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CHAPTER 35 cingulate neuropathology in anterior and posterior cortical atrophies764

Introduction
Alzheimer’s disease (AD) is a progressive, neurodegen-
erative disorder that presents a heterogeneous array of 
cognitive and behavioral symptoms and it almost 
always involves the cingulate cortex. A common or typ-
ical form of AD presents early memory and visuospatial 
symptoms and often but not always begins in transen-
torhinal cortex. Early involvement of cingulate cortex 
in typical AD is well established in neuropathological 
studies showing that amyloid peptides and neurofi bril-
lary degeneration involve subgenual anterior cingulate 
cortex (sACC) and retrosplenial cortex (RSC; Braak and 
Braak, 1991, 1993) and neurodegeneration occurs in 
posterior cingulate cortex (PCC) relatively early in the 
disease (Brun and Englund, 1981; Mountjoy et al., 1983; 
Vogt et al., 1990). Moreover, very early glucose hypome-
tabolism in PCC has been demonstrated in patients 
with early memory impairment in a prodromal form 
and typical AD (Minoshima et al., 1997). This suggests 
that amnestic symptoms need not be initially attrib-
uted to medial temporal lobe structures, although they 
may be (Greicius et al., 2004), but involve the cingulate 
gyrus itself. Thus, early cingulate damage is a promi-
nent part of the primary etiology of the disease rather 
than the result of secondary, deafferentation lesions in 
the temporal lobe.

An argument has been made that there are a number 
of AD variants on the typical form that present differ-
ent onset symptoms and pathology beginning in cortical 
regions other than medial temporal cortex (von Gunten 
et al., 2005). One of the atypical forms of AD is the 
‘frontal’ variant which has a higher density of lesions 
in prefrontal than parahippocampal cortex (Johnson 
et al., 2004). The name of this variant, however, obscures 
the fact that posterior midcingulate (pMCC) and dorsal 
PCC have greater lesion density than does frontal cor-
tex (Chapter 33). Nestor et al. (2003) evaluated cases of 
mild cognitive impairment and concluded that early 
damage to limbic networks involved PCC fi rst and sug-
gested that the fi rst clinical symptoms associated with 
this damage heralds the beginning of AD with damage 
to the amygdala and lateral cortical areas appearing 
later. These fi ndings and nomenclature confusion can 
be accounted for by the fact that we still lack sensitive 
neuropsychological tests that differentiate between 
frontal and posterior cingulate impairments. Thus, by 
the time frontal damage can be detected with tests of 
executive function, the primary damage in cingulate 
cortex has already progressed beyond that in the frontal 
lobes. Until more sensitive tests of posterior cingulate 
impairments are available, there will be a continuing 
bias in the research literature to understand the onset 
and progression of AD in terms of lateral cortical struc-
tures rather than one of the main sites of early damage 

in cingulate cortex. Thus, cingulate cortex is critically 
and early involved in both typical and atypical forms 
of AD.

Braak stages and cingulate cortex
Although progressive lesions and neurodegeneration 
are most easily expressed by a linear function for large 
neuron losses (Terry et al., 1981), this model depends to 
a large extent on how the data are analyzed and inter-
preted. The most widely discussed linear approach is 
that of Braak and Braak (1991, 1997) and the various 
stages of lesion deposition in the cerebral cortex. 
Although AD is comprised of differing genetic, cogni-
tive, and neuropathological variants or subgroups, 
efforts often seek to characterize a single disease accord-
ing to stages. For example, the Braak stages have had an 
important infl uence by standardizing the density and 
pattern of disease markers in the temporal lobe. These 
stages, however, do not necessarily link to disease pro-
gression (Gertz et al., 1998) or to the initial onset of cog-
nitive changes (Gold et al., 2000). Indeed, the staging 
methodology was based on a large population that was 
not clinically or neuropsychologically evaluated (Braak 
and Braak, 1991). Thus, if all cases of neuropathologi-
cally diagnosed AD began with a single memory impair-
ment that could be traced to transentorhinal damage 
and changes in the cingulate gyrus always occurred in 
mild-moderate stages, further study of cingulate cortex 
in AD would not be needed to identify the primary 
etiology(ies).

Gertz et al. (1998) evaluated the pattern and densities 
of neurofi brillary tangles (NFT) in the context of the 
Braak stages. They found that 6 of 42 AD cases con-
formed in all regions to the expected hierarchy and 
that 90 per cent of cases had two or fewer order viola-
tions; presumably these are the typical AD cases. They 
concluded that an approximate validation was achieved. 
Jellinger and Bancher (1997) evaluated cognitive func-
tion with the Mini-Mental Score in terms of Braak 
stages and observed a highly signifi cant and inverse 
relationship between them suggesting that the neuritic 
pattern and load refl ected progressive cognitive impair-
ments. Finally, Gold et al. (2000) evaluated 116 subjects 
over the age of 90 with either no cognitive impairment 
or very mild to severe AD and found a strong positive 
correlation between Clinical Dementia Rating (CDR) 
scores and Braak stages. However, the staging did not 
distinguish cases with normal cognition (CDR 0) from 
those with mild cognitive changes (CDR 0.5), and 
stage III overlaps with all CDR scores and stages of IV or 
greater were consistently associated with at least mild 
dementia. Their conclusion well summarizes the link-
age between Braak stage and CDR, ‘Braak staging repre-
sents a broad concept of the evolution of NFT rather 
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than a precise hierarchical model associated with a 
stepwise deterioration in cognitive abilities near the 
upper limit of life.’

In spite of these general agreements between staging 
of neuritic pathology and functional impairments, 
there are a number of explicit mismatches in what the 
Braak staging model predicts and the observed facts. 
(1) The staging scheme does not identify all cases of 
dementia (Gertz et al., 1996). (2) AD cases with stages V 
and VI did not show a positive relationship with age, 
while the limbic stages III and IV have a wide range of 
cognitive performance from almost normal to overt 
dementia as measured with the Mini-Mental Score 
(Gertz et al., 1996; Jellinger, 1997). (3) As noted above, 
most cases do not follow the same pattern of neurofi -
brillary degeneration as specifi ed in the hierarchical 
model. (4) As discussed below, there is not a single pat-
tern in the evolution of cingulate damage and this 
approach provides only a descriptive tool for reporting 
the level of pathological markers in an area. (5) Early-
onset cases of AD (i.e. ≤age 65) often have the most 
severe neurodegeneration and even when cases are 
matched for disease duration, early-onset disease is 
associated with more extensive neuron losses (Vogt 
et al., 1990). Thus, staging in a single continuum is not 
possible in relation to neurodegeneration including 
that in cingulate cortex. Gold et al. (2000) state, 
‘Although Braak staging of AD cannot be rejected by 
available univariate analyses of functional imaging, a 
single linear evolution of the disease is not suffi cient to 
explain the important heterogeneity in the data.’ For 
these reasons and the statistical considerations below, 
linear models and simple staging schemes cannot be 
applied to neuropathological studies of cingulate 
cortex in AD.

Statistical Analysis of Cingulate 
Neurodegeneration
Neurodegeneration occurs in PCC relatively early in the 
disease (Brun and Englund, 1981; Mountjoy et al., 1983; 
Vogt et al., 1990). In the latter study, neuron densities 
were estimated in area 23b in a large sample of cases 
from drawings of neuronal somata in 160-µm wide 
strips of area d23b (also, Vogt et al., 1998). Counts from 
six strips for each case were averaged and Figure 35.1 
plots them for layer Va of this area in each case. As pre-
dicted, there was an inverse relationship between den-
sities of large neurons with disease duration as 
estimated from the fi rst clinical symptoms. The linear 
least squares regression ‘confi rms’ the linear model with 
a signifi cant correlation coeffi cient (r = −0.27; F = 6.19; 
p = 0.015). Or does it? Two or three cases with disease 
durations of 18–25 years had an unusually large infl u-
ence on the regression. If these three cases with most 

severe neurodegeneration are removed from the analy-
sis (Fig. 35.1A, individuals circled), the linear regression 
is no longer significant (r = −0.16; F = 1.74; 
p = 0.19). Moreover, the 17 most severe cases form a 
separate group in this graph (green points in Fig. 35.1A) 
suggesting the total AD population is not homogeneous 
and there may be a progression of the disease from 
4 to 25 years of duration for these cases that could be 
independent of the remaining cases.

The problem of outliers in linear regression is well 
recognized and has been discussed by Stevens (1984). 
Although all outliers do not necessarily infl uence the 
regression, one or more cases can be infl uential and 
alter the results signifi cantly. Because outlier analysis 
provides important clues to the composition of the 
population, the issue needs further consideration for 
cingulate neuron densities. Analysis of jacknife residu-
als provides a means of evaluating the veracity of a 
regression model and, because they are linked directly 
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Fig. 35.1 Statistical assessment of layer Va neuron densities in 
73 cases of AD. A. Least square fi t of regression line to neuron 
densities and three outliers circled. Removal of these latter three 
outlier cases resulted in a non-signifi cant r value. Cases coded green 
are all members of the most severe loss of neurons in layer Va 
(≤10 neurons). B. Jacknife residuals analysis shows a signifi cant 
deviation of the severe group from remaining cases and confi rms 
that the linear model is not appropriate for this data set.
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to a distribution, the signifi cance of one or more out-
liers in a least-squares model can be determined. A 
residual ei is the difference between the observed value 
of Yi from a regression model; i.e. the discrepancy that 
is still present after fi tting with least squares. These error 
terms should be independent, have a mean of zero, a 
common variance, and follow a normal distribution 
(Kleinbaum et al., 1988). A jacknife residual evaluates 
the residual variance computed with the ith observa-
tion deleted and the standardized residuals should not 
differ from predicted values, if the linear model holds 
for the sample. A graphic plot of residuals against pre-
dictor values is a way to evaluate the regression assump-
tion and the infl uence of possible outliers.

A plot of jacknife residuals against disease duration 
for all cases has been reported (Vogt et al., 2001a) and is 
provided in Figure. 35.1B. The dispersion of residuals plot-
ted against the predictor variable is evidence that the 
basic regression assumption stating that the X variable 
must be known without error is not followed in this 
population. Furthermore, the coeffi cient b1 has a small 
but non-zero value that displaces individual points 
from the straight line. There is a systematic divergence 
of the 17 members in green with the most severe neu-
rodegeneration; i.e. those cases with fewer than 
10 neurons in layer Va. Thus, the regression model is 
inappropriate for this data and progressive neurode-
generation could occur in a non-linear and multivariate 
framework. Indeed, we have argued that laminar pat-
terns of neurodegeneration in PCC does not occur 
according to a linear model but rather there are multi-
ple laminar patterns of neuron degeneration and a lin-
ear progression is possible within each laminar pattern 
of neuron loss (Vogt et al., 1998). The previous Chapter 34 
also argues in favor of a multivariate approach charac-
terized by lobar poles of the disease using functional 
imaging and correlation to particular categories of 
symptoms.

Since there is not a single population of vulnerable 
neurons in the cingulate gyrus or a single pattern of 
neurodegeneration, such as large neuron degeneration 
mainly in layer Va, we have used multivariate models 
to evaluate laminar patterns of neurodegeneration and 
the role of cingulate cortex in multifocal cortical atro-
phy (Vogt et al., 1999). This multilobar and multilami-
nar approach to AD considers atypical or variant forms 
of AD, links particular symptoms to different cingulate 
cortical regions, and does not require an immediate 
involvement of medial temporal structures, although it 
can occur simultaneously or soon after onset particu-
larly in the typical form of the disease. The multivariate 
approach seeks to link genetic risks such as expression 
of the three alleles of apolipoprotein E, neuron densi-
ties in particular layers, age at onset, and even trans-
mitter receptor binding to subgroups of cases (Vogt 
et al., 1998). Moreover, neuropsychological subgroups 

such as those described by Martin (1990) led us to con-
sider the extent to which focal cortical atrophy might 
be linked to different patterns of neurodegeneration in 
the cingulate gyrus in a case of frontotemporal atrophy 
as well as PCC damage in AD with posterior cortical 
atrophy (Vogt et al., 1999). The present discourse extends 
these analyses that were focused on PCC to other parts 
of the cingulate gyrus and links them with particular 
symptoms that extend beyond amnesia to include 
behavioral and mood impairments.

Four-region neurobiological model and 
AD symptoms
To make the transition from linking AD symptoms to 
damage in parts of cingulate cortex, we begin with a 
brief summary of the four-region neurobiological model 
and its implications for symptom patterns in AD. A key 
verifi cation of the functional relevance of the model is 
the extent to which it predicts regional vulnerabilities 
to particular diseases and this is a theme in the present 
volume. Figure 35.2 presents the model and relation-
ships to symptoms that might evolve along with dam-
age to different parts of the cingulate gyrus (black 
arrows). Observations supporting this view are summa-
rized throughout this chapter and the model provides 
specifi c hypotheses for clinicopathological correlations. 
Although there are many strong correlations between 
site of damage and symptom development, the struc-
tural boundaries of the AD pathology are not fi xed to 
strict borders among cortical areas. Indeed, most stud-
ies of clinicopathological correlates evaluate only one 
or two parts of cingulate cortex; a study design that will 
hopefully change over the coming decade.

Although the Braak stages do not model disease 
progression in cingulate cortex, it is striking that the 
cases with least cingulate damage (stages III–IV) involve 
subgenual ACC and ventral PCC (Braak and Braak, 
1991). As reported by Vogt et al. (2006) and summarized 
in Chapter 13, vPCC is not part of an emotion system in 
terms of storing episodic memories and regulating 
autonomic outfl ow, but rather is involved in extracting 
information from sensory experience for emotional 
content and context that is relevant for further process-
ing in cingulate cortex. A study in the visual system 
clearly demonstrates this function of vPCC and adja-
cent RSC. An important aspect of emotional relevance 
is the context in which an object or event occurs and 
vPCC is active during context-dependent processing of 
visual stimuli (Bar and Aminoff, 2003). Context from 
the visual system and emotional valence from sACC 
combine in vPCC for transmission of self-relevant objects 
and events into cingulate cortex for emotionally relevant 
processing and movements. Since valences are assigned 
in ACC, this region stores those memories (George 
et al., 1995; Mayberg et al., 1999). Johnson et al. (2002) 
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used such a task and vPCC was activated in a task 
involving self refl ection. Other studies of one’s own 
face (Kircher et al., 2001; Sugiura et al., 2005), familiar 
faces (Maddock et al., 2001), and intentional self assess-
ment (Kircher et al., 2002) activate a similar region. The 
reciprocal connection between vPCC and ACC is very 

important as shown with one of the intracingulate 
processing streams in Figure 35.2B. The vPCC appears 
to select among emotion and non-emotion events, 
assesses their self relevance with sensory context and 
interacts with ACC before further processing ensues. 
Thus, vPCC is a gateway for multisensory information 

Fig. 35.2 A. Four-region neurobiological model and predictions of particular classes of vulnerable functions and symptoms that could 
emerge in AD depending on which region is involved. Each of fi ve classes of symptoms include subregions in the rostrocaudal dimension 
of cingulate cortex: (1) Affect/Apathy, (2) Decision Making, (3) Sensorimotor Orientation, (4) Self-appraisal, (5) Memory Retrieval. 
B. Intracingulate information fl ow is impaired in AD by damage to pyramidal neurons and likely contributes to particular symptoms. The two 
primary streams are the dorsal sensorimotor stream that is focused on connections into the caudal cingulate premotor area in areas 24d and 
23c and the ventral multisensory stream that interacts with ACC to engage context and valence dependent sensory information (personally 
relevant sensations), episodic emotional memories in ACC, and regulation of affect and autonomic outfl ow.

 introduction
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processing and entry into the cingulate gyrus for 
processing as emotionally relevant information and 
damage thereto in AD likely contributes to impair-
ments in assessment of emotionally relevant objects 
and contexts and associated behavioral output.

Ries et al. (2006) used an episodic recognition task and 
an autobiographical self-appraisal task in which control 
subjects and subjects with mild cognitive impairment 
rated themselves on a set of trait adjectives. The results 
of their conjunction analysis showed that vPCC was the 
sole region activated during both tasks and vPCC was 
active in the task-dependent response in the mild cog-
nitive impairment group showed vPCC during self 
appraisal but not episodic retrieval. Amazingly, the pre-
genual ACC (pACC) was also active in the same task in 
the latter group. A study by Chételat et al. (2003) reported 
a role for memory retrieval in vPCC in mild cognitive 
impairment cases with a memory only defi cit. These 
observations not only confi rm an early task defi cit in 
vPCC in mild cognitive impairment but also the impor-
tance of the reciprocal interaction of this subregion 
with pACC.

The dPCC subregion appears to be mainly involved 
with sensorimotor orientation in space. This has been 
shown with studies of visual feedback of moving hands 
(Inoue et al., 1998), predictability of self-generated actions 
(Blakemore et al., 1998), free exploration in a virtual 
reality maze (Maguire et al., 1998), and complex London 
route recall (Maguire et al., 1997). It may be impossible 
to separate visual orientation from an internal sense of 
self in dPCC. Vogeley et al. (2004) report that the fi rst-
person perspective is more effective in driving dPCC 
than is a third-person perspective and this emphasizes 
the role of dPCC in orienting the head and body in 
multisensory personal space and links to personal 
intentions. The pivotal role of PCC in intention implies 
an important role in guiding behavioral output that has 
often been attributed to supplementary motor areas. 
den Ouden et al. (2005) explored the role of intention in 
relation to actions (intentional causality) with a task 
involving one’s intentions in relation to outcomes and 
outcomes in relation to physical events. They activated 
PCC more when subjects when thinking about inten-
tional causality versus physical causality. This study 
supports the notion that PCC can directly modulate 
intentional outcomes and we hypothesize this occurs 
via the cingulate premotor areas as shown with a 
stream of blue arrows in the dorsal sensorimotor stream 
in Figure 35.2B. One of the demonstrations that dPCC 
pathology in AD is linked to visual agnosia in typical 
AD was provided by Giannakopoulos et al. (1999). They 
showed that neurofi brillary tangle densities in dPCC 
were positively correlated with scores on Ghent’s over-
lapping fi gure and Gottschald’s hidden fi gure tests in 
area 23 but not area 24. The involvement of PCC in 

sensorimotor processing is suggested below in the AD 
variant with Posterior Cortical Atrophy (PCA); however, 
due to the lack of cingulate-specifi c neuropsychological 
tests, the contribution of PCC to these defi cits is still 
not known.

Apathy and Depression in MCI and 
AD: Early and Pivotal Role of Anterior 
Cingulate Cortex
Apathy and depression are common neuropsychiatric 
symptoms in mild AD including the amnestic subgroup 
of mild cognitive impairment (Modrego and Ferrandez, 
2004). Geda et al. (2006) observed that depression in the 
elderly predicted an increased risk of mild cognitive 
impairment that was synergistic with the ε4 allele of 
apolipoprotein E. Involvement of medial prefrontal cor-
tex and ACC was shown to be correlated with an Apathy 
Inventory by Benoit et al. (2004) and this symptom is 
linked to altered ACC function with multivariate analy-
ses discussed in Chapter 34 by Salmon and Laureys. 
Finally, the presence of a diagnosis of depression in AD 
leads to a more severe cortical neuropathology as con-
cluded from a database review by Rapp et al. (2008). 
Indeed, cases of Anterior Cortical Atrophy (ACA) dis-
cussed below had severe aggression and impulse con-
trol problems in the later stages of AD. This raises the 
possibility that alterations in mood alert to the pres-
ence of Anterior Cortical Atrophy and signifi cantly 
enhances the progression of neuropathological changes 
during the later stages of the disease. Therefore, as 
reduced glucose metabolism in PCC is a pivotal sign 
predicting the amnestic form of mild cognitive impair-
ment and AD, the same is true of ACC in predicting 
severe and negative outcomes associated with apathy 
and depression throughout the course of AD.

It has long been recognized that damage to ACC in 
AD is associated with neuropsychiatric outcomes, 
including the above observations. The four-region neu-
robiological model predicts that damage to ACC will be 
associated with depressive symptoms, apathy and pos-
sibly dysautonomia and this linkage will be discussed 
in detail below in relation to ACA. Thus, depression 
both signals an increased chance of developing AD and 
insures a more severe neuropathology in ACC when 
compared to AD patients with no signs of depression; 
i.e. typical AD.

Goals of This Chapter
In spite of the many detailed morphometric analyses 
of cingulate cortex in neurodegenerative disorders, 
little progress interpreting its relevance to clinical 
symptoms has been made due to a lack of a consistent 
and integrated perspective on its normal structure and 
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function. In contrast, studies of entorhinal cortex in AD 
quickly resolved the level of neuronal degeneration at 
different stages of AD and its role in brain dysfunction. 
The structural and functional heterogeneity of cingu-
late cortex are critical to understanding its diverse con-
tributions to AD symptoms, early etiology and potential 
treatments. Before detailed stereology studies can be 
undertaken and interpreted, there is a need to defi ne 
the parameters of degeneration and their links to par-
ticular toxic peptides; what classes of neurons should 
be studied, in what layers of what areas and with what 
clinical onset symptoms and disease durations. Without 
these types of information, an intelligent stereology 
design is not possible. Here we consider specifi c struc-
ture/function and impairment correlations in subgroups 
of AD along with an analysis of the extent to which the 
entire cingulate cortex may be involved in different 
lobar atrophies. The patterns of cingulate damage linked 
to particular symptoms are enhanced with detailed 
studies in carefully selected cases and new cases are 
introduced for this purpose. The present chapter seeks 
to accomplish the following specifi c goals:

1 Evaluate progressive laminar patterns of cingulate 
neurodegeneration and multivariate models in rela-
tionship to typical AD and age-matched controls.

2 Review the patterns of cingulate neuropathology in 
two cases of AD with Anterior Cortical Atrophy (ACA) 
and early mood/apathy and executive impairments. 
Since lobar atrophy appears at mid-to-late stages of 
the disease, an AD case with similar clinical symp-
toms without overt atrophy is explored to evaluate 
the status of subgenual ACC and dorsal PCC. This 
pathology is compared with reports of the behavioral 
variant of frontotemporal dementia because of clini-
cal symptom overlap.

3 Provide the rationale for interpreting mood, auto-
nomic and behavioral disorders based on anterior 
cingulate circuitry including projections to subcorti-
cal regions such as the periaqueductal gray in terms 
of a deafferentation model.

4 Summarize the visuospatial symptoms in Posterior 
Cortical Atrophy (PCA) in AD and the cingulate 
processing streams that are likely disrupted follow-
ing posterior cingulate and retrosplenial damage.

5 Present a principal components analysis of posterior 
cingulate neurodegeneration in seven cases of PCA 
and immunohistochemical analysis of amyloid 
peptides that suggest profound Aβ43 deposition 
including involvement of ACC and MCC.

6 Consider PCA in the context of the subtypes hypoth-
esis of AD including possible alterations in γ-secretase 
activity in PCA and propose a cingulate sampling 
strategy for studies.

Cingulate Neurodegeneration in 
Multiple and Progressive Subgroups
The null hypothesis for involvement of cingulate cor-
tex in AD states there are no subgroups or subtypes 
and, therefore, marker deposition and neurodegenera-
tion occurs along a single progression. In other words, 
AD initiates in essentially the same place in the gyrus 
in all cases and progressive loss of neurons occurs in 
the same layer(s) throughout its evolution. Early studies 
of neurodegeneration in the cingulate gyrus and other 
neocortical regions employed this hypothesis and it 
was thought that large neurons uniformly degenerate 
in layers III and V (Mountjoy et al., 1983; Pearson et al., 
1985). It was surprising, in this context that layer III 
neurons in dorsal area 23 (d23) were often relatively 
intact in many AD cases and that small pyramidal neu-
rons in layers II, IV, and VI were at risk for prominent 
death (Vogt et al., 1992, 1998). It is possible that regions 
of interest and laminar histology were not fully appre-
ciated for specifi c cingulate areas in early studies of 
neurodegeneration. Many issues arise simultaneously 
when contemplating a sampling strategy for cingulate 
neurodegeneration; Which region(s) are involved topo-
graphically and what is the vulnerability of neurons in 
PCC? Our early work emphasized a single suprsplenial 
level of area 23b (now area d23b) to insure that differ-
ences in neuron densities could be attributed to the 
disease rather than variability in dissection sites. The 
downside of this strategy is that many other areas were 
not sampled and could have been more prominently 
involved in a primary etiology than dPCC.

Figure 35.3 summarizes some of the key observations 
from this early work with ‘strips’ of area d23b in different 
cases. The case WJ is an example of focal temporoparietal 
degeneration that was reported in detail previously (Vogt 
et al., 1999). Since he was a biochemist and married to a 
woman involved in special education, it is reasonably 
secure that the fi rst signs of cognitive problems were 
impairments in word fi nding, substitution of the wrong 
words, and spelling and pronunciation problems at the 
age of 67. An MRI assessment subsequently showed pro-
found atrophy in temporoparietal cortex in the left hem-
isphere and most atrophy was observed in this region in 
the postmortem brain. Since the language impairment 
began years before memory and visuospatial impair-
ments, the fi rst sites of disrupted function probably were 
in superior temporal and temporal pole cortices. A 
detailed summary of the clinicopathological correlations 
often observed in this variant of AD is provided by von 
Gunten et al. (2005) and this case shows the laminar pat-
terns of cortical neurodegeneration at his death at age 77.

Case FG (Case 3 below) is an example of Anterior 
Cortical Atrophy in AD and is shown in Figure 35.3 for 
comparative purposes with Case WJ. It appears that 

 cingulate neurodegeneration in multiple and progressive subgroups
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layer IV is severely impacted in all areas sampled in 
both cases. Notice that the subgroup based on neurode-
generation mainly in layer IIIab in the typical cases did 
not experience this profound loss of neurons in layer IV. 
Thus, damage to layer IV might be an early vulnerability 
that is shared by the AD variants. Of the four sampled 

neocortical areas, layer III in area 20 of Case WJ had the 
greatest involvement and possibly links to the early 
language impairments in this patient. Finally, layer Va 
has some damage in WJ but is severely disrupted in 
Case FG and this is an important differentiation of 
Anterior Cortical Atrophy.

Fig. 35.3 Neuronal somata in area d23b of an age-matched control case to show clinically unique manifestations of neuron loss in focal 
parietotemporal (WJ) and anterior cortical (FG) atrophies in AD. The prominent damage to areas d23b and 46 are obvious in FG in layers III, IV, 
and V, while layers III and V of parietal area 40 are relatively spared. Damage throughout layer Va in case WJ is similar to that in Case FG, while WJ 
had clearing of neurons in layers IIIab in areas d23 and 20. The bottom 6 cases from three subgroups based on laminar patterns of ND from early 
and long duration cases provides evidence of three independent progressions that is pivotal to the argument for a multivariate model of AD.
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The bottom half of Figure 35.3 shows Neuro-
Degeneration (ND) for three subgroups with preferen-
tial damage to different layers in cases where no selec-
tive cortical atrophy was detected. Note the atrophy of 
area d23b in the two groups with broad laminar neuro-
degeneration in NDIV–V and NDII–V. A case is shown 
with duration of 2- or 3- versus 10-year durations for 
both to emphasize that these subgroups represent inde-
pendent rather than linked progressions. This observa-
tion confi rms the hypothesis that these are independent 
and progressive forms of AD and it is pivotal to arguing 
for multivariate models of the disease, since each sub-
group must eventually be shown to have a unique dis-
ease progression.

Multivariate Models
Since the jacknife assessment of neurodegeneration in 
layer V and demonstration above of multiple and inde-
pendent laminar patterns of neurodegeneration shows 
that AD is not uniform but comprised of multiple and 
independent subgroups, a multivariate approach to sta-
tistical analysis is necessitated. The use of such models 
and their assessment with eigenvector projections in 
complex biological diseases, such as gene-expression 
patterns in human breast cancers, has been demon-
strated (Marx, 2000) and will likely be relevant to many 
neurological diseases in addition to AD.

Eigenvector projections of a model incorporating 
neuron densities in layers III–Va showed that, although 
most AD and control cases occupied different parts of 
the three-dimensional projection, the AD group was 
composed of at least fi ve groups (Fig. 35.4A). The fi ve 
cases with no neurodegeneration in PCC (ND0) occupy 
a part of the graph that overlapped with control cases. 

By removing the control cases from the assessment, a 
large proportion of the eigenvector projection is made 
available for more detailed analysis of AD and to explore 
the possibility of differentiable subgroups. Indeed, the 
fi ve laminar patterns of neurodegeneration in the AD 
cases (coded with different colors) are observed in this 
projection (Fig. 35.4B).

The possible relevance of apolipoprotein E (ApoE) 
genotype on posterior cingulate AD neuropathology 
was suggested in a study by Reiman et al. (1996) that 
showed reduced glucose metabolism in this region as 
well as in temporal and parietal cortices. Although 
patients homozygous for the ε4 allele of ApoE have 
enhanced densities of senile plaques (Sparks et al., 
1990), the link to PCC neurodegeneration is not known. 
Ohm et al. (1999) showed that patients with disease 
onset below the age of 80 had an increase in amyloid 
peptide expression and neurofi brillary degeneration if 
they were homozygotic for the ε4 allele, while those 
over 80 years of age did not differ when characterized 
by their ε4 or ε2 alleles.

Inclusion of ApoE genotype in the multivariate model 
with neuron densities in dPCC did not alter the AD sub-
groups in any signifi cant manner (Vogt et al., 1998) as 
also shown in Figure 35.4C. However, it is noteworthy 
that there is the highest proportion of homozygous ε4 
patients in the NDSev subgroup and this confi rms that 
the ε4 allele contributes to the most severe pattern of 
neurodegeneration.

Thus, the allelic composition of ApoE expression 
infl uences the onset and progression of AD early and 
has a lesser infl uence as disease onset later in life. 
Interestingly, four of the subgroups based on neurode-
generation did not have a disproportionate infl uence of 
ApoE genotype.

Fig. 35.4 Eigenvector projections of multivariate models based on neuron densities in layers IIIab, IIIc, IV, and Va that include controls cases 
(A.), AD cases only to enhance statistical comparisons within AD (B.) and ApoE genotype (C.). One AD subgroup/subtype overlaps with 
control cases because there is no NeuroDegeneration present in dPCC (ND0, arrows in A.). Segregation of fi ve subgroups is demonstrated in 
B. Addition of ApoE genotype to the model does not further distinguish the groups (C.), although the highest density of ApoE ε4 
homozygotes is in the group with most severe neurodegeneration (NDSev).

 multivariate models
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‘Typical’ AD with Two Poles of 
Cingulate Functional Impairment
As reviewed by von Gunten et al. (2005), the primary 
progressive amnestic syndrome characteristic of the 
initial stages of typical AD and amnestic mild cognitive 
impairment may be the consequence of changes in the 
medial temporal lobe. As a rule, cortical degeneration 
progresses throughout the cerebral cortex as diffuse 
atrophy and no lobar specifi city can be detected therein. 
Nevertheless, patients with typical AD have particular 
defi cits that are signifi cantly associated with NFT depo-
sition in different regions of cingulate cortex. Although 
typical AD cases experience defi cits that are magnifi ed 
in the lobar atrophies described below, these symptoms 
appear later in the disease after the memory impair-
ments are well established (Jagust et al., 1990).

Naming and identifi cation of famous faces is corre-
lated with NFTs in area 24 (Giannakopoulos et al., 2000), 
while spatial disorientation was correlated with NFT in 
area 23 (Giannakopoulos et al., 2000). There were no 
correlations between the development of psychotic 
features and senile plaques in typical AD (Farber et al., 
2000). Thus, even in typical AD, different regions 
express correlated levels of NFT deposition that are 
predicted by the four-region neurobiological model 
(Fig. 35.2). In cases with lobar specifi c atrophy, it appears 
that one of these trends is enhanced early in the disease 
to generate ‘atypical’ symptoms. These polar extremes 
may result from different mechanisms of neurodegen-
eration that certainly require different therapeutic and 
management approaches but also might suggest that 
there are subtypes of AD rather than simple subgroups.

Anterior Cortical Atrophy: ACC in 
Mood (Apathy), Autonomic, Executive 
Impairments
Damage to ACC in any neuron disease including AD 
can be heralded by three classes of neuropsychiatric 
symptoms; altered mood, behavioral or executive dys-
control and autonomic changes. Although all are associ-
ated with damage to ACC, each requires a different 
mechanism and they are not automatically linked by a 
common pattern of neurodegeneration; as each likely 
results from degeneration of different circuits.

Early PET studies showed changes in frontal and cin-
gulate cortex associated with altered executive func-
tions. Grady et al. (1990) observed more inappropriate 
behaviors in patients with greatest prefrontal glucose 
hypometabolism and Mann et al. (1992) reported two 
groups of patients with equivalent parietal glucose 
hypometabolism but were differentiated by frontal lobe 
metabolism, measures of executive function and the 

rate of disease progression. Our Case FG (here Case 3) of 
AD with selective frontrotemporal atrophy (Anterior 
Cortical Atrophy, ACA) heralded his disease with para-
noia and experienced profound pathology in ACC (Vogt 
et al., 1999).

Impairments in mood have long been known in AD 
(Deutsch and Rovner, 1991) and it was noted above that 
apathy and depression are common neuropsychiatric 
symptoms in mild AD including the amnestic subgroup 
of mild cognitive impairment (Modrego and Ferrandez, 
2004). Geda et al. (2006) observed that depression in the 
elderly predicted an increased risk of mild cognitive 
impairment that was synergistic with the ε4 allele of 
apolipoprotein E. Although Holthoff et al. (2005) found 
that orbitofrontal cortex had glucose metabolism cor-
related with apathy with no changes in ACC, involve-
ment of medial prefrontal cortex and ACC was shown 
to be correlated with an Apathy Inventory by Benoit 
et al. (2004) and this symptom is linked to altered ACC 
function with multivariate analyses (Chapter 34). 
Moreover, all patients with major and bipolar depression 
experience neurodegeneration in sACC (Chapter 25). 
Thus, the integrity of this subregion is critical to stable 
mood and damage therein associated with apathy and 
depressive symptoms may alert to AD in elderly 
patients.

Autonomic impairments have been reported in AD 
and these include systolic hypertension (Prince et al., 
1994), vasomotor impairment (Algotsson et al., 1995), 
and coronary artery disease (Breteler et al., 1994). Sparks 
et al. (1995) observed a higher level of temporal lobe 
NFT in coronary artery disease; although the associa-
tion of hippocampal formation pathology does not 
speak to specifi c links between cardiac function and 
CNS neuropathology. Aharon-Peretz et al. (1992) evalu-
ated the power spectrum of heart rate variability in AD 
patients. They concluded that these patients manifested 
a relative hypersympathetic and hypoparasympathetic 
state. Finally, alterations in circadian temperature regu-
lation (Printz et al., 1984) and passive tilting-induced 
changes in blood pressure and heart rate have been 
reported (Aharon-Peretz et al., 1992; Elmstahl et al., 
1992). These outcomes cannot be predicted from any 
model of CNS changes in AD, but they warrant consid-
eration of autonomic regulatory systems in individuals 
with alterations in mood resulting from damage to 
sACC because this region directly regulates autonomic 
functions (Chapters 1 and 10).

In addition, the hypothalamus, amygdala, anterior 
insula and orbitofrontal cortex are connected with 
sACC and may contribute to autonomic impairments 
(Chapters 5, 6, 10 and 15). Sparks et al. (1988) reported 
a reduction in serotonin throughout the anterior, lat-
eral and posterior hypothalamus, while no changes 
occurred in dopamine or norepinephrine. Changes in 
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cell number, volume and NFT densities in the suprachi-
asmatic nucleus and raphe nuclei have also been 
reported (Bondereff et al., 1982; Swaab et al., 1985). 
Kromer et al. (1990) observed extensive neurofi brillary 
damage in the accessory basal, cortical, and cortical 
transition area of the amygdala with much less in the 
central medial, lateral, and laterobasal nuclei. Taken 
together, this wide range of damage in autonomic regu-
latory systems may contribute to changes in body 
weight and food and fl uid intake, sleep impairments 
and autonomic impairments in AD.

Two studies reported neurofibrillary changes in 
sACC in AD in reviews of a broad range of cases with-
out reference to specifi c clinical symptoms. Braak and 
Braak (1991) reported this region had early though lim-
ited deposits of amyloid in stage A and the limbic stage 
III–IV was associated with neurofi brillary changes in 
this region. In both instances, therefore, relatively early 
damage to sACC was noted. In a second study by Chu 
et al. (1997), NFT were reported throughout the ventro-
medial frontal region including sACC, orbitofrontal 
cortex, and the anterior insula. Although case selection 
was not based on clinical symptoms and there was con-
fusion of dysgranular area 32 with agranular areas 24 
and 25 in the latter study, both studies confi rm an early 
impairment in this region in AD.

We fi rst recognized damage to cingulate cortex in 
the ‘frontal’ variant of AD with the report of Case FG 
in the broader context of multifocal cortical atrophy 
(Vogt et al., 1999; FG/Case 3 here). Another group of 
cases with preferential frontal lobe damage, i.e. greater 
in frontal than parahippocampal cortices, was reported 
as a frontal variant of AD (Johnson et al., 1999); although 
the latter study did not assess the cingulate cortex where 
damage exceeds that of frontal cortex (Chapter 33). 
These cases together with the present two cases form a 
growing body of literature suggesting that AD can 
either begin in cingulate cortex or simultaneously is 
disrupted with medial temporal areas to produce symp-
toms beyond amnesia to include autonomic and behav-
ioral defi cits. The important point here is that the 
greatest damage in these cases is in cingulate cortex 
rather than the frontal lobe per se.

Prefrontal syndromes include dysexecutive, mood, 
and behavioral disturbances. As noted by von Gunten 
et al. (2005), dysexecutive refers to the breakdown of a 
variety of higher cognitive functions that enable the 
logical and temporal coordination of actions, to inhibit 
inadequate and trigger appropriate actions in a particu-
lar context and there can be a transition to socially 
inappropriate behaviors. The presence of mood, apathy 
and behavioral symptoms characterize the fi rst signs of 
Anterior Cortical Atrophy (ACA), although memory 
impairments can begin at the same time or later in 
cases presented here. Psychiatric symptoms including 

anxiety, obsessive ideation, decreased capacity of judg-
ment, inappropriate joviality, poor hygiene, alimentary 
habit changes, coprolalia, emotional lability, pathologi-
cal crying, impulsivity, disinhibition restlessness, wan-
dering, hoarding, childishness, antisocial behaviors and 
violent behavior have been described in case reports 
(Wechsler, 1977; Snowden et al., 1992; Mizuno et al., 
1996; Bak et al., 2001). Although many of these symp-
toms suggest a primary involvement of sACC, the deaf-
ferentation of massive projections to subcortical sites 
such as the hypothalamus and periaqueductal gray 
may also play a role in impulsivity, disinhibition and 
aggression. Although these latter sites have not been 
systematically studied, assessment of Case 2 supports 
secondary changes in these structures.

Cingulate Cortex in the Behavioral 
Variant of Frontotemporal Dementia
Frontotemporal dementia (FTD) can appear with or 
without lobar atrophy (Josephs et al., 2006) and is a 
preferred term for a spectrum of non-Alzheimer’s 
dementias with a wide range of non-diagnostic his-
topathological changes including ubiquitin-positive 
inclusions, diffuse tau-immunoreactivity, and, in some 
cases, lack of distinctive pathology (Hodges et al., 2004; 
Josephs et al., 2006). One symptom group presents 
mainly with aphasia that is either progressive fl uent or 
non-fl uent (Hodges et al., 2004) and is unlikely to be 
confused with the presentation of AD cases reported 
here. A second group often referred to as the behavio-
ral variant, however, presents with progressive person-
ality changes including disinhibition, loss of empathy, 
changes in eating patterns, stereotypical behavior and 
apathy. Since some of these latter cases may have 
marked amnesia, there may be instances in which ACA 
in AD presents symptoms that overlap with the behav-
ioral variant of FTD.

Although the present analysis does not attempt to 
differentiate the clinical symptoms in AD with ACA 
from the behavioral variant, it is important to note that 
cortical and subcortical intracellular inclusions are not 
present in AD with ACA or without atrophy as in Case 1. 
Although the semantic subgroup of FTD had a small 
involvement of sACC area 25 in a voxel-based mor-
phometry study by Williams et al. (2005), the behavioral 
variant had a very large site of atrophy in midcingulate 
area 32′. The assessment of Case 1 below was extended 
to area 32′ to consider this issue and there was no sig-
nifi cant damage there including detectable neurode-
generation or paired-helical fi laments. Only the constant 
cortical pattern of amyloid-β42 (Aβ42) was present as 
elsewhere throughout the cerebral cortex. Even in 
sACC the damage is denser and extensive including 
area s24 and not limited to area 25. Thus, although the 

 cingulate cortex in the behavioral variant of frontotemporal dementia
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clinical symptoms of the behavioral variant overlap to 
some extent with those of AD with ACA, even in the 
early case of definite AD with similar behavioral 
changes, it can be pathologically distinguished from 
the behavioral variant of FTD.

Methods and Case Summaries
The case review of AD patients with ACA is based on 
three detailed studies. Cases 2 and 3 had clear evidence 
of frontal and temporal pole atrophy. Since lobar atro-
phy occurs at mid-to-late stages of the disease, Case 1 
was identifi ed by a clinical records review for early neu-
ropsychiatric symptoms and the lowest possible CDR 
compatible with a defi nite AD diagnosis. This patient 
had early major affective disorder with depression/
dysphoria and emotional lability and we believe they 
provide a context for evaluating early changes associ-
ated with ACA.

The seven cases with Posterior Cortical Atrophy (PCA) 
are presented as a group for quantitative analysis rather 
than by individual case. Two groups of defi nite AD cases 
with no evidence of lobar atrophy were matched for 
age and total neuron densities in area d23b and are 
summarized in Table 35.1. These latter ‘typical’ AD 
cases are also presented as group data, since the indi-
viduals have been assessed previously as part of a larger 
study (Vogt et al., 1998). Although Clinical Dementia 
Rating scores (Morris, 1993) were available for two ACA 
cases, the CDR scores were not available for the PCA 
cases and estimates of disease onset were based on the 
fi rst clinical symptoms for each individual. The fi nal 
case is one with early visual impairments that may 
refl ect an early stage of PCA. The patient was too early 
in their disease to qualify as AD; however, this case pro-
vides important insight into what may be the earliest 
stage of PCA in AD.

The tissue blocks were cut into eight series of coro-
nal, 50-µm thick sections and processed for thionin and 
the following antibodies: AT8 to identify early phospho-
rylation of tau at serine 202 and threonine 205 (Goedert 
et al., 1995), AD2 to the hyperphosphorylated form 
of tau, PHF for paired helical fi laments, Aβ40, Aβ42 and 
Aβ43 to demonstrate amyloid peptides in dense and dif-
fuse plaques, SMI32 antibody to non-phosphorylated 
neurofi lament proteins and neuron-specifi c nuclear 
binding protein (NeuN). The standard immunohisto-
chemical procedures are provided by Vogt et al. (1998, 
2001b) and Johnson et al. (2004).

Quantification of amyloid peptides for the PCA 
study was performed with microdensitometry using a 
Sony XC-77 video camera and NIH Image software for 
Macintosh computers (Vogt et al., 2001c). Sections were 
placed on a light table and additional lens used for a 
fi nal magnifi cation of 200X for locating a rectangular 
sampling box in each layer. Relative optical density 
grey values were calculated in arbitrary units for thresh-
olded dense plaques. All measurements were taken at 
the same time and the values for each layer in different 
groups are internally consistent though arbitrary. The 
background optical density was determined on each 
slide from a site without tissue and subtracted from the 
optical density determined for dense plaques. A similar 
measure was determined for diffuse plaques by subtrac-
tion of the dense plaque values in the same sampling 
box. Cases of AD were selected from the NDIV–V and 
NDII–V from the larger groups based on age at death 
and total density of neurons in area 23b. Finally, neu-
ron densities were estimated with 160-µm wide strips 
of area d23b from which neuron somata were drawn 
with a camera lucida attached to the microscope accord-
ing to previously published criteria (Vogt et al., 1990, 
1998). Some examples of these drawings are shown in 
Figure 35.3.

TABLE 35.1  Case material

Gender CDR Age Death/onset Brain Weight (gm) Cause of Death

Anterior Cortical Atrophy

Case 1 F 1 95/89 946 adenocarcinoma

Case 2 F 2.3 87/70 1145 cardiopulmonary arrest

Case 3 (FG) M NA 90/85 1270 cardiopulmonary arrest

Posterior Cortical Atrophy n = 7 2M/5F NA 75 ± 3.5/66 ± 3.3 1134 ± 40

Age-Matched AD; No lobar atrophy/total neuron densities similar to PCA

NDIV–V n = 7 2M/5F NA 75 ± 1.8/69 ± 1.7 1155 ± 55

NDII–V n = 7 5M/2F NA 80 ± 1.4/71 ± 1.2 1082 ± 39
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Cingulate Damage in Anterior Cortical 
Atrophy
Two cases of ACA (2 and 3) are presented and one with 
a CDR score of 1 and early neuropsychiatric symptoms 
but not a similar level of anterior cortical atrophy. The 
latter case is of defi nite AD and its pathology is pre-
sented as a possible precursor to that in the more severe 
cases. None of the three had clinical or neuropathologi-
cal evidence for Lewy body, Pick or Parkinson diseases 
or multi-infarct dementia.

Case 1
This patient had early major affective disorder with 
depression/dysphoria and recurrent thoughts of death, 
insomnia, decreased appetite, psychomotor agitation 
and emotional lability. There was impairment in short-
term memory and loss of long-term memories relating 
to personal history and common knowledge as well as 
impairments in judgment and abstract thinking. There 
was no evidence of alcohol abuse. Alzheimer’s disease 
onset was approximately at the age of 88 and she died 
at 95 with adenocarcinoma and a brain weight of 946 g. 
Her disease lasted for 6–8 years and she had a Clinical 
Dementia Rating (CDR) score of 1 based on chart review 
(Morris, 1993).

Case 2
Her disease was announced by verbal abuse, irritability, 
aggression to family members and later to caregivers 
and impulsive behavior. Memory diffi culties followed 
and she had a MMSE of 17/30 within about 3 years of 
onset. During the disease she had fears of falling, early 
panic attacks, violent temper tantrums, below normal 
weight, and alcohol addiction problems. She died at the 
age of 86 of cardiopulmonary arrest and failure to 
thrive and had a brain weight of 1145 g. The disease 
lasted clinically for about 10 years and she had a CDR of 
2.3 during the last year. This case is of particular inter-
est because it follows the general pattern of Case 1 in 
progression and because the history of alcohol abuse 
and low weight suggests involvement of autonomic sys-
tems.

Case 3 (FG)
He was an intelligent electrical engineer who experi-
enced severe paranoia at the age of 85. Within 2 years 
he was evaluated neurologically and had increased 
problems with spatial disorientation, recent memory 
and forgetfulness and CT showed mild cortical atrophy 
and ventricular dilation. At 89 he suffered from mood 
instability and physical aggression toward his wife and 
he was over responsive to and agitated by television 
violence. There was mild psychomotor agitation, some 

loss of facial expression but speech was at a normal 
rate, volume, and tone. His thought was severely disor-
ganized with most responses to questions being inco-
herent and non-sensical and he had visual and auditory 
hallucinations. His praxis was poor and he could not 
name colors, misnamed a pen but could name a watch 
and knew his name. Neuropsychological testing showed 
a global deterioration in all cognitive domains includ-
ing attention, memory registration, and recall. There 
was a decline in total speech output to the point where 
complete sentences were not used and he frequently 
spoke with adjectives before his death.

Gross Morphology and Deposition of 
Marker Peptides in ACA
As reported for Case 3/FG (Vogt et al., 1999), Case 2 also 
had focal prefrontal atrophy that extended into the 
temporal pole as shown in Figure 35.5A–C. The atrophy 
is particularly prominent when viewed from the fron-
tal and temporal poles (A.) as well as by the separation 
in the Sylvian fi ssure in the lateral view (B.). This pat-
tern of damage is consistent with previous postmortem 
studies of AD cases that express early psychiatric symp-
toms including impulse control problems, panic and 
violent temper.

Since Case 2 had a CDR of 2.3 and Case 1 a CDR of 1, 
direct comparison of these two cases with the same 
methods provides insight into how pathology in this 
subgroup of cases may progress; particularly in con-
junction with Case 3 which is much further along, 
although a CDR score is not available. Although Aβ42 in 
sACC is about the same in both cases in terms of 
laminar distribution and approximate density (Fig. 35.5I 
and E), phosphorylated tau (AT8 antibody) is much 
lower in Case 1 (Fig. 35.5H and D). Interestingly, a more 
profound differentiation occurs in PCC where Case 1 
has a relatively weak expression of both AT8 and Aβ42 
in comparison to that of Case 2. It might be concluded 
that the progressive impairment of cognitive functions 
in the cases may be more closely linked to PCC damage 
than that in ACC.

Deposition of phosphorylated tau and Aβ42 are com-
pared for Cases 1 and 2 for two levels of the cingulate 
gyrus in Figure 35.5. The following points are about these 
cases and rostrocaudal differences: (1) Both markers are 
greatly reduced in dPCC compared to sACC. Indeed, 
AT8 is generally in localized aggregates with highest 
densities in ectosplenial area 26, retrosplenial area 29l 
and the superifi cial layers of area 30 with less dense 
aggregates in layers III and Va in parts of areas d23ab. 
(2) Although AB42 forms a continuous band in dPCC it 
is quite narrow and limited to layer III, while that 
in sACC has a more dense band and extends through 

 gross morphology and deposition of marker peptides in aca
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layers I–III (there is no layer IV in ACC). At both levels, 
there is almost none in deeper layers including layer Va 
as marked with asterisks in Figure 35.6. (3) Case 2 has 
much greater densities of AT8 immunoreactivity 
throughout the entire cingulate gyrus, however, the 
relatively high layer Va density remains and the distinc-
tion between superfi cial and deep layer AB42 remains. 
As this was also true for later stage case FG (Vogt et al., 
1999), it appears that AB42 never invades layers V and 
VI. (4) Considering aMCC in Case 2 shown in Figure 35.6, 
there is a very dense deposition of Aβ42 that appears to 
extend into layer Va; however, there was no AT8 immu-
noreactivity in this area a24c′.

The wider cortical distribution of disease markers in 
Case 2 is shown in Figure 35.6. Phosphorylated tau (AT8 
antibody) is very high in the CA1 sector of the hippocam-
pus (asterisk), while almost no Aβ42 is expressed in the 
hippocampus including this sector. The temporal lobe 
also has very high levels of AT8 including layer V of area 
22 (asterisk). There is a moderate level of diffuse Aβ42 in 
the same cortex mainly in layers I and IIIc–IV. Given the 
overall density of markers in the temporal lobe it can be 
expected that early memory changes were due in part to 
these changes in PCC as noted previously.

An important differentiation of markers occurs in 
sACC and prefrontal area 46. Both AT8 and Aβ42 are very 

Fig. 35.5 Surface morphology of Case 2 shows the prefrontal and temporal pole atrophy in rostral (A.) and left hemisphere lateral (B.) and 
medial (C.) views. The numbers in C. identify the site of block removal for histological analysis. Although deposition of Aβ42 in both sACC 
and vPCC appear similar, AT8 shows a substantially higher level in Case 2 than Case 1 (H. vs D.). Differentiation of both cases with both 
markers is apparent in PCC where each are at substantially lower levels in Case 1 (J./K.vs F./G.). The sACC is comprised of area 33 near the 
genu of the corpus callosum and area s24.
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high in areas s24 and 33, although layer V has high AT8 
and low Aβ42 as noted at the asterisks. Area 46 has a low 
level of AT8 expression but very high Aβ42 and this is of 
interest when considering neuron losses in both areas 
below. Finally, area 40 generally has low levels of AT8 
and almost no neurodegeneration. Differentiation of 
expression of both peptides and neurodegeneration in 
area 46 but relatively spared neurons in area 40 may lead 
to understanding the mechanisms of in vivo toxicity of 
these peptides. Although prefrontal atrophy is a general 
feature of these cases in later stages of the disease, 

ACC is the most vulnerable to tau phosphorylation and 
Aβ42 expression and early neurodegeneration.

Laminar Patterns of Cingulate 
Neurodegeneration, 
Tau and Amyloid Peptides
An early assessment of large neuron loss and possible 
links with NFT showed that large neuron density in 
layers III and V was inversely correlated with NFT density 

Fig. 35.6 Distributions of phosphorylated tau (AT8) and amyloid-β 42 (Aβ42) in Case 2: The hippocampal formation has extensive AT8 
including the CA1 sector (asterisk), while almost no Aβ42 was deposited in this region. The temporal lobe also has very high levels of AT8 
including layer V of area 22 (asterisk). An important differentiation of markers occurs in area s24 of sACC and prefrontal area 46. Both markers 
are very high in sACC, although layer V has high AT8 and low Aβ42 (asterisks). Area 46 has a low level of AT8 expression but very high Aβ42.
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in cingulate cortex (Mountjoy et al., 1983). This theme 
was repeated more recently by Chu et al. (1991) in sACC, 
although it has been known for some time that neuron 
loss is not limited to large neurons but small neurons 
in layer IV are vulnerable in PCC (Vogt et al., 1990). 
Furthermore, the pivotal role of neocortical NFT in cog-
nitive decline was demonstrated by Bierer et al. (1995) 
who showed that CDR score is critically linked to the 
density of NFT in neocortex but not in the hippocam-
pus, amygdala, or entorhinal cortex. Thus, involvement 
of cingulate cortex is substantially more complex than 
the large neuron hypothesis suggests and includes dif-
ferent regions, areas, layers and neuron types depend-
ing on the earliest symptoms, age of onset, and genetic 
context. The task of interpreting the mechanisms of 
neuron death is amplifi ed by the fact that we still do 
not know the mechanisms of cell death in vivo. To make 
progress on this front, we clarify the detailed laminar 
relationships of neuron death with disease markers.

Cingulate neurodegeneration occurs early in AD, 
since three cases within 1–2 years of onset have been 
reported (Vogt et al., 1998); a few of these cases are 
shown in Figure 35.3. This latter study demonstrated an 
association with atrophy in cingulate drawings of neu-
ron somata, NFT formation is associated with neuron 
loss, and there are groups of cases in which the very 
largest neurons in layer IIIc of PCC were preserved even 
when there was severe neurodegeneration in most 
other layers. Thus, large neurons can be resistant to 
death. There were also instances where the small neu-
rons in layers II and IV were substantially damaged but 
no NFT were deposited in these neurons and the large 
neurons in layers III and V were relatively intact. An 
evaluation of ACA seeks to interpret some of the com-
plex relationships among, neuron death, deposition of 
toxic peptides, cingulate regional topography, and dis-
ease progression.

Case 1
In addition to the documentation of clinical onset of 
AD with early major affective disorder, the patterns of 
cingulate neurodegeneration are compatible with the 
hypothesis of early sACC damage and less damage in 
PCC. Interestingly, comparison with Case 3 with overt 
atrophy suggests that the process of neuron loss in sACC 
and PCC slows (below). Two fi gures provide photographic 
documentations of neuron densities in Case 1 with an 
age-matched control and laminar co-registrations to 
PHF and amyloid peptide deposition, while a third 
documents changes in ventral midcingulate area 33′. 
Figure 35.7 shows thionin-stained sections from Case 1 
compared to NeuN sections in a control because NeuN 
preparations set the standard for comparison. (Fig. 35.8 
compares thionin-stained sections). As is true in earlier 
work (Vogt et al., 1990, 1998), differences of less than 

20 per cent in any particular layer are considered to be 
part of natural variation.

Neuron losses were substantial throughout area s24b 
as sites of neuron paucity are evident throughout its 
depth; asterisks highlight the most pronounced sites in 
the fi gure. In keeping with the relevance of this case to 
ACA, area 46 also has substantial neurodegeneration in 
layers II, III, V and VI. Amazingly, midcingulate area 
a24c′ had no apparent neurodegeneration, extensive 
Aβ42 deposition and almost no PHF immunoreactivity. 
Indeed, the thionin-stained section in the fi gure sug-
gests that layer V may be intact in this case in spite of 
the extension of diffuse Aβ42 into layer Va and dense 
core plaques in layer Vb. It appears that Aβ42 plays at 
best a small role in cingulate neurodegeneration in this 
case. Since the skeletomotor control system was intact, 
there is a need to explain behavioral control problems 
in terms of other circuits such as those to the PAG orig-
inating in ACC where extensive deafferentation is pos-
sible subsequent to layer Va neurodegeneration. Figure 
35.7 shows evidence of neuron loss in layers V and VI of 
areas s24 and d23b and this is shown in more detail at a 
higher magnifi cation in the next fi gure.

Neuron loss throughout area s24b is shown again in 
Figure 35.8 and higher magnification shows some 
important links with PHF and Aβ42 immunoreactivity. 
First, layers II–IIIab and Va have numerous PHF-immu-
noreactive neurons. Second, the pattern of diffuse Aβ42 
is homogeneous throughout layers I–III, while dense 
core-Aβ42-immunoreactiver plaques are most numer-
ous in layers I–II and Va. Third, the MC1 antibody is to 
an early conformation change of tau and it was only 
observed in layer V. Fourth, the pattern of Aβ42 is quite 
different from that in area d23b where layer II is free of 
the peptide, while in layer V there are almost no dense-
core plaques immunoreactive for Aβ42.

Neuron loss and the pattern of PHF in the posterior 
cingulate gyrus (PCG) raise a number of interesting 
associations that may refl ect early vulnerabilities of this 
region in ACA. The PHF pattern increases progressively 
from the fundus of the callosal sulcus onto the gyral 
surface. Areas 29 and 30 have the overall highest den-
sity of PHF, while that in area d23a is lower and in lay-
ers II–III and Vb–VI. Also, the higher magnifi cation of 
area d23b shows that signifi cant neuron loss occurs in 
all layers with most in layers IV and Va. It is possible 
that the dense core plaques do not contribute to neuro-
degeneration in area 23. Finally, although neurons are 
degenerating in layers IIIc and Vb, the proportion is 
lower than in other layers.

Although neurodegeneration was generally normal 
in midcingulate cortex, the report by Williams et al. 
(2005) of atrophy in area 32′ of the behavioral variant of 
FTD suggested a further consideration is necessary to 
ascertain the extent to which it can be differentiated 
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Fig. 35.7 Laminar patterns of neuron losses in Case 1 at three levels of cingulate cortex compared to an age-matched control case reacted 
for NeuN. Points with greatest neuron losses are marked with asterisks (areas 46, 40 and d23b normally have a layer IV; area s24 does not). 
Neuron losses were substantial throughout area s24, however, they were mainly in layers Va and VI in d23b with less so of layers II and IV 
(see Fig. 35.8 higher magnifi cation of layer IV). Midcingulate area a24c′ had no apparent neuron losses, there was no PHF immunoreactivity 
except in one neuron (arrow), and heavy Aβ42 extended into layer Vb.
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from AD with similar behavioral presentations. 
Generally, neuron densities throughout midcingulate 
cortex appeared normal including area 32′. The density 
of diffuse, Aβ42-immunoreactive plaques was the same 
as in other cortical areas and there were almost no 
neurons with PHF. Review of area 33′ just dorsal to the 
corpus callosum, however, showed a high level of 
PHF-immunoreactive neurons and neuropil threads as 
shown in Figure 35.9. In this area the plaques were 
more dense and there was a generally lower level of 
diffuse Aβ42. Nevertheless, neuron densities appeared 

normal and at higher magnifi cations there was no evi-
dence of intracellular inclusions such as Lewy bodies.

Case 3
The presence of ACA in Cases 2 and 3 in itself indicates 
a mid-to-late stage of AD. Case 3 provides a number of 
interesting fi ndings to elucidate some events. First and 
to the extent these cases are part of a single temporal 
continuum, neurodegeneration appears to have stabi-
lized in area s24. Indeed, degeneration in layers V and 
VI is not as severe as in Case 1 as shown in Figure 35.10. 

Fig. 35.8 Laminar patterns of neuron loss and disease markers in a control and Case 1. PHF are expressed mainly in layers III and V of area 
s24b (two asterisks) and Aβ42 is diffuse throughout layers I–V but also in dense-core plaques in layers I–II and V. MC1 was only expressed in 
layer V. PHF deposition shows a medial-to-lateral progression from highest in the callosal sulcus in areas 29 and 30 to lower levels on the gyral 
surface. Area d23b shows greatest proportionate neuron loss in layers IV–Va (two asterisks) and less in layers III and Vb. All scale bars = 200 µm.
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Fig. 35.9 Area 33′ of midcingulate cortex had the highest density of PHF-immunopositive neurons and neuropil threads (C.). Although 
neuron densities (A.) appeared normal for each layer, Aβ42-immunoreactive plaques (B.) were primarily dense core with some large diffuse 
plaques. Overall, the amyloid load is substantially lower in area 33′. Scale bar = 200 µm.

Non-phosphorylated-neurofi lament protein expression 
is almost abolished in layers V and VI of area s24b as 
shown in the fi gure with the SMI32 antibody counter-
stained with thionin. Only few fi lamentous dendrites 
can be detected with the SMI32 antibody (arrows in 
Fig. 35.10). When compared to the control level of neu-
rofi lament proteins, expression of these proteins is 
almost completely abolished.

Case 3 also emphasizes that area d23 is at high risk 
for persistent neurodegeneration during the course 
of ACA and Figure 35.10 shows severe neuron loss in 
layers IV and Va with lesser amounts in other layers. 
Midcingulate neurodegeneration also is greater than in 
Case 1 (not shown). Thus, progressive neurodegenera-
tion occurs in MCC and PCC in ACA and is not limited 
to ACC.

Case 2: Subcortical changes may contribute to 
impulsivity, verbal abuse and aggression
Although AD is likely a primary cortical neuron disease, 
degeneration of projections into subcortical structures 
must follow loss of deep layer V and VI projection neu-
rons. In addition, there have been reports of typical AD 
(i.e. no selection according to lobar atrophy) of neurofi -
brillary degeneration in some midline thalamic nuclei, 
amygdala, nucleus basalis of Meynert, ventral tegmental 

area, dorsal raphe, and locus coeruleus (McDuff and 
Sumi, 1985; Sparks et al., 1988; Kromer et al., 1990; 
Braak and Braak, 1991, 1993; Tomlinson, 1992) and we 
have explored this issue in Case 2. To the extent that 
emotional motor systems are dennervated, it is likely 
that cingulate regions projecting to them likely con-
tribute to impulse control problems, aggression and 
dysautonomia. Indeed, sham rage and other behavioral 
impairments have been evoked by electrical stimula-
tion and small strokes in some parts of the emotional 
motor system such as the periaqueductal gray (Bandler, 
1982; Bandler et al., 1991; Depaulis and Bandler, 1991). 
Sham rage for example, involves excessive responsive-
ness to non-threatening stimuli that is an exaggerated 
responsiveness out of the context to the threat level. 
The rationale for this consideration is not yet to pro-
vide detailed mechanisms but rather to emphasize the 
crucial nature of deafferentation of these structures in 
ACA and the potential role of ACC therein.

Case 2 samples of the amygdala, hypothalamus, mid-
brain, and pons showed signifi cant astrocytosis, neuron 
losses and NFT. Indeed, there were almost no neurons 
remaining in the locus coeruleus and those that were 
present were swollen and had condensed chromatin. 
Figure 35.11 shows some of the subcortical structures 
with neuron loss and NFT in the posterior ventromedial 

 laminar patterns of cingulate neurodegeneration, tau and amyloid peptides
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Fig. 35.10 Neurofi lament protein expression and neurodegeneration in Case 3. SMI32 immunoreactivity is almost abolished in Case 3 when 
compared to a control case. The thionin counterstain of area s24 shows that even ‘intact’ neurons fail to express these proteins. Three arrows 
emphasize a few thin dendrites that still express the antigen. Although neuron loss is substantial in both sACC and dPCC, neurons in layers IIIc, 
IV and Va are signifi cantly lost in area d23b. All scale bars = 200 µm.
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and perifornical hypothalamus and dorsal tegmental 
nucleus. An aberrant aggregation of neurons is apparent 
in the periaqueductal gray. Whether or not this is a pre-
standing impairment or an active site of neurodegenera-
tion cannot be determined and no markers were expressed 
by neurons in this region. There were some neurons 
expressing NFT throughout the remaining periaqueduc-
tal gray but at a low level. This pattern of subcortical 
damage may have contributed to the patient’s symptoms 
including irritability, aggression, below normal weight, 
and diffi culties regulating alcohol consumption.

Although a series of cases with a range of CDR scores 
will be necessary to evaluate the detailed progression 
in subcortical damage, there can be little doubt that as 
layer V projection neurons in sACC degenerate, and these 
nuclei are severely deafferented and remove cortical 
regulation that guides refl exive behaviors in specifi c 
contexts. These projections are reviewed in Chapters 10 

and 15 but a few should be emphasized in the frame-
work of ACA. First, the descending cingulate projections 
to the locus coeruleus have been shown in monkey 
and cat (Room et al., 1985; Chiba et al., 2001). Second, 
descending control of emotional motor systems for 
vocalization are critical for coordinated and goal-
oriented behavioral output and the ACC is a pivotal 
player in selecting among behavioral outputs and emo-
tional expression via its descending output systems. 
Layer V neurons of the ACC project to the periaqueduc-
tal gray (Müller-Preuss and Jürgens, 1976; Hardy and 
Leichnetz, 1981; Mantyh, 1982). Disease onset in Case 2 
was announced by verbal abuse and aggression toward 
family members. The full organization and projections 
of the cingulate vocalization region in ACC are consid-
ered in Chapter 15 and descending control of vocaliza-
tion is well established (Jürgens and Pratt, 1979; Vogt 
and Barbas, 1988). The periaqueductal gray also regulates 

Fig. 35.11 Hypothalamic and midbrain structures in Case 2 showing substantial damage to the ventromedial hypothalamus (VMH), dorsal 
temental nucleus (dTg) and periaqueductal gray.
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freezing and conditioned fear responses (De Oca et al., 
1998) and for these and many other reasons, it has been 
viewed as pivotal in coordinating emotional motor sys-
tem outfl ow (Holstege et al., 1996). Third, projections of 
ACC to the amygdala are involved in regulating 
responses to fear (Chapter 9) and visceromotor outputs 
(Neafsey et al., 1993; Chapter 10). Finally projections to 
the hypothalamus provide another means of direct reg-
ulation of autonomic output by cingulate cortex; both 
hormonally and via projections of the hypothalamus to 
the periaqueductal gray (Chapter 22).

It is important to recognize that the amygdalar, 
hypothalamic and midbrain projections of ACC are not 
made by the PCC and this provides a pivotal dissocia-
tion between the clinical outcomes of ACA and PCA. 
Damage (lesion, stroke or neurodegeneration) in PCC 
will not have the same subcortical behavioral discontrol 
effect as that in ACC. The ACC has a wealth of descend-
ing projections to regulate many behavioral and auto-
nomic outputs associated with emotional expression in 
relation to internal needs and anticipated outcomes. 
These projections regulate the pre-wired output of the 
brainstem emotional motor systems to produce context 
relevant behavioral output. The ACA variant of AD 
shows substantial impact of these systems at the corti-
cal and brainstem levels of functional organization.

Finally, subcortical pathology is associated with 
changes in the cerebral cortex, although it is not clear 
to what extent the former generates the latter. Loss of 
cholinergic neurons in the basal forebrain in AD is asso-
ciated with disease duration (Mufson et al., 1989) and 
choline acetyltransferase activity is reduced through-
out the cerebral cortex including the cingulate gyrus 
(Procter et al., 1988). The binding of tritiated-oxotremo-
rine-M in the presence of unlabeled pirenzepine showed 
that cingulate cortical binding to M2 sites was increased 
in some neurodegenerative classes of AD and the 
increase was greatest in layer V. Moreover, the increase 
was linearly and negatively correlated with neuron 
densities in layer Va in all AD cases but was enhanced 
according to which cortical layers had the greatest neu-
rodegeneration (Vogt et al., 1992). Although the ligand 
binding work was done in area d23, a similar pattern 
likely occurs in layer V of ACC in view of the diffuse 
loss of choline acetyltransferase activity throughout 
the cingulate gyrus. Furthermore, cases with elevated 
M2 binding experienced signifi cantly higher levels of 
binding to β-adrenoceptors (Vogt et al., 1991) implicat-
ing other subcortical structures. Neurodegeneration in 
AD has been reported for the locus coeruleus (Busch et al., 
1997) and raphe nuclei (Halliday et al., 1992); indeed, 
the locus coeruleus could hardly be identifi ed in Case 2. 
Although degeneration in the raphe was signifi cantly 
greater in patients experiencing a rapid progression 
of symptoms, no information is available relating to 

specifi c classes of cortical neuron degeneration. In con-
trast, a positive relationship has been reported between 
aggressive behavior and the magnitude of rostral locus 
coeruleus cell loss and a reduction in norepinephrine 
concentration correlated with cognitive impairment 
(Matthews et al., 2002). Thus, subcortical systems 
contribute to cingulate reorganization in typical AD 
including enhanced binding to postsynaptic receptors 
in cholinergic and adrenergic systems and this likely 
relates to classes of neurondegeneration; however, 
involvement of these systems in ACC still needs resolu-
tion as do links to ACA.

Laminar links between neuron death and 
disease markers and progression
There is little doubt that large, layer Va neurons in 
sACC are at the highest risk in ACA. They express a 
high level of PHF and are the only neurons with MC1 
immunoreactivity. This layer has the highest density of 
Aβ42 in dense-core plaques, although high levels are 
also present in layers I–II. Although the severe reduc-
tion in neurofi lament protein expression was shown in 
a late stage case, it is likely the inactivation of neurofi l-
ament protein synthesis in layer V occurs much earlier. 
Indeed, it is possible that this impairment alone dis-
rupts the function of subcortical projections emanating 
from layer V neurons. A similar inactivation of neuro-
fi lament protein expression in late AD has been shown 
in areas 9 and 20 as well (Hof et al., 1999; Hof, 2001). 
Neurofi lament expressing neurons, however, are not 
the only ones to undergo degeneration. Indeed, neu-
rons in layer III of area s24 express very little of these 
proteins yet they are vulnerable as are layer IV neurons 
in dPCC that also do not express them. Thus, other fac-
tors likely contribute to impaired neuron functions and 
overt neurodegeneration throughout the cingulate 
cortex in ACA.

Since neuron densities in layer V were relatively nor-
mal in MCC in Case 1 in the face of very high levels of 
Aβ42, it is possible that Aβ42 plays little or no role in 
neurodegeneration throughout the cingulate gyrus 
and, in the deep layers, may only play a minor role. 
This interpretation is supported by a unique case 
reported by Delaère et al. (1990) who observed that a 
psychometrically normal individual with a Mini-Mental 
Score of 27 had extensive amyloid deposits throughout 
neocortex and no evidence of neurofi brillary degenera-
tion. Although they did not evaluate neuron densities, 
this case confi rms the general lack of in vivo neurotoxic-
ity of amyloid peptides. McKee et al. (1991) also observed 
non-demented patients with high amyloid peptide 
loads and no neurofibrillary degeneration. Finally, 
Bierer et al. (1995) showed that CDR score is not signifi -
cantly linked to senile plaque densities in any region. 
Although none of these fi ndings preclude a contribution 
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of amyloid peptides to neurodegeneration in some cor-
tical areas in AD associated with other mechanisms of 
neuron loss, it does cast doubt on a necessary contribu-
tion of these peptides to neurodegeneration in all lay-
ers and areas.

Another view of functional inactivation is provided 
by dPCC. In area d23b there is a loss of deep layer neu-
rons but it should be realized that a substantial loss of 
neurons in layer IV could seriously disrupt output from 
this area as many of the thalamic afferents to PCC ter-
minate in this layer (see Chapter 4) and loss of neurons 
in this layer is essentially a thalamic and cortical deaf-
ferentation lesion that removes control of area 23 from 
the pulvinar and lateral posterior thalamic nuclei and 

multisensory processing centers in the parietal and 
temporal lobes. Since these neurons do not form NFT, 
many studies using this marker overlook this aspect of 
cingulate pathology in AD. The impact of ACA on PCC 
likely is associated with other defi cits such as memory 
retrieval and visuospatial functions.

Although there are still only a few cases of ACA that 
thoroughly assessed cingulate cortex, it is possible to 
speculate on the progression of neurodegeneration in 
these cases and the secondary consequences of degen-
eration of subcortical projections. Figure 35.12 provides 
a summary of two general stages of cingulate neurode-
generation in ACA and the secondary deafferentation 
of pathways to subcortical structures. At the earliest 

Fig. 35.12 Strips of NeuN reacted areas s24 (sACC), a24c′ (aMCC) and d23b (dPCC) used to remove neurons in a qualitative summary of the 
progression of ACA. Pivotal to the mood changes in ACA is destruction of layers II–V projection neurons and the relative sparing of MCC 
confi rms the recruitment for subcortical control of emotional behaviors; dPCC has no such connections. Later stages show loss of layer V 
neurons and their projections as secondary deafferentation of subcortical structures that mediate autonomic and skeletomotor refl exes 
through the emotional motor systems. Also, PCC shows continued neuron loss and suggests that impairment of memory and visuospatial 
functions can be partially attributed to this damage in ACA.
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stages substantial neuron inactivation and loss occurs 
in layer V of both ACC and PCC with less in superfi cial 
layers. At this point there appears to be almost com-
plete loss of neurofi lament protein expression in layer 
V and a serious functional impairment of ACC output 
to deep lying structures such as the hypothalamus, 
locus coeruleus and periaqueductal gray. Although 
there is a limited loss of MCC neurons, this increases 
later in the disease along with damage to other cingu-
late areas. The damage to cingulate cortex appears to 
stabilize in cases with CDR scores of 2–3. The coopera-
tive imbalance of ACC and PCC information fl ow sug-
gested in Figure 35.2 as well as impaired descending 
motor output leads to a loss of cortical control over 
emotional motor systems as well as loss of self-relevant 
sensory information fl ow via PCC to ACC. These events 
may combine in later stages of the disease to produce 
uncontrolled vocalization, aggression and impulse dys-
control symptoms.

Posterior Cortical Atrophy and PCC in 
Visuospatial Impairments
Patients with typical AD and spatial disorientation for 
time and place are hypometabolic in PCC (Hirono et al., 
1998) and this impairment is associated with NFT in a 
number of visual areas and area d23d (Giannakopoulos 
et al., 2000). The visual impairments expressed in typical 
AD include reading disturbances, becoming lost in pre-
viously familiar places, and interpreting complex visual 
scenes have been known for some time (Furey-Kurkjian 
et al., 1995). However, when the visual disturbances 
occur before or during fi rst signs of memory impair-
ment and result in an ophthalmologcial examination 
fi rst rather than a neurological examination, a lobar pat-
tern of degeneration has been reported. Visual distur-
bances in this AD subgroup include visual agnosia and 
simultanagnosia (Sadun et al., 1987; Kiyosawa et al., 1989; 
Mendez et al., 1990), spatial disorientation (Henderson 
et al., 1989; Graff-Radford et al., 1993) and impairments 
in oculomotor function (Hutton et al., 1984). Patients 
with these impairments have posterior cortical atrophy 
(Benson et al., 1988; Graff-Radford et al., 1993).

There is extensive disruption of visual cortical cir-
cuits in AD cases with PCA (Hof et al., 1989, 1993, 1997; 
Hof and Bouras, 1991). This includes high lesion counts 
(NFT and senile plaques) in primary and secondary vis-
ual areas and visual association areas that are not usu-
ally observed in typical AD. In contrast, areas 9 and 20 
are less involved than is true for typical AD without 
prominent visual symptoms and PCA. It has been pro-
posed that the symptoms in these cases refl ect a visual 
disconnection syndrome in which association pathways 
originating in the corticocortical processing streams 
from neurons mainly in layer III but also layer VI 

Meynert cells that project to motion processing areas 
such as area MT, MST and parietal cortex (Hof et al., 
1989, 1993).

In the same framework of corticocortical denerva-
tion is the severe disruption of PCC and RSC also 
reported in postmortem studies (Hof et al., 1993; Vogt 
et al., 1997, 1999). Without specifi c neuropsychological 
tests for PCC/RSC functions, it is not possible to disen-
tangle the contributions of cingulate regions to clinical 
impairments of visual functions. Nevertheless, predic-
tions from the four-region neurobiological model 
suggest that disruption of sensorimotor integration, 
premotor planning and other executive functions of 
cingulate cortex contribute to aspects of this syndrome. 
Two visuomotor processing streams are summarized in 
Figure 35.3 including the dorsal sensorimotor stream 
that is focused on projections into the caudal cingulate 
premotor area in areas 24d and 23c and the ventral 
multisensory stream that interacts with ACC to engage 
context and valence dependent sensory information 
(personally relevant sensations), episodic emotional 
memories in ACC, and regulation of affect and auto-
nomic outfl ow. Chapter 13 has a detailed consideration 
of PCC and its connections in sensorimotor and emo-
tional functions. Thus, impairments in both of the 
intracingulate processing streams are consistent with 
the symptoms experienced by AD patients with PCA.

Histopathology of Posterior Cortical 
Atrophy
Complex biological diseases express so many pheno-
typical changes that no one or two variables can be 
used to identify groups of cases with common etiolo-
gies. Analysis of breast cancers, for example, with DNA 
arrays reveal many forms of the disease and symptom 
clusters represented with eigenvector projections serve 
as a basis for treatment (Marx, 2000). Salmon et al. 
(2007) and the previous chapter consider the multivari-
ate framework for neuroimaging in AD and, as already 
argued above, neurodegeneration in AD is effectively 
described by multivariate models that include the 
number of neurons in ‘descriptive’ layers; that is to say, 
layers that have unique involvements in one subgroup 
and play an important role in differentiating some 
aspect of a subgroup’s variance. For example, if the 
density of neurons in layer II are included in the model 
as was explored (Vogt et al., 1998), there is no improve-
ment in differentiating any subgroup. Neurons in area 
d23b layers IIIab, IIIc, IV, and Va are the ones that pro-
vide the most effective differentiation of AD cases with 
the fewest number of variables. Disease onset is another 
possible variable of interest; however, since there is a 
disease progression in each subgroup, this information 
provides no additional value to the model.
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To evaluate the extent to which cases of PCA represent 
a truly unique subgroup of AD, neuron densities in lay-
ers III–Va were entered into a multivariate model and 
compared to AD cases with the same age at death and 
the same density of neurons in area 23b. Certainly, cases 
with less severe or more severe neurodegeneration will 
identify PCA as a separate group and matching for age 
and neuron density provides a higher standard against 
which to test the subgroups hypothesis; i.e. a unique 
laminar pattern of loss rather than simply a quantitative 
difference in neuron densities. Six cases of PCA with 
cases of AD that have a similar level of neurodegenera-
tion in PCC and age-matched were selected to enter into 
the multivariate analysis; one case was an outlier with 
mean neuron densities of 3 standard deviations from the 
mean for all cases. As done previously (Vogt et al., 1999), 
neuron densities in layers IIIab, IIIc, IV, and Va were 
entered into a principal components analysis. The eigen-
vector projection is shown in Figure 35.13 and confi rms 
that this is a unique subgroup in terms of the laminar 
pattern of neuron loss. As noted below in Table 35.2, the 
difference between the PCA and NDII–V was based on 

TABLE 35.2  Area d23b

Neuron densities PCA %Con NDII–V %Con Control densities

IIIab 29 ± 5.9 43% 32 ± 2.2 47% 68 ± 3

IIIc 34 ± 3.5 56% 34 ± 1.2 56% 61 ± 3

IV 31 ± 2.4 57% 21 ± 2.1 39% 54 ± 3

Va 29 ± 2.8 60% 20 ± 1.8 42% 48 ± 4

Amyloid peptides Dense Diffuse Dense Diffuse

Ab40 IIIab 99 ± 13 13 ± 2 60 ± 13 18 ± 4

      IIIc 103 ± 12 14 ± 2 46 ± 6 19 ± 4

      IV 66 ± 9 14 ± 2 32 ± 6 18 ± 4

      Va 34 ± 4 7 ± 2 29 ± 7 7 ± 2

Ab42 IIIab 108 ± 15 28 ± 4 92 ± 17 35 ± 4

      IIIc 117 ± 25 30 ± 4 98 ± 13 37 ± 3

      IV 96 ± 21 31 ± 3 97 ± 17 37 ± 4

      Va 35 ± 9 10 ± 2 25 ± 4 12 ± 3

Ab43 IIIab 112 ± 25 14 ± 2 63 ± 21 9 ± 3

      IIIc 70 ± 17 3 ± 2 33 ± 9 8 ± 3

      IV 53 ± 10 12 ± 2 17 ± 5 7 ± 2

      Va 25 ± 6 8 ± 1 18 ± 5 5 ± 2

Ab43 in Layer IIIc

Mean years from onset; 
n = 2/group

5.5 years 9 years 12 years

Ab40 116 116 113

Ab42 160 160  71

Ab43 104  75  61

Fig. 35.13 Principal components analysis of six cases of PCA in AD 
and two other groups that had similar neuron losses and were age 
matched. The PCA group resides in a unique part of the eigenvector 
projection supporting the proposal that a unique laminar pattern of 
neurodegeneration occurs in this subgroup.

 histopathology of posterior cortical atrophy
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signifi cant losses on neurons in layers IV and Va in the 
latter subgroup (bold in table), while changes from con-
trol values were relatively uniform in layers IIIab–Va.

Amyloid Peptides in PCA and Excess 
Ab43 Deposition
Having identifi ed the PCA group as unique in terms of 
its laminar pattern of neuron losses, one of two neu-
ropathological hypotheses can be considered:

1 PCA is a subgroup of cases in which AD is initiated in 
different areas and layers, while the fundamental etiol-
ogy of neurodegeneration is the same as that in other 
subgroups. This is essentially the null hypothesis; i.e. 
different place but same mechanism of neuron death.

2 PCA is a subtype of the disease because the variation 
in laminar pattern of neurodegeneration implies a dif-
ferent mechanism of neurodegeneration. Confi rming 
a unique mechanism of neuron death in itself requires 
rejecting the fi rst hypothesis particularly in light of 
the fact that the comparison AD cases were matched 
for age and total neuron degeneration. Since we have 
evidence that the latter is true, we begin with an 
assessment of amyloid peptide expression and then 
consider the laminar patterns in neuron losses with 
which they are associated.

Figure 35.14 shows coronal sections of amyloid 
peptide immunohistochemistry in the dPCG from 
one example of PCA and one age-matched AD case 
from the NDII–V subgroup. The densities and laminar 

Fig. 35.14 Comparison of dorsal posterior cingulate gyrus in a PCA and age/neuron density-matched AD case with no evidence of specifi c 
lobar atrophy from the NDII–V subgroup.

35-Vogt-Chap35.indd   78835-Vogt-Chap35.indd   788 4/28/09   3:30:17 PM4/28/09   3:30:17 PM



789

distributions of Aβ40 and Aβ42 appear approximately 
similar in both cases, while that for Aβ43 is two to three 
times greater in PCA. Quantitative assessment of the 
optical density of each of these three peptides in each 
layer of area d23b is provided in Table 35.2. The average 
density of Aβ43 in PCA was twice that for NDII–V con-
fi rming the qualitative impression from each case indi-
vidually. There was also a factor of two difference in 
Aβ40 in PCA but only in layers IIIc and IV. Finally, aver-
aging of two cases per group based on the estimated 
duration of the disease showed that the highest level of 
Aβ43 was encountered early in the disease at 5.5 years 
duration (Table 35.2). While Aβ40 and Aβ42 were gener-
ally stable, that for Aβ43 decreased in density with 
durations of up to 12 years. This suggests that, if Aβ43 
has neurotoxic properties or signals a common mecha-
nism of neuron death, it may have a more prominent 
role early in the disease and this highlights the poten-
tial value of understanding the unique role of Aβ43 in 
the etiology of PCA in AD.

Parvathy et al. (2001) evaluated the three length Aβ 
peptides in relation to consensus CDR scores and 
observed that all, including Aβ43, were signifi cantly 
linked to these scores. Of course, the CDR score at death 
may not be related to the estimated duration of the dis-
ease as used here and the tissue was sampled from pre-
frontal area 9 rather than cingulate cortex. These two 
studies together suggest that Aβ43 is clinically linked to 
disease symptoms, although peptide density decreases 
with disease duration.

Laminar Patterns of Neurodegeneration 
and Marker Peptides in PCC
A major difference between the PCA cases and the 
NDII–V shown in Table 35.2 is the increased loss of neu-
rons in layers IV and Va. This loss extends throughout 
all deep layers as shown for an example of each group 
in Figure 35.15, where the brackets emphasize this dif-
ference; neurodegeneration occurs to a similar level in 

Fig. 35.15 Examples of PCA and disease duration-matched NDII–V cases. Amplifi ed loss of deep layer neurons in PCA (brackets) is seen. 
Higher levels of Aβ40 and progressive increase in load of both peptides occurs.

 laminar patterns of neurodegeneration and marker peptides in pcc
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superfi cial layers. Differences in disease duration sug-
gest that in both subgroups there is a widening of the 
extent of superfi cial layer expression of amyloid pep-
tides and in the NDII–V subgroup there is an increase in 
the overall load of expressed peptides.

The lateral surface atrophy in a case of PCA is shown 
in Figure 35.16 because that on the medial surface is 
less prominent. The AD2 antibody to hyperphosphor-
ylated tau shows a progressive buildup in the PCG with 
greatest deposits in retrosplenial areas 29 and 30, less 
throughout area 23 and less in medial parietal cortex 
area 7 m. The three magnifi ed histological photographs 
are of mid-layers of area 23a and show prominent depo-
sition of tau in layer Va (AD2) and substantial loss of 
neurons in layers IV and Va compared to a control case 
(asterisks). Thus, severe neurodegeneration in layers IV 
and Va in dPCC is characteristic of PCA and the heavy 
burden of hyperphosphorylated tau may be directly 
linked to this deep layer degeneration.

Amyloid Peptides in ACC and MCC
Although PCC and RSC have high levels of neurodegen-
eration and amyloid peptides, this damage is not lim-
ited to these regions. Also, the last case of early visual 
impairments shows a profound infl uence on PCC where 
PCA may begin with a ‘seed’ in the posterior region but 
it also extends further rostral into other cingulate 
regions as shown in PCA. Figure 35.17 shows immuno-
histochemistry of the three amyloid peptides in ACC 
and MCC. Area 24 and area 24′ have high levels of amy-
loid deposition including the elevation of Aβ43 shown 
above for PCC. Neuronal damage is demonstrated with 
Aβ42 which extends into layer V of area 24d where there 
are examples of large neurons with intracellular depos-
its (two circles in Fig. 35.17F). As discussed in Chapter 5, 
layer V contains cingulospinal projection neurons 
and these neurons may be at risk in PCA. Indeed, it is 
possible that damage to these and other motor system 
projection neurons contribute to impairments of oculo-
motor behaviors in terms of premotor planning and 
coordination. Interestingly, a PET study of AD patients 
with and without visual symptoms showed no differ-
ence in these groups in PCC but signifi cantly reduced 
glucose metabolism in ACC (Pietrini et al., 1996). A simi-
lar comparison showed involvement of visual associa-
tion areas and inferior temporal cortex.

These fi ndings together suggest an involvement of 
ACC and MCC in an underlying decision-making proc-
ess suggested by the four-region neurobiological model 
shown in Figure 35.3. Pietrini et al. (1996) also suggest 
that AD patients with early and prominent visual symp-
toms represent a subtype of AD. This hypothesis may 
be supported by the present observations showing an 
elevation of Aβ43 and indicating an impairment of 
amyloid precursor protein processing by a γ-secretase.

Amyloid-β peptides are critical for neuron viability 
(Plant et al., 2003) and Aβ42 is made and retained in an 
insoluble form in the endoplasmic reticulum and it is 
packaged for secretion in the trans-Golgi network 
(Greenfi eld et al., 1999). Mild cognitive impairment is 
associated with accumulation of intraneuronal Aβ42 
(Gouras et al., 2000) and a review by Braak and Del 
Tredici (2003) considers evidence that soluble, intracel-
lular Aβ42 may be a precursor to NFT formation. Since 
we have observed intraneuronal Aβ42 in young cases of 
depression (ages 32–74; Chapter 25), cingulate neurons 
are capable of generating a soluble form of Aβ42 at ages 
that are compatible with diseases of aging. As suggested 
there, the intraneuronal accumulation may contribute 
to neuron death as also shown in Alzheimer’s disease 
(Sheng et al., 1998; Parvathy et al., 2001) and this could 
put at risk neurons in layer V of MCC in PCA.

Early Visual Impairment and Cingulate 
Neuropathology
The seven cases of PCA reported above had a disease 
duration of 5–12 years which means there may have 
been early events that could not be appreciated with 
this sample and the conclusion that posterior cingulate 
damage is part of the leading edge in cortical damage 
in PCA. Therefore, we consider a case that was early in 
their visual impairments and visual pathology was 
compatible with the hypothesis that this is a very early 
case of PCA. This patient was a 67-year-old male when 
he fi rst complained of visual diffi culties; he ‘bumped 
into things’ and had ‘split vision.’ A neurologist observed 
elements of visual apraxia and simultanagnosia with 
no clear evidence of stroke or trauma. He was generally 
well oriented to time and space and he was to be fol-
lowed for possible PCA or a mild watershed infarct. The 
neurological follow-up was never performed as he 
developed a pancreatic cancer and died 7 months later. 
Neuropathological examination showed NFT in entorhi-
nal cortex and at the temporo-occipital junction in 
area 19. AD2-immunoreactive NFT were very rare 
throughout the remaining cerebral cortex including 
PCC. Amyloid-β42 was present in all cortical samples 
including areas 19, MT, medial 7m, retrosplenial areas 
29 and 30 and posterior cingulate areas 23 and 31.

Figure 35.18 shows some of the histological fi ndings 
from this case. The highest density of Aβ42 was in 
area 23 but it was quite high in area MT. The latter area 
have dense plaques in layers I–II and diffuse deposits 
that extended into layer Vb. Area d23b, in contrast, had 
a higher density of dense plaques in layers I–IV suggest-
ing an earlier impairment in PCC. Some dense-core Aβ40 
plaques were also present in layer Vb. Counterstained 
Aβ42 showed a heavy reactive gliosis throughout dPCC. 
In spite of the lack of NFT, there was severe neurode-
generation in layers IV and Va (asterisks in Fig. 35.18) as 
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Fig. 35.16 PCA case showing the prominent atrophy on the lateral surface (A., posterior to the dotted line) and a section through the 
posterior cingulate gyrus (PCG). The AD2 antibody to hyperphosphorylated tau shows a progressive buildup in the PCG beginning with 
retrosplenial areas 29 and 30. The higher magnifi cation histological photographs are of mid-layers of area 23a and show prominent deposition 
of tau in layer Va and substantial loss of neurons in layers IV and Va compared to a control case (Thionin, asterisks).

 early visual impairment and cingulate neuropathology
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Fig. 35.17 Comparison of ACC area 24 and MCC area 24′ in PCA. Deposition of amyloid peptides is not limited to PCC and RSC but extends 
along the entire cingulate gyrus; elevated Aβ43 is widely distributed as well. The deposits of Aβ42 extend into layer V where there are 
examples of large neurons with intracellular deposits (circled in F.).

Fig. 35.18 Case with early visual impairment. Aβ42 was at a higher density in area d23 than in area MT in terms of both diffuse and dense 
plaques. Substantial neuron loss is in layers II, IV, and Va as noted with asterisks. An Aβ42 section was counterstained with thionin to 
emphasize its co-localization to particular layers. Scale bar = 200 µm.
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predicted from other cases of PCA. Layer II also showed 
substantial neuron loss.

The pattern of amyloid peptide deposition and 
neurodegeneration in PCC in this case is compatible 
with the hypothesis it is a very early form of PCA. The 
substantial damage to PCC emphasizes the early role of 
this region in aspects of visuospatial symptoms in PCA 
and confi rms hypotheses derived from the four-region 
neurobiological model.

Does PCA in AD Meet the Standard for 
an AD Subtype?
According to Jorm (1985), a variant of a disease consti-
tutes a subtype when a unique mechanism can be dem-
onstrated in association with a unique pattern of 
pathology. This approach may not go far enough when 
considering neurological disorders as it is not possible 
to determine if AD is comprised of subtypes with in vivo 
functional imaging and dominant/early symptoms 
because they do not provide information about mecha-
nisms of neuron death. However, it may be possible 
with a combination of clinical, imaging, genetic and 
neuropathological fi ndings to propose one or more 
subtypes. Thus, the fi rst question is whether or not a 
subtype can be demonstrated in AD. This fi rst issue is 
not a description of the most frequently observed clini-
cal symptoms and associated pathology such as that of 
‘typical’ AD. Once any subtype can be convincingly 
demonstrated, the question can be broadened to other 
possible subtypes and their frequency in the general 
population.

One AD subtype that fulfi lls the broader defi nition of 
a subtype is that of early spastic paraparesis associated 
with focal damage in cortical motor areas (Crook et al., 
1998). Certainly, motor cortex damage is not associated 
with typical AD or with ACA and PCA discussed above. 
An autosomal dominant mutation of the presenilin 1 
gene with deletion of exon 9 is associated with the 
early spastic paraparesis and these cases have large 
senile plaques without cores and degeneration of the 
corticospinal tract which are not characteristic of typi-
cal AD. These fi ndings suggest both a unique mecha-
nism of neurodegeneration mediated by a presenilin 1 
mutation or by altered amyloid precursor protein 
enzymatic processing that produces a unique pattern 
of cortical neuron loss and support the existence of a 
subtype of AD; even though such cases are rare.

Although the mutation(s) responsible for PCA have yet 
to be determined, PCA in AD is associated with early 
signs of visual and oculomotor symptoms, a unique lam-
inar pattern of neurodegeneration as shown with princi-
pal components analysis including an excess of neuron 
loss in layers IV and Va, and two times greater expres-
sion of Aβ43 than in age-matched and neuron-density 

matched AD cases. Pietrini et al. (1996) suggested that AD 
patients with early and prominent visual symptoms rep-
resent a subtype of AD. Although we do not know the 
mechanistic links between the amyloid peptide/NFT and 
laminar neurodegeneration patterns, unique mecha-
nisms of neurodegeneration may be active in PCA that 
qualify this subgroup as a subtype of AD. One explana-
tion, for example, could be actions of γ-secretase.

γ-Secretase is a membrane-associated protease that 
cleaves the amyloid precursor protein to generate 
C-terminal amyloid-β peptides. The γ-secretase activity 
is catalysed by a presenilin 1 macromolecular complex 
(Li et al., 2000), a defi ciency of presenilin 1 inhibits the 
normal cleavage of the precursor protein (De Strooper 
et al., 1998), and mutated presenilin 1 protein increases 
Aβ42 and Aβ43 (Duff et al., 1996). Finally, nicastrin dock-
ing appears to be critical for amyloid precursor protein 
association with presenilin 1 and γ-secretase activity 
(Berezovska et al., 2003). Although the in vivo links 
between amyloid peptide toxicity are still not fully 
understood, amyloid plaques may have neurotoxic 
properties (Sheng et al., 1998) and there are reports of 
elevated amyloid peptides early in AD that are associ-
ated with cognitive decline (Näslund et al., 2000). The 
signifi cant increase in Aβ43 in PCA along with enhanced 
neurodegeneration in layers IV–Va suggest that one 
mechanism of neurodegeneration in the subgroup 
results from either an elevation in the actions of the 
γ-secretase or infl uences on the docking or other aspects 
of the enzyme’s activity. Since a unique mechanism of 
neurodegeneration is necessary to designate a subgroup 
as a subtype, it is possible that PCA is a subtype of AD 
based on altered amyloid precursor protein processing.

Cingulate Circuitry and Damage 
Provide Clues for Solving the 
Alzheimer Puzzle
When AD was viewed as a single disease with clinical 
subgroups based on variability in cortical area invol-
ments and usually originating in parahippocampal cor-
tex with memory and visuospatial impairments, the 
primary target of interest was the hippocampus and 
parahippocampal cortices. Extensive and detailed stud-
ies fl owed from analysing the earliest damage in these 
regions. The problem has been slowly changing over 
the past decade as AD variants were identifi ed, since 
minimal damage to parahippocampal cortex have been 
identifi ed with different initial symptoms and cortical 
patterns of altered function. Although damage accord-
ing to the Braak stages in medial temporal cortex will 
always be critical to documenting the status of an 
AD case, this approach provides little information 
about subgroups and subtypes of the disease. Even with 

 cingulate circuitry and damage provide clues for solving the alzheimer puzzle
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extensive genetic testing, clinical documentation and 
neuropsychological testing, a change in study design is 
required and this will focus attention on cingulate 
rather than temporal cortex. Damage to cingulate cor-
tex can be early and pronounced as demonstrated here 
and in mild cognitive impairment (Chapter 33).

The relevance of cingulate circuits in AD has been 
appreciated by Braak and Braak (1999) and demon-
strated in the above discourse. The four-region neuro-
biological model and functional imaging studies provide 
a framework for designing postmortem studies based 
on circuit impairments associated with different cingu-
late subregions. Since no single cingulate region can be 
used to evaluate the variant populations in AD, a mini-
mal sampling strategy of three subregions is required 
beyond standard samples for the AD diagnosis. To the 
extent that dorsal motor areas may be involved as in 
spastic paraparesis in AD, coronal cingulate samples 
should include the complete medial cortex at each 
level. The three necessary levels include sACC, aMCC, 
dPCC and associated orbitofrontal, supplementary 
motor and medial parietal cortices, respectively. This 
approach provides documentation for studies of mild 
cognitive impairment and differential clinicopathologi-
cal correlations in AD variants.

Mechanisms of neuron death and multivariate mod-
els need to be employed even though they enhance the 
burden of postmortem studies by requiring a wide and 
detailed analysis of neuron densities; not just marker 
pathology. This is particularly true of layer IV in PCC 
where neurofi brillary degeneration does not occur in 
the face of extensive neuron loss. Finally, we have used 
the ApoE genotype to show how genetic information 
can be entered into such models and it is not limited to 
this information alone as many clinical variables can be 
assessed in terms of their contribution to a multivariate 
model.

The pivotal problem associated with winkling out 
the contributions of cingulate subregions to AD is the 
lack of specifi c neuropsychological tests of cingulate 
functions including those of PCC and RSC. Without 
such tests, it is not be possible to identify their contri-
butions to AD symptoms in any subgroup or subtype 
of AD and a persistent bias will continue toward struc-
tures such as prefrontal cortex for which tests are 
currently available. The message from thorough case 
studies of ACA, PCA, and mild cognitive impairment is 
that cingulate damage often appears earlier than 
expected and may be pivotal to determining the pri-
mary etiology of neurodegeneration in the variant AD 
populations. It may even be concluded that the lack of 
a consistent cingulate sampling strategy has left us 
with an incomplete understanding of ‘typical’ AD. The 
fi nal pieces to the AD puzzle likely lie in the cingulate 
gyrus.

Acknowledgements
We would like to thank Dr. Peter Davies for sharing his 
antibodies (PHF, MC1) with us for this research. Support 
was also provided by NIH grant AG05138 to the Mount 
Sinai Alzheimer’s Disease Research Center and the 
James S. McDonnell Foundation.

References
Aharon-Peretz, J., Harel, T., Revach, M., & Ben-Haim, S. A. 

(1992) Increased sympathetic and decreased 
parasympathetic cardiac innervation in patients 
with Alzheimer’s disease. Arch Neurol 49: 919–922.

Algotsson, A., Viitanen, M., Winblad, B., & Solders G. 
(1995) Autonomic dysfunction in Alzheimer’s 
disease. Acta Neurol Scand 91: 14–18.

Bak, T. H., O’Donovan, D. G., Xuereb, J. H., Boniface, S., 
& Hodges, J. R. (2001) Selective impairment of verb 
processing associated with pathological changes 
in Brodmann areas 44 and 45 in the motor neurone 
disease–dementia–aphasia syndrome. Brain 
124: 103–120.

Bandler, R. (1982) Induction of ‘rage’ following 
microinjections of glutamate into midbrain but not 
hypothalamus of cats. Neurosci Lett 30: 183–188.

Bandler, R., Carrive, P., & Zhang, S. P. (1991) Integration 
of somatic and autonomic reactions within the 
midbrain periaqueductal grey: viscerotopic, somatic 
and functional organization. Prog Brain Res 87: 
269–305.

Bar, M., & Aminoff, E. (2003) Cortical analysis of visual 
context. Neuron 38: 347–358.

Benoit, M., Clairet, S., Koulibaly, P. M., Darcourt, J., 
Robert, P. H. (2004) Brain perfusion correlates of the 
Apathy Inventory dimensions of Alzheimer’s disease. 
Int J Geriatr Psychiatry 19: 864–869.

Benson, D. F., Davis, R. J., & Snyder, B. D. (1988) 
Posterior cortical atrophy. Arch Neurol 45: 
789–793.

Berezovska, O., Ramdya, P., Skoch, J., Wolfe, M. S., 
Backai, B. J., & Hyman, B. T. (2003) Amyloid 
precursor protein associates with a nicastrin-
dependent docking site on the presenilin 
1-γ-secretase complex in cells demonstrated by 
fl uorescence lifetime imaging. J Neurosci 23: 
4560–4566.

Bierer, L. M., Hof, P. R., Purohit, D. P., Carlin, L., 
Schmeidler, J., Davis, KL., & Perl, D. P. (1995) 
Neocortical neurofi brillary tangles correlate with 
dementia severity in Alzheimer’s disease. Arch Neurol 
52: 81–88.

Blakemore, S-J., Rees, G., & Frith, C. D. (1998) How do 
we predict the consequences of our actions? 
A functional imaging study. Neuropychologia 
36: 521–529.

35-Vogt-Chap35.indd   79435-Vogt-Chap35.indd   794 4/28/09   3:30:30 PM4/28/09   3:30:30 PM



795

Bondereff, W., Mountjoy, C. Q., & Roth, M. (1982) Loss 
of neurons of origin of the adrenergic projection to 
cerebral cortex (nucleus locus coeruleus) in senile 
dementia. Neurology 32: 164–168.

Braak, H., & Braak, E. (1991a) Alzheimer’s disease 
affects limbic nuclei of the thalamus. Acta 
Neuropathol 81: 261–268.

Braak, H., & Braak, E. (1991b) Neuropathological 
stageing of Alzheimer-related changes. Acta 
Neuropathol 82: 239–259.

Braak, H., & Braak, E. (1993) Alzheimer neuropathology 
and limbic circuits. In: BA Vogt and M Gabriel (Eds.), 
Neurobiology of Cingulate Cortex and Limbic Thalamus. 
Birkhäuser, Boston, pp. 606–626.

Braak, H., & Braak, E. (1997) Frequency of stages of 
Alzheimer-related lesions in different age categories. 
Neurobiol Aging 18: 351–357.

Braak, H., & Braak, E. (1999) Temporal sequence of 
Alzheimer’s disease-related pathology. In: A Peters 
and JH Morrison (Eds), Cerebral Cortex. KluweAcademic/
Plenum Publishers, New York, 14: 475–512.

Braak, H., & Del Tredici, K. (2003) Alzheimer’s disease: 
intraneuronal alterations precede insoluble 
amyloid-β formation. Neurobiol Aging 25: 
713–718.

Breteler, M. M., Claus, J. J., Grobbee, D. E., & Hofman, A. 
(1994) Cardiovascular disease and distribution of 
cognitive functions in elderly people: the Rotterdam 
study. Br Med J 208: 1604–1608.

Brun, A., & Englund, E. (1981) Regional pattern of 
degeneration in Alzheimer’s disease: neuronal loss 
and histopathological grading. Histopathology 
5: 549–564.

Busch, C., Bohl, J., & Ohm, T. G. (1997) Spatial, 
temporal and numerical analysis of Alzheimer 
changes in the locus coeruleus. Neurobiol Aging 18: 
401–406.

Chételat, G., Desgranges, B., de la Sayette, V., Viader, 
F., Berkouk, K., Landeau, B., et al. (2003) Dissociating 
atrophy and hypometabolism impact on episodic 
memory in mild cognitive impairment. Brain 126: 
1955–1967.

Chiba, T., Kayahara, T., & Nakano, K. (2001) Efferent 
projections of infralimbic and prelimbic areas of the 
medial prefrontal cortex in the Japanese monkey, 
Macaca fuscata Brain Res 888: 83–101.

Chu, C-C., Tranel, D., Damasio, A. R., & Van Hoesen, G. W. 
(1997) The autonomic-related cortex: pathology in 
Alzheimer’s disease. Cereb Cortex 7: 86–95.

Crook, R., Verkkonieme, A., Perez-Tur, J., Mehta, N., 
Baker, M., Houlden, H., Farrer, M., Hutton, M., 
Lincoln, S., Hardy, J., Gwinn, K., Somer, M., Paetau, A., 
Kalimo, H., Ylikoski, R., Poyhonen, M., Kucera, S., & 
Haltia, M. (1998) A variant of Alzheimer’s disease 
with spastic paraparesis and unusual plaques due to 

deletion of exon 9 of presenilin 1. Nat Med 4: 
452–455.

Davis, K. L., Mohs, R. C., Marin, D., Purohit, D. P., Perl, 
D. P., Lantz, M., Austin, G., & Haroutunian, V. (1999) 
Cholinergic markers in elderly patients with 
early signs of Alzheimer disease. JAMA 
281: 1401–1406.

Delaère, P., Duyckaerts, C., Masters, C., Beyreuther, K., 
Piette, F., & Hauw, J-J. (1990) Large amounts of 
neocortical βA4 deposits without neuritic plaques 
nor tangles in a psychometrically assessed, non-
demented person. Neurosci Lett 116: 87–93.

den Ouden, HEM., Frith, U., Frith, C., & Blakemore, S-J. 
(2005) Thinking about intentions. NeuroImage 28: 
787–796.

De Oca, B. M., DeCola, J. P., Maren, S., & Fanselow, M. S. 
(1998) Distinct regions of the periaqueductal gray 
are involved in the acquisition and expression of 
defensive responses. J Neurosci 18: 3426–3432.

De Strooper, B., Saftig, P., Craessaerts, K., 
Vanderstichele, H., Guhde, G., Annaert, W., Von 
Figura, K., & Van Leuven, F. (1998) Defi ciency of 
presenilin-1 inhibits the normal cleavage of amyloid 
precursor protein. Nature 391: 387–391.

Deutsch, L. H., & Rovner, B. W. (1991) Agitation and 
other noncognitive abnormalities in Alzheimer’s 
disease. Psychiatr Clin North Am 14: 341–351.

Depaulis, A., & Bandler, R. (1991) The Midbrain 
Periaqueductal Gray Matter. Plenum Press, New York.

Duff, K., Eckman, C., Zehr, C., Yu, X., Prada C-M., 
Perez-tur, J., Hutton, M., Buee, L., Harigaya, V., 
Vager, D., Morgans, D., Gordon, MN., Holcombs, L., 
Refolo, L., Zenk, B., Hardy, J., & Younkin, S. (1996) 
Increased amyloid-β42(43) in brains of mice 
expressing mutant presenilin 1. Nature 383: 710–713.

Elmstahl, S., Peterson, M., Lilja, B., Samuelsson, S-M., 
Rosen, I., & Bjuno, L. (1992) Autonomic 
cardiovascular responses to tilting in patients with 
Alzheimer’s disease and in healthy elderly women. 
Ageing 21: 301–307.

Farber, N. B., Rubin, E. H., Newcomer, J. W., 
Kinscherf, D. A., Miller, J. P., Morris, J. C., Olney, J. W., 
& McKeel, D. W. Jr. (2000) Increased neocortical 
neurofi brillary tangle density in subjects with 
Alzheimer disease and psychosis. Arch Gen Psychiatry 
57: 1165–1173.

Furey-Kurjian, M. L., Pietrini, P., Graff-Radford, N., 
Alexander, G. E., Freo, U., Szczepanik, J., & Schapiro, 
M. B. (1995) Characterization of neuropsychological 
function in Alzheimer’s disease and patients with 
prominent visual impairments. Res Adv Alz Dis Related 
Disord 228–234.

Geda, Y. E., Knopman, D. S., Mrazek, D. A., Jicha, G. A., 
Smith, G. E., Negash, S., Boeve, B. F., Ivnik, R. J., 
Peterson, R. C., Pankratz, V. S., & Rocca, W. A. (2006) 

 references

35-Vogt-Chap35.indd   79535-Vogt-Chap35.indd   795 4/28/09   3:30:31 PM4/28/09   3:30:31 PM



CHAPTER 35 cingulate neuropathology in anterior and posterior cortical atrophies796

Depression, apolipoprotein E genotype, and the 
incidence of mild cognitive impairment. Arch Neurol 
63: 435–440.

George, M. S., Ketter, T. A., Parekh, P. I., Horwitz, B., 
Herscovitch, P., & Post, R. M. (1995) Brain activity 
during transient sadness and happiness in healthy 
women. Am J Psychiatry 152: 341–351.

Gertz, H. J., Xuereb, J. H., Huppert, F. A., Brayne, C., 
Kruger, H., McGee, M. A., Paykel, E., Harrington, C. R., 
Mukaetova-Ladinska, E. B., O’Connor, D. W., & 
Wischik, C. M. (1996) The relationship between 
clinical dementia and neuropathological staging 
(Braak) in a very elderly community sample. Eur Arch 
Psychiatry Clin Neurosci 246: 132–135.

Gertz, H. J., Xuereb, J. H., Huppert, F. A., Brayne, C., 
McGee, MA., Paykel, E., Harrington, C. R., 
Mukaetova-Ladinska, E. B., Arendt, T., & Wischik, 
C. M. (1998) Examination of the validity of the 
hierarchical model of neuropathological staging in 
normal aging and Alzheimer’s disease. Acta 
Neuropathol 95: 154–158.

Giannakopoulos, P., Gold, G., Duc, M., Michel, J-P, 
Hof, P. R., & Bouras, C. (1999) Neuroanatomic 
correlates of visual agnosia in Alzheimer’s disease. 
Neurology 52: 71–77.

Giannakopoulos, P., Gold, G., Duc, M., Michel J-P, 
Hof, P. R., & Bouras, C. (2000) Neural substrates of 
spatial and temporal disorientation in Alzheimer’s 
disease. Acta Neuropathol 100: 189–195.

Goedert, M., Jakes, R., & Vanmechelon, E. (1995) 
Monoclonal antibody AT8 recognizes tau protein 
phosphorylated at both serine 202 and threonine 
205. Neurosci Lett 189: 167–170.

Gold, G., Bouras, C., Kovari, E., Canuto, A., Gonzalez 
Glaria, B., Malky, A., Hof, P. R., Michel, J-P., & 
Giannakopoulos, P. (2000) Clinical validity of Braak 
neuropathological staging in the oldest-old. Acta 
Neuropathol 99: 579–582.

Gouras, G. K., Tsai, J., Naslund, J., Vincent, B., Edgar, M., 
Checler, F., Greenfi eld, J. P., Haroutunian, V., 
Buxbaum, J. D., Xu, H., Greengard, P., & Relkin, N. R. 
(2000) Intraneuronal Aβ42 accumulation in human 
brain. Am J Pathol 156: 15–20.

Grady, C. L., Haxby, J. V., Schapiro, M. B., Gonzalez-
Aviles, A., Kumar, A., Ball, M. J., Heston, L., & 
Rapoport, S. L. (1990) Subgroups in dementia of the 
Alzheimer type identifi ed using positron emission 
tomography. J Neuropsychiatry Clin Neurosci 2: 373–384.

Graff-Radford, N. R., Bolling, J. P., Earnest, F., 
Shuster, E. A., Caselli, R. J., & Brazis, P. W. (1993) 
Simultanagnosia as the initial sign of degenerative 
dementia. Mayo Clin Proc 68: 955–964.

Greenfi eld, J. P., Tsai, J., Gouras, G. K., Hai, B., 
Thinakaran, G., Checler, F., Sisodia, S. S., Greenfi eld, P., 
& Xu, H. (1999) Endoplasmic reticulum and 

trans-Golgi network generate distinct populations of 
Alzheimer β-amyloid peptides. Proc Natl Acad Sci 96: 
742–747.

Greicius, M. D., Srivastava, G., Reiss, A. L., & Menon, V. 
(2004) Default-mode network activity distinguishes 
Alzheimer’s disease from healthy aging: evidence 
from functional MRI. Proc Natl Acad Sci USA 101: 
4637–4642.

Halliday, G. M., McCann, H. L., Pamphlett, R., Brooks, 
W. S., Creasey, H., McCusker, E., Cotton R. G. H, 
Broe, GA., & Harper, C. G. (1992) Brain stem 
serotonin-synthesizing neurons in Alzheimer’s 
disease: a clinicopathological correlation. Acta 
Neuropathol 84: 638–650.

Hardy, S. G. P., & Leichnetz, G. R. (1981) Cortical 
projections to the periaqueductal gray in the 
monkey: a retrograde and orthograde horseradish 
peroxidase study. Neurosci Lett 22: 97–101.

Henderson, V. W., Mack, W., & Williams, B. W. (1989) 
Spatial disorientation in Alzheimer’s disease. Arch 
Neurol 46: 391–394.

Hirono, N., Mori, E., Ishii, K., Ikejiri, Y., Imamura, T., 
Shimomura, T., Hashimoto, M., Yamashita, H., & 
Sasaki, M. (1998) Hypofunction in the posterior 
cingulate gyrus correlates with disorientation for 
time and place in Alzheimer’s disease. J Neurol 
Neurosurg Psychiatry 64: 552–554.

Hodges, J. R., Davies, R. R., Xuereb, J. H., Casey, B., 
Broe, M., Bak, T. H., Kril, J. J., & Halliday, G. M. (2004) 
Clinicopathological correlates in Frontotemporal 
dementia. Ann Neurol 56: 399–406.

Hof, P. R. (2001) Regional and laminar patterns of 
selective neuronal vulnerability in Alzheimer’s 
disease. In: PR Hof and CV Mobbs (eds.), Functional 
Neurobiology of Aging. Academic Press, San Diego, 
pp. 95–109.

Hof, P. R., Archin, N., Osmand, A. P., Dougherty, J. H., 
Bouras, C., & Morrison, J. H. (1993) Posterior cortical 
atrophy in Alzheimer’s disease: analysis of a new 
case and re-evaluation of a historical report. Acta 
Neuropathol 86: 215–223.

Hof, P. R., & Bouras, C. (1991) Object recognition defi cit 
in Alzheimer’s disease: possible disconnection of the 
occipito-temporal component of the visual system. 
Neurosci Lett 122: 53–56.

Hof, P. R., Bouras, C., Constantinidis, J., & Morrison J. H. 
(1989) Balint’s syndrome in Alzheimer’s disease: 
specifi c disruption of the occipito-parietal visual 
pathway. Brain Res 493: 368–375.

Hof, P. R., Bouras, C., & Morrison, J. H. (1999) Cortical 
neuropathology in aging and dementing disorders: 
neuronal typology, connectivity, and selective 
vulnerability. Cereb Cortex 14: 275–312.

Hof, P. R., Vogt, B. A., Bouras, C., & Morrison, J. H. 
(1997) Atypical form of Alzheimer’s disease with 

35-Vogt-Chap35.indd   79635-Vogt-Chap35.indd   796 4/28/09   3:30:32 PM4/28/09   3:30:32 PM



797

prominent posterior cortical atrophy: a review of 
lesion distribution and circuit disconnection in 
cortical visual pathways. Vision Res 37: 3609–3625.

Holstege, G., Bandler, R., & Saper, C. B. (1996) The 
emotional motor system. Prog Brain Res 107.

Holthoff, V. A., Beuthien-Baumann, B., Kalbe, E., 
Ludecke, S., Lenz, O., Zundorf, G., Spirling, S., 
Schierz, K., Winiecki, P., Sorbi, S., & Herholz, K. 
(2005) Regional cerebral metabolism in early 
Alzheimer’s disease with clinically signifi cant apathy 
or depression. Biol Psychiatry 57: 412–421.

Hutton, J. T., Nagel, J. A., & Loewenson, R. B. (1984) Eye 
tracking dysfunction in Alzheimer-type dementia. 
Neurology 34: 99–102.

Inoue, K., Kawashima, R., Satoh, K., Kinomura, S., 
Goto, R., Koyama, M., Sugiura, M., Ito, M., & Fukuda, 
H. (1998) PET study of pointing with visual feedback 
of moving hands. J Neurophysiol 79: 117–125.

Jagust, W. J., Davies, P., Tiller-Borcich, J. K., Reed, B. R. 
(1990) Focal Alzheimer’s disease. Neurology 40: 14–19.

Jellinger, K. A. (1997) Neuropathological staging of 
Alzheimer-related lesions: the challenge of 
establishing relations to age. Neurobiol Aging 
18: 369–375.

Jellinger, K. A., & Bancher, C. (1997) Proposals for 
re-evaluation of current autopsy criteria for the 
diagnosis of Alzheimer’s disease. Neurobiol Aging 18:
S55–S65.

Johnson, J. K., Head, E., Kim, R., Starr, A., & Cotman, C. W. 
(1999) Clinical and pathological evidence for a 
frontal variant of Alzheimer disease. Arch Neurol 56: 
1233–1239.

Johnson, J. K., Vogt, B. A., Kim, R., Cotman, C. W., & 
Head, E. (2004) Isolated executive impairment and 
associated frontal neuropathology. Dement Geriatr 
Cogn Disord 17: 360–367.

Johnson, S. C., Baxter, L. C., Wilder, L. S., Pipe, J. G., 
Heiserman, J. E., & Prigatano, G. P. (2002) Neural 
correlates of self-refl ection. Brain 125: 1808–1814.

Jorm, A. F. (1985) Subtypes of Alzheimer’s dementia: a 
conceptual analysis and critical review. Psychol Med 
15: 543–553.

Josephs, K. A., Whitewell, J. L., Jack, C. R., Parisi, J. E., & 
Dickson, D. W. (2006) Frontotemporal lobar 
degeneration without lobar atrophy. Arch Neurol 63: 
1632–1638.

Jürgens, U., & Pratt, R. (1979) Role of the 
periaqueductal grey in vocal expression of emotion. 
Brain Res 167: 367–378.

Kircher, T. T. J., Brammer, M., Bullmore, E., Simmons, A., 
Bartels, M., & David, A. S. (2002) The neural 
correlates of intentional and incidental self 
processing. Neuropsychologia 40: 683–692.

Kircher, T. T. J., Senior, C., Phillips, M. L., Rabe-Hesketh, 
S., Benson, P. J., Bullmore, E. T., Brammer, M., 

Simmons, A., Bartels, M., & David, A. S. (2001) 
Recognizing one’s own face. Cognition 78:
B1–B15.

Kiyosawa, M., Bosley, T. M., Chawluk, J., Jamieson, D., 
Schatz, N. J., Savino, P. J., Sergott, R. C., Reivich, M., 
& Alavi, A. (1989) Alzheimer’s disease with 
prominent visual symptoms. Clinical and metabolic 
evaluation. Ophthalmology 96: 1077–1086.

Kleinbaum, D. G., Kupper, L. L., Muller, K. E., & 
Nizam, A. (1988) Applied Regression Analysis and Other 
Multivariate Methods. Duxbury Press, Pacifi c Grove, 
Albany, and New York.

Kromer, L. J., Hyman, B. T., Van Hoesen, G. W., & 
Damasio, A. R. (1990) Pathological alterations in the 
amygdala in Alzheimer’s disease. Neuroscience 37: 
377–385.

Li, Y-M., Lai, M-T., Xu, M., DiMuzio-Mower, J., Sardana, 
M. K., Shi, X-P., Yin, K-C., Shafer, J. A., & Gardell, S. J. 
(2000) Presenilin 1 is linked with γ-secretase activity 
in the detergent solubilized state. Proc Natl Acad Sci 
USA 97: 6138–6143.

Li, Y. S., Meyer, J. S., & Thornby, J. (2001) Lonigtudinal 
follow-up of depression symptoms among normal 
versus cognitively impaired elderly. Int J Geriatr 
Psychiatry 16: 718–727.

Maddock, R. J., Garrett, A. S., & Buonocore, M. H. (2001) 
Remembering familiar people: the posterior 
cingulate cortex and autobiographical memory 
retrieval. Neuroscience 104: 667–676.

Maguire, E. A., Frackowiak, R. S. J., Frith, C. D. (1997) 
Recalling routes around London: activation of the 
right hippocampus in taxi drivers. J Neurosci 17: 
7103–7110.

Maguire, E. A., Frith, C. D., Burgiss, N., Donnett, J. G., & 
O’Keefe, J. (1998) Knowing where things are: 
parahippocampal involvement in encoding object 
locations in virtual large-scale space. J Cogn Neurosci 
10: 61–76.

Mann, U. M., Mohr, E., Gearing, M., & Chase, T. N. 
(1992) Heterogeneity in Alzheimer’s disease: 
progression rate segregated by distinct 
neuropsychological and cerebral metabolic profi les.
 J Neurol Neurosurg Psychiatry 55: 956–959.

Mantyh, P. W. (1982) Forebrain projections to the 
periaqueductal gray in the monkey, with 
observations in the cat and rat. J Comp Neurol 206: 
146–158.

Martin, A. (1990) Neuropsychology of Alzheimer’s 
disease: the case for subgroups. In: MF Schwartz 
(ed.), Modular Defi cits in Alzheimer-type Dementia. MIT 
Press, Cambridge, MA, pp. 145–175.

Marx, J. (2000) DNA arrays reveal cancer in its many 
forms. Science 289: 1670–1672.

Matthews, K. L., Chen, C. P., Esiri, M. M., Keene, J., 
Minger, S. L., & Francis, P. T. (2002) Noradrenergic 

 references

35-Vogt-Chap35.indd   79735-Vogt-Chap35.indd   797 4/28/09   3:30:32 PM4/28/09   3:30:32 PM



CHAPTER 35 cingulate neuropathology in anterior and posterior cortical atrophies798

changes, aggressive behavior, and cognition in 
patients with dementia. Biolog Psychiatry 51: 
407–416.

Mayberg, H. S., Liotti Manan, S. K., McGinnis, S., 
Mahurin, R. K., Jerabek, J. A., Tekell, J. L., Martin, 
C. C., Lancaster, J. L., & Fox, P. T. (1999) Reciprocal 
limbic-cortical function and negative mood; 
converging fi ndings in depression and normal 
sadness. Am J Psychiatry 156: 675–682.

McDuff, T., & Sumi, S. M. (1985) Subcortical 
degeneration in Alzheimer’s disease. Neurology 35: 
123–126.

McKee, A. C., Kosik, K. S., & Kowell, N. W. (1991) 
Neuritic pathology and dementia in Alzheimer’s 
disease. Ann Neurol 30: 156–165.

Mendez, M. F., Turner, J., Gilmore, G. C., Remler, B., 
& Tomsak, R. L. (1990) Balint’s syndrome in 
Alzheimer’s disease: visuospatial functions. Int J 
Neurosci 54: 339–346.

Minoshima, S., Giordani, B., Berent, S., Frey, K. A., 
Foster, N. L., & Kuhl, D. E. (1997) Metabolic reduction 
in the posterior cingulate cortex in very early 
Alzheimer’s disease. Ann Neurol 42: 85–94.

Mizuno, M., Sartori, G., Liccione, D., Battelli, L., & 
Campo, R. (1996) Progressive visual agnosia with 
posterior cortical atrophy. Clin Neurol Neurosurg 98: 
176–178.

Modrego, P. J., & Ferrandez, J. (2004) Depression in 
patients with mild cognitive impairment increases 
the risk of developing dementia of Alzheimer type. 
Arch Neurol 61: 1290–1293.

Morris, J. C. (1993) The Clinical Dementia Rating (CDR): 
current version and scoring rules. Neurology 
43: 2412–2414.

Mountjoy, C. Q., Roth, M., Evans N. J. R., & Evans, H. M. 
(1983) Cortical neuronal counts in normal elderly 
controls and demented patients. Neurobiol Aging 
4: 1–11.

Mufson, E. J., Bothwell, M., & Kordower, J. H. (1989) 
Loss of nerve growth factor receptor-containing 
neurons in Alzheimer’s disease: a quantitative 
analysis across subregions of the basal forebrain. 
Exp Neurol 105: 221–232.

Müller-Preuss and Jürgens, U. (1976) Projections from 
the ‘cingular’ vocalization area in the squirrel 
monkey. Brain Res 103: 29–43.

Näslund, J., Haroutunian, V., Mohs, R., Davis, K. L., 
Davies, P., Greengard, P., & Buxbasum J. D. (2000) 
Correlation between elevated levels of amyloid 
β-peptide in the brain and cognitive decline. JAMA 
283: 1571–1577.

Neafsey, E. J., Terreberry, R. R., Hurley, K. M., Ruiz, K. G., 
& Frysztak, R. J. (1993) Anterior cingulate cortex in 
rodents: connections, visceral control functions and 
implications for emotion. In: BA Vogt and M Gabriel 

(Eds.), Neurobiology of Cingulate Cortex and Limbic 
Thalamus. Birkhäuser Boston, pp. 206–223.

Nestor, P. J., Fryer, T. D., Smielewski, P., & Hodges, J. R. 
(2003) Limbic hypometabolism in Alzheimer’s 
disease and mild cognitive impairment. Ann Neurol 
54: 343–351.

Ohm, T. G., Scharnagl, H., März, W., & Bohl, J. (1999) 
Apolipoprotein E isoforms and the development 
of low and high Braak stages of Alzheimer’s 
disease-related lesions. Acta Neuropathol 
98: 273–280.

Parvathy, S., Davies, P., Haroutunian, V., Purohit, D. P., 
Davis, K. L., Mohs, R. C., Park, H., Moran, T. M., 
Chan, J. Y., & Buxbaum, & J. D. (2001) Correlation 
between Aβx-40-, Aβx-42-, and Aβx-43-containing 
amyloid plaques and cognitive decline. Arch Neurol 
58: 2025–2032.

Pearson, R. C. A., Esiri, M. M., Hiorns, R. W., Wilcok, 
G. K., & Powell, T. P. S. (1985) Anatomical correlates 
of the distribution of the pathological changes in the 
neocortex in Alzheimer disease. Proc Natl Acad Sci 82: 
4531–4534.

Pietrini, P., Furey, M. L., Graff-Redford, N., Freop, U., 
Alexander, G. F., Grady, C. L., Dani, A., Mentis, M. J., 
& Schapiro, M. B. (1996) Preferential metabolic 
involvement of visual cortical areas in a subtype of 
Alzheimer’s disease: clinical implications. Am J 
Psychiatry 153: 126101268.

Plant, L. D., Boyle, J. P., Smith, I. F., Peers, C., & 
Pearson, H. A. (2003) The production of amyloid β 
peptide is a critical requirement for the viability of 
central neurons. J Neurosci 23: 5531–5535.

Prince, M., Cullen, M., & Mann, A. (1994) Risk factors 
for Alzheimer’s disease and dementia: a case–control 
study based on the MRC elderly hypertension trial. 
Neurology 44: 97–104.

Printz, P. N., Christie, F. N. P., & Smallwood, B. A. 
(1984) Circadian temperature variation in healthy 
aged and in Alzheimer’s disease. J Gerontol 39: 30–35.

Procter, A.W., Lowe, S. L., Palmer, A. M. et al. (1988) 
Topographical distribution of neurochemical changes 
in Alzheimer’s disease. J Neurol Sci 84: 125–140.

Rapp, M. A., Schnaider-Beeri, M., Purohit, D. P., Perl, 
DP., & Sano, M. (2008) Increased neurofi brillary 
tangles in patients with Alzheimer disease with 
comorbid depression. Am J Geriatric Psychiatry 16: 
168–174.

Reiman, E. M., Caselli, R. J., Yun, L. S., Chen, K., Bandy, D., 
Minoshima, S., Thibodeau, S. N., & Osborn, D. (1996) 
Preclinical evidence of Alzheimer’s disease in 
persons homozygous for the ε4 allele for 
apolipoprotein E. New Eng J Med 334: 
752–758.

Ries, M. L., Schmitz, T. W., Kawahara, T. N., Torgerson, 
B. M., Trivedi, M. A., & Johnson, S. C. (2006) 

35-Vogt-Chap35.indd   79835-Vogt-Chap35.indd   798 4/28/09   3:30:33 PM4/28/09   3:30:33 PM



799

Task-dependent posterior cingulate activation in 
mild cognitive impairment. NeuroImage 29: 485–492.

Room, P., Russchen, F. T., Groenewegen, H. J., & 
Lohman, A. H. M. (1985) Efferent connections of the 
prelimbic (area 32) and the infralimbic (area 25) 
cortices: an anterograde tracing study in the cat. 
J Comp Neurol 242: 40–55.

Sadun, A. A., Borchert, M., DeVita, E., Hinton, D. R., & 
Bassi, C. J. (1987) Assessment of visual impairment in 
patients with Alzheimer’s disease. Am J Ophthalmol 104: 
113–120.

Salmon, E., Kerrouche, N., Perani, D., Lekeu, F., 
Holthoff, V., & Beuthien-Baumann, B. (2007) On the 
multivariate nature of brain metabolic impairment 
in Alzheimer’s disease. Neurobiol Aging doi:10.1016/j.
neurobiolaging.2007.06.010.

Sheng, J. G., Zhou, X. Q., Mrak, R. E., & Griffi n, W. S. T. 
(1998) Progressive neuronal injury associated with 
amyloid plaque formation in Alzheimer disease. 
J Neuropathol Exp Neurol 57: 714–717.

Snowden, J. S., Neary, D., Mann, D. M., Goulding, P. J., 
& Testa, H. J. (1992) Progressive language disorder 
due to lobar atrophy. Ann Neurol 31: 174–183.

Sparks, D. L., DeKosky, S. T., & Markesbery, W. R. (1988) 
Alzheimer’s disease: aminergic-cholinergic 
alterations in hypothalamus. Arch Neurol 45: 994–999.

Sparks, D. L., Hunsaker JCIII, Scheff, S. W., Kryscio, R. J., 
Hensen, J. L., & Markesbery, W. R. (1990) Cortical 
senile plaques in coronary artery disease, aging, and 
Alzheimer’s disease. Neurobiol Aging 11: 601–607.

Sparks, D. L., Scheff, S. W., Liu, H., Landers, T. M., 
Coyne, C. M., & Hunsaker III, J. C. (1995) Increased 
incidence of neurofi brillary tangles (NFT) in non-
demented individuals with hypertension. J Neurol Sci 
131: 162–169.

Stevens, J. P. (1984) Outliers and infl uential data points 
in regression analysis. Psychol Bull 95: 334–344.

Terry, R. D., Peck, A., DeTeresa, R., Schecter, R., & 
Horoupian, D. S. (1981) Some morphometric aspects 
of the brain in senile dementia of the Alzheimer 
type. Arch Neurol 10: 184–192.

Tomlinson, B. F. (1992) Ageing and the dementias. In: 
JH Adams and LW Duchen (Eds.), Greenfi eld’s 
Neuropathology, 5th ed. Oxford University Press, 
New York, pp. 1284–1410.

Vogeley, K., Ritzl, M. M., Falkai, P., Zilles, K., & Fink, G. R. 
(2004) Neural correlates of fi rst-person perspective 
as one constituent of human self-consciousness. 
J Cogn Neurosci 16: 817–827.

Vogt, B. A., & Barbas, H. (1988) Structure and 
connections of the cingulate vocalization region in 
rhesus monkey. In: JD Newman (Ed.), The Physiological 

Control of Mammalian Vocalization. New York, Plenum 
Press, pp. 203–225.

Vogt, B. A., Crino, P. B., Vogt L. J. (1992) Reorganization 
of cingulate cortex in Alzheimer’s disease: neuron 
loss, neuritic plaques, and muscarinic receptor 
binding. Cereb Cortex 2: 526–535.

Vogt, B. A., Crino, P. B., & Volicer, L. (1991) Laminar 
alterations in γ-aminobutyric acidA, muscarinic, and 
β adrenoceptors and neuron degeneration in 
cingulate cortex in Alzheimer’s disease. J Neurochem 
57: 282–290.

Vogt, B. A., Martin, A., Vrana, K. E., Absher, J. R., Vogt, 
L. J., & Hof, P. R. (1999) Multifocal Cortical 
Neurodegeneration in Alzheimer’s disease. In: A 
Peters and JH Morrison (eds), Cerebral Cortex. 
KluweAcademic/Plenum Publishers: New York, 14: 
553–601.

Vogt, B. A., Van Hoesen, G. W., Vogt, L. J. (1990) 
Laminar distribution of neuron degeneration in 
posterior cingulate cortex in Alzheimer’s disease. 
Acta Neuropathol 80: 581–589.

Vogt, B. A., Vogt, L., & Laureys, S. (2006) Cytology and 
functionally correlated circuits of human posterior 
cingulate areas. NeuroImage 29: 452–466.

Vogt, B. A., Vogt, L., Vrana, K. E., Gioia, L., Meadows, 
R. S., Challa, V. R., Hof, P. R., & Van Hoesen, G. W. 
(1998) Multivariate analysis of laminar patterns of 
neurodegeneration in posterior cingulate cortex in 
Alzheimer’s disease. Exp Neurol 153: 8–22.

Vogt, B. A., Vogt, L. J, & Hof, P. R. (2001a) Patterns of 
cortical neurodegeneration in Alzheimer’s disease: 
subgroups, subtypes, and implications for staging 
strategies. In: PR Hof and CV Mobbs (Eds.), Functional 
Neurobiology of Aging pp. 106–124.

Vogt, B. A., Vogt, L. J., Perl, D. P., & Hof, P. R. (2001b) 
Cytology of human caudomedial cingulate, 
retrosplenial, and caudal parahippocampal cortices. 
J Comp Neural 438: 353–376.

Vogt, L. J., Sim-Selley, L. J., Childers, S. R., Wiley, R. G., 
& Vogt, B. A. (2001c) Colocalization of µ-opioid 
receptors and activated G-proteins in rat cingulate 
cortex. J Pharmacol Exp Ther 299: 840–848.

Von Gunten, A., Bouras, C., Kövari, E., Giannakopoulos, 
P., & Hof, P. R. (2005) Neural substrates of cognitive 
and behavioral defi cits in atypical Alzheimer’s 
disease. Brain Res Rev S1: 176–211.

Wechsler, A. F. (1977) Presenile dementia presenting as 
aphasia. J Neurol Neurosurg Psychiatry 40: 303–305.

Williams, G. B., Nestor, P. J., & Hodges, J. R. (2005) 
Neural correlates of semantic and behavioral defi cits 
in Frontotemporal dementia. NeuroImage 24: 
1042–1051.

 references

35-Vogt-Chap35.indd   79935-Vogt-Chap35.indd   799 4/28/09   3:30:33 PM4/28/09   3:30:33 PM



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile ()
  /CalCMYKProfile (Japan Color 2002 Newspaper)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Symbol
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-ItalicOsF
    /Times-RomanSC
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesNewRomanPS
    /TimesNewRomanPS-Bold
    /TimesNewRomanPS-BoldItalic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-Italic
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TimesTen-Bold
    /TimesTen-BoldItalic
    /TimesTen-BoldItalicOsF
    /TimesTen-BoldOsF
    /TimesTen-Italic
    /TimesTen-ItalicOsF
    /TimesTen-Roman
    /TimesTen-RomanSC
    /ZapfDingbats
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF0045006c0073006500760069006500720020005000720065007300730020005000440046002000530070006500630073002000560065007200730069006f006e0020004100630072006f00620061007400200036000d0052006f0062002000760061006e002000460075006300680074002c0020005300510053002c00200045006c007300650076006900650072002000420056>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


