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Alzheimer Neuropathologic Alterations in Aged Cognitively Normal Subjects

D.G. Davis, MD, EA. Scamrrr, PHD, D.R. WEKSTEIN, PHD, AND W.R. MARKESBERY, MD

Abstract. The histopathologic changes distinguishing early Alzheimer disease (AD) from normal or pathologic aging are
not clearly defined. This report describes the autopsy findings of 59 elderly, well-educated, volunteers, They were examined
longitudina!ly with mental siatus testing, some for up to 8 years, as purt of our normal aging study, This study reveals that
(1} the brains of many subjects who did not show cognitive impuirment on neuropsychologic testing contain abundant senile
plaques (SP) and/or neurcfibrillary tangles (NFT)x (2) 29 subjects met Khachatrian criteria for AD, 15 met CERAD and 7
met National Institute on Aging-Reagan Institute guidelines; (3) Braak and Brazk staging method included 9 in stage 1V
suhjects, 4 in stape ¥V, and | in stage V1; (4) there was a progression of NFT from entarhinal cortex to hippocampus and
amygdala as a function of age: (3) 2 subjects met eriteria for a dingnosis of dementia with Lewy bodies but were not demenied;
(6) cerebral amyloid angiopathy was present in leptomeningeal vessels in 75% of subjects and in parenchymal vessels in 62%
of subjects: (7) only 10 of 59 subjecis (17%) had no or few depenerative brain changes, Qur study demonstrates that the
brains of a large percentage of cognitively normal. relatively well-cducated individuals contain numerous degenerative changes

and only a small pereentage are relatively frec of these changes.
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lesions.

INTRODUCTION

Distinguishing the histopathologic alterations that dif-
ferentiate Alzheimer disease (AD) from normal brain ag-
ing is critical to understanding AD and the aging process.
In AD, there are abundant neurofibrillary tangles (NFT)
and senile plaques (SP) in the entorhinal cortex, hippo-
campus, and cerebral neocortex. Two histopathologic
guidelines for the diagnosis of AD are presently used (1,
2); both emphasize the presence of neuritic plaques (NP}
and 1 places emphasis on NFT in medial temporal lobe
structures and neocortex (2). Numerous autopsy studies
demonstrate that NFT and SP of variable densities are
present in nondemented subjects in brain regions most
involved in AD, although the true significance of these
findings to aging and AD are unresolved (3-17). These
changes in nondemented individuals have been referred
to by some as pathologic aging (6} or presymptomatic
AD (10).

Only 4 modest number of autopsy studies of normal
elderly subjects who were prospectively studied have
been published (3-5, 8-10, 17). One study of 21 longi-
tudinally followed elderly subjects found that 9 subjects
had high neocortical SP density and hippocampal and
entorhinal NFT (10). Seven of the subjects had a Clinical
Dementia Rating Scale score of 0.5 and were thought to
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have presymptomatic or incipient AD. Three other stud-
ies of prospectively evaluated nondemented subjects de-
scribed the presence of variable numbers of neocortical
NP (8, 17, 18). Eatorhinal and hippocampal NFT have
been described in variable numbers in these studies of
prospectively evaluated nondemented subjects (8, 17).
Some elderly nondemented subjects have few or no SP
or NFT. Thus, there is a spectrum of change in nonde-
mented elderly from none or few to abundant neocortical
diffuse SP, a few with rare or moderate numbers of neo-
cortical NP, and others with moderately abundant ento-
thinal and hippocampal NFT. However, the question of
whether NFT in medial temporal lobe structures are re-
lated to normal aging or represent presymptomatic AD is
not clear. This report describes the neuropathologic fea-
tures of 59 elderly individuals who were followed, some
for up to 8 years, with longitudinal mental status testing
as part of our normal aging study.

MATERIALS AND METHODS

Since 1989, 499 aged, cognitively and neurclogically normal
volunteer subjects have been prospectively followed by the
Sanders-Brown Center on Aging at the University of Kentucky.
The control volunteers were recruiled from a peol of 4,500
community residents over 60 years of age. Most were contacted
using an introductery letter followed by visitation with a center
staff member. Other subjects came o the program [ollowing
articles in the press and broadcast news media. The participants
agreed to annual mental status testing, telephone interviews ev-
ery 6 months, biennial physical and neurological examination,
Apo-E testing, and donation of their brain at death. The group
consists of 317 (63.5%) females and 182 (36.5%) males. The
ape range at recruitment was 60-98 years and the averape age
was 73.1 years, Seventy subjects have died and 60 were autop-
sied. One had clinically and pathologically proven AD and was
excluded from the analysis. The annual mental status tests ad-
ministered in the study include the following: lowa Dementia
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TABLE |
Mean (SD) Mental Status Scores for Conltrol Subjects
Measure Mean (SD) Measure Mean (SD)
Age at aulopsy 83.9 Mini-Mental State Exam (MMSE) 28.0
(7.4) (.,
Education (years) 16,3
(2.6) Memory:
Test to autopsy interval {months) 8.0 List learning {max 30) 18.6
(5.2) 4.5
Postmortem interval (hours) 35 Delayed recall {max 10) 5.8
a.3) 2.3
Brain weight (pm) 1,227.8 Memory savings 90.9%
(97.7) 29.0)
Weehster logical memory 261
(7.8
Language: Other:
Animal naming 14.6 Trailmaking A (scc) 58.1
(4.7 (38.9)
Verbal fluency 346 Temporal orientation 09
(11.5) (2.5)
Short Boston naming (max 15) 14.1 Wechsler menta] control 6.7
2.1 (1.5}
Number of assessments Number of cases Number of sample
| ¥l 12%
2 9 15%
3 4 7%
4 1O 17%
] 14 249%
6 8 14%
7 4 T%
8 3 5%

Clinical data, mental siatus scores and frequency of neuropsychelogic evaluations in control subjects.

Screening Battery (Temperal Orientation, Benton Visual Reten-
tion, and Verbal Fluency); The Washington Universily Battery
{Wechsler Memory, Logical Memory and Mental Centrol, Ver-
bal Fluency, Trailmaking); Mini Mental State Examination
{MMSE); Memory Information Test (MIT}; Bosion Naming
Test; abbreviated Alzhecimer Discase Assessment Scale (word
list learning); and Memory Savings. A summary of the mental
status scores and the number of evaluations is presented in Ta-
ble 1. Far some analyses, subjects were separated intc 3 age
groups by years: < 79 (n = 19), 80 through 90 (n = 28}, and
> 90 (n = 12). A clinical chart review examining subjects for
a history of heart disease, hypertension, diabeles, endocrine ab-
normalities, head trauma, malignancy, and other chronic disease
states is summarized in Table 2. None of our subjects had ep-
ilepsy or acquired immunodeficiency disease. Educational level
attained for the 59 autopsied subjects ranged from 8-20 years
(mean = 16.34 + 2.5§ years). Twenty-cight males and 32 fe-
males, whose ages ranged from 69—1C0 years (mean 84 years),
died during the study interval. Full postmoriem gxaminations
were available for only a small subset of the group. Postmortem
interval before autopsy ranged from 1.7-23.4 hours with an
average of 3.5 hours and a median of 2.6 howrs (only 2 subjects
had postmortem intervals greater than 6 hours}. The brains were
removed in a standard manner after ventricular cersbrospinal
fluid sampling. Brain weights ranged from 1020-1500 g {mean

TABLE 2
Medical Information Summary on Control Subjects
Number Percent
Disorder of cascs of cases
Heart disease
Valvular disease 1 1.6%
Hypertension 15 25%
Myocardial infarction 11 18%
Angina w/o cardiac infarct 14 23%
Congestive failure 3 8%
Diabetes 4 6%
Hypothyroidism 11 18%
Head trauma 3 5%
Lymphoma 1 1.6%
Leukemia 1 1.6%
Multiple myeloma 2 3%
Carcinoma 5 8%
No chronic disease 9 15%

Note: Subjects often manifested more than 1 disorder.

Medical Information Summary. Ischemic cardiac discase and
hypertension present in a large proportion of the subjects. No
subjects had epilepsy or acquired immunodeficiency syndrome
(AIDS).
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374 DAVIS ET AL

1228 g, = 98 p). The left cerebral hemisphere was sectioned
and used tor bicchemical, trace element, and histologic analy-
ses. Gross alterations in the left cercbral hemisphere were de-
termined at the time the brain was sectioned at autopsy. Sec-
tions adjacent to regions used for experimental studies were
taken as below, The ripht cerebral hemisphere, brainstem, and
remaining cerebellum were fixed in 4% neutral buffered for-
malin for 7-10 days before sectioning. The following sections
were taken for microscopic examination: frontal pole (Brod-
mann areas 10-11); middle frontal gyrus (arca 9); tempaoral pole
(area 38): superior and middle temporal gyri (areas 21-22);
inferfor parietal lobule (areas 39-40); anterior and posterior
cingulate gyrus; occipital associntion arca (areas 18-19); hip-
pocampus, cntorhinal cortex; amygdala; ncostriatum and nucle-
us basalis of Meynert; thalamus; midbrain; pons; medulla; cer-
ebellar vermis; and dentate nucleus. All sections were examined
using hematoxylin and cosin. Neocortical, hippocampal, ento-
rhinal, and amygdala sections were examined using the Biel-
schowsky stain and 10D-5 {Athcna Newrosciences, San Fran-
cisco, CA) immunohistochemistry for B-amyloid. In addition,
hippocampus. entorhinal cortex, and amygdala were examined
using Gallyas silver stained sections. Meningovascular and in-
traparenchymal vascular amyloid (VA) was graded by the meth-
od of Vonsatte]l et al (19) and a VA score was obtained using
manual counts of blood vessels displaying B-amyloid as fol-
lows: no affected vessels = 0; 1-2 affected vessels = sparse;
3-5 affected vessels = moderate; 6 or more affected vessels =
frequent. Meocortical sections were examined with ubiquitin
immunohistochemistry if Lewy (LB) or pale bodies were iden-
tified in substantia nigra or locus ceruleus. Vascular lesions
were divided into gross {infarcts visible to naked eye) and/or
microscopic, acute (less than 2 months of age), or remote, and
counted in each section. Diffuse neuron loss and gliosis were
semiquantitatively graded as zero, mild, moderate, or severe in
degree. Neurofibrillary tangles and SP, which were separated as
diffuse plaques (DP) or neuritic plaques {NP}, were quantitated
by manual counts of 5 micrescopic fields in the mosl severely
affected cortical region. Neurofibrillary tangles were counted
using a 20x objective and plaques using a 10x objective. The
presence or ahsence of LB, balloon cells, Pick bodies, and ar-
gyrophilic grains was recorded. Braak and Braak histopatho-
logic staging (20, 21} (hereafier referred 1o as Braak staging)
was performed on all cases using Gallyas-stained sections of
the entorhinal cortex, hippocampus, and amypdala in conjunc-
tion with the Bielschowsky silver-stained sections. The subjects
were divided into 4 Braak stages (0, I-I1, HI-IV, and V-VI} for
statistical comparison with mental status test scores. Each case
was classified using the AD diagnostic guidelines of Khacha-
turian (22), CERAD (1), and Naticnal Inslitutc on Aging-Rea-
gan Institute (NIA-RI) (2). Data were compiled into an elec-
tronic database (Access® Microsoft) and spreadsheet (Excel®,
Microseft). Statistical analysis was performed using Abstat®
7.01 and SAS® (SAS Institute). The following statistical meth-
ods were used: one-way analysis of variance with Newman-
Keuls post hoc tests, independent ¢-test, repression, Chi-square,
and correlations. Significance was set at p << 0.05. Bonferroni
correction was applied to multiple comparisons.

RESULTS

One of the 60 subjects developed progressive cognitive
decline and the clinical evaluation led to a diagnosis of

J Mewropathol Exp Newrol, Vol 58, April, 1999

AD. At autopsy the histopathologic changes in the brain
met all the major guidelines for the diagnosis of AD. This
subject was excluded from the analysis. A broad spec-
trum of SP and NFT densities was present in the remain-
der of study subjects. Brain weight at autopsy was mildly
correlated with age at death (r = —0.29, p < 0.05) and
MMSE score (r = 0.29, p < 0.05). However, no other
measures were associated with brain weight and the cor-
relations between brain weight and the MMSE as well as
age at death were not significant once Bonferroni correc-
tions were applied for the multiple comparisons.

Effect of Systemic or Chronic Disease and
Head Trauma

Forty-two percent of the subjects (n = 25) had a clin-
ical history of ischemic heart disease with or without
myocardial infarction. In addition, 25% (n = 15) of sub-
jects had a clinical history of hypertension. Statistical
evaluation used ¢-test, regression and Chi-square exami-
nation of these subgroups and revealed no predictive val-
ue to the presence or absence of hypertension or ischemic
cardiovascular disease related to NFT or SE The scant
incidence of the remaining medical conditions including
head trauma and malignancy in the subject group did not
allow for statistical analysis.

Neurolibrillary Tangles

Neurofibrillary tangles were present in variable num-
bers in 51 out of 59 (86%) subjects. Ten subjects did not
have significant entorhinal NFT and were equivalent to
Braak stage 0; 11 subjects did not have hippocampal
NFT. Neurofibrillary tangles were most abundant in the
hippocampal CAl, entorhinal cortex, and basolateral
amygdala in our subjects (Fig. 1). There was a statisti-
cally significant increase in mean NFT density in the
CAl region and the amygdala in the tenth decade com-
pared with the eighth and/or ninth decade (p < 0.01) but
not between the eighth and ninth decades (Fig. 1). The
mean NFT density was highest in the eighth decade in
the enterhinal cortex and did not exhibit a significant
change in the next 2 decades. Twenty-six subjects
(44.1%) displayed no neocortical NFT. Of the 33 (55.9%)
subjects with neocortical NFT, mean densities were high-
est in the temporal neocortex and lowest in oceipital as-
sociation areas. No significant age group differences were
found in the 3 decades studied. Mini-Mental State Ex-
amination performance correlated with NFT formation in
only the hippocampal CAl region (r = 0.43).

Diffuse Plagues

Diffuse senile plaques occurred in the neccortex and/
or allocortex in 46 of 59 (789%) subjects. In the neocortex,
mean DP densities were most abundant in middle frontal
gyrus and inferior parietal lobule and least common in
the occipital association areas (Fig. 2). In the allocortex,
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Mean Number of Neurofibrillary Tangles by Reglon and Age Group
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Fig. 1. Mean count of neurofibrillary tangles (NFT) averaged in neocortical regions and medial temporal lobe structures.
MFT connts performed using 20% objective (field size 0.74 mm?). Subjects were divided into 3 age groups: <79 years, 80-89
years, and >90 years. Error bars represent standard error of the mean (SEM).

Mean Number of Diffuse Plaques by Regilon and Age Group
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Fig. 2. Mean counts of diffuse plaques {DP) averaged in neocortical regions and medial temporal structures. DP counts
performed using 10X objective (field size 3.08 mm?). Subjects were divided into 3 age groups: <79 years, 80-89 years, and >90

years. Error bars = SEM.

J Newropatio! Exp Neavol, Vol 58, April, 1969

Z20z 1snbny |z uo 1senb Aq LG/6092/9.€/7/8G /2101 /uBUl/WoD dNo"dlIWBpEo.//:SARY WOy POPEOIUMOQ



380 DAVIS ET AL

Mean Number of Neuritic Plagques by Region and Age Group
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Fig. 3. Mecan counts of neuritic plaques {NP) averaged in
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neocortical regions and medial temporal structures. NP counts

performed using 10X objective (field size 3.08 mm®). Subjects were divided into 3 age groups: <79 years, 80-89 years, and >50

years. Error bars = SEM.

DP densities were most abundant in the entorhinal cortex.
Thirty subjects (51%) lacked DP in CA1l, whereas only
13 (22%) did not have neocertical DP. There was a grad-
ual increase in DP density over the 3 decades studied,
which was statistically significant only when comparing
the occipital lobe in the tenth decade with the eighth de-
cade.

Neuritic Plaques

Forty-one of 59 (69%) subjects had at least 1 NP in at
least 1 neocortical or allocortical section. Mean NP den-
sities were highest in the basolateral amygdala and en-
torhinal cortex (Fig. 3). Mean NP densities were signif-
icantly increased in the tenth decade compared with the
eighth and ninth decades in the amygdala {(p < 0.01),
hippocampal CAl {p < 0.001), and frontal region {p <
0.05) (Fig. 3).

Braak Staging

Using the Braak and Braak staging method (20, 21},
our subjects were classified as follows: Stage 0 (n = 10),
Stage I (n = 15), Stage I (n = 12), Stage Ill {(n = 7},
Stage IV (n = 9), Stage V (n = 5), and Stage VI (n =
1). As expected, mean NFT densities increased in the
entorhinal cortex, hippocampal, CAl and amygdala with
increasing Braak stages (Fig. 4). Although the neocortex

J Neirrapothal Exp Newrol, Val 38, Apell, 1999

contained only small numbers of NFI, mean densities
increased with higher Braak stages in frontal, temporal,
and parietal regions and reached statistical significance in
comparing stage V with 0, 1, II, and 1II in frontal lobe {p
< (,01), Similarly, NP counts increased in the entorhinal
cortex, CAl, amygdala, and all 4 neocortical regions with
increasing Braak stages and reached statistical signifi-
cance in all regions (p < 0.01) except for CAl and the
amygdala (Fig. 5). In general, mean DP densities in-
creased in all neocortical and allocortical regions with
increasing Braak stages, but none of these increases were
statistically significant. The mean MMSE score for sub-
jects with Braak stages were as follows: stage 0 was 28.2
* 1.2, stages I-1[ was 28.6 = 1.3, stages 1II-1V was 26.5
+ 2.4, and stage V/VI was 26.8 = 3.9. There was a
significant difference in the MMSE scores between Braak
stages I-1I and [I-1V (p < (.01). Post hoc tests for group
differences disclosed significant differences between
stage 0 and V-VI1 as well as between stage I-1I and V-
VI {(p < 0.05).

Alzheimer Disease Diagnostic Classifications

Khachaturian {22), CERAD (1), and NIA-RI (2) AD
neuropathologic diagnostic guidelines were applied to all
cases. The following number of cases were diagnosed as
having AD with each: Khachaturian (n = 29), CERAD
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Neurofibrillary Tangles by Reglon and Braak Stage
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Fig. 4. Mean neurofibrillary tangle (NFT) counts in neocortical regions and medial temporal lobe siructures were compared
between Braak stage groups. Subjects were scparated into 4 groups using Braak staging, NFT counts performed using 20X

objective {field size 0.74 mm?). Error bars = SEM.

(n = 15), and NIA-RI (n = 7) (Table 4). By definition,
all subjects meeting NIA-RI guidelines had abundant
hippocampal NFT and some neocortical NFT. Of the 7
subjects who met NIA-RI guidelines, 5 had MMSE
scores of 28 or 29, 1 had a score of 27, and 1 100-
year-old subject scored 25. All subjects who met NIA-
RI guidelines also met CERAD and Khachaturian
guidelines. Of the 7 subjects who met CERAD, but not
NIA-RI guidelines, 5 had MMSE scores of 28 to 30, 1
had a score of 26, and a 96-year-old had a score of 21.

Lewy Bodies

Three subjects had brainstem and neocortical LB. In
2 of these, the neoccortical density of LB was greater
than 5 inclusions per neocortical region, compatible
with the neocortical category outlined by the consensus
guidelines for the pathologic diagnosis of dementia
with LB (23).

Argyrophilic Grains

Fourleen subjects (23%) demonstrated argyrophilic
grain formation in enterhinal cortex, hippocampal CA-
1, or amygdala. Mini-Mental State Exam scores in 12
of these patients were at 28 or above and the remaining
2 scored 27 and 25. No statistical differences could be

attributed to the presence of argyrophilic grains in our
subjects.

Vascular Amyloid

Vascular amyloid was present in the subarachnoid
blood vessels in 75% of the subjects, intraparenchymal
blood vessels in 6§2%, both locations in 62%, and ab-
sent in either site in 23%. The frequency and severity
of VA deposition was most pronounced in the occipital
lobe, and least in hippocampal CAl. It was similar in
frequency and severity in the frontal, parietal, and tem-
poral lobas. In the occipital lobe, meningeal VA de-
posits occurred in 40 (68%) subjects with 24 (41%)
subjects having 6 or more blood vessels involved. Pa-
renchymal VA deposits occurred in 32 (54%) subjects
in the occipital lobe with 11 (19%) subjects having 6
or more blood vessels involved. There were significant
positive relationships between parenchymal VA depo-
sition and DP {p < 0.05), NP (p < 0.01), and menin-
geal VA deposits and DP {p < 0.01) in the occipital
lobe (Fig. 6A, B). Similar significant positive relation-
ships were present between parenchymal VA deposi-
tion and DP in the temporal lobe (p < 0.05) and frontal
lobe (p < 0.01), and parenchymal deposits and NP in

J Newropaihol Exp Neural, Vel 58, April, (999
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Neuritic Plaques by Region and Braak Stage
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Fig. 5. Mean neuritic plague (NP) counts in neocortical regions and medial temporal lobe structures were compared between
Braak stage groups. Subjects were separated into 4 groups using Braak staging. NP counts performed using 10X objective (field

size 3.08 mm?). Error bars = SEM.

TABLE 3 TAELE 4
Neuropathologic Summary of non-AD Changes in Frequency of Alzheimer Disease Using Different
Subjects Neuropathologic Diagnostic Guidelines
Number Percent Guidelines met? Freq %
of cases of cases
Khachaturian guidelines
Lewy bodies 5 8% No 30 50.8
Argyrophilic grains 14 23% Yes 29 49,2
Gross infarcts Total 59 100.0
Frontal 3 5% CERAD guidelines
**+*Temporal 3 5% No 44 T4.6
**Parigtal 4 0% Yeos 15 25.4
**Occipital 4 6% Total 59 100.0
Neostrialum or thalamus 10 17% : RTIP
Cerebellum 2 3% N;A;)—REAGAN Institute guidelines ” -
Hippocampal sclerosis 2 3% Yes 7 11.9
Total 59 100.0

Neuropathologic Summary of non-AD Changes in Subjects.
*¥ Because some of the infarcts overlapped contiguous lobes,
the number of cases in the temporal lobe includes 3 cases listed
in parietal lobe tally. The number of cases in the occipital lobe
includes 2 cases listed in the parietal lobe tally. The number of
cases in the occipital lobe includes 1 case listed in the temporal
lebe tally. Infarcts in neostriatum and thalamus were lacunar.
Microinfarct data are summarized in Figures 7a and b.

the temporal lobe (p < 0.05) Of cases with meningo-
vascular amyloid, 42% demonstrated microinfarcts,
whereas 57% of cases lacking VA had microinfarcts,

J Newropatiiol Exp Newral, Vol 38, April. 1999

Classilication of 59 cognitively “normal” subjects using Alz-
heimer disease histopathologic classification guidelines of Kha-
chaturian, CERAD and NIA-RI.

Infarcts, Gross and Microscopic

Grossly detectable infarcts in these subjects were lim-
ited (Table 3) and not of statistical significance in this
study. Microinfarcts were present in a preponderance of
subjects (61%) and were most often chronoclogically re-
mote. Microinfarcts were most common in occipital lobe,
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Mean Diffuse Plagues by Region for Cases With and Without
Parenchymal and Meningeal Vascular Amyloid

B0

50

40

30

20

Mean Diffuse Plaques (SEM)

10 4

O
N NN N

frontal temporal

B Mo meningeal vase. amylald
[ Meningeal vase. amylold
W Neo paranchymael vase, amyloig
V723 Parenchymal vasc. amyloid

* pe05
"pe.01

J“ g

/]

]

/]

[/

L]

]

]

]

[

]

;

| | 2
parietal
Region

LN s

occlpital CA1

Mean Neuritic Plagues by Region for Cases With and Without
Maningeal and Parenchymal Vascular Amyloid

Mean Neuritic Plaques (SEM)

frontal

NN NN N NSRS NN
e NS NN S NN Y

ARENERNENANARN NN SRR

temporal

parietal
Region

HE No meningeal vage, amylold
1 Meningeal vase. amyloid
WA Ne parechymal vase. amyloid
CZ=2 Parenchymal vasc. amyloid

Ll * p<.05
a1

R N NN NN NN NN NN

occipital CA1

Fig. 6. (a) Mean number of diffuse plagues by region in subjects with and without either meningeal or parenchymal vascular
amyloid. Diffuse plaque counts performed using 10X objective (field size 3.08 mm?). Errar bars = SEM. (b) Mean number of
neuritic plagues found regionally in subjects with and without either meningeal or parenchymal vascular amyloid. Neuritic plaque
counts performed using 10X objective (field size 3.08 mm?). Error bars = SEM.
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Taotal Number of Microinfarcts by Region
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Fig. 7. (a) Total number of microinfarcts identified in ecach brain region, tolaled across all subjects. Fron = frental, Tem =
temporal, Par = parietal, Occ = occipital, Amyg = amygdala, Ento = entorhinal, Thal = thalamus, Neostriat = neostdatum, GP
= glabus pallidus, Cerebel = cerebellum. (b) Total number of subjects with a microinfarct in & specific brain region. Abbreviations

same as in Figure 7a,

neostriatum, cerebellum and temporal lobe (Fig. 7A) in
descending order frequency when site affected was to-
taled across all cases. Examining the number of subjects
manifesting infarcts in a specific location resulted in a

4 Neirapathedd Evp Neweol, Yol 58, April, 1999

reordering of the descending frequency to occipital, cer-
ebellum, neostriatum, and hippocampal CAl (Fig. 7B).
Although there was a tendency for the presence of mi-
croinfarcts to be associated with a lower MMSE score
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(no microinfarcts: MMSE = 28.3 = 2.1; microinfarcts
present: MMSE = 27.8 * |.7), it was not statistically
reliable (p = 0.33).

Apolipoprotein E Genotyping

Apolipoprotein genotype iesting in 57 subjects dem-
onstrated the following distribution: 1 (2/4), 15 (3/4), 35
(3/3), and 6 (2/3). No genotype 4/4 subjects were found.

DISCUSSION

This study reports the neuropathologic results of 39
cognitively normal subjects who had annual mental status
testing over a 1- to 8-year-period. Several features stand
out in our study. Ten normal subjects had essentially no
neocortical NFT, few or no SPB, andfor few hippocampal
and entorhinal NFT or SP. These individuals® ages ranged
from 70-89 years (mean 76.5 years). They were all Braak
stage O and their MMSE scores ranged from 27 to 30.
The mean brain weight of these cases was 1262 g. Two
were heterozygous for ApoE-ed alleles, 1 was ApoE-€ 2/
3, and the remainder were 3/3. These individuals were
cognitively intact, did not exhibit pathologic aging, or
presymptomatic AD, and thus, could serve as controls
for comparative study with AD subjects.

Our study also revealed that the brains of many sub-
jects contained abundant SP and/or NFT, vet they did not
show cognitive impairment on mental status testing.
Twenty-nine (49%) of the subjects met the Khachaturian
guidelines for the histopathologic diagnosis of AD (22),
mainly because of the presence of abundant DP in the
neocortex. Although many of these subjects had a large
neocortical amyloid burden, they did not show significant
cognitive decline. This would indicate that the Khacha-
turian guidelines, which do not discriminate between DP
and NP and do not place emphasis on the presence of
NFT, are not useful criteria to discriminate between AD
and normal subjects. This view has been underscored by
the recent NIA-RI report which places diagnostic priority
on NP and NFT (2). The finding also suggests that de-
posits of amyloid in the form of DP are not always an
indication of the presence of AD, or incipient or pre-
symptomatic AD. This view differs from that of Morris
et al (10) who interpreted the presence of abundant DP
to be evidence of AD rather than normal aging. They
found very mild cognitive impairment in 9 subjects with
high DP densities in the neocortex, and suggested these
subjects had early AD, It is possible that AD is clinically
underdiagnosed in a few of our subjects who had large
numbers of neocortical DP, but it is unlikely that they all
had early AD. Morris et al (10) vused the Clinical De-
mentia Rating Scale in their study which may have al-
lowed them to detect a mild degree of functional decline
that we might not detect. However, the issue of whether

abundant DP are the forsrunners of AD will remain un-
solved until mare sophisticated methods are availuble to
address this problem.

In our group of cognitively normal subjects, 15 (25%)
met CERAD guidelines for the diagnosis of AD. Of
these, 10 had MMSE scores of 30 to 28, 2 had scores of
27 to 26, a 100-year-old had a score of 25, and a 96-
year-old had a score of 21. It is possible that the latter
subject was in the early stages of AD, but his advanced
age, systemic illness, and medication use made it difficult
to determine the course of his cognitive decline. Seven
{11%) subjects met the NIA-RI guidelines for the diag-
nosis of AD. Six had MMSE scores of 29 to 27 and 1
had a score of 25. Our study suggests that neither CER-
AD nor NIA-RI guidelines discriminate AD from path-
ological aging changes in the absence of clinical findings,

In 69% of subjects, this study showed variable num-
bers of NP in neocortex, amygdala, and entorhinal cartex,
These were most prominent in the amygdala, inferior pa-
rietal fobule, and entorhinal cortex. The increasing NP
density appeared to be related to higher Braak stages and
o increasing age. Katzman et al (8) described 10 pro-
spectively evaluated normal subjects with few or no neo-
cortical NFT, but with considerable numbers of neocor-
tical NP. Kazee et al (18) found a subgroup of cognitively
normal control subjects who had neocortical NP. Morris
et al (10) described that NP made up less than 14% of
SP in cognitively intact subjects and 15% in very early
AD subjects.

The entorhinal cortex processes information from the
neocortex into the hippocampus and plays a major role
in memory (24). Subjects with a minor number of de-
generative changes in the entorhinal cortex and the hip-
pocampus would not be expected to show a decline in
memory. However, subjects with abundant entorhinal and
hippocampal NFT and other degenerative changes would
be expected 10 show a decline in memory. In our study,
22 (37%) subjects had abundant entorhinal cortex and
hippocampal NFT, yet did not show recognizable cogni-
tive decline. It suggests that partial disruption of a critical
cortical circuitry is tolerated by some elderly individuals
and that different degrees of degeneration are required to
cause clinical symptomatology. In this regard, our study
suggests that Braak staging does not correlate well with
the psychometric findings in this group of control sub-
jects. Nine Braak stage IV, 5 stage V, and 1 stage VI
subjects were present in our group, but none of these
individuals had clinical evidence of dementia. All of the
Braak stage V and VI subjects met CERAD and NIA-RI
guidelines for the diagnosis of AD. These individuals had
a mean age of 84.5 years, These results are in agreement
with Geddes et al (25, 26) who found that Braak staging
was not sensitive in subjects with a low prevalence of
dementia.

I Newropiaihol Expr Nenrel, Vol 58, Apeil, 1999
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There was a hierarchical pattern of progression of NFT
from entorhinal cortex to hippocampus and amygdala as
a function of age. There was a significant increase in NFT
in the hippocampal CAl region and amygdala in those
over 90 years of age compared with the 80+ and 70+
age ranges. Of interest, this pattern did not exist in the
entorhinal cortex, where the level of NFT remained es-
sentially the same throughout all 3 decades. This would
suggest that the entorhinal cortex has the earliest for-
mation of NFT and reaches a threshold level, at least in
cognitively intact subjects. Subsequent increases occurred
in the hippocampus and amygdala with increasing age.
This is in keeping with the hierarchical pattern of NFT
formation as described by Braak and Braak in AD (20,
21). The mild number of NFT in neocortex was not al-
tered by age in our subjects. [t should be underscored
that a few neocortical NFT were found in over half of
our subjects without detectable cognitive decline.

Two of the subjects had abundant NFT pathology lim-
ited to the entorhinal cortex, the hippocampus, and to a
lesser degree in the amygdala, without significant SP for-
mation. Neuropil threads were also preminent in these
areas. These 2 subjects were not demented and their cog-
nitive tests did not indicate a decline over the last testing
periods, The MMSE scores in the 2 subjects were 30 and
25. These 2 cases are comparable to the “neurofibrillary
tangle prominent dementia”™ previously described by sev-
eral authors (27-30). In the study by Ulrich et al (30),
neuropsychologic tests demaonstrated the subjects to be
demented. Bancher and Jellinger (29), in a series of 265
AD subjects, found 10 subjects with abundant limbic
NFT, but no or few neocortical NFT or SP. Four of these
subjects were severely demented, 5 were moderately de-
mented, and 1 was mildly demented. Our study suggests
that a limbic NFT burden is well tolerated by some el-
derly subjects.

Two subjects with intact intellectual function had suf-
ficient numbers of neocortical, limbic, and brainstem LB
to meet the guidelines for a neuropathologic diagnosis of
dementia with LB (23). A previous study demaonstrated
that the density of LB in different cortical areas correlates
with dementia (31). Others have indicated that, in some
demented individuals, LB found in the absence of other
pathological lesions may be sufficient to produce the clin-
ical disorder (32). Of our 2 subjects, | was §9-years-old
and scored 30 on the MMSE and the other was 84-years-
old and scored 26, Both had moderately abundant DP in
the neocortex. To our knowledge, this is the first report
of the presence of abundant LB in brainstem, limbic ar-
eas, and neocortex in cognitively intact individuals.

Sparks et al (14, 15) and Soneira and Scott (16) linked
ischemic cardiovascular disease with SP formation. These
studies demonstrated higher plaque counts in neocortex

A Newrepathol Exp Newral, Vol 58, Aprii, 1999

of subjects with ischemic cardiovascular disease com-
pared with “nondemented” subjects without coronary ar-
tery disease; neither study used subjects with prospective
clinical and mental status evaluation. Forty-one percent
(n = 23) of subjects in the present study had a clinically
documented myocardial infarction and were on medica-
tion for angina (n = 11} or were on medication for angina
without clinical or electrocardiographic evidence of a
myocardial infarction (n =14). Ne statistical differences
were identified between subjects with or without ische-
mic heart disease and the presence or absence of SB Oth-
er studies have examined hypertension (13) and found a
link to the development of NFT. Fifteen subjects (25%)
in this study had clinically documented hypertension and
were on pharmacologic therapy for this disease. No sta-
tistically significant relationship between the presence or
absence of NFT and hypertension was present in our
study. Subjects who had hypertension and ischemic car-
diac disease were combined and compared with those
without these diseases. There was no statistically signif-
icant difference in either group in their relationship to the
presence or absence of SP or NFT.

Infarcts in our subjects were common although pre-
dominately consisted of remote microinfarcts. We found
no statistically significant effect on MMSE related to the
presence of gross or microinfarcts, Two previous studies
(33, 34) demonstrated a relationship between the additive
effects of infarcts on cognition in AD. One of the studies
{33) also found that cerebral infarctions were weakly cor-
related with dementia in subjects not meeting CERAD
neuropathologic criteria for AD. Their study examined
the effects of gross or lacunar infarcts and did not ex-
amine the effect of microinfarcts. The number of their
subjects not meeting AD criteria (n = 41) and having a
gross or lacunar infarct (n = 15) was comparable to our
study group where gross or lacunar infarcts were present;
we identified no statistically significant difference in
MMSE scores in this group. Nagy et al (34) found the
density of neocortical SP or NP was lower in AD with
vascular lesions and other neurodegenerative pathology
than in AD without other CNS pathology. Statistical cor-
rection for multiple comparisons was applied in this
study. These 2 studies {33, 34) indicate that vascular le-
sions coexisting with AD pathology may summate the 2
pathelogical processes to produce a greater cognitive def-
icit than if AD degenerative pathology were present in
isolation. However, in the absence of AD pathology, cog-
nitive deficits are not measurably evident with the pres-
ently available testing tools as the functional reserve of
an otherwise normal subject may be able to compensate
for small gross infarcts and/or the presence of many mi-
croscopic infarets. Our study and theirs emphasize the
point that vascular lesions in aged subjects, whether as-
sociated with a degenerative disease or not, are a com-
mon finding.
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Twenty-three percent of our cases contained argyro-
philic grains in entorhinal cortex, hippocampal CAl, or
amygdala. Argyrophilic grain dementia was initially de-
scribed by Braak and Braak (35, 36) as a non-AD de-
menting disorder. These cytoskeletal abnormalities have
been identified in asymptomatic elderly individuals (37,
38, 39) and in association with a variety of diseases in-
cluding: AD, Pick disease, corticobasal degeneration,
progressive supranuclear palsy, multiple system atrophy,
motor neuron disease, and dementia with LB. Two pre-
vious studies (37, 38) demonstrated a relationship be-
tween increasing age and the presence of argyrophilic
grains; cur study did not statistically substantiate this
finding. The biologic significance of the argyrophilic
grain cytoskeletal abnormality is unclear. What is clear is
that their presence is not always associated with a de-
generative dementing disorder.

Cerebral amyloid angiopathy (CAA) increases in fre-
quency with age. The incidence of CAA was higher in
our series than in other reported autopsy series (40-43).
In our subjects, a 75% incidence of leptomeningeal CAA
was present, whereas 62% of subjects had amyloid in
parenchymal vessels. Previously published autopsy series
of clinically normal individuals have not exceeded a
CAA frequency of 50% (40-43). Our findings parallel
these autopsy series in that CAA was present in much
greater frequency in the leptomeningeal than parenchy-
mal vessels.

A recent study by Hulette et al (17) examined neuro-
pathological and neuropsychological change in normal
aging and concluded there was evidence for preclinical
AD in some subjects. The study included 31 subjects
from 2 separate institutions, only 12 of which had neu-
ropsychological testing. Of the 12, 8 were normal and 4
were cateporized as ‘“‘possible AD” by CERAD neuro-
pathology guidelines. One of the “possible AD'" patients
demonstrated a memory savings of only 16% and could
have been eliminated and considered to have definite AD.
There was a lack of information about a) the presence of
other chronic disease states, b) other neuropathelogical
abnormalities except AD and Parkinson disease, and c)
limited information about parenchymal vascular lesions.
Their small sample size limited statistical validity and
strong conclusion, especially the comment that **primi-
tive neuritic plaques correlate with subtle defects in cog-
nitive functioning would suggest that they are the earliest
indicator of the disease process that will ultimately result
in AD.” Although this statement may eventually prove
to be correct, it will require clinicopathological correla-
tion in more than 3 patients. All of the subjects in the
current study had longitudinal mental status testing and
the sample size of the group is large enough to not limit
statistical evaluation.

In summary, this study demaonstrates a broad spectrum
af histopathologic changes in the brains of cognitively

intact individuals, Many of these subjects fulfilled neu-
ropathologic guidelines for the diagnosis of AD and 2
met guidelines for dementia with LB. The changes ob-
served in our subjects raise the question of what criteria
can be used for normal controls for comparative studies
with AD subjects. Many of the subjects with the brain
alterations we found should not be used for comparative
studies with AD, challenging the validity of studies in
which controls were not evaluated thoroughly. If it is the
goal of AD studies to use pure controls without AD
changes, our study indicates that these are few in number
in a group of community dwelling, well-educated, vol-
unteer subjects.

This study raises an important question of why some
patients tolerate the insults of AD pathology, infarcts, and
effects of hypertension on the brain without showing cog-
nitive decline while others do not. Perhaps our subjects
have greater brain or neurocognitive reserve related to
higher educational or occupational attainment (reviewed
ind4). The actual changes in the brain underlying greater
neurocognitive reserve remain to be defined. Perhaps bet-
ter cortico-cortical connectivity, greater synapse or neu-
ron number and function, enhanced neurotransmitter
function, or other morphelogical or molecular factors
lead to increased neurocognitive reserve.

ACKNOWLEDGMENTS

The authors thank Paula Thomason for editorial assistance and Jane
Meara, Ela Patel, Ann Tudar, Cecil Runyons for technical assistance
and Gail Cohen and Allan Beuscher for cognitive assessments.

REFERENCES

1. Mirra §8, Heyman A, McKeel D, ct al. The Consortium to Establish
a Registry for Aleheimer’s Disease (CERAD). Part Il Standardi-
zation of the ncuropathologic asscssment of Alzheimer’s discase.
Neurclogy 1991;41:479-86

2. The National Institute on Aging and Reagan Institute Working
Group. Consensus recommendations for the postmorten diagnosis
of Alzheimer's disease. Neurobiol Aging 1997:18:51-582

3. Berg L, McKeel D, Miller JP, Baty J. Mortis JC, Neuropathologieal
indexes of Alzheimer’s discase in demented and nondemented per-
sons aged 80 years and older. Arch Neurpl 1993,50:349-58

4. Berg L, McKeel DW, Miller JP et al. Clinicopathelogic studies in
cognitively healthy aging and Alzheimer disease: Relation of bis-
tologic markers to dementia severity, age, sex, und apolipoprotein
E penotype. Arch Neurol 1998:55:326-35

5. Bouras C. Hof PR, Giannakopoulos P, Michel JB Morrison JH.
Regional distribution of neurofibrillary tangles and senile plaques
in the cercbral cortex of clderly patients: a quantitative avalnation
of a one-year autopsy population from a geriatric hospital. Cereb
Cortex 1994:4:138-50

6. Crystal HA, Dickson DW, Sliwinski MI, et al. Pathological markers
associated with normal aging and dementia in the elderly. Ann
Neurol [963;34:566-73

7. Ginnnakopoulos P, Hof PR, Moier S, Michel JP, Bouras C. Neu-
ropathological changes in the cercbral conex of 1258 cases from a
gerintric hospital: Retrospective clinicopathalogical evaluation of a
10-year avopsy population. Acta Nevuropathol 1994;87:456-68

8. Katzman R, Terry R, DeTeresa R, et al. Clinical, pathological and
neurochemical changes in dementia: A subgroup with preserved

J Newropathnl Exp Newrol, Vol 58, Aprii, {999

Z20z 1snbny |z uo 1senb Aq LG/6092/9.€/7/8G /2101 /uBUl/WoD dNo"dlIWBpEo.//:SARY WOy POPEOIUMOQ



388

20,

21,

mental status and numerous neocortical plaques. Ann Neurol 1988;
23:138-44

. Morris JC, McKeel DW, Storandt M, et al. Very mild Alzheimer's

disease: Informant-based clinical, psychometric, and pathologic dis-
tinetion from normal nging. Neurclogy 1991:41:469-78

. Morris JC, Sworandt M, McKeel DW, et al. Cerebral amyloid de-

position ond diffuse plagques in “‘normal™ uging: evidence for pre-
symptomalic and very mild Alzheimer's discase. Neurology 1996,
46:707-19

. Perry EK, Tomlinson BE, Blessed G, Bergmann K, Gibson P, Perry

RH. Correlation of cholinergic abnormalities with senile plagues
and mental test scores in senile dementia, Br Med } 1978:2:1457-59

. Harputunian V, Perl D®, Purohit DP, ¢t al. Regional distribution of

neuritic plaques in the nondemented elderly and subjects with very
mild Alzheimer disease. Arch Neurol 1998:55:1185-91

. Sparks DL, Scheff 8W, Liz H, Lunders TM, Coyne CM, Hunsaker

IC. Increased incidence of neurofibrillary tngles (NFT) in non-
demented individuals with hypertension. J Neurol Sci 1995:131:
162-69

. Sparks DL, Hunsaker JC, Scheff SW, Kryscic RJ, Henson JL,

Markesbery WR. Cortical senile plaques in coronary artery disease,
aging and Alzheimer's disease. Nourabiol Aging 1990;11:601-7

. Sparks DL, Liu H, Scheff SW, Coyne CM, Hunsaker JC. Temporal

sequence of plague formation in cerebral cortex of non-demented
individuals. ] Neuropathol Exp Neurol 1993:52:135-42

. Soneira CE Scott TM. Severce cardiovascular disease and Alzhei-

mer's disease. Clin Anar 1996:9:1 |8-27

. Hulette CM, Welsh-Bohmer KA, Mummay MG, ct al. Neuropatho-

lagical and neuropsychological changes in “normal™ aging: Evi-
dence for preclinical Alzheimer discase in cognitively normal in-
dividuals. J Neuropathol Exp Neurol 1998;57:1168-74

. Kazee AM, Eskin TA, Lapham LW, Gabricl KR, McDaniel KD,

Hamill RW. Clinicopathologic comrelates in Alzhzimer’s disense:
Assessment of clinical and pathologic diagnostic criteria. Alzheimer
Dis Assac Disord 1993;7:152-64

. Vonsaitel JPG, Myers RH, Hedley-Whyte ET, Roper AH, Bird ED,

Richurdson EP, Cerebral amyloid angiopathy without and with ce-
rebral hemorrhages: A comparative histelogical siudy. Ann Neurol
1991,30:637-49

Braak H, Braak E. Neuropathological stageing of Alzheimer-relaied
changes. Acta Meuropathol 1991;82:239-56

Braak H, Braak E: Pathology of Alzheimer's diseasce, In: Calpe DB,
ed. Neurodegenerative diseases. Philudelphia: W.B. Saunders, 1994;
585-5614

. Khachawrian Z8. Diagnosis of Alzhcimer's discase. Arcli Neurol

1985;42:1097-1105

. McKeith I1G, Galasko D, Kosaka K, ct al. Consensus guidelines for

the clinical and pathologic dingnosis of dementin with Lewy bodies
{DLB}): Report of the consortium on DLB international workshop.
Neurology 1996:47:1113-24

24, Morrison JH, Hof PR. Life and death of neurons in the aging brain.

25.

Science 1997,278:412-19

Geddes JW, Snowdan DA, Soultanian NS, et al. Braak stages III-
1V of Alzheimer-reluted neuropathology are associated with de-
mentix: Findings from the Nun study, (Abstract) ] Neurapathol Exp
Neurol 1996,55:617

I MNewropathol Exp Newral, Vol 58, Aprii, 1999

26.

28.

KIoN

3l

32,

33,

34.

as.

36,

37.

38.

39,

440,

41.

43,

44.

DAVIS ET AL

Geddes JW, Tekirian TL. Soultanion NS, Ashford JW, Davis DG,
Markesbery WR. Comparison of neuropathologic criteria for the
diapgnosis of Alzheimer’s diseuse. Neurobiol Aging 1997:18(54):
599-5105

. Tioh %, Yamada M, Yoshida R, et al. Dementia characterized by

abundant ncurafibrillary tangles snd scarce senile plaques: A quan-
titative pathological study. Eur Neurol 1996:36:94-97

Ikeda K, Akiyama H, Ari T, et ol. A subset of senile dementia with
hiph incidence of the apolipoprotein Ee2 allele. Ann Neurol 1997,
41:693-95

. Boncher C, Jellinger KA. Neurcfibrillary tangle predeminant form

of senile dementia of Alzheimer type: A rarc subtype in very old
subjects, Acta Neuropathol 1994:88:565-70

Ulrich 1, Spillantini MG, Gocdent M, Dukas L, Stahelin HB. Abun-
dant newurofibrillary tangles without senile plagues in a subsel of
patients with senile dementia. Neurodegeneration 1992:1:257-64
Samuel W, Galaske D, Maslioh E, Hansen LA, Neocortical Lewy
hody counts correlate with dementia in the Lewy body variant of
Alzheimer's disease. ] Neuropathol Exp Newrol 1996;55:44-52
Lennox GG, Lowe J5. Dementia with Lewy bodies, In: Markesbery
WR, ed. Neurepathology of dementing disorders, London: Arnold:
1998:181-92

Snoswdon DA, Greiner LH, Mortimer JA, Riley KP Greiner PA,
Markesbery WR. Brain inforction and the clinical expression of
Alzheimer Discase. JAMA 1997:277:813-17

Nagy Z, Esri ME, Jobst KA, et al. The effects of additional pa-
thology on the cognitive deficit in Alzheimer disease. ] Neurapathol
Exp Neurol 1997:56:165-70

Braak H, Braak E, Cortical and subcortical argyrophilic grains char-
acterize a discase associaled with adull enset dementia. Neuropath-
ol Appl Neurobial 1589;15:13-26

Braak H. Braak E. Argyrophilic grains: Characteristic pathology of
the cerebral cortex in cases of adult onset denentia without Alzhei-
mer changes. Neurosci Lett |987;76:124-27

Martinez-Lape B Munoz DG, Prevalence and disease associations
of argyrophitic grains of Braak. J Neuropathol Exp Neurol 1997
56:157-64

Davis DG. Ross GW, Petrovitch H. et al. Quantitation of argyro-
philic grains in hippocampal CA-1 of aged Japanese-American
males. {(Abstract) I Neuropathol Exp Neurol 1997.56:587

Tolnay M, Schwictert M, Monsch AU, Staehelin HB, Langui D,
Probst A. Argyrophilic grain disease: Distribution of grains in pa-
tients with and without dementia. Acta Neuropathol 1997:94:353-58
Esiri MM, Wilcock GK. Cerebral amyloid angiopathy in dementia
and old age. ] Neurol Neurosurg Psychiatry 1986G:49:1221-26
Musuda J, Tanaka K, Ueda K, Omae T. Autopsy study of incidence
and distribution of cerebral amyloid angiopathy in Hisayama Japan.
Stroke |988;19:205-10

. Wu E, Lipton RB, Dickson DW., Amyloid angiopathy in diffusc

Lewy body discase. Neurology 1992:42:213(-35

Yamada M, Tsukagoshi H, Owmo E, Hayakawa M. Cerebral am-
yloid angiopathy in the aged. J Neurol 1987;234:371-76
Schoficld B, Muyeux R. Alzhcimer’s disease: Clinical features, di-
agnosis and epidemiclogy. In: Markesbery WR, cd. Neuropathol-
ogy of dementing disarders. London: Edward Arnold:1598:89-105

Reaceived November 9, 19938
Revision received January 19, 1959
Accepted lanuary 21, 1999

Z20z 1snbny |z uo 1senb Aq LG/6092/9.€/7/8G /2101 /uBUl/WoD dNo"dlIWBpEo.//:SARY WOy POPEOIUMOQ



