAP) double-immunostains. Paraffin sections gis This strong e}SSfOCIar?on of quro%llla with the. Cor? Xf
(10pm), neocortex from AD case: (A) Bdhc (blue) staining for astrocytes . s SuggeSts arole for t ese ce S_ in the pfOCE'SSIﬂgBO
around A deposits (Athena antibody) stained wihAB (brown); (B) Microglia may phagocytize8-amyloid protein[15,20,36]
microglial cells (HLA-DR) in brown in A8 deposits (Athena antibody)  and also the remains of dystrophic neurites, as suggested
blue. Microglial immunostain predominates at the center of the SP whereas by the presence of Tau IR in microglial cells. At the same
astrocytic immunostain predominates in the periphery. time, activated microglia may secrete neurotoxic products
[8,26,46] A previous study examined the brains of non-

the demented group (with definite AD) had a wide range demented individuals with substantial Alzheimer’s lesions
of MMSE (from 0 to 26) and Braak stages (from Il to \I). ~and referred to them as high pathology controls (HEG).
The inclusion of subjects in early stages of dementia may This study found that HPC brains did not have increased

reduce the differences in pathological markers between themMicroglia as detected by LN3 immunoreactivity. By con-
demented and nondemented group. trast, we have demonstrated that microglia, as detected by

HLA-DR immunostain, is increased in subjects comparable
to HPC. This difference may be explained by differences in
the stage of the dementia in the subjects, or by differences
in the expression of microglial epitopes detected by LN3
or HLA-DR. An important question is whether changes
in microglia may reflect different pre-mortem and agonal
circumstances. Although pre-mortem and agonal stage in-
formation is not available in our subjects, in our experience
a larger proportion of nondemented individuals, i.e. controls
and possible AD, die suddenly compared with demented pa-
tients, i.e. definite AD. It is believed that protracted agonal
states, common in bed-ridden patients with advanced AD,
may cause increased activation of brain microglia. However,
since the difference in microglia in our study was between
controls and possible AD subjects, all of them fully active,
we believe that this difference represents the evolution of
the disease and is not secondary to agonal stages.

4.2. AB deposition

AR is normally expressed in neurons and nonneural cells,
yet its function remains uncle§8,41] Under normal con-
ditions, the metabolism of A does not result in its accumu-
lation, but during aging many humans develop #eposits
in brain parenchyma and vess§lgl]. In our observations,
the FA for AB, also known as B load, varied significantly
among the control group and the possible and definite AD
groups. This is not surprising because the brains for this
study were selected according to neuropathological diag-
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We observed a statistically significant association be-
tween dementia and astrocytic activation (i.e. FA of GFAP)
in possible versus definite AD, but not between controls

Definite AD Possible AD and possible AD. The observed increase in the FA of GFAP
Fig. 8. Quantitation of & cores and microglia in 150 plaques selected Can result from a change in the number of astrocytes, in the
at random from five possible AD cases and five definite AD cases. change in the volume of astrocytes or in both. In the brains
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of demented individuals, GFAP showed doubling of IR, re- corresponding to amino acids 95-1(®&0] plays a role
flecting the presence of astrocytes not only in SPs but in thein the development of dementia. We also detected Tau-2
intervening neuropil. The difference in GFAP IR between immunoreactivity in microglial cells, particularly in asso-
controls and AD possible cases was not significant, suggest-ciation with the plaques with core, but also in the neuropil
ing that astrocytic reaction is a late event in the response to(Fig. 9). Previously, it has been speculated whether this is
AB deposition, and that it may follow microglial activation. due to a cross-reactive antigen or Tau in microg#4].
When stimulated by B, reactive astrocytes may produce However, in our experiment we detected HLA-DR positive
neurotoxic chemokines and cytokines. Taken together, ourmicroglia with and without Tau-2 immunoreactivity in the
observations suggest that the development of cognitive same case and in the same microscopic field, which speaks
decline in AD is associated with the proliferation and ac- for specific binding of Tau in microglia.
tivation of astrocytes in the cerebral cortex. The peripheral  Several conclusions may be drawn from this study. First,
distribution of astrocytes aroundpAdeposits suggests a AR deposits in AD appear necessary but not sufficient
role in containing or circumscribing the abnormal protein, to cause dementia, as they were observed in demented
a well-known function of astrocytes in response to injury. and nondemented subjects. However, the increasifg A
load seems to play a role possibly in triggering additional
45, Tau pathogenic factors (microglia, astrocytes, etc.) and driving
the disease progress. Second, increased reactive microglia
A central neuropathological feature of AD is the pres- is associated with the increased3Aoad and transition
ence of neurofibrillary tangles, which are composed of from control (no A3) to possible AD (A8+), suggesting a
hyperphosphorylated Tau prote[@7]. Tau immunoreac-  role for these cells in the early pathogenesis of the disease.
tivity (Tau-2) revealed the sharpest difference between Third, the significant association between cognitive decline
nondemented and demented cases, as it was observed onlgnd proliferation and activation of astrocytes suggests that
in the neuropil of definite AD. However, earlier Lue et al. these cells may play a role in the late stage of AD. The
[29], have reported nondemented elderly with profuse neu- location of astrocytes mainly in the periphery of SP may
rofibrillary tangles i.e. high pathology controls detected by reflect the roles of these cells in immune-defense. Fourth,
Thioflavine. The sharp contrast seen in our study in Tau-2 Tau-2 immunoreactivity appears as a strong morphological
immunostain between demented and nondemented indi-correlate of dementia, existing only in definite AD cases.
viduals might reflect low sensitivity of the Tau-2 antibody In summary, it appears thatpAdeposition is an early
compared to silver stains and thioflavine. However, the event in the pathogenesis of AD, but is insufficient to
significant difference in Tau-2 immunoreactivity between cause dementia. Our observations suggest that the prolifer-
demented and nondemented individuals raises the questioration and activation of microglia and astrocytes constitute
whether the conformational change in the epitope of Tau secondary steps in the pathogenesis of dementia in AD.

&
- -
. "
¥ v
e & -
.‘. " -~
‘“\t , & ‘.,f 4
A - 8%
1
G
B T
.
" ¥ ‘ *
e
"_. > i 3 B
L - » ' 10 pm
¥ fOpm

Fig. 9. Tau and microglia double-immunostain. Paraffin sectiong.(d)) neocortex from AD case (subject #8), MMSE 7, age 102.7 years. SG (blue)
staining for Tau (Tau-2 antibody) and NovaRed (red) staining microglia (HLA-DR).
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Furthermore, it appears possible that the microglial changes[15] Geula C, Wu CK, Saroff D, Lorenzo A, Yuan M, Yankner BA. Aging

may precede the astrocytic proliferation and activation asso-
ciated with dementia. Although these changes of microglia

and astrocytes appear to be down-stream od&position,
they still represent reasonable targets for treatment.
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