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Summary. The laminar distribution of neuron losses in
posterior cingulate cortex were evaluated in 25 clinically
and neuropathologically diagnosed cases of dementia of
the Alzheimer type (DAT). The layer of maximal neuron
loss in area 23a for each DAT case was determined by
comparison with mean neuron densities for cach layer of
17 neurologically intact control cases. The DAT cases
were separated into five classes: class 1, 12% of all DAT
cases, no or less than 40% neuron loss in any layer; class
2, 24%, maximal neuron losses in layers II or III; class
3, 28%, losses mainly in layer IV; class 4, 12%, losses
mainly in layers V or VI; class 5, 24%, severe losses in
all layers. An analysis of large and small neurons showed
that in class 2 there was an equal loss of both in layer
IIIa—b, in class 3 mostly small neurons were lost in layer
IV, in class 4 mostly large neurons were lost in layers 111,
IV and V, while in class 5 there was no selectivity. The
age of disease onset and length of the disease were the
same for all classes, although classes 4 and 5 tended to
have an earlier onset. No measures of thioflavin S-stained
neuritic plaque (NP) or neurofibrillary tangle (NFT) den-
sity discriminated among these classes. In 64% of all
DAT cases there was a progressive shift in NFT from
ventral area 30 where most were in layer II to areas 23a —
b where there was a balance between those in superficial
and deep layers to dorsal area 23c where most were in
layers V and VI. There were four cases with massive
numbers of NFT in area 23a (1802 + 477 versus 261 + 44
for all other cases). Since one of these cases was in each
of classes 1, 2, 3 and 5, it is unlikely that this form of
amyloid deposition is related to laminar specificities in
neuron degeneration. Finally, neuron and NFT densities
in the hippocampal formation were the same for cach
class. In conclusion, differential laminar changes in
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neuron density provide a basis for neuropathological sub-
typing of DAT which is more sensitive than measures
of thioflavin S-stained NP and NFT densities cither in
neocortex or the hippocampus.
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Neuropathological alterations in neocortical neurons
have been documented in dementia of the Alzheimer type
(DAT) including a rate of neuron loss greater than that
of normal aging and formation of neurofibrillary tangles
(NFT). These studies have concluded that either large or
small neurons are involved in DAT pathogenesis. De-
generation of large neurons, i.e., presumably pyramidal
projection cells, has been demonstrated in temporal,
frontal and cingulate neocortices [33, 45] and this loss is
highly correlated with severity of the dementia [34]. Also,
neocortical layers IIT and V contain the largest cortical
neurons and it is in these layers of temporal cortex that
a 60% loss of neurons occurs [25], although these investi-
gators did not analyze other layers. Most NFT occur in
neurons in layers Il and V [22, 35]. Finally, large neurons
in layers 1T and 111 of entorhinal cortex which project into
the hippocampal formation degenerate in DAT [18, 19].

In addition to the above reports of large neuron losses,
there is evidence for loss of small neurons in DAT, i.e.,
presumably those with primarily intracortical projection
fields. Braak and Braak [6] employed lipofuscin pigment
granules to define pyramidal and nonpyramidal neuron
types and found that in area 11, i.e., in the gyrus rectus
and adjacent orbitofrontal cortex, there was a 30% loss
of nonpyramidal neurons and no change in the number
of pyramidal neurons. Immunochemical and receptor
binding studies have also implicated alterations in small
populations of interneurons including somatostatinergic
[3, 12, 15, 32, 36, 38, 39] and neuropeptide Y-containing
[9] neurons.
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In hippocampal cortex there is a strong and negative
correlation between pyramidal cell loss and NFT and
neuritic plaque (NP) formation [2, 25]. A similar relation-
ship holds in neocortex {25, 33] and one study [25] report-
ed that in elderly patients neuron loss and the density of
NFT and NP in neocortex can be lower than in younger
cases; thus, NFT and NP formation in neocortex is not
correlated with the duration of the disease. In a study of
a variety of neocortical areas in six DAT cases it was
found that neuron losses ranged from none to 80% [8].
These observations suggest that neurons in the hippocam-
pus are systematically destroyed in all cases of DAT,
while those in neocortex are destroyed in either a graded,
progressive sequence or according to unique subtypes.
The analysis of Brun and Englund [§] was based on a
graded scale from a rating of 0 with no neuron loss nor
gliosis to a grade of 4 with extensive neuron loss and
gliosis. However, based on the findings of Mann et al.
[25] that earlier onset cases have greater neuron loss and
the fact that Brun and Englund’s [8] most severe case had
an onset at age 45, while the least severe case had an onset
at age 86.5, it is possible that neocortical changes reflect
different classes and fundamentally different pathogenic
processes rather than gradation of a unitary process.

A number of clinical subtypes of DAT have been
proposed and one of the most crucial markers is the age
of disease onset. Since there is a bimodal distribution of
the frequency of age of onset [10, 28] and individuals who
express the disease earlier have a shorter relative survival
time [43], DAT cases can be divided into early onset, i.¢.,
at or before age 65, or late onset for those expressing the
disease after age 65. Early onset cases usually have the
most severe intellectual decline and tend to have greater
language dysfunction or mutism than do late onset cases
[10, 13, 28, 43]. Early onset cases also have a greater
proportion of myoclonus and extrapyramidal signs [10,
13, 28] and neurochemical disturbances, which are greater
than in late onset cases. These latter disturbances include
major reductions in the acetylcholine synthetic enzyme
choline acetyltransferase [4] and metabolites of dopamine
and serotonin including homovanillic acid and 5-
hydroxyindoleacetic acid, respectively |14, 21].

Although it has recently been shown that increased
numbers of NFT and NP occur in visual cortex in DAT
patients [7, 37] some with deficits in visuospatial skills
[17], it is unclear what the relationship is between clinical
subtypes of DAT and alterations in cortical neuron den-
sity. Mountjoy et al. [33] and Mann et al. [25] showed
that earlier onset was associated with greater neuron
losses, however, their age cutoff was 80. Duffy et al. [13]
did not quantify neuron density, but in four of 27 cases
with myoclonus and mutism the mean age of onset was
about 57 and there was a “paucity of neurons” which is
also attested to in their figures. Braak and Braak [6]
showed a loss of 30% of nonpyramidal neurons in area
11 in six early onset cases with no changes in pyramidal
neurons.

If two or more neuropathological classes of DAT can
be distinguished in neocortex, cingulate cortex is one of
the regions in which they will most likely be expressed.
For example, comparison of mild and severe DAT cases

[8] showed that of nine areas surveyed posterior cingulate
cortex had the widest variation in neuron loss, from 2%
to 79% of control values, respectively. The strategy of
the present study is to determine the layers of posterior
cingulate cortex in which the greatest relative loss of
neurons occurs in comparison to age-matched control
cases. It was found that neurons are preferentially lost in
different layers of some cases, that these losses are not
progressive from mild to severe cases, that there are no
simple relationships among neuron, NFT and NP densit-
ies and that large and small neurons are lost in different
proportions depending upon the layer in which neuron
losses were most prevalent. In a subsequent article the
fidelity of this classification scheme will be evaluated in
terms of an analysis of neurotransmitter receptor alter-
ations in these classes of DAT.

Materials and methods

The posterior cingulate cortices of 42 patients were analyzed.
Twenty-five had a clinical history and cortical neuropathology con-
sistent with DAT. Seventeen, age-matched cases were used as con-
trols. These latter cases had no clinical history of dementia or other
neurological disorders. None had NFT and only two (cases 19 and
20) had a small number of NP in posterior cingulate cortex. Histories
for each of these cases are presented in Table 1.

As noted in Table 1, cingulate cortices of 12 DAT and 8 control
cases were formalin fixed and 13 DAT and 9 control cases were
prepared without fixation. This latter series was employed for in
vitro receptor binding studies (Vogt et al., submitted for publi-
cation). Blocks from these latter cases were frozen to —70°C and
stored at this temperature. They were cut in a cryostat at a 48-pm
thickness, i.e., three times the 16-pm thickness which was used for
receptor binding studies, mounted on chrome-alum subbed slides
and stained with either thionin or thioflavin S [41]. Formalin-fixed
cases were placed in a solution of 4% formalin, 10% sucrose and
10% glycerol until the blocks were saturated and sank. The blocks
were cut serially at a 50-um thickness on a freezing microtome. One
in every ten sections was stained with thionin and another one in
ten series was stained for thioflavin S.

Cell density was evaluated in the following manner. The
perikarya of thionin-stained neurons with nucleoli were drawn from
160-um-wide strips of cingulate cortex using a drawing tube attached
to a microscope. The identification of each cytoarchitectonic area
was based on studies of monkey and human posterior cingulate
cortex [5, 49, 52, 55]. A final magnification of x 330 was used
for the fixed series and x 650 for the unfixed series; the latter
magnification was used because it allowed for more consistent detec-
tion of nucleoli and cell boundaries in unfixed cells. Glial cells were
not drawn. They were usually less than 8§ pm in diameter, had pale-
staining nuclei and a limited cytoplasm. Neurons were subdivided
into large and small categories in which large neurons were defined
as those with a width greater than 12 pm and included all of the
large neurons which are typically used to define the cytoarchitectural
extent of layers IlIc and Va. Small neurons had perikaryal profiles
<12 um. Two strips of cortex were drawn for each area and the
boundaries of each layer confirmed at lower magnification ( x 100 —
% 200). The final drawings were between 2.5 and 6.5 feet in length.
The total number of perikarya in each layer were counted for each
strip and a mean value calculated for each case. The mean number
of neurons + SEM in each layer was then determined separately for
control cases in the fixed and unfixed series. Classification of each
DAT case was based on which layer had the largest percentage
neuron loss when compared to one of the matched control groups.
The two series of DAT cases were then standardized so that statisti-
cal analysis could be performed. The multiple comparison protected
¢ test [11] was used to compare control groups with classes of
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Fixed cases Age at Sex PMI Brain Cause of death
(h) weight (g)
death onset
Alzheimer’s disease
Case 1 65 55 F 5 947 Bronchopneumonia
2 82 72 M 6 1094 Bronchopneumonia
3 88 73 F 2 1084 Bronchopneumonia
4 79 74 F 1 1074 Congestive heart failure
5 83 71 M 24 1168 NA
6 90 85 F 4 1067 Renal failure
7 75 72 F 24 1013 Thromboembolism
8 69 59 F 8 1239 NA
9 74 62 F 4 971 Bronchopneumonia
10 58 50 F 3 1083 Dehydration
11 64 58 M 5 1109 Cardiopulmonary arrest
12 67 50 M 12 1350 Cardiopulmonary arrest
75+£3 65+ 3 9 + 1100 + 32
Control
Case 13 61 - M 11 1179 Carcinoma, lung
14 80 - F 3 1078 Carcinoma liver
15 75 - F 5 1173 Carcinomatosis
16 70 — F NA 1203 Carcinoma, breast
17 61 — F 24 1355 Aortic aneurysm
18 72 — M 7 1428 Carcinoma, esophagus
19 80 — M 8 1207 Cardiac arrest
20 79 - F 10 1072 Congestive heart failure
72+ 3 10 +£ 2 1212 + 44
Unfixed cases
Alzheimer’s disease
Case 21 84 78 M 17 1170 Cardiopulmonary arrest
22 70 62 M 3 1250 Bronchopneumonia
23 65 60 M 4 1300 Volvulus of small intestine
24 78 72 M 3 NA Bronchopneumonia
25 79 71 M 5 1100 Bronchopneumonia
26 60 54 F 16 1090 Bronchopneumonia
27 72 63 M 2 890 Bronchopneumonia
28 70 62 M 5 1340 Bronchopneumonia
29 62 52 M 3 950 Bronchopneumonia
30 71 67 M 4 1345 Bronchopneumonia
31 67 60 M 3 1150 Bronchopneumonia
32 78 65 M 4 1050 Bronchopneumonia
33 67 59 M 9 1180 Bronchopneumonia
71 +2 64 +2 6 + 1151 + 42
Control
Case 34 82 - M 15 1340 Pulmonary embolism
35 66 — F 17 1120 Aortic aneurysm
36 62 — M 16 1380 Carcinoma, lung
37 73 — M 6 1440 Carcinoma, lung
38 73 - M 16 1240 Pulmonary embolism
39 56 — M 13 1480 Myocardial infarct
40 65 - F 8 1240 Myocardial infarct
41 77 - M 13 1150 Carcinoma, prostate
42 61 — M 10 1420 Myocardial infarct
68 +3 13 + 1312 + 43

PMI, postmortem interval; NA, not available

DAT cases each having unequal numbers of subjects. The computer
program for this test was produced by Dynamic Microsystems, Inc.
(Silver Spring, MD). Correlation coefficients were also used to assess
relationships between neuron density and clinical factors and other
measures of neuropathology. A P < 0.01 was accepted as significant
for differences among means. The two control series were compared
and it was found that there were always more neurons per layer in
the fixed series according to the following factors for area 23a: layer
IT, 2.25; Illa—b, 1.67; Illc, 1.6; IV, 3.53; Va, 1.5; Vb, 1.9; VI,

1.6. Thus to compensate for differences in neuron density due to
differences in tissue preparation, the above factors were used to
standardize the two series of DAT cases. The basic classification of
cases, however, was not dependent on this correction.

Densities of NP and NFT were assessed in cingulate cortex in
the following way. A microscope with epifluorescence was used
which had a 380 —425-nm excitation filter and a 450-nm absorption
filter. The X and Y axes of the stage were coupled to potentiometers
which provided coordinates for each NP and NFT to an IBM AT
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Fig. 1. Drawings of neuronal perikarya in strips of area 23a showing
examples of neuron losses in different layers. The drawings were
aligned at the layer ITIc/IV border as indicated with the solid line.
A Control case 15. B Case 6 is an example of class 3 damage. C
Case 3 is an example of class 2 damage. D In case 11 neuron losses
are severe in all layers as is generally true for class 5, although layers
V and VT are still present

computer. Once the distribution of NP and the section outline were
recorded, a Hewlett-Packard plotter was used to print this infor-
mation onto opaque paper. The distribution of NFT was then
plotted and printed on translucent paper so that each representation
of NP and NFT could be directly matched for a particular case.
Adjacent thionin-stained sections were drawn at the same magnifi-
cation and were used for estimating the locations of cortical layers.
The location of NFT in subdivisions of layers IIT and V were beyond
the resolution of this system. The densities of NP and NFT were
either determined for an entire area or by layer for the area in a
single transverse section or per mm? for superficial and deep layers.
In the latter instance, a digitized electronic pad (Micro-plan II,
Donsanto Corp., Natick, MA, USA) was used to estimate the area
of layers I—IV and layers V and VI and then the number of NP and
NFT calculated per mm?. For DAT cases in which the hippocampal
formation was available for thioflavin S staining (# = 21), NFT
and neurons with nucleoli were plotted on the system described
above. A 3-mm strip through that part of the CA{, prosubiculum/
subiculum was chosen which had the highest density of NFT. The

total number of NFT and neurons were reported for this 3-mm
width of cortex. All means are reported +SEM.

Results

It was apparent from a survey of drawings through area
23a like those in Fig. 1 that, although there was a gen-
eralized loss of neurons, in many cases particular layers
were damaged severely. Fig. 1B is a drawing from a case
in which layers IV — VI were more severely involved than
layers II—1III¢c. In Fig. 1C neuron density was close to
normal in layers IV —VI, however, neurons in layers II
and IITa —b were particularly shrunken and reduced in
number. In some cases, as in Fig. 1D, neuronal losses
were so severe that layers I — IV were not present, though
remnants of layers V and VI were retained.

A classification scheme was developed to account for
the wide range of neuronal losses in posterior cingulate
cortex. As described in the Materials and methods, the
number of neurons in each layer of a DAT case was
compared to the mean number of neurons in a group of
age-matched control cases prepared histologically in the
same mannet. If neuron density for a DAT case was equal
to or above that of the control cases or had losses of less
than 40%, it was assigned to class 1. As shown in Table
2, 3 of the 25 cases were in this class. These cases were
essentially the same as control cases except for layer VI
which had more neurons than in control cases. In six of
the DAT cases percentage neuron losses were greatest in
layers II or ITI. Neuron degeneration in these cases was
limited to layer 11Ia—b as shown in Table 2. Cases were
placed in class 3 which had most neuron losses in layer
IV. These cases had an additional reduction in neuron
density in layer VI. Class 4 was composed of DAT cases
with most neuron degeneration in layers V or VI. Finally,
six of the DAT cases had such severe neuron losses that
the architecture of many layers was lost. It was still pos-
sible to make approximations of laminar boundaries in
these cases because there were always a few remaining
large layer Tllc and layer Va pyramidal neurons. As
shown in Table 2, significant losses of neurons occurred
in all layers of class 5 cases.

The drawings of neuronal perikarya were analyzed in
terms of small and large neurons, i.¢., those with a width
up to 12 um versus those with a width > 12 pm, respec-
tively. This analysis was limited to layers IIL -V because
these are the main layers on which the classification
scheme was based and because there are almost no large
neurons in layers IT and VI. Table 3 presents the mean
values for all control and DAT cases. According to this
analysis the differences in neuron density between control
and class 1 cases could be accounted for by the presence
of more small neurons in class 1. This was not due to
shrinkage because all 3 class 1 cases were frozen. In class
2 there was an approximately equal loss of large and
small neurons in layer IITa—b, while in class 3 the loss
of small neurons accounted for the bulk of neuronal
losses in layer IV. In class 4 large neurons were lost in
layers Illc, IV and Va. Finally, large and small neurons
were lost throughout most layers of class 5 cases.
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11 ITa—Db TITc v Va Vb VI

Control

n =17 62 + 4 76+ 6 55+ 4 67+ 5 9+3 35+ 2 13+ 6
Class 1: no loss

n = 3 (12% of DAT cases) 62 + 12 76 + 12 66 + 10 96 + 23 62 + 4 63 + 17 162 + 16*
Class 2: layers IT or III

n = 6 (24% of DAT cases) 4 + 6 30 + 3% 37+ 4 53+ 6 44 + 3 33+ 5 94 + 11
Class 3: layer IV

n =7 (28% of DAT cases) 47+ 4 554+ 8 48 + 6 24+ 3* 41 +5 32+ 5 82 + 12*
Class 4: layers V or VI

n = 3 (12% of DAT cases) 554+ 8 60 + 6 49 + 11 42 + 14 26 + 7% 21+ 5 62 + 4*
Class 5: severe

n = 6 (24% of DAT cases) 8+ 2% 18 + 4* 20 + 4* 7+ 3* 11 + 3* 9+ 2% 40 + 5*
* P < 0.01 compared to control values
DAT, Dementia of Alzheimer type
Table 3. Large and small neurons in area 23a

Illa—b Illc v Va Vb
Large/small Large/small Large/small Large/small Large/small
Control 12 + 1/66 + 6 15+1/39+ 3 5+ 1/624+ 5 10 + 1/48 + 3 8 +1/27+ 2
Class 1 10 + 3/75 + 14 1m+157+1 2+ 1/97 + 22%* 5+ 2/65+2 7+ 2/58 + 15%
Class 2 *S 4+ 1/26 + 3* 11+ 126+ 3 4+ 1/46 + 8 8 +2/354+ 3 5+1/28+ 5
Class 3 10 +2/47 + 7 15+2/31+ 5 3+ 1/19 + 4% 6+ 1/34+5 5+ 127+ 5
Class 4 6+ 1/48+ 6 *7 + 2/44 + 10 *3 + 1/36 + 12 *2+1/22+7 3+117+ 4
Class 5 ¥+ 1/15 + 3* * + 112 + 3* *1 + 0.3/6+ 3* *3 £+ 0.3/8+ 3* *T+0.3/7+ 2
* P < 0.01 compared to control values
Table 4. Summary of case data by class
Length of Age at onset NFT NP CA1/subiculum
disease Area 23a
Area 23a Layer I Neuron density NFT

Class 1 6.3 + 0.9 67 + 6 733 + 185 136 + 19 51 + 36 641 + 93 112 + 86
Class 2 92+ 14 67 + 4 767 + 473 240 + 49 46 + 35 194 + 81 252 + 41
Class 3 7.6 + 1.1 68 + 4 388 + 258 157 + M1 61 + 24 21+ 77 183 + 37
Class 4 93+ 19 61 +2 286 + 157 58+ 4 21 + 12 291 + 135 315 + 76
Class 5 92 +2 58+3 389 + 158 186 + 69 31 + 18 348 + 63 296 + 5t

NFT, Neurofibrillary tangles; NP = neuritic plaques

In terms of clinical course, the age at disease onset
and length of the disease were not correlated and did
not differ among the five classes. Table 4 presents the
means + SEM for these variables by class. Although
cases in classes 4 and 5 tended to have an earlier age at
disease onset, these differences were not significant. In
addition, in control cases neuron density was correlated
with age at death only in layer IV for which there was a
correlation coefficient of —0.64. This correlation with
age at death was not present in DAT cases.

The density of thioflavin S-stained NP did not differ-
entiate among the classes whether measured in terms of
number per mm? for superficial or deep layers, total NP
in area 23a, number of NP in each layer of area 23a or
number of NP in layer I of all areas in the cingulate gyrus.

Only one variable correlated with NP density and that
was the density of NFT (r = 0.76, P = 0.0001).
Neurofibrillary tangles were distributed in two quali-
tatively different patterns in posterior cingulate cortex,
each of which isillustrated in Fig. 2. In the typical pattern,
i.e., 16 of 25 cases, most NFT in area 30-were in layer II
with a few also in layer V. In areas 23a and 23b there was
an approximately equal density in layers II and III versus
layers V and VI, while in area 23c most NFT were in
layers V and VI. Thus, there was a progressive shift from
superficial to deep layers in ventral to dorsal parts of
cingulate cortex. In the second pattern most NFT were
in deep layer III and layer IV, while few were in layers V
and VI. This distribution was basically the same for area
30 and subdivisions of area 23. Only in area 29 were more
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23c

CASE 8

CASE 27

Fig. 2. Two distribution patterns of NFT in posterior cingulate
cortex; each dot is equal to approximately three NFT. Case § is an
example of the shifting pattern in which most NFT are in superficial
layer I1 of ventral area 30, equal numbers are in superficial and deep
layers of areas 23a and 23b and dorsal area 23c has most NFT in
deep layers V and VI. Case 27 is an example of a pattern which is
more constant across the cingulate gyrus in which most NFT are in
layers IIIc and IV. The dashed lines indicate the border between
layers IV and V

NFT in the deep than supetficial layers, while in area 23c
there was a more homgeneous distribution. This latter
pattern was observed in four cases. Finally, two cases had
NFT in layers III and V with slightly higher densities in
deeper layers, while three cases had almost no NFT. The
three cases with no NFT were in class 3, while all class 5
cases had the typical pattern.

In four cases there were more than 1000 NFT in a
coronal section of area 23a (1802 + 477 versus 261 + 44
for all other cases). One of these cases was in each of
classes 1, 2, 3 and 5. Thus, the deposition of NFT in these
cases was probably not related to laminar specificity in
neuron death. In addition, there were no differences in
age of disease onset nor length of the disease between
these two groups of cases.

The hippocampal formation was available for thio-
flavin S staining in 21 of the DAT cases. The peak density
of NFT in the CA1 and/or prosubicular/subicular sectors
for each class is presented in Table 4, as are neuron
densities recorded from adjacent, thionin-stained sec-
tions. There were no diffrences among these classes in
the densities of NFT nor neurons in the hippocampal
formation.

Table 5 presents neuron densities for area 30 by class.
As a general rule class 1 had the least neuron degeneration
and class 5 the most severe degeneration, while cases in
classes 2 and 3 had less severe damage than that in area
23a. Mean differences with P < 0.05 showed that area 30
had systematic neuron losses in layer I1la—b for all but
class 1 cases. Analysis of area 23a data with a similar P
standard did not uncover a similar effect. Finally, area
30 often had more NFT in layer IT than in any other
cingulate area. If NFT formation and neuron degener-
ation are closely related events, it might be expected that
cases with a high number of NFT in layer II also would
have high levels of neuron degeneration regardless of the

area 23a classification scheme. Neuron density in layer 11
was calculated for the ten cases with high densities of
NFT in layer 11, i.e. those cases with the shifting pattern
depicted in Fig. 2, and for nine other cases excluding
those in class 5. There were the same number of neurons
in each group with 41 + 3 versus 38 + 5 neurons, respec-
tively.

Discussion

Cases of DAT can be classified into five groups according
to the layer(s) in which neurons degenerate in area 23a
of posterior cingulate cortex. No measures of thioflavin
S-stained NP or NFT distinguish among these classes
and similar measures of pathology in the hippocampal
formation do not distinguish among them. There are two
reasons why it is unlikely that these classes represent a
simple gradation from no neuron losses in class 1 to
severe losses in class 5. First, the laminar pattern of de-
generation is not compatible with a simple progression.
For example, layer I1la—b neuron degeneration in class
2 could follow that in class 1 and degeneration in class 5
could follow that in class 2. However, classes 3 and 4 have
a normal number of neurons in layer IIla—b. Second,
the age at disease onset and length of the disease are the
same for all classes and there is no correlation between
age at death and neuron density. In fact, the most severe
cases in class 5 tend to have an earlier onset than the less
severely damaged cases in classes 1 and 2.

It is possible that dysfunction and/or patent neuron
losses in cingulate cortex contribute to the clinical course
of DAT, particularly disruption of mnemonic processes.
It is well established in experimental animals that cingu-
late cortex contributes to the acquisition and perform-
ance of active avoidance and spatial memory tasks[16, 23,
24, 27, 44] and may contribute to processes that require
attention [53]. Recently Valenstein et al. [47] described a
case of “retrosplenial amnesia” in which a small infarct
in cingulate cortex around the splenium of the corpus
callosum resulted in both retrograde and anterograde
amnesia. Certainly class 5 cases of the present series can
be viewed as having virtually total removal of posterior
cingulate cortex. Although cases in classes 2, 3 and 4
express a more restricted pattern of neuron loss, they may
have sufficient losses to disconnect key components of
circuits involved in memory function such as those which
link anterior thalamic and temporal neocortical areas.

Most morphometric studies of neocortical neuron
loss in DAT have emphasized losses of large pyramidal
neurons particularly those in layers III and V [25, 45].
The densities of these neurons are highly correlated with
the severity of the dementia [34] and neurons in layers 111
and V are most likely to form NFT (e. g., [35]). However,
DAT is not a disease of large neurons alone. As noted in
the introduction a number of studies have implicated
interneurons in the progress of DAT. Also, some quanti-
tative studies have only sampled large neurons in layers
III and V and formation of NFT may be misleading as
it may not be the only factor which leads to neuron
death. Findings of the present study point to significant
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II IlTa—b IIIc v Va Vb VI
Control 56 +3 78+ 5 72+ 6 60 + 4 44 + 4 29+ 2 8+ 5
Class 1 48 +1 78+ 7 73+ 13 44 + 4 45+ 4 23+ 1 76 £+ 2
Class 2 40 + 4 58 + 5% 60 + 8 45+ 8 34 + 8 24 + 3 67 + 6*
Class 3 41+ 6 58 + 9% 52+ 9% 41 + 11%* 32 £3 16 + 1 70 + 7%
Class 4 26 + 4* 42 + 12%* 41 + 4% 29 + 7% 30 £ 1 15+ 3 62 + 4%
Class 5 20 £ 8** 30 + 12%* 22 + §E= 17 £ 7** 13 + 6% 16 + 3 52 + 8%*

* P < 0.05; % P < 0.01 compared to control values

involvement of small neurons, many of which are likely
small pyramidal neurons as well as interneurons. Class 3
is defined by greatest proportionate loss of neurons in
layer IV which contains almost no large pyramidal
neurons. Furthermore, losses in layer I11la—b of class 2
cases involved large and small neurons equally. Finally,
the severe losses in all layers of class 5 cases cannot be
accounted for solely on the basis of large neuron losses.

There have been reports of cases that are similar to
class 1 of the present study in which no neuron loss could
be detected in neocortex [8, 25]. In fact, there were more
neurons in layers V and VI than in control cases in the
present study. This was not due to cortical shrinkage, as
all three cases were frozen and not processed further.
Since there were only three cases in class 1, it is premature
to conclude that a class of DAT actually has more
neurons. However, it is possible that removal of cortical
afferents in this class reduces the extent of deep layer
neuropil thus indirectly changing neuron density. A simi-
lar phenomena has been noted experimentally by
Saunders and Duda (in preparation) who have shown
that ablation of the fornix in monkey alters neuron den-
sity in the mammillary bodies secondary to neuropil
changes. Finally, it is possible that individuals with class
1 DAT will be amenable to drug therapies should a clinical
correlate or diagnostic assay become available for ident-
ifying such individuals. To the extent that the clinical
course of DAT is dependent on neocortical neuro-
pathological changes, therapies for cases in classes 4 and
5 are much less likely to be successful.

Densities of NFT did not distinguish among the five
classes of DAT cases in the present study. Four cases
had particularly high densities of NFT and were evenly
distributed among the classes supporting the notion that
amyloid deposition does not necessarily occur in direct
conjunction with neuron degeneration. These latter cases
raise the possibility that two types of NFT form in cingu-
late cortex. In most cases NFT either form transiently
and disappear or never form in the first place. In a limited
number of cases, insoluble NFT form which can survive
neuron degeneration as is the case for NFT in entorhinal
and hippocampal eortices.

Since the pathogenesis of some classes of DAT is layer
specific, it is reasonable to expect that features of the
clinical presentation might reflect dysfunction in particu-
lar layers. Categories of functions can be delineated by
the projections of neurons in specific layers. In broadest
terms, neurons in layer III project mainly but not ex-
clusively to cortical sites and are likely involved in senso-

rimotor integration and memory, while layer V neurons
project predominantly to motor structures and so are
likely involved in triggering appropriate motor responses.
More specifically, layer ITI neurons of posterior cingulate
cortex have intracingulate connections, i.¢., those within
posterior cingulate cortex such as between areas 30 and
23, those to anterior cingulate cortex and those to
contralateral cingulate cortex [1, 51]. Layer III and some
layer V neurons also project to parahippocampal and
inferior parietal neocortices [1, 29]. Projections of layer
V neurons into the somatic and autonomic motor systems
include those to motor and supplementary motor cortices
[30], the pontine and caudate nuclei [40, 48, 54] and the
periaqueductal gray [26, 31]. Additionally, although layer
VI neurons project to limbic thalamus including the an-
terior and laterodorsal nuclei [20, 41], these neurons are
not selectively lost in DAT but are involved along with
those in other layers in classes 3, 4 and 5. In conclusion,
it is possible that cases in classes 1 and 2 will express
deficits more closely associated with sensorimotor inte-
gration and mnemonic processes, while class 4 would
have additional deficits in targeting and sequencing
motor outputs.

Although evidence in the present study suggests that
the five classes of cingulate cortical neuropathology are
at least partially independent, a number of questions
regarding the progression and clinical nature of DAT
remain unanswered. First, do class 5 cases pass rapidly
through some combination of classes 1, 2, 3, and 4 in the
course of the disease accumulating a series of laminar-
specific changes which result in a homogeneous loss of
neurons or is there a homogeneous loss of neurons
throughout all layers during the development of class 5
pathology which is never laminar specific? Second,
neuron death is a cumulative phenomenon which can be
measured in end-stage cases. Since NFT and NP do not
distinguish among these classes, are there other factors
contributing to layer-specific neuron death, possibly not
involving amyloid deposits? Finally, what is the contri-
bution of specific laminar pathologies to the clinical
course of dementia in each of the five classes?
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