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ABSTRACT

HISTOPATHOLOGICAL AND IMMUNOCYTOCHEMICAL STUDIES IN AGE-ASSOCIA-
TED DEMENTIAS - The importance of rigorous histopathological
criteria for classification of progressive dementia disorders.

Irina Alafuzoff, Department of Pathology, University of Umea,
Sweden.

Dementia is an age-associated organic brain disorder, recogniz-
able by the essential features of psychological or behavioral
abnormality associated with permanent dysfunction of the brain
interfering with social and occupational functioning.

There are two clinical and three histopathological forms of
dementia 1) primary degenerative dementia, (PDD), or Alzhei-
mer's dementia/Senile dementia of Alzheimers type (AD/SDAT)
which is associated with clinical features of uniform progres-
sion and insidious onset of symptoms and histopathologically i-
dentified by the occurrence of neurofibrillary tangles (NFT) and
senile/neuritic plaques (SP/NP) in various cortical and subcor-
tical regions; 2) vascular dementia, or multi-infarct dementia
(MID), which is associated with clinical features of stepwise
progress and patchy distribution of deficits, and histopatholo-
gically identified by the occurrence of multiple large and/or
small haemorrhagic and/or ischaemic infarcts in various cortical
and subcortical regions and 3) intermediate form of dementia
or "mixed" ("combined") dementia (AD-MID), which is histopatho-
logically associated with the coexistance of symptoms and le-
sions observed in AD/SDAT and MID, and clinically referred to
the MID group. The DSM-111 criteria separate the demented into
two groups, AD/SDAT and MID, while there are no unique clinical
criteria for the AD-MID patients. The clinical diagnosis of
dementia according to the DSM-III criteria was shown to be in-
sufficient. Histopathological diagnostic criteria were postu-
lated by us for 1) pathological changes developing in mentally
unimpaired ageing, 2) AD/ SDAT, 3) MID and 4) AD-MID.

These histopathological classes could be separated, by means
of multivariate data analysis. The pathology in AD-M1D was
shown not to be merely a linear combination of the AD/SDAT
and MID pathology.
Intrathecal synthesis of Ig, oligoclonal bands or other abnormal
proteins in the CSF could not be demonstrated in aged non-demen-
ted and demented patients.

The blood-cerebrospinal barrier (B-CSF-B) or blood-brain barrier
(BBB) function alters with age and this alteration was shown to
be more pronounced in MID and AD-MID patients. In MID and AD-
MID patients the BBB alteration involves primarily the grey
matter while in AD/SDAT patients the alteration would appear
to involve only the white matter. The BBB dysfunction and a
possible complement activation, either through antibody-anti-
gen activation or other complement activators, was visualized in
MID and AD-MID patients as perivascular serum protein depo-
sits in the grey matter, always with a capillary in the center.
The occurrence of some serum proteins in plaques, and the
previously descibed localization of plaques in close relation-
ship to the capillaries, suggest that altered BBB function and
serum factors may be involved in the etiology and maturation of
plaques while the etiology and maturation of tangles may not be
directly dependent on these factors, as they were never labelled
with any of the antisera studied.
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ABSTRACT

HISTOPATHOLOGICAL AND IMMUNOCYTOCHEMICAL STUDIES IN AGE-ASSOCIA-
TED DEMENTIAS - The importance of rigorous histopathological
criteria for classification of progressive dementia disorders.

Irina Alafuzoff, Department of Pathology, University of Umed,
Sweden.

Dementia is an age-associated organic brain disorder, recogniz-
able by the essential features of psychological or behavioral
abnormality associated with permanent dysfunction of the brain
interfering with social and occupational functioning.

There are two clinical and three histopathological forms of
dementia 1) primary degenerative dementia, (PDD), or Alzhei-
mer's dementia/Senile dementia of Alzheimers type (AD/SDAT)
which 1is associated with clinical features of uniform progres-
sion and insidious onset of symptoms and histopathologically i-
dentified by the occurrence of neurofibrillary tangles (NFT) and
senile/neuritic plaques (SP/NP) in various cortical and subcor-
tical regions; 2) vascular dementia, or multi-infarct dementia
(MID), which is associated with clinical features of stepwise
progress and patchy distribution of deficits, and histopatholo-
gically identified by the occurrence of multiple large and/or
small haemorrhagic and/or ischaemic infarcts in various cortical
and subcortical regions and 3) intermediate form of dementia
or "mixed" ("combined") dementia (AD-MID), which is histopatho-
logically associated with the coexistance of symptoms and le-
sions observed in AD/SDAT and MID, and clinically referred to
the MID group. The DSM-III criteria separate the demented into
two groups, AD/SDAT and MID, while there are no unique clinical
criteria for the AD-MID patients. The clinical diagnosis of
dementia according to the DSM-III criteria was shown to be in-
sufficient. Histopathological diagnostic criteria were postu-
lated by us for 1) pathological changes developing in mentally
unimpaired ageing, 2) AD/ SDAT, 3) MID and 4) AD-MID.

These histopathological classes could be separated, by means
of multivariate data analysis. The pathology in AD-MID was
shown not to be merely a linear combination of the AD/SDAT
and MID pathology.
Intrathecal synthesis of Ig, oligoclonal bands or other abnormal
proteins in the CSF could not be demonstrated in aged non-demen-
ted and demented patients.

The blood-cerebrospinal barrier (B-CSF-B) or blood-brain barrier
(BBB) function alters with age and this alteration was shown to
be more pronounced in MID and AD-MID patients. In MID and AD-
MID patients the BBB alteration involves primarily the grey
matter while in AD/SDAT patients the alteration would appear
to involve only the white matter. The BBB dysfunction and a
possible complement activation, either through antibody-anti-
gen activation or other complement activators, was visualized in
MID and AB-MID patients as perivascular serum protein depo-
sits in the grey matter, always with a capillary in the center.
The occurrence of some serum proteins in plaques, and the
previously descibed localization of plaques in close relation-
ship to the capillaries, suggest that altered BBB function and
serum factors may be involved in the etiology and maturation of
plaques while the etiology and maturation of tangles may not be
directly dependent on these factors, as they were never labelled
with any of the antisera studied.




INTRODUCTTION

Nementia is an age-associated organic brain disorder, recog-
nizable by the essential feature of psychological or behavio-
ral abnormality associated with permanent dysfunction of the
brain and interfering with social and occupational function

(* 1980).
CLINICAL STUDIES

The most common type of dementia is the primary degenerative
dementia (PDD), commonly referred to as Alzheimer's disease/
Senile dementia of Alzheimer type (AD/SDAT), which accounts
for approximately 50-70% of the cases in an autopsy material

(Tomlinson 1980). Vascular dementia or multi-infarct demen-
tia (MID) and the "mixed" or "combined" dementia (AD-MID) ac-
counts for about 15% each of the demented cases in an autopsy

material (Tomlinson 1980).

Essential features in AD/SDAT are the presence of dementia of
insidious onset and gradual progression, involving multi-fa-
cetted loss of intellectual abilities, such as memory, judge-
ment, abstract thinking and other advanced cortical functions,
as well as change in personality and behaviour (EEED 1955,
Slater and Roth 1970). With progression of the disease, the

patient might be completely mute and inattentive. This late
stage leads inevitabely to death. The prevalence is 2-4% at an
age of 65 and increases with age particularly after 75 (*

1980, Adolfsson et al 1981). The disorder is more common in

women than in men and first degree relatives of probands with

AD/SDAT are four times more likely to develop the disease com-
pared with the members of the general population (* 1980).
The etiology of AD/SDAT is unknown, but various speculations
are flourishing on involvement of possible endogenous (geneti-
cal, immunological, endocrinological) and precipitating (viru-
ses, neurotoxic substances) factors (Oldstone and Dickson

1974, Crapper and De Boni 1978, Fudenberg et al 1984).
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The dementia associated with vascular changes (MID) shows,
contrary to AD/SDAT, an abrupt onset, a stepwise and fluctua-
ting deterioration in intellectual functioning with rapid
changes that, early in the course of the disease, leaves some
of the intellectual function relatively intact (Hachinski et
al 1974, 1975). Disturbances in memory, abstract thinking,
judgement, impulse control and personality are common. Pat-
terns of deficits depend upon which regions of the brain are
affected (Fisher 1968, Hachinski 1979, de Reuck et al
1982). Focal neurological signs and symptoms are present, and
cerebrovascular diseases (CVD) has been related to the etiolo-
gy of the disorder (Hachinski 1975, Rosen et al 1980,
Birkett and Raskin 1982).

Clinical diagnostic criteria

DSM-III criteria (* 1980), the most widely used clinical clas-
sification criteria for dementias, were introduced in 1980 by
the American Psychiatric Association. According to these cri-
teria there are two major forms of progressive dementia disor-
ders, namely, AD/SDAT and MID. The major principles in these

criteria are listed below:

criteria for AD/SDAT: 1) clinical signs of dementia,
2) insidious onset of symptoms,
3) uniform progression of the disease,
4) no signs of other specific causes of

dementia;

criteria for MID: 1) clinical signs of dementia,
2) stepwise progression of the disease,
3) patchy distribution of deficits,
4) existance of focal neuroclogical signs
and symptoms,
5) evidences of cardio/cerebrovascular

diseases.
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To simplify the clinical differentiation between AD/SDAT and

MID the '"Hachinski score" (Hachinski et al 1975) was intro-

duced. Symptoms and signs, such as abrupt onset, stepwise de-
terioration, fluctuating course, nocturnal confusion, depres-
sion, somatic complaints, emotional incontinence, hypertension
stroke disturbances, associated arteriosclerosis, neurological
signs or symptoms, were scored by this method. Patients with a
score under four were classified as AD/SDAT patients and those

with a score above seven were classified as MID patients.

Standardized operational criteria, e.g. the DSM-III (* 1980)

criteria, described above, and the NIMH-criteria (McKhann et
al 1984), have designated a group of progressive dementia
disorders, either presumed AD/SDAT or MID. According to the

NIMH-criteria for definition of definite AD/SDAT, a combi-
nation of specific clinical data and histopathological data
are required. With the exception of a study investigating the
reliability of the '"Hachinski score" (Rosen et al 1980) and
a study investigating the specificity of the clinical diagno-
ses of dementia with histopathological verification (Todorov
et al 1975), little information is available on the validity

of the different clinical criteria.

HISTOPATHOLOGICAL STUDIES

The diagnostic hallmarks for AD/SDAT are neurofibrillary tan-
gles (NFT) and senile/neuritic plaques (SP/NP) and for MID

macro-/microscopic infarcts in cortical and subcortical are-

as.

Among other structural changes of the brain in ageing and de-

mentia are: brain atrophy, neuronal loss, dendritic at-

rophy, accumulation of lipofuscin, Hirano bodies and gra-

nulovacuolar degeneration (Tomlinson 1980, Brun 1983).
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Neurofibrillary tangles (NFT)

Neurofibers in the mature neurons are of two principal clas-
ses: neurotubules (diameter 240 A), identical to microtubules
in other tissues; and neurofilaments (diameter 100 A), members

of the class of intermediate filaments (Terry and Davies

1980). The neurofibrillary tangle is an abnormal, intracytop-
lasmic argentophilic mass of neurofibers, passing through the
perikaryon, around the nucleus towards the apical dendrite and
often extending out intoc one or more neurites (Tomlinson

1980, Terry and Davies 1980). The neurofibers that form the

tangle are different from the normal types in the sense that
they are paired helical filaments (PHF), each member of the
PHF measuring approximately 100 A in diameter (Igbal et al
1978, MWisniewski and Soifer 1979). PHF have been demonstra-

ted also in non-demented individuals. They do not show simila-
rities with normal neurofilaments, microtubules, actin or myo-

sin fibers (Grundke-Igbal et al 1982,1984). In some tangles

there are an admixture of normally appearing filaments, nor-
mally appearing tubules and the PHF. Tangles, built up by the-
se characteristic PHF, are also found in disorders other than
AD/SDAT. They are found, for example, in the neocortex in de-
mentia pugilistica, Guam-Parkinson's dementia complex, Down's
syndrome, postencephalitic Parkinsonism, and in occasional
cases of subacute sclerosing panencephalitis (SSPE) and Tube-

rous sclerosis (Wisniewski and Soifer 1979). The etiology of

the tangles is unknown.

Senile/Neuritic plaques (SP/NP)

While the tangle is primarily within the perikaryon the seni-
le/neuritic plaques (SP/NP) occupy the neurophil, where they

are often adjacent to the capillaries (Miyakawa et al 1979,

1982). There are two morphological types of plaques: 1) the
amorphous or neuritic plaques, small in size, consisting of a
cluster of four or five distended neurites and 2) the discrete
or senile plaques, large in size, with a uniform densely stai-

ned amyloid core around which there is frequently an unstained
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halo surrounded by argentophilic rods and granulas (Tomlin-
son 1980, Gibson et al 1983). The amyloid core is made up
largely of extracellular amyloid in the form of 70-90 A fila-
ments, quite different in texture and density from the normal
neurofilaments and from the individual fibrils of PHF (Terry
and Davies 1980). Astrocytic processes and occasional micro-
glia are present in and around the plaques. Local neurons of
different types contribute with their dendrites and axons to
the plaques (Probst et al 1983). The two morphological ty-
pes, senile and neuritic plaques and the "intermediate" form
are most frequently found together in the same patient, alt-
hough in many, one or the other predominates (Gibson et al
1983). As the degeneration progresses, the plaques seems to
largely ‘'disappear" (Brun and Englund 1981). The etiology of

plaques is unknown.

In AD/SDAT patients, the tangles and plaques were observed in
both cortical and subcortical areas with accentuation in the
basal medial temporal limbic areas, the posterior cingulate
gyrus and superior parietal 1lobe (Brun and Englund 1981,
Brun 1983).

The number of these lesions were found to increase with the
progress of the dementia (Blessed et al 1968, Ball

1976,1977, Perry et al 1978, Tomlinson et al 1970, 1980,
Wilcock and Esiri 1982, Gibson et al 1983).

Macroscopic and microscopic infarcts

Macroscopic/microscopic infarcts (haemorrhagic or ischaemic)

of a total volume greater than 100 ml (Tomlinson et al 1968,

1970,1980), infarcts localized in periventricular white matter
or the thalamus (de Reuck et al 1982) or involving the hip-
pocampus (Fisher 1968, Corsellis 1976) have been pointed
out as a cause of some of the clinical symptoms of multi-in-
farct dementia. The results of the positive correlation bet-
ween the clinical features in MID and the histopathological
findings of multiple microscopic infarcts in cortical and sub-

cortical regions (Rosen et al 1980) support the existance of
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a separate class of vascular dementia in which various haemor-
ragic or ischaemic lesions are of etiological importance. The-
se lesions may be caused by various complications, such as

thrombosis, embolism and haemorrhages.

Histopathological diagnostic criteria

The histopathological diagnoses of AD/SDAT and MID are based
on the quantitation rather than occurrence of tangles, plaques
and microscopic infarcts in the brain, as these "lesions" are
also observed in non-demented individuals, although to a les-
ser degree. In some cases the correspondence between lesions
and clinical symptoms might be disputable, especially in the
borderline between normal aged patients on the one hand and
patients with early stages of dementia on the other. Different
investigators attach different significance to small infarcts
and a small number of degenerative changes making the quanti-
tations not fully comparable. In the AD-MID mixed dementia

both AD/SDAT and MID lesions are seen in coexistance.
IMMUNOLOGICAL AND IMMUNOCYTOCHEMICAL STUDIES

The genetically controlled (Greenberg and Yunis 1968, Stut-

tman 1974, Yunis and Lane 1979) immunological response,

both cellular and humoral, has been shown to decline with age
(Yunis and Greenberg 1968, Nordin and Makinodan 1974,
Walford et al 1974, Kay 1979), influencing the disease

pattern (Makinodan 1979). The decline in function was shown
to be more severe in demented patients compared with age-mat-
ched controls (Kalter and Kelly 1975, Jancovic' et al
1977, Tavolato and Argentiero 1980).

Plasma Ig

I1gG, IgM and IgA concentrations have been shown to be depen-
dent wupon age, sex and race in healthy persons (Buckely and
Dorsey 1971). A gradual upward trend in plasma IgG and IgA

concentrations in surviving healthy individuals and a selecti-
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ve mortality of elderly people with relative immunodeficiency
has been described (Buckley et al 1974). In demented pati-
ents the concentrations of plasma IgG and IgA were both found
to be lower (Tavolato and Argentiero 1980, Pentland et al
1982) and higher (Kalter and Kelly 1975, Cohen and Eisdor-

fer 1980a) than those found in age-matched mentally unimpai-

red controls. The more impaired patients were found to have
lower plasma-IgG levels (Cohen et al 1976, Eisdorfer and
Caohen 1980), suggesting a more severe impairment of immunolo-
gical function in demented compared with non-demented indivi-

duals.

Cerebrospinal fluid Ig

No local or intrathecal production of plasma Ig in the CNS in
demented patients has been observed (Jonker et al 1982). A
slight elevation, of both albumin and IgG in the CSF with age
(Tibbling et al 1977, Kobatake et al 1980) was observed

and this elevation was found to be slightly higher in patients

with clinical symptoms of dementia (Bock et al 1974, Bo-
ning 1979, Jonker et al 1982).

Auto-antibodies

The frequency of auto-antibodies (antibodies formed in respon-
se to, and reacting against, one of the individuals own normal
antigenic endogenous body constituents) in plasma in elderly
persons has been found to increase with age (Yunis and Green-
berg 1968, Waltford et al 1974, Good and Yunis 1974,

Blumenthal 1976, Mayer et al 1976, Beregi et al 1978).

Auto-antibodies were observed more frequently in demented com-

pared with non-demented individuals (Mayer et al 1976,
Tkach and Hokama 1978, Cohen and Eisdorfer 1980b, Watts

et al 1981) and in patients with cardiovascular disease or
cerebrovascular lesions (stroke) compared with age-matched

controls (Berry and Riches 1974, Beregi et al 1978). Brain

reactive antibodies (BRA) (auto-antibodies, directed towards

the brain tissue), have been demonstrated in aged mice (Nan-
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dy 1972), in aged, non-demented humans (Mayer et al 1976,
Watts et al 1981 ) and in demented patients (Mayer et al
1976, Tkach and Hokama 1978, Nandy 1978, Cohen and Eis-
dorfer 1980b, Watts et al 1981).

Oligoclonal and other abnormal Ig

Another immunological disturbance, the production of oligoclo-
nal Ig (Ig produced as a rather limited reaction to a antige-
nic stimulation) was shown to be associated with diseases such
as subacute sclerosing panencephalitis and diseases which are
presumed to be infectious, such as multiple sclerosis (lilﬁl
nainen 1981, Mehta et al 1982 a,b,c). O0ligoclonal Ig pro-
duction has been observed in the CSF of demented patients
(Williams et al 1980). Oligoclonal antibodies have also been
observed in some patients with amyloid microangiopathy asso-

ciated with clinical signs of dementia (Schuller et al 1982)

Other abnormal CSF protein components have been demonstrated
in various neurological diseases, including dementia (Siden
1980, Wikkelso et al 1981, Wikkelsd and Blomstrand 1982).

Antigenicity of plaques and tangles

It has been shown that plaques are related to capillaries

(Miyakawa et al 1982) and that they are built up by amyloid

of unknown origin (Mandybur 1975, Cornwell and Westermark

1980, Glenner 1981, Mountjoy et al 1982). Plaque amyloid

has been shown to contain different serum proteins, such as
albumin, prealbumin and fibrinogen (Katenkamp et al 1970,

Powers et al 1981, Shirahama et al 1982), different immu-

noglobulins and different complement factors (Katenkamp et
al 1970, 1Ishii and Haga 1975,1976, Powers et al 1981,
Torack and Lynch 1981, Eikelenboom and Stam 1982). These

results have emphasized the probable importance of the serum
factors and the immunological mechanism for the development of
plaques. Tangles have been visualized with an antisera to pre-
albumin (Shirahama et al 1982).
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Blood-cerebrospinal fluid barrier and blood-brain barrier

function

The findings listed above of serum proteins in plaques and
their relationship to vessel walls raises the question of the
importance of the blood-cerebrospinal fluid barrier (B-CSF-B)
or blood-brain barrier (BBB) function in the pathogenesis of
dementia. The function of the barrier is modified by changes
in blood pressure (Houthoff et al 1981), by epileptic seizu-
res (Aarli 1983) and by drugs (Preskorn et al 1981).

The barrier function alter with age (Bock et al 1974, Tibb-
ling et al 1977, Kobatake et al 1980) and this alteration
was found to be more severe in AD/SDAT patients (Wisniewski

and Kozlowski 1982).

THE AIMS OF THE PRESENT INVESTIGATIONS WERE

to evaluate the blood-cerebrospinal fluid barrier function in
non-demented and demented patients (I) and to investigate the
possibility of local Ig production in the CNS in demented and
non-demented patients and to examine the occurrence of oligo-
clonal Ig and brain specific proteins in the plasma and CSF of
aged non-demented and demented patients (II). Because of the
variable results reported on the studies of plasma contents of
proteins, among others, in clinically classified demented
patients we considered it of importance to investigate the
reliability and the validity of the DSM-III classification
(II1). Based on the findings of increased transudation through
the B-CBF-B in MID patients an immunocytochemical technique
was employed on brain tissue to visualize if possible the
occurrence of serum proteins in the brain tissue (IV,V).
Finally, because of the great discrepancy between the clinical
and histopathological classifications, strict histopathologi-
cal criteria for non-demented and demented patients were pos-
tulated. The "function" of the criteria was tested by means of

multivariate data analysis (VI).
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MATERIALS

PATIENTS (I-VI)

Two categories of patients were investigated: 1) ambulatory
patients (I-II1), who were investigated under standardized con-
ditions during their stay at the Department of Internal Medi-
cine, Ume& University hospital, for purposes of the research
project, and 2) institutionalized patients (III-VI), who died
at Umedalen hospital or at the Geriatric clinic, Umed Univer-

sity hospital.
PLASMA AND CEREBROSPINAL FLUID (I,II)

Sample collection was performed under standardized conditions.
Cerebrospinal fluid (CSF) samples were obtained by a routine
lumbar puncture procedure and frozen in aliquots until analy-
zed. Blood samples were collected in heparinized tubes and
plasma, after separation by centrifugation, was frozen until
analyzed.

BRAIN TISSUE (III-VI)

Following a gross examination of the brain at autopsy, tissue
was taken from two regions of the right hemisphere, the fron-
tal cortex (Broadmann area 10) and the anterior part of the
hippocampal formation. These regions, on account of the occur-
rence of degenerative lesions, represent the extremes (Brun

1983). The tissue pieces were fixed in 10% buffered neutral
formalin (Romeis 1968) and bisected; one half was embedded
in paraffin biocks and the other half was used to prepare fro-

zen sections.
METHODS
CLINICAL INVESTIGATION (I-VI)

Most patients studied were investigated by means of a psycho-

geriatric and neurologic examination, EEG, ECG, and in some
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cases, CT-scan. The demented patients had been followed cli-
nically for several years and the clinical diagnoses of AD/
SDAT and MID were based on the DSM-III classification (I:43,
11;27, 111:91, IV:13, V:8 and VI:55 demented patients)

(* 1980) (Table 1).

Table 1. Schematic presentation of five operationally defined clini-
cal classes of patients with progressive dementia (according
to DSM-III classification, *1980)

Clinical Type of Cerebrovascular  Neurological
diagnosis progress risk factors signs or symptoms
AD/SDAT uniform absent absent

probable AD/SDAT uniform present absent

MID stepwize present/absent present

probable MID stepwize present/absent absent

probable MID uniform present present

Patients whose dementia was of non-progressive type or was of
known etiology, such as that caused by alcohol abuse, infec-
tious diseases, metabolic disorders, trauma and tumors, were
excluded. Healthy age-matched volunteers without signs of de-

mentia or immunologic disorders were included as controls.
ROCKET IMMUNGELECTROPHORESIS (I,II)

Rocket immunoelectrophoresis (Laurell 1972) represents a
simple, quick and reproducible method for determination of a
single protein in a protein mixture. The electrophoresis is
performed in agarose gel containing a monospecific antiserum.
The identification of the protein is revealed by the rocket-

shaped precipitates, and the quantification is based upon mea-
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suring the height of these precipitates.

The concentrations of albumin and the major classes of circu-

lating immunoglobulins in plasma and CSF (43 demented and 16

non-demented patients) were determined using commercial human

plasma sample as a standard and rabbit anti-human albumin,

IgG, IgM, and IgA as antibodies.

Transudation (passage) of IgG through the blood-cerebrospinal
fluid-barrier (B-CSF-B) and local synthesis of IgG in the CNS
were calculated according to previously described formulas
(Shuller and Sagar 1981). Local synthesis was also evaluated

by means of the CSF-IgG index (Link and Tibbling 1977).

The B-CSF-B function was graphically demonstrated by an eva-
luation graph for the protein profile in the CNS built up by
the Alb-, and IgG-ratios (Ganrot and Laurell 1974, Reiber
1980) (Figure 1).

G-ratio |
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Figure 1. Evaluation graph for protein profile.

IgG ratio = CSF-IgG/plasma-IgG x 10, Alb ratio = CSF-Alb/plas-
ma-Alb x 10. 1) normal range, 2) B-CSF-B dysfunction with pro-
portionally increased IgG 3) B-CSF-B dysfunction with dispro-
portionally increased IgG, 4) B-CSF-B dysfunction with addi-
tional increased IgG, locally produced in CNS, 5) range of va-
lues with IgG synthetized locally in the CNS and 0) biologi-
cally irrelevant range.
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ISOELECTRIC FOCUSING WITH IMMUNOFIXATION (II)

Isoelectric focusing (IEF) is a method based on the variabili-
ty of the protein charge with the pH of the surroundings. At a
pH similar to the isoelectric point of the protein the protein
charge is zero, which brings the protein to a standstill on
the polyacrylamide gel in the electric field. Using this met-
hod, proteins in a mixture are separated from each other and
then identified by means of immunofixation (Mehta et al
1982a,b).

Thin layer polyacrylamide gels were prepared, and concentrated

CSF (27 demented and 5 non-demented) and diluted plasma (23

demented and 10 non-demented patients) were applied to the

gel. After the focusing was completed the IgG bands were iden-

tified by immunofixation.

HIGH RESOLUTION TWO-DIMENSIONAL POLYACRYLAMIDE GEL
ELECTROPHORESIS (II)

In high resolution two-dimensional polyacrylamide gel elect-
rophoresis, a mixture of proteins are separated according to
the isoelectric point in the first dimension and the molecular
weight by sodium dodecyl sulfate electrophoresis in the second
dimension to obtain a uniform distribution of protein "spots"
across a two-dimensional gel (Anderson and Anderson 1977,
1979, Jellum and Thorsrud 1982).

The ISO-DALT system was used (Anderson et Anderson 1978 a,b),
and the analysis was performed on diluted plasma samples (17

demented and 2 non-demented patients) and concentrated CSF

samples (2 demented and one non-demented patients). After

separation in the second dimension the gels were stained with

Coomassie Brilliant Blue, and photographed.
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IMMUNOCYTOCHEMISTRY (IV,V)

The peroxidase-antiperoxidase (PAP) method (Sternberger
1979) is an alternative to peroxidase conjugate and immuno-

fluorescence procedures, with the advantage of enhanced sensi-
tivity (estimated at 100 to 1000 times that of immunofluores-
cence). Immunoperoxidase procedures are used for detection and
demonstration of cell surface antigens, intracellular antigens
and antigens distributed in the extracellular space. The de-
tection of the antigen in different localizations is dependent
on the mode of exposure of the tissue to the immunoperoxidase
system. Following fixation, contrary to the case with viable
cells, there are varying degrees of penetration into the cells
According to this technique, in the first (1) step (Figure
2), the sections were incubated with primary antisera (antise-
ra to the antigen of interest). This step was followed (2)
by a secondary antisera, such as the goat antirabbit IgG, app-
lied in excess. Under these conditions one of the combining
sites of the secondary antibody reacted with the primary anti-
body and the second binding site remained free. In the third
step (3), a purified peroxidase-antiperoxidase (PAP) complex
from rabbit was applied on the sections. The reaction was then
developed (4) with hydrogen peroxide as substrate and 3'3
diaminobenzidine tetrachloride as electron donor, yielding a

brown, insoluble product.

T+ A 2+ x S+ ‘1@
& ‘ ; Y - ‘@N@@@
4 4 + 4%
A A A A A A A
= A A A A 1 A A AA4= A A A A = A A A A : A A A A i

Tissue antigen X

Figure 2. Principles of peroxidase-antiperoxidase technique.




23

The deparaffinized and rehydrated brain tissue sections

(IV: 13 demented and 6 non-demented patients, V: 8 demented

and 6 non-demented patients, VI: 55 demented and 19 non-demen-

ted patients) were examined for the presence of serum pro-

teins wusing a somewhat modified version of the PAP technique.

HISTOPATHOLOGY (VI)

Six micron sections of the paraffin embedded material were

stained by different methods:

1. hematoxylin-eosin stain (Figure 3c),

2. Bodian silver stain (Bodian 1936) with periodic acid
Schiff (PAS) (Figure 3a) and

3. peroxidase-antiperoxidase staining method using anti-human

1gG as the primary antibody (Figure 3d).

Twenty micron sections of the fixed frozen material were stai-

ned with:

4. von Braunmiihl silver stain (Figure 3b) (Romeis 1968).

The absolute number of plaques and tangles was counted in five
randomly selected fields at a magnification of 125x on both
Bodian-PAS and von Braunmiihl stained sections. The absolute
number of the tangles (T) and plagues (P) on the Bodian-PAS
stained sections (Figure 1a) were rated on a four-step scale
(Table 2). Microscopic infarcts (I) were observed on the he-
matoxylin-eosin stained sections (Figure 3c) and were rated to
three degrees of severity (Table 2). Perivascular serum pro-
tein deposits (D) were observed on immunocytochemically stai-

ned sections (Figure 3d, Table 2).
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Figure 3. Light micrographs of AD/SDAT hippocampus. Tangles
(T) and plaques (P) stained by a) Bodian-PAS and b) von Braun-
miihl silver stains. Light micrographs of MID hippocampus.
Microscopic infarct (I) stained by c) hematoxylin-eosin stain
and perivascular IgG deposits (D) stained by d) peroxidase-
antiperoxidase methodology (PAP) in frontal cortex. Magnifica-
tions a,b,and d 290x and c 160x.
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Table 2. Grading of the microscopic findings.

Observation Absolute number Rate number
plaques * not observed 1]

0.1 - 5.0 1

5.1 - 10.0 2

over 10.1 3

tangles * not observed 0
0.1 - 10.0 1
10.1 - 20.0 2
over 20.1 3
histopathological
dementia score *x 0 -12
microscopic
infarcts **%*  not observed 0
occasional 1
widespread 2
perivascular serum
protein deposits **x* not observed -
observed +
* plaques and tangles counted in five randomly selected

fields in magnification 125x on Bodian PAS stained sec-
tions: the absolute number is the mean of the five values

* the sum of rate number of plaques and tangles in the fron-
tal cortex and the hippocampus,

falald noted on the hematoxylin-eosin stained sections

**x%  darkly stained deposits of IgG around the capillaries in
the grey matter observed by the immunocytochemical techni-
que (Alafuzoff et al 1985a, 1985b).
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STATISTICS (I-VI)
Significant differences were determined using Student's t-test
and the F-test. The correlations between different variables

were calculated using linear regression analysis.

Multivariate data analysis (VI)

A method of pattern recognition, soft independent modelling of
class analogies (SIMCA), including principal component model-
ling (PC) (Figure 4) and the partial least squares modelling
in latent variables (PLS) (Figure 5) were used to define the

different classes of dementia (Wold et al 1983, 1984a,b).

o C
a Var3 b Vard /
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Object\/ 234 L] P
] Data of one object

2
3
.
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Var 1

Figure 4. Drawing explaining the working of principal com-
ponent (PC) analysis. a) Data matrix for principal component
(PC) analysis where x is one measured value for one object.

b) Multi(3)dimensional space, where all variable data for one
object are represented by the position of a single point ¥ .
The variables used are autoscaled so that the variance is
equal to one. This is done to give each variable equal influ-
ence on the modelling. c) The data are least squares t mo-
delled by a line through the average. This line is the first
principal component PC1. The equation of PC1 is defined by the
loading vector p1. Each additional component will reduce the
residual variance. The number of significant components for
each class model is determined by cross validation. The idea
is to reduce the residual variance as far as possible without
loosing predictability. The second principal component, PC2,
is a line p2 perpendicular to p1.
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Representing the patients as points in a multi-dimensional
space, the method projects the point swarm of the data set or
parts of it down in a few-dimensional subspace which can be
plotted.

Var k p Classes
bj
__________ |
__________ 1] O10..eeee
i ::: (XX (XX ]
n c 001
o o
X ‘ Y
PLS

Figure 5. Principles of partial least squares modelling in
latent variables (PLS). The information of first X and se-
cond Y data matrixes is combined to form the PLS plot. The
first data matrix is formed by the independent variables, the
second one is formed by the class dependent variables which
"tilts" the planes for the first data matrix. This improves
the relationship between the objects and the variables in the
formed classes.

This provides an efficient way to convert the data table to a
few informative figures showing the relationship between the

patients and the variables.
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RESULTS

IMMUNOLOGICAL STUDIES (I,II)

Plasma and cerebrospinal fluid concentrations of Ig

MID patients were found to have significantly higher concent-
rations of plasma-IgG and slightly higher plasma-IgA than both
the AD/SDAT and the control patients. The plasma-IgM concent-
rations did not differ significantly from the controls. CSF-
Alb was significantly higher in the MID group compared either
with controls or with the AD/SDAT patients. CSF-Alb was higher
in the AD/SDAT group than the controls. The IgG concentrations
in CSF for the AD/SDAT patients were significantly lower than
for the MID patients. The concentrations of Alb and IgG in

plasma and CSF are presented as cumulative curves in Figure 6.

Blood-cerebrospinal fluid barrier function

Transudation (passage) of IgG through B-CSF-B was highest in
the MID patients followed by the AD/SDAT patients and lowest

in the control patients (Figure 7).

Cumulative %

Transudation {mg/!)
200 250 300

100 -50

Figure 7. Serum protein transudation (passage) through
blood-cerebrospinal fluid barrier (B-CSF-B) in non-demented
(/), AD/SDAT (#) and MID (,) patients in cumulative concentra-
tions.
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The evaluation greph for the protein profile for CSF showed
that both the AD/SDAT and the MID groups fell into an area

which Reiber designated as biclogically irrelevant (Figure 8).
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Figure 8. Protein profile by Reiber's graph in non-demented
and demented patients. (For definition see Figure 1). a) ex-
planation for priniples, b) non-demented, c) MID and d) AD/
SDAT patients. Male (@) and female (®) patients.

Local synthesis of Ig

According to the calculations based on the formulas for local

synthesis  described previously (Shuller and Sagar 1981,

Link and Tibbling 1977) there were no signs of local synthe-
sis of IgG in the CNS in either of the dementia groups.

Oligoclonal bands and other abnormal Ig

Matching pairs of CSF and plasma samples from patients with
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MID and AD/SDAT showed an absence of oligoclonal IgG bands in
immunofixation following iso-electric focusing (IEF) and were
similar to those seen in the age-matched non-demented indivi-
duals.

No differences were seen in the protein pattern of plasma and
CSF  samples in two-dimensional PAGE between AD/SDAT patients,
MID patients and non-demented individuals. No detectable
amounts of brain specific proteins in the plasma and/or CSF

were observed.
CLINICAL STUDIES (III)

The validity of the DSM-III criteria for AD/SDAT and MID were
tested with the histopathological verification of the diagno-
sis (67 demented patients). A demented patient group (91
patients) with mean age of onset of 70 years and mean duration
of the disease of 7 years was studied. Clinically these demen-
ted cases were classified as AD/SDAT 25%, probable SDAT 27%,
MID 13% and probable MID 34%. Histopathologically the demented
cases were classified in three different groups, namely, AD/
SDAT, MID and AD-MID. Of the demented patients 45% fulfilled
the histopathological criteria for AD/SDAT, 33% for MID and
21% of the demented cases were typed as AD-MID patients. His-
topathological diagnosis with respect to clinical diagnosis in
patients with AD/SDAT and MID are listed in Table 3.

7able 3. Comparison between clinical and histopathological diagnoses

Histopathological Clinical diagnosis (DSM-II1)

diagnosis (n) AD/SDAT  probable MID probable probable
AD/SDAT MID MID

AD/SDAT  (30) 12 (57%) 9 (47%) 1 5 3

MID (22) 6 4 5 (71% 7(7%) O

SDAT/MID (14) 3 5 1 3 2

NORMAL (1) 0 1 0 i} 0

(%) confirmation rate
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Clinical characteristics in patients with histopathologically

verified dementia are listed in Table 4.

Table4 . Clinical characteristics of the histopathologically

classified dementia patients

Histopathological Age of

Duration of  Hyper-

diagnosis (n) onset the disease tension
AD/SDAT  (30) 71.048.6  6.9+3.7 23.3%
MID (22) 70.148.3 6.0+2.8 45.5%
AD-MID  (14) 69.4+47.7  7.042.9 42.9%
TOTAL (66) 70.5+8.3 6.6+3.2 34.3%

Diabetes

mellitus

10.0%

9.1%

21.4%

12.1%

Heart

diseases
26.7%
50.0%

63.44%

42.4%

The sensitivity (the exactness of the inclusion criteria) and

specificity (the exactness of the exclusion criteria), for the

DSM-III criteria were calculated for the
probable, and MID/MID probable (Table 5).

Table 5. Specificity / sensitivity of the DSM-III

diagnosis SDAT/SDAT

classification.
Clinical Histopathological diagnosis
diagnosis AD/SDAT NON-AD/SDAT
(MID) (NON-MID)
AD/SDAT 21 19
(MID) (12) (15)
NON-AD/SDAT 9 18
(NON-MID) (10) (30)
TOTAL 30 37
(22) (45)
Sensitivity AD/SDAT: 70 % (21/30), (MID): 54.5 % (12/22)
Specificity AD/SDAT: 51 % (19/37), (MID): 33.3 % (15/45)
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IMMUNOCYTOCHEMICAL STUDIES (1V,V)

Antigenicity of tangles and plaques

In both demented and non-demented indivuduals, plaques could

be visualized with anti-IgG, -C1q and -C3c (Figure 9).

Figure 9. A section of frontal
gyrus of a SDAT case stained with
A-IgG serum (1:500). Note the
staining of the senile plaque,
predominantly the plaque core.
Magnification 300x. The tissue
was from a 82 year-old male pati-
ent with clinical and histopatho-
logical diagnosis of SDAT, dura-
tion of the disease six years.

Strikingly, no staining of plaques was observed with anti-Alb,
anti-prealbumin or anti-fibrinogen sera despite the general
staining of some areas of the section. Neurofibrillary tangles

were not visualized with any of the antisera studied.

Blood-brain barrier function

In 61% of the MID cases, immunostaining with antisera to serum
proteins revealed the presence of numerous dense deposits of
serum proteins around capillaries in layers 1-4 in the grey

matter of the frontal cortex (Fiqures 10a,b) and hippocampus.
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Figure 10. Seventy-six-year-old male patient with MID. Du-
ration of the disease 3 years. Tissue taken from frontal cor-
tex. A-IgG serum (1:500). Notice the localization of the pe-
rivascular IgG deposits in the gray matter. Magnifications

a) 45x and b) 225x.

Both in demented and non-demented age-matched controls all
serum proteins studied were shown to be present in the tissue
surrounding most large vessels of the white matter (Figure
1).

nification 25x. Same case as
figure 9.

Figure 11. A section from fron-
tal gyrus stained with A-IgG se-
rum (1:500) showing the occurence
of IgG in the surroundings of the
vessels of the white matter. Mag-
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The intensity of this staining gradually decreased with the
distance from the vessel. No such immunostaining was observed
in any of the normal age-matched controls. In demented cases
and in normally aged controls staining of the neurons and
glial cells within the diffusion area was observed with dif-

ferent antisera, except with the antisera to fibrinogen.

HISTOPATHOLOGICAL STUDIES (VI)

Description of the non-demented patients

Tangles were not observed in the frontal cortex of non-demen-
ted patients. The prevalence of plaques in the frontal cortex
was 63%. In the hippocampus, the tangles were seen in 42% and
plaques in 68% of the cases.

The range for the histopathological dementia score (the sum of
the rate number of tangles and plaques in the frontal cortex
and the hippocampus) was between 0 and 4 (For definition of
the grading see Tab. 2). Prevalence of tangles and plaques
together in both areas of the brain studied was 89%.

The severity of microscopic infarcts seen in the frontal cor-
tex was estimated as 0-2 (prevalence 74%) and in the hippocam-
pus as 0-1 (79%).

The perivascular deposits were not observed in non-demented

cases (Table 6).

The number or severity of the lesion seen in the non-demented
patient was used to define the "normal limits" for the normal
ageing process. In AD/SDAT the primary lesions are plaques and
tangles in MID vascular lesions. In AD-MID both types of lesi-
ons are coexistant. The histopathological criteria for the
three different dementia types, namely, AD/SDAT, MID and AD--
MID were postulated based on the number or degree of these

lesions in non-demented patients (Table 7).
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Table 6. Histopathological findings in non-demented aged patients

Case No APf RPf ATf RTf APh RPh ATh RTh S If/1h
1 0.0 4] 0.0 0 g.0 0 1.0 1 1 0/1
2 0.0 0 0.0 O 0.3 1 0.0 O 1 0/0
3 0.0 O 0.0 O 0.0 O 0.0 O 0 1/0
4 0.0 O 0.0 O 3.5 1 0.0 © 1 1/1
5 0.0 O 0.0 O 0.0 O 0.6 1 1 0/0
6 1.0 1 0.0 0 14.0 3 0.0 O 4 1/1
7 0.0 ¢} 0.0 0 0.0 0 0.0 4] 0 0/1
8 4.2 1 0.0 O 9.5 2 3.2 1 4 2/1
9 6.2 2 0.0 O 1.0 1 0.0 0 31/

10 3.5 1 0.0 O 2.5 1 1.0 1 3 0/1

1 0.0 o© 0.0 O 0.0 O 2.0 1 1 1/1

12 1.6 1 0.0 O 2.5 1 1.7 1 3 2/1

13 1.0 1 0.0 4] 3.0 1 0.0 0 2 1/ 1

14 1.4 1 0.0 O 3.8 1 3.2 1 31 /1

15 0.2 1 0.0 0O 0.0 O 0.0 O 1 1/

16 2.5 1 0.0 O 5.0 1 0.0 2 4 1/

17 4.0 1 0.0 O 9.0 2 0.0 0O 3 1/1

18 3.4 1 0.0 0 5.0 1 0.0 0 2 1/

19 5.3 2 0.0 0 9.5 2 0.0 0 4 1/0

m+S.0. 1.8+2.0 0.0+0.0 3.6+4.1 1.7+4.6

md (R) 1(0-2) 0(0) 1(1-2) 0(0-2) 2(0-4)

A - absolute number of changes,

P - senile/neuritic plaques,

f - the frontal cortex,

R - rate number of changes (for definition see Table 2)

T - neurofibrillary tangles,

h - the hippocampus,

S - histopathological dementia score (for definition see Table 2)
I - microscopic infarcts,

D - perivascular serum protein deposits,

m - mean and S.D. - standard deviation,

md - median and (R) - range.

For definition of grading of microscopic findings see Table 2.
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Table 7. The criteria for the histopathologic types of the
dementias. The criteria listed are based on acceptable
"normal limits" of dementia changes seen in non-demen-

ted aged individuals (for reference see Table 6).

Non-demented individual

no tangles in the frontal cortex;
variable number of plaques;

dementia score upp to 4;

microscopic infarcts in the frontal
cortex 0-2 and in the hippocampus 0-1;
no perivascular serum protein deposits.

Dementia with primary degenerative changes - AD/SDAT

either tangles in the frontal cortex, variable
number of plaques and dementia score of at least 4
or no tangles in the frontal cortex, variable number
of plaques and dementia score over 4;

microscopic infarcts in the frontal cortex

0-2, and the hippocampus 0-1;

no perivascular serum protein deposits.

Dementia with primary vascular changes - MID

no tangles in the frontal cortex;

variable number of plaques;

dementia score up to 4;

microscopic infarcts in the frontal cortex

0-2, and the hippocampus 2;

occurence of perivascular serum protein deposits.

Dementia with both degenerative and vascular changes - AD-MID

tangles in the frontal cortex;

variable number of plaques;

dementia score over 4;

microscopic infarcts in the frontal cortex
0-2, and the hippocampus 2;

occurence of perivascular serum protein deposits.

For definition of grading of microscopic findings see Table 2.
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Description of the demented cases with definite diagnosis

The histopathological findings in demented patients are listed

in Table 8.

Table 8. Histopathological findings in demented patients.
Classification according to criteria listed in Table 7.

Case No

I Histopathologically classified as AD/SDAT

APf RPf ATf RTf APh RPh ATh RTh

a) In agreement with clinical diagnosis

b) In

33
37
39
41
48
50
51
52
54
55

17.2 3 6
10.6 3 12
6.5 2 1.
3.0 1 1.
19.2 3 4.
9.8 2 6.
10.5 3 8.
7.1 2 N.
7.5 3 3.
5.0 1 2.
17.5 3 3.
9.3 2 21.
0.0 0 1.
4.1 T2
8.5 2 7
4.6 1 2
2.5 1 1
disagreement
2.5 1 0.
2.2 1 0.
22.5 3 7
1.5 1 0.
25.3 3 5.
1.9 3 3.
4.9 2 1.
7.0 1 4,
8.0 2 0.
5.1 2 1.
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111 Histopathologically classified as AD-MID

1 12.7 3 2.7 1 15.2 3 18.2 2 9 2/ 2+ SDAT
3 5.5 2 3.0 1 26.5 3 4.1 1 7 2/ 2- SDAT
1 0.2 3 4.7 1 3.0 1 4. 1 6 2/ 1+ SDAT
16 0.0 2 3.5 1 19.2 3 4. 1 7 1/ 2 - SDAT
18 6.3 2 1.9 1 10.7 3 27.7 3 9 1/ 0+ SDAT
19 1.8 3 3.0 1 6.0 2 4.0 1 7 1/ 1+ SDAT
20 4.5 1 0.5 1 4.2 1 6.6 1 4 2/ 2 - SDAT
23 2.6 1 1.1 1 16.2 3 35.6 3 8 2/ 2~ SDAT
26 7.2 2 21 3 13.4 3 29.0 3 1 1/ 2+ SDAT
35 9.6 2 4.8 1 1.9 3 20 3 9 0/2+ MID
42 5.7 2 7.0 1 10.7 3 21.7 3 9 2/ 2+ MID
43 .7 1 0.0 0 21.7 3 39.0 3 7 2/ 2~ MID
46 9.5 2 2.2 1 15.7 3 12.9 2 8 1/2- MID
47 6.5 2 0.2 1 7.5 2 15.7 2 7 1/ 2- MID
53 6.7 2 0.0 0 4.7 1 20.8 3 6 1/ 2 MID
m+S.D.  6.646.0 3.3+4.7  9.4+7.8 13.6+12.3
md (R) 2(0-3) 1(0-3) 2(0-3) 1(0-3) 7(4-11)

A - absolute number of changes,

P - senile/neuritic plaques,

f - the frontal cortex,

R - rate number of changes (for definition see Table 2),

T - neurofibrillary tangles,

h - the hippocampus,

S - histopathologic dementia score (for definition see Table 2),

1 - microscopic infarcts,

D - perivascular serum protein deposits,

m+S.D. - the mean and standard deviation of all demented cases,

md (R) - median and range of all demented cases.
For definition of grading of microscopic findings see Table 2.

There were seventeen cases with definite diagnosis of AD/

SDAT (clinical and histopathological diagnoses in agreement)
(Table 8,9). In these cases the prevalence of tangles was 100%
in both the frontal cortex and the hippocampus. The plaques
were seen in 94% of the cases in the frontal cortex and in
every case in the hippocamus. The range of the histopathologi-
cal dementia score was 4 - 11 and the prevalence of tangles
and plaques together in both brain areas studied was 100%. The
severity of microscopic infarcts seen in the frontal cortex
was estimated as 0-2 (prevalence 53%) and in the hippocampus
as 0-1 (prevalence 82%). The perivascular deposits were not

observed in AD/SDAT cases.
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Table 9. Description of the patients "with definite diagnosis"

Variables: Non-demented Demented

n=19 n=24

AD/SDAT MID

Number M/F 13/ 6 M/ 6 7/0
Age 74.3 + 10.5 77.7 + 8.6 76.0 + 6.6
Duration of
disease 0 6.1 + 3.2 3.9 + 2.4
Brain weight 1293 + 113 1225 + 168 1393 + 81
Arteriosclerosis 1(0 - 3) 1(0 - 2) 2 (1 -3)
Macroscopic infarcts 0 (0 -2) 0(0-2) 2 (0 - 2)

The frontal cortex

plaques: abs.number 1.8 + 2.0 9.0 + 5.9 1.5+ 1.5
rate number 1(0 - 2) 2 (0 - 3) 1(0-1)
tangles: abs.number 0 6.0 + 5.3 0
rate number 0 1 (1 -3) o
microscopic infarcts 1 (0 - 2) 1 (0 - 2) 2 (1 -2)
The hippocampus
plaques: abs.number 3.6 + 4.1 11.4 + 6.5 2.1+ 24
rate number 1 (0 - 2) 3 (1 -3) 1 (0 - 2)
tangles: abs.number 1.7 + 4.6 17.1 + 13.9 4.4 + 4.5
rate number 0 (0 - 2) 2. (1-3) 1(0-1)
microscopic infarcts 1(0-1) 1(0 - 1) 2 (0 -2)
Histopathological dementia score
2 (0 - 4) 8 (4 -11) 3 (0 - 4)
Perivascular serum protein deposits (+)
0% 0% 72 %
XX + XX = mean + S5.D.
x(x - x) = median (range)

For definition of grading of microscopic findings see Table 2.

There were seven cases with definite diagnosis of MID

(Table 8,9). Tangles were not observed in the frontal cortex
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and in the hippocampus they were seen in 71% of the cases. The
prevalence of plaques was 71% in the frontal cortex and 86% in
the hippocampus. The range of the histopathological dementia
score was 0-4 and the prevalence of tangles and plaques toget-
her in both brain areas studied was 86%. The severity of mic-
roscopic infarcts seen in the frontal cortex was estimated as
1-2 and in the hippocampus as 2 (prevalence 86%). The perivas-
cular deposits were seen in the grey matter in 71% of the MID

cases.

Multivariate data analysis

Multivariate data analysis by principal component (PC) model-
ling (Wold et al 1983, 1984a,b) with age, sex, gross neuro-
anatomical and histopathological changes as the tested variab-
les reveled that four histopathological groups (non-demented,
AD/SDAT, MID and AD-MID) can be separated with some overlap
(Figure 12a,b).

Analysis by the partial least squares modelling in latent va-
riables (PLS), employing only those cases with definite di-
agnoses (SIMCA classes) clearly separated the non-demented,

AD/SDAT and MID groups from one another (Figure 13a,b).

The remaining demented cases without definite diagnosis
(31 patients) were for their visual classification into the
constructed SIMCA classes projected into the calculated PLS
model and ploted (Figure 14). The probabilities for membership
of these cases to the PC models of the classes constructed on
the patients with definite diagnosis and on patients histo-
pathologically typed as AD-MID were determined (Table 10).
The results of these analyses revealed that some of these 31
patients were indeed members of one of the SIMCA classes (AD/
SDAT: case numbers 48,54; MID: case numbers 7,28,29,37 and
AD-MID:case numbers 33,52 and 55). The AD-MID cases were sepa-
rable in the two-dimensional space in the PLS plot (Figure
13). The results on the PC and PLS analyses suggest that the

AD-MID cases might be considered as a separate dementia class.
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Figure 12a. Principal component analysis in non-demented and
demented patients.

The variable loading plot employing age, sex, gross neurocana-
tomical and histopathological parameter. Variables furthest
from the origin are those with the highest separation power.
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Figure 12b. Principal component (PC) analysis in non-demen-
ted and demented patients.

The PC pattern of all 19 non-demented and 55 demented patients
in multi-dimensional variable space as seen through a two-di-
mensional window. Notice the separation into four different
groups. Non-demented (n), histopathologically classified AD/
SDAT (@) and MID (N) patients with definite diagnosis, AD/

SDAT (ng and MID (ng patients without definite diagnosis and
AD-MID (m) patients.
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Figure 13a. Analysis of the non-demented and demented pati-
ents with definite diagnosis by the partial least squares
modelling in latent variables (PLS).

The variable loading plot employing the same parameters as in
Figure 12a but in the presence of the clinical diagnosis. The
PLS classes were manually formed according to the rule that
objects selected to a class are in some way supposed similar.
The classes used were formed of patients with a definite
diagnosis (clinical and histopathological diagnoses in agree-
ment) and there were no "outliers" within each formed class.
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Figure 13b. Analysis of the non-demented
ents with definite diagnosis by PLS.

The PLS modelling patterns
classes,

and demented pati-

showing the three formed SIMCA
every point representing an individual case. Notice
the clear separation of the classes. Non-demented (n), AD/SDAT
@) and MID (A} patients with definite diagnosis.
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Figure 14. The PLS modelling patterns on non-demented and
demented cases both with and without definite diagnoses.

The variable loading plot same as in Figure 13a. Some of the
unclassified cases were found to be members of AD/SDAT and MID
classes. Notice the separate '"group" of cases, histopathologi-
cally classified as AD-MID patients. Non-demented (M), AD/SDAT
@) and MID (M) with definite diagnosis AD/SDAT (MNg) and MID
(N without definite diagnosis and AD-MID (N patients.




Table 10. Classification of the dementia cases without definite diagnosis.

Case Clin.

No diagn.
1. AD/SDAT
3. AD/SDAT
5. AD/SDAT
7. AD/SDAT
11. AD/SDAT
16. AD/SDAT
18. AD/SDAT
19. AD/SDAT
20. AD/SDAT

23. AD/SDAT
26. AD/SDAT
27. AD/SDAT
28. AD/SDAT
29. AD/SDAT
30. AD/SDAT
33, MID

35. MID

37. MID

39. MID

41. MID

42, MID

43, MID

46. MID

47. MID

48, MID

50. MID

51. MID

52. MID

53. MID

54. NUD

55. NUD

Histopath.
diagn.

AD-MID
AD-MID
MID
MID
AD-MID
AD-MID
AD-MID
AD-MID
AD-MID
AD-MID
AD-MID
MID
MID
MID
MID
AD/SDAT
AD-MID
AD/SDAT
AD/SDAT
AD/SDAT
AD-MID
AD-MID
AD-MID
AD-MID
AD/SDAT
AD/SDAT
AD/SDAT
AD/SDAT
AD-MID
AD/SDAT
AD/SDAT

Probability of not membership.
Nondemented AD/SDAT

1.000
1.000
0.998
0.882
1.000
1.000
1.000
1.000
0.723
1.000
1.000
1.000
1.000
0.939
1.000
1.000
1.000
0.982
1.000
0.998
1.000
1.000
1.000
1.000
1.000
1.000
0.630
1.000
1.000
1.000
1.000
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A principal component (PC) modelling of each of the formed classes (non-demen-

ted, demented "with definite diagnosis" i.e. AD/SDAT and MID. and for histo-

pathologically classified AD-MID cases) was performed. Using the distance of
each case to the models i.e. classes in space, the probability of class mem-

bership was calculated by F-test for patients "without definite diagnosis".

This was done to find both the members of the classes and the "outliers" (not

a member of the formed classes).

F-test: * p < 0.05, ** p < 0.01 and *** p < 0.001.

Case numbers 7, 29, 46, 54 and 55 showed probability of being members of two
classes and case numbers 20 and 51 showed probability of being members of
three classes. In these cases note the lowest probability for membership.
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In order to verify that the pathology in these AD-MID cases
were not merely a linear combination of the pathology in AD/
SDAT and MID, these cases were tested on a PLS model calcula-
ted for the lumped definite dementia cases. The AD-MID group
remained separate from the lumped cases (F-test on the 2.5%
level). The lack of additivity might roule out the notion that
the AD-MID cases were merely a reflection of cases which, for
example, started with AD/SDAT and then developed MID, or vice
versa, since the use of post-mortem tissue always reflects the
end stage of the disease, unless secondary illness can obfu-
scate the interpretation.

Six of the remaining unclassified cases were '"outliers" wit-
hout any membership to the non-demented, AD/SDAT, MID or
AD-MID (SIMCA) classes and one case showed high probability of

being a member of the non-demented class.

Summary on classification of demented cases by multivariate

data analysis

A total of nineteen cases (17 with and 2 without definite
diagnosis) were found to belong to the AD/SDAT, eleven cases
(7 with and 4 without definite diagnosis) to the MID and
eighteen (15 with and 3 without histopathological diagnosis of
AD-MID) to the AD-MID classes.

Remaining seven cases were unclassified by means of the multi-
variate data analysis.

A schematic presentation of the relationships between the a)
clinical DSM-III classification, b) histopathological classi-
fication according to the criteria listed in Table 7 and c)

SIMCA classifications is given in Table 15.
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Correlations between different variables in the non-demented

and demented cases with definite diagnosis

In the non-demented aged individuals, there was a positive

correlation between age and both the number of plaques in the
frontal cortex and with the histopathological dementia score.
The number of plaques in the frontal cortex showed positive
correlation with the number of plaques in the hippocampus. A
negative correlation was observed between age and brain

weight.

In the AD/SDAT patients with definite diagnosis, in cont-
rast to the non-demented patients, the age of the patient was
negatively correlated with the number of plaques in the fron-
tal cortex. In the hippocampus numerous plaques were seen in

combination with a high number of tangles.

In the MID patients with definite diagnosis, the degree of
microscopic infarcts seen in the frontal cortex was most seve-
re in the older patients. The number of plaques in the hippo-
campus correlated with the number of tangles in the MID pati-

ents.

Comparison of counts of tangles and plaques by two silver

staining methods

Overall, the counts of plaques and tangles were slightly hig-
her with von Braunmiihl silver staining method than found with
the Bodian-PAS silver staining method (Table 11). However, the
absolute number of plaques and tangles visualized with these
two staining methods are not fully comparable, as the thick-
ness of the sections differed (Bodian PAS: p6 micron, von
Braunmiihl: 20 micron) and, though neighbouring and taken from

same tissue block, the sections were not adjacent.



51

Table 11. Comparison of the counts of tangles and plaques visualized by

von Braunmiihl (vB) and Bodian PAS (8P) silver stains.

Mean Standard Range

Deviation

Control cases APfvB 2.1 3.3 0- 7.7

n =17 BP 0.5 0.7 0- 1.8

ATfvB 0.0 0.0 0 - 0.0

BP 0.0 0.0 0 - 0.0

APhvB 3.0 4.0 0 - 10.0

BP 2.2 3.3 0- 9.0

AThvB 1.5 0.9 0- 6.4

BP 1.2 2.4 0- 2.0
Demented APfvB 11.8 11.6 0 - 40.0 *
n = 27 BP 4.5 4.4 0 - 15.0 *

ATfvB 4.9 7.1 0 - 31.7

BP 3.1 5.0 0 - 22.0

APhvB 12.7 12.6 0 - 49.0

8P 7.7 7.8 0 - 34.0

AThvB 16.7 16.4 0 - 63.0

BP 12.0 14.5 0 - 60.0

AP - absolute number of plaques,

f - the frontal cortex,

AT - absolute number of tangles,

h - the hippocampus.

All numbers are avarages of five counts carried out at
magnification 125x.

* Significant difference in counts (p<0.005) carried out
on vB and BP stained sections.

stained sections in the dementia class were compared.
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DISCUSSION

IMMUNGCLOGICAL FINDINGS

People over 65 years without cognitive impairment had higher
plasma-IgG levels (I) compared to reference values for 30-
year-old individuals (Buckley et al 1974). Similar elevation

in plasma-IgG have been reported earlier (Buckley and Dorsey

1971), and might be explained by an increased synthesis of IgG
in elderly people (Makinodan 1979). Higher IgG concentra-

tions might indicate a well-functioning immune system necessa-
ry for survival (Walford 1974).

Plasma-IgG levels in the MID group were higher compared to
age-matched controls (I), suggesting a more active immune res-
ponce. The elevation in plasma-IgG may indicate an increase in
auto-antibody concentration, found both in patients with car-
diovascular diseases (Beregi et al 1978) and in patients
with cerebrovascular lesions (stroke) (Berry and Riches
1974).

The MID patients had higher CSF-IgG concentrations than the
AD/SDAT patients (I) but were not significantly different than

those found in non-demented controls. These findings, in addi-
tion to low CSF-IgG index (I) and the low value of local syn-
thesis of IgG (I), speak against an intrathecal IgG production
in the CNS in demented patients.

When compared with healthy individuals between 21 and 30 years

of age (Eeg-Olofsson et al 1981), unimpaired aged patients

showed higher values in CSF-Alb (I), indicating an alteration
in B-CSF-B function with age, in agreement with a study by
Tibbling et al (1977) and Kobatake et al (1980).

The MID and the AD/SDAT patients had elevated CSF-Alb concent-
rations (I), suggesting either a less "dense" barrier function
or a lower CSF turnover in the CNS. The increased Alb ratio in

the MID group is consistent with both suggestions.

Contrasting results for the B-CSF-B function in demented indi-
viduals and, especially, for the clinical group of AD/SDAT,
have been reported (Bock et al 1974, Jonker et al 1982
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Leonardi et al 1985, Elovaara et al 1985a).

The findings of lower IgG ratio and CSF-IgG index in the AD/
SDAT group along with the moderately higher transudation value
compared to the controls and the observation that both MID and
AD/SDAT groups fell into the so-called biologically irrelevant

area (I) has not been reproduced by others (Leonardi et al

1984). This difference is primarily based on the proportional-
ly lower CSF and plasma concentrations of IgG than Alb in our

study compared with the results of Leonardi et al (1984).

Some of the possible explanations for these different results
are: a) differences in clinical classification, b) differences
in collection procedure of the investigated material, c) dif-
ferences in the storage time of the material (the stability of
the investigated proteins in -70 C is not sufficiently estab-

lished and c) differences in the methodology used.

Both infectious diseases and diseases which are presumed to be
infectious have been associated with the presence of oligoclo-

nal antibodies in the CSF (Iivanainen et al 1981, Mehta et

al 1982b,c). Protein bands, probably representing oligoclonal
Ig production, have both been and not been demonstrated in CSF
samples from demented patients (Williams et al 1980, Elo-
vaara et al 1985b, Wikkelsd et al 1981). No such "bands"

however were demonstrated by us (II). Oligoclonal Ig producti-

on by plasma cells in CSF might be initiated by an wunspecific
reaction to the tissue damage found in the late stages of de-
generative dementia and early in the course of vascular demen-

tia.

The lack of precise criteria for the clinical classification
of AD-MID may in combination with the etiology of oligoclonal
antibodies provide a possible explanation for the contrasting

results.

The two-dimensional PAGE method is a reliable procedure for
analysis of a complex mixture of proteins. CNS specific pro-

teins and also abnormal CSF-Ig components have been found to
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be present (Siden 1980, Wikkelsd et al 1981) and absent in
various neurological diseases, including dementia (Harrington
92_21_1984). No enrichment of unique proteins in either plas-
ma or CSF could be identified in the demented patients (II) as
visualized by two-dimensional PAGE. This does not exclude the
possible occurrence of CNS specific proteins in plasma, as the
concentrations of plasma proteins greatly exceed the levels of
proteins in the CSF, thereby making the detection of brain

specific proteins difficult.

CLINICAL FINDINGS

In clinical use the DSM-III criteria were found to be insuffi-
cient for the classification of progressive dementia disorders
(II1). The clinical characteristics of AD/SDAT and MID were
heterogenous (III). Only a subgroup of the investigated pati-
ents fulfilled the DSM-IITI criteria for definite diagnosis
(III,VI). The diagnosis of dementia is based on clinical signs
caused by rather extensive damages to the CNS, making it dif-
ficult to distinguish between different patterns or pathograms
in behavioral alterations. The increased frequency of cardio-/
cerebrovascular diseases with age, leading to ischaemic and/or
haemorrhagic damage of the brain parenchyma, also makes it
difficult to observe the specific "symptoms" caused by the al-
teration in function of a specific neuronal "group".

There is clearly a need for more precise clinical criteria for
AD/SDAT, MID and AD-MID patients.

IMMUNOCYTOCHEMISTRY

Blood-brain barrier function in MID and AD-MID

The current histopathological criteria for vascular dementia
are the destruction of 100 ml or more of brain tissue (Tom-

linson 1980), tissue destruction localized in the thalamus
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and periventricular space of white matter (de Reuck et al

1982), or bilateral destruction of the hippocampus (Corsel-
1lis 1976).

Using immunocytochemical methodology, lesions were visualized
in vascular dementia which have not been shown previously by
conventional histopathological procedures (IV). These lesions
consist of deposits of serum proteins in sharply demarcated
areas in the grey matter, always with a capillary in the cen-
ter. The presence of fibrinogen besides other serum proteins
such as Alb, PA, and IgG in these lesions indicate severe
changes in the permeability of the capillary walls in the area
of the cerebral cortex investigated. Blood cells were not ob-
served in the neurophil, and no thrombo-embolies were observed
in any of the cases, indicating that these lesions do not rep-
resent haemorrhagic and/or ischaemic infarcts. That these le-
sions have been mostly found in association with cortical ca-
pillaries but not with the vessels of the white matter may
point out a defect in the cortical capillary system and thus

be pathogenetically different from macro/microscopic infarcts.

The perivascular serum protein deposits observed (IV) may
explain, 1) the higher transudation of serum proteins through
the B-CSF-B observed in MID patients (II), 2) the ‘'"consump-
tion" of IgG by CNS (I1) and the decrease of regional blood
flow shown in MID patients (Hachinski et al 1975, Lavy et
al 1978).

Although the concentration of C3 in normal serum is known to
be about 17-fold higher than C1q (Brown et al 1984), the

size of the perivascular deposits stained with antisera to

human C1q was greater than that labelled with antisera to C3c
(IV). These findings may indicate the presence of antigen-an-
tibody complexes in the perivascular serum protein deposits
since C1 is known to bind to antigen-antibody complexes
through the subunit C1q. It is tempting to suggest that peri-
vascular deposits might be due to the binding of antibody to
brain tissue. This may be considered as a support to the
hypothesis that the elevation in plasma-IgG in MID (II) is

caused by auto-antibody production, with possible reactivity
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towards brain tissue. However, the presence of C1q in the pe-
rivascular deposits might be due to factors other than anti-
body-antigen complexes since a variety of other substances,
such as, the lipid A component of lipopolysaccarides (Cooper
et al 1976), RNA viruses (Coocper and Morrison 1978) and CRP
complexes (Kaplan and Volanakis 1974, Siegel et al 1974),

also activate complement by binding C1q in the absence of an-
tibody-antigen complexes. O0On the other hand, it is possible
that the presence of C1q in the lesions might be due to cata-
bolic differences between the serum proteins. The specific
changes in the capillary function of the grey matter in the
vascular dementia might be an etiopathologic factor involved

in the disease.

Blood-brain barrier function in AD/SDAT

In both non-demented and demented patients transudation of se-
rum proteins through the vessel walls was visualized as occu-
rence of serum proteins in the surroundings of the vessels in
the white matter. There were no obvious differences in this
diffusion, visualized with different antisera to serum pro-
teins, between the demented and the non-demented, aged indivi-
duals. These findings indicate that the BBB function was comp-
romised equally in AD/SDAT and in non-demented, aged indivi-
duals (V), contrary to another study where alteration in BBB

function in AD/SDAT was observed (Wisniewski and Kozlowski

1982). In both demented and normal aged individuals a broad
spectrum of variation of the intensity of the protein staining
surrounding the vessels was observed without any correlation
to age, cause of death or time between death and autopsy. The-
se differences may be due to the fact that BBB function is
labile, influenced by drugs (Preskorn et al 1981), hyperten-
sion (Houthoff et al 1981), epileptic seizures (Aarli

1983) and, possibly, by adrenergic activity (Mann et al
1982).
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Antigenicity of plaque and tangles

The immunostaining of plaques with antisera to IgG and to the
complement components C1q and C3c and with no reaction with
antisera to other serum proteins studied suggest the presence
of antigen-antibody complexes in plaques (V). This conclusion
is supported by previous studies, which showed immunoglobulins
(Katenkamp et al 1970, Powers et al 1981, Ishii and Haga
1975,1976) and complement factors in plaques in AD/SDAT (Pao-

wers et al 1981, Eikelenboom and Stam 1982). The occurrence

of Ig and complement in the plaques (V) and the localization
of plaques in close relationship to vessel walls (Miyakawa et
al 1979,1982) suggest the possible implication of serum fac-
tors in development and/or maturation of plaques. This hypo-
thesis partly supports the conclusion of "consumption" of Ig
by the CNS (I). Non-detectable concentrations of brain reacti-
ve antibodies in the CSF (I) and the lack of intrathecal pro-
duction of antibodies in the CSF of AD/SDAT patients (I) sup-
port the contention that the serum proteins might be the sour-
ce of IgG in the plaques. Thus, it seems possible that, the
etiology and maturation of plaques in normal aged and demented
subjects may be a consequence of an altered B-CSF-B (I) / BBB
(I,IV,V) function and serum factors. The etiology and matura-
tion of tangles may not, on the other hand, be directly depen-
dent on these factors, because they were never labelled with
any of the antisera used in our study, although this finding

is contrary to the report of Shirahama et al (1981), who

found that tangles were labelled with antisera to prealbumin.

HISTOPATHOLOGY

AD/SDAT and MID together constitute about 90% of all dementia
cases. As yet, the selection criteria for the diagnoses of
these diseases are not completely established. Non-demented
aged cases can be separated from the demented patients not
only clinically but also histopathologically. Although even by
both clinical and histopathological work up a number of cases

are difficult to diagnose. Because of the difficulty to diag-
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nose such borderline cases the terms "possible" and "probable"
for diagnoses were introduced. To avoid all doubt in the his-
topathological differentiation of the demented patients, ope-
rational histopathological criteria for AD/SDAT, MID and AD--
MID were postulated and used. The use of the histopathological
dementia score, i.e. the sum of the degenerative changes seen
in the frontal cortex and the hippocampus, simplified the as-
sessment of the histopathological diagnoses. In 53% of the
clinically classified AD/SDAT cases and in 33% of the clini-
cally classified MID cases, the clinical diagnosis according
to the DSM-III classification corresponded to the histopatho-
logical diagnosis according to our postulated criteria. The
low clinical to histopathological correlation in AD/SDAT and
especially in MID demonstrates that the diagnosis of these two
major progressive dementias is not made with certainty with
current clinical criteria.

The demented classes, namely AD/SDAT and MID (including only
patients with definite diagnosis 1i.e. SIMCA classes), were
shown to be homogenous when tested by multivariate data analy-
sis. These classes were separable by means of the PLS method,
and the pattern of class formation was observed also in the PC
plot in which the information from the clinical diagnoses was
not used.

Using the multivariate data analysis 35% of the demented pati-
ents were found to be members of the AD/SDAT (SIMCA) class,
20% were found to belong to the MID (SIMCA) class and 32% ca-
ses formed a separate class of AD-MID dementia. The clinical
diagnosis did not provide us with any "clues" for the classi-
fication of AD-MID cases, as half of the cases were classified
as AD/SDAT cases and the other half as MID cases. The AD-MID
cases were clearly separable in the PLS plot strongly indicat-
ing that AD-MID cases represent a separate and independent de-
mentia class. One patient showed high probability of being a
member of the class of non-demented patients, suggesting that
this patient might represent a borderline dementia case. Six
cases did not fit into any of the formed SIMCA classes and we-
re considered as "outliers". The information available was not

satisfactory for the classification of these outlier" cases.
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Histopathology in aged non-demented individuals

The prevalence of tangles and plaques (the histopathological
dementia score greater than zero) in the class of non-demented
patients was as high as 89%. Other investigators have reported
similar values 79% (Tomlinson 1980), 83% (Matsuyama and
Nakumara 1978), 84-97% (Blessed et al 1968), although lower
values have been reported by Ulrich (1982) 25% and Dayan
(1970) 21.4%. The different prevalences of the degenerative
changes seen in different studies are probably due to the dif-
ferent age ranges of the patients and different areas of the
brain studied. In the present study in non-demented patients,
the number of plaques in both the frontal cortex and the hip-
pocampus and, consequently, the numerical value of the histo-
pathological dementia score, increased with age (VI).

Tangles were not observed in the frontal cortex and the rate
number of tangles in the hippocampus was 0-1 and exceeded only
in a single 85 years old patient (VI). The number of tangles
in the hippocampus increased slightly with age (VI), a result
comparable with other reports (Dayan 1970, Ball 1976). It
has been reported that the number of tangles increase with the

the number of plaques (Tomlinson et al 1968) in non-demen-

ted, aged individuals. No such significant relationship could
be demonstrated in our study (VI), supporting the possibility
of a separate pathology involved in the formation of these two
lesions.

Based on the findings above, there seems to be no doubt that

degenerative changes and specifically plaques are common in

aged non-demented individuals and that the severity of these

degenerative changes and consequently the histopathological

dementia score increases with advancing age. The histopatho-

logical dementia score never exceeded a value of four in non-

demented individuals, indicating a "limitation" in the dege-

neration process related to ageing.

The prevalence of macroscopic infarcts was 16% and of micro-
scopic infarcts in the frontal cortex and hippocampus 74% and
79%, respectively (VI), comparable with the frequency of soft-

enings reported previously (Tomlinson et al 1968). The se-




60

verity of vascular changes observed in non-demented patients
was small. Widespread infarcts in the frontal cortex were seen

only in two investigated cases and never in the hippocampus.

Histopathology in AD/SDAT with definite diagnosis

In the AD/SDAT class, the number of plaques, both in the fron-
tal cortex and the hippocampus, correlated negatively with age
(VI), in agreement with previous results (Gibson et al 1983)
Similar, though weaker correlation, was also observed between
age and number of tangles in the frontal cortex and the hippo-
campus (VI). Consequently, the histopathological dementia sco-
re showed negative correlation with age in AD/SDAT patients.
The controversy over the plaque/age correlation in non-demen-
ted and AD/SDAT patients might be explained by the predominan-
cy of different forms of plaques in "health" and "disease". It
has been shown that, in AD/SDAT patients, the majority of pla-
ques are of an amorphous form (neuritic plaques or plaques
without amyloid core). In non-demented patients the discrete
form (senile plaques or plaque with amyloid core) dominate
(Gibson et al 1983). The amorphous plaques were shown to oc-
cur in increasing numbers up to 60 years of age and, after
that, in decreasing numbers. The discrete plaques on the cont-
rary showed a tendency to slowly increase, starting at about

65 years of age (Gibson et al 1983).

The correlation between age and the number of tangles was low,
making it impractical to analyse these correlations. Contrary
to the negative correlation age/plaques with the course of the
disease, both the number of plaques and tangles increased
slightly both in the frontal cortex and the hippocampus. In
this study, older patients had a shorter duration of the dise-
ase than younger ones. This finding is probably more related
to the greater cardio-/cerebrovascular and infectious risk
factors, as a cause of death at high age, than indicating a
difference in the progress of the dementia.

The degree of microscopic infarcts in the frontal cortex and

the hippocampus showed a slight negative correlation with the
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age of the patient, contrary to the positive correlation seen
in the non-demented, aged individuals, supporting the notion
that AD/SDAT patients have a less damaged microvasculature in
the CNS compared with the non-demented aged (Fisher 1968).

Findings discussed above would suggest that AD/SDAT is not

merely an accelerated type of normal ageing process but a spe-

cific reaction to a pathological event which leads to a histo-

pathological picture of degeneration qualitatively if not

quantitatively seen in non-demented aged individuals.

The similar variability of plaque and tangle counts do not
provide us with more information as to whether the plaque and
tangle formations are separate independent 'responses" to an
unknown mutual/non-mutual mechanism or a combined dependent

response to an unknown mutual mechanism.

Histopathology in MID with definite diagnosis

A slight negative correlation between the plaque count and the
age and the duration of the disease was found in the MID
class. These partly similar (age) and partly controversial
(duration of the disease) correlations to those seen in the
AD/SDAT cases are probably due to the destruction of the brain
tissue by infarcts. These findings neither support nor dispute
the notion that MID is in some way related to AD/SDAT.

The age of the patient and the degree of microscopic infarcts
in the frontal cortex showed a significant positive correla-
tion, contrary to the correlation seen in the AD/SDAT patients
and similar to the correlation seen in the non-demented, aged
patients. Widespread infarcts were commonly seen in MID pati-
ents, and the hippocampal formation was always involved. The
number of patients in the MID class was low (seven cases) and
more detailed analysis of the relationships of the investiga-
ted variables was therefore not possible.

It is nevertheless seen specifically with the PC plot of the
whole material that the pattern of the variability of the pa-

rameters studied is in MID cases similar to that seen in the

non-demented, aged individuals and that there do not seem to

be any major similarities between MID and AD/SDAT cases.
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Histopathology in AD-MID

Patients, histopathologically classified as AD-MID cases, were
clearly separable from the major dementia forms in the two-di-
mensional space by multivariate data analysis.

The pathology in these cases was shown not to be merely a
linear combination of the pathology in AD/SDAT and MID, plead-

ing for a specific dementia type. Retrospective investiga-

tions of the case histories, clinical symptoms and signs are
needed, as no unique clinical criteria for AD-MID dementia

type is described earlier.

CONCLUSIONS

In summary, the publications included in this thesis have stu-
died 1) the occurrence of some "lesions" typical in dementias,
2) the relationship between these lesions and the clinical
classification commonly in use and 3) the possible occurrence
of some pathological signs typical for dementia in plasma and
CSF.

When investigating the plasma and CSF, the patients studied
were clinically classified according to the classification
which further on was shown to have both low sensitivity and
specificity when the clinical diagnosis was verified by his-
topathological verification, making, of course, the results
published, disputable.

The histopathological study revealed the existance of a sepa-
rate histopathological dementia type, namely, AD-MID.

To avoid similar "unpleasant" surprises in the future the aut-
hor stresses the importance of using unvarying findings rather
than classifications which probably will change with time when

different findings are later presented.

The DSM-III criteria are insufficient to be used as a quide

for precise clinical classification of dementias. This is

probably due to a wide heterogeneity in the disease group com-

monly referred to as dementia disorders.
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Using the traditional histopathological methodology, estima-
ting the severity of plaques, tangles and microscopic infarcts
in two cortical regions, histopathological criteria for three

dementia types namely AD/SDAT, MID and AD-MID were postulated

These histopathological classes were clearly separable by

means of the multivariate data analysis. The AD-MID pathology

was shown to be not merely a linear combination of that of

AD/SDAT and MID but a dementia form of its own.

The BBB or B-CSF-B function was shown to be altered in unim-
paired aged, AD/SDAT, MID and AD-MID patients. In cases of
MID and AD-MID patients, vessels of both grey and white matter

were involved while in AD/SDAT patients only white matter
seems to be affected.

No intrathecal synthesis of Ig, oligoclonal Ig or other ab-

normal proteins could be demonstrated in aged or demented pa-

tients. The perivascular serum protein deposits in  the

grey matter were visualized as densely stained, sharply de-
marcated areas around the capillaries while in the transuda-
tion of the serum proteins trough the BBB, mainly in the
white matter, the intensity of the staining gradually dec-
reased away from the involved vessel. The perivascular depo-
sits of IgG, C1q and C3c around vessels may involve complement
activation by antigen-antibody binding.

The localization of plaques in the surroundings of the ves-

sels and the visualization of IgG, C1q and C3c as some of the

constitutients of plaques, point to the possibility that the

etiology and maturation of plaques in the normal aged and the
demented may involve 1) compromised BBB function, 2) serum
factors and 3) the immunological system, while the tangles may
not be directly dependent upon these factors, as they were

never labelled in our study with any of the antisera.
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