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1. Introduction

Alzheimer’s disease (AD) is a disabling neurodegenerative disorder typical of old age.
Recent advances led to the development of drugs which effectively alleviate cognitive
symptoms. About one-third of patients however do not respond to current pharmacological
treatment (Ryu et al., 2005). Reasons of such lack of efficacy of available drugs may
represent a step ahead in the understanding of this disabling disorder. To define a non
responder profile is the aim of this work.

Accordingly, authors will deal with pathogenesis of AD, neuro-behavioural symptoms,
brain imaging and CSF characteristics in order to extract from each section the most relevant
features helpful for identification of non responder profile. Such work is difficult and may
meet disagreement among specialists, however authors strongly believe that this work may
represent a sort of starting point contributing to better understand AD pathophysiology.

1.1 Apathy and Alzheimer’s disease

Apathy is a behavioural syndrome common in normal physiological aging, is also part of
the psychiatric spectrum of mental illness, and often is part of clinical symptoms of
neurodegenerative disorders like AD, fronto-temporal dementia, Parkinson’s disease. The
opportunity to discuss about its presence during AD lead to start from its definition and
anatomical substrates, to better understand possible pathologic reasons of its occurrence.
Apathy is an observable behavioural syndrome consisting in a quantitative reduction of
voluntary (or goal-directed) behaviours (Levy and Dubois, 2006). Therefore, apathy occurs
when the systems that generate and control voluntary actions are altered. In this view
apathy can be defined as the quantitative reduction of self-generated voluntary and
purposeful behaviour. Accordingly, apathy is not to be considered a clinical aspect of
depression, although they may co-exist (Marin et al., 1993;1994).

Anatomical circuits of apathy are generally represented by cortical areas like the prefrontal
cortex (neo-, paleo- and archeo-cortex), amygdala and hippocampus and the ventral basal
ganglia (limbic striatum or better the nucleus accumbens, midbrain ventral tegmental area,
medial tip of subthalamic nucleus, centro-median and para-fascicular nuclei of the
thalamus) (Haber et al., 1995; Deniau et al., 1997; Haber et al., 2010) (Fig.1). In general,
prefrontal cortex (PFC) has an essential role in cognitive and executive processes that involve
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Fig. 1. Schematic representation of ventral aspects of the cortical-basal ganglia circuit. Pre-
frontal cortex envy inputs to the main afferent nuclei of the system, the NAcc, which in turn
envy inputs to the VP. Then information flow pass through the STN to the Parafascicular
and Centro-Median nuclei of the thalamus and then again to the cortex

motivation, emotion learning and memory. PFC integrates sensory and limbic information
and promotes goal-directed behavior through efferent projections to the nucleus accumbens
(NAcc). In addition, PFC sends outputs to other limbic areas such as the hippocampus and
amygdala, which in turn modulate the activity of the NAcc through excitatory-
glutamatergic projections. NAcc has been proposed to play a role in emotion, and more
generally in limbic-motor integration (Nicola et al., 2007). This hypothesis has been based on
the anatomical organization of the NAcc which suggests that this nucleus is an interface
through which limbic (glutamatergic) structures influence motor activity, and that these
limbic influences on behavior could in part be controlled by meso-limbic (dopaminergic
structures) and cholinergic systems (Haber et al., 1997; Amalric et al., 1993) (Fig. 2).
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PFC: prefrontal cortex; HIPP: hippocampus; NAcc: nucleus accumbens; SN-VTA: substantia nigra and
ventral tegmental area; BFN: basal forebrain nucleus.

Fig. 2. Schematic representation of the complex relationship among NAC(nucleus
accumbens) and cortical areas (amygdale, hippocampus and prefrontal cortex), dopamine-
nuclei (substantia nigra and ventral tegmental area) and basal forebrain cholinergic neurons
(Meinert’s nucleus). NAC is in a position to modulate excitatory drive from cortical areas,
cholinergic inputs to the cortex through basal forebrain neurons, modulated by dopamine
inputs from the ventral midbrain

Inputs from the cortex convey through the multiple organization of the basal ganglia into
the pallidum and then back to the cortex. Such arrangement is organized to extract
(selection) relevant signals from background noise and to amplify it throughout the final
pathway. The final selection is then transferred back to the PFC, which in turn generates
inputs in output targets such as cognitive, limbic and even motor territories (Haber et al.,
2010).

Over all, PFC and nucleus NAcc are considered the main structures responsible for apathy.
In this view, apathy may be distinct at least in three different phenomena related to cortico-
basal ganglia topography (Levy and Dubois, 2006): the first, that involves the affective-
emotional processing, is topographically related to the ventral-medial PFC and its
connection with NAcc and amygdala. This circuit integrates the affective or emotional value
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of a given stimulus into ongoing behaviour. The second, involving cognitive processing, is
topographically related to lateral PFC and to the dorsal caudate nucleus. This circuit is
responsible for executive elaboration of a plan of action and involved in a goal-directed
behaviour. The third, is observed in severe cases of apathy, is characterised by difficulties in
self-initiating actions or thoughts, contrasting with relatively spared externally driven
response. This pattern which was called the “auto-activation” deficit is the result of bilateral
lesion of the pallidum (Starkstein et al., 1989; Lugaresi et al., 1990) or after extensive damage
of the PFC (Kumral et al., 2002).

Within these perspectives, apathy observed in AD patients is more likely to be the result of a
dysfunction of affective-emotional processing, thus involving the medial PFC and its
connection with amigdala and NAcc.

During normal aging as well as during AD, it is conceivable to suppose that due to
morphological and metabolic changes of cortical neurons and of subcortical nuclei,
disorder of emotional-affective processing may appear. PFC and hippocampus has been
demonstrated to show particular vulnerability during normal aging. Subtle regional
changes of dendritic branching or altered mechanisms of neural plasticity has been
experimentally demonstrated in lab animals and also in humans (Hof et al., 2004; Petanjek
et al., 2008; Bloss et al., 2010; Juraska et al., 2011; Kalpouzos et al., 2011). These changes are
also associated to reduced levels of neurotransmitters like acetylcholine, glutamate, GABA
and dopamine with age (Chen et al., 2011). Such alterations may reasonably be responsible
for appearance of apathetic behavior. Moreover, several reports showed that dopamine
transmission is particularly vulnerable with age. In particular reduction of the accumbal
dopamine transporter, and of cortical dopamine receptors (both D1-like and D2-like, where
D2-like seem to be prevalent) in aged subjects (Volkow et al., 1994,1996; Ishibashi et al.,
2009; Backman et al., 2009). These changes were related to PFC cognitive deficits and in
particular were related to executive function impairment (Mizoguchi et al., 2009). Given
the particular deficits of dopamine transmission and the role played by this transmitter in
the control of PFC-basal ganglia circuit, it is conceivable to suppose that such changes
could be responsible for apathetic behavior in old subject. Moreover, apathy increases with
age in healthy old population (Brodaty et al., 2010), and its presence is considered an early
sign of cognitive decline (Onyike et al., 2007). Contrarily to what expected bio-physical and
also metabolic differences between AD brain and aged brain are very subtle (Hof et al,,
2004). Myth of neuronal loss during aging is not confirmed, and pathologic metabolism of
APP and hyper-phosphorylation of tau protein do represent the real difference with age
related changes (Giannakopoulos et al., 2008 and 2009; Dickstein et al., 2010). Although
many neurotransmitters dysfunction were found in AD brain, interest on dopaminergic
transmission has been recently developed with relevant results (McNeil et al., 1984;
Martorana et al.,, 2009; Martorana et al., 2010; Koch et al., 2011-b). However, apathy is
usually recognized as part of AD symptoms, being considered the most common
behavioral symptom in AD. Apathy increases with severity of AD (yet from conversion
from MCI to AD) and has been associated with poorer initiative and executive functions
(Drijgers et al., 2011). More importantly, apathy could be an early manifestation of a more
aggressive AD phenotype, in which a faster cognitive decline occur (Starkstein et al.,2010).
Studies of correlation between dopamine deficits and apathy in AD are needed to better
interpret this behavioral syndrome. Of note is the concept that presence of apathy may
render difficult the pharmacological approach to AD patients (See Boyle et al., 2004; Robert
et al., 2010).

www.intechopen.com



Clinical Profile of Alzheimer’s Disease Non-Responder Patient 159

In conclusion, to define apathy simply a neuropsychiatric symptom common in AD, as well
as in other dementias or degenerative disorders of the brain, or whether it may represent a
clinical predictor of the turn-over (thus worsening) of a defined clinico-pathologic entity
(like AD) actually represent a challenge for neurologists studying cognitive decline.

1.2 Neuroimaging morphometric predictors

The effectiveness of current pharmacological treatment of AD, by using AchEIs on cognitive
decline symptoms can be highly variable. Genetic factors like the presence of 1 or 2
apolipoprotein E4 (APOE4) alleles are considered predictive of poorer response to therapy,
while demographic factor like sex, or culture of the subject revealed some importance if
related or associated to APOE status.

Recently, the development of neuro-morphometric measures of regional blood flow and
also brain metabolism provided a new possible biomarker of the AD pathologic process. In
particular, volumetric analysis of different brain regions showed that hippocampal volume
loss is present in patients with mild AD, and the progression of volume loss parallels the
worsening of clinical symptoms, and may also be used to predict to the pharmacological
response of patients (Csernansky et al., 2005).

Moreover, during AD neuro-psychiatric symptoms are usually persistent, although with
variable intensity, and can also be resistant to treatment (Ryu et al., 2005). The physio-
pathological and psychological mechanisms involved in the development of neuro-
psychiatric symptoms are still poorly understood. Thus, several neuro-anatomical
correlative studies have been made, and association between discrete regional pathologies
and psychiatric symptoms emerged (Mega et al., 2000; Sweet et al., 2003; Rosen et al., 2005;
Sultzer et al., 2003; Shanks and Venneri, 2004; Migneco et al., 2001). Most of recent literature
tried to correlate neuro-psychiatric symptoms to morphological features, particularly in
early stages of AD. Delusions and agitation, more frequent at late stages of AD, are
associated primarily with atrophy of the right fronto-parietal regions (matching with results
obtained with metabolic and cerebral blood flow studies) (se Staff et al., 1999 ; Sultzer et al,,
2003). Agitation was observed in about one third of AD patients and associated to atrophy
of left insula and bilaterally of anterior cingulate cortex (Bruen et al., 2008).

Apathy which is the most frequent symptom of early AD, may be also an early indicator of
the disease and is detectable in a high proportion of patients with mild cognitive
impairment (Palmer et al., 2007; Lyketos et al., 2007). Presence of apathy was correlated with
atrophy of sub-cortical nuclei like putamen bilaterally and of left caudate nucleus.
Significant correlations were also found with atrophy of anterior cingulated cortex
bilaterally, inferior frontal and orbito-frontal regions of both hemispheres (Gado et al., 1983;
Jack et al., 2005; Shiino et al., 2006; Bruen et al., 2008). Apathy has also been linked to
dysfunction or atrophy of ventral frontal areas (Rosen et al, 2005; Marshall et al., 2007).
Apathy is often seen in early presentation of AD and is sometimes described even before
memory deficits become noticeable.

In conclusion morphometric analysis of AD brains indicate that variable degrees of atrophy
in selected brain regions could represent a potential and reliable predictor of clinical-type of
presentation and may also be used as predictor of pharmacological response to treatment.

1.3 Cerebrospinal fluid analysis
Biochemical changes in the brain extracellular fluid are reflected in the cerebrospinal fluid
(CSF). Levels of biological markers like AB42, total-tau (t-Tau) and hyper-phosphorylated
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tau (p-Tau) are currently measured in clinical settings of many western countries, and used
as diagnostic tool for diagnosis and for stratification of patients useful for pharmacological
trials (Mattsson et al., 2009; Blennow and Zettemberg 2009). In AD patients typically levels
of CSF ApB42 is lower (370 ng/L in AD vs 670 ng/L in controls), while t-Tau (559 ng/L in
AD vs 280 ng/L in controls) and p-Tau (82 ng/L in AD vs 51 ng/L in controls) are higher
than in healthy controls (Blennow et al., 2007; Mattsson et al., 2009). Low levels of A[42
reflect a disturbance of the metabolism of this protein.

AP is produced mainly in neurons and is secreted in the CSF 12 hs later, then excreted
through the blood-brain barrier 24 hs later into blood (clearance of Ap), and finally
degraded in the reticulo-endothelial system (Shoij et al., 2001). These different phases are in
equilibrium among them. In AD patients, Ap42 forms insoluble aggregates and accumulates
in form of fibrils in extracellular space of the brain (Bateman et al., 2009). The reason why
ApP42 levels are decreased in CSF of these patients is believed to be caused by the
impairment of the physiologic clearance mechanism above described.

Major biological function of tau is to promote microtubule assembly and maintain the
stability of the microtubules, play also crucial roles in signal transduction of neurons (Wang
et al.,; 2008; Fanara et al.,, 2010), and in neural plasticity mechanisms (Avila et al., 2004;
Boekhoorn et al., 2006). In AD patients, where plasticity mechanisms are altered, t-Tau levels
increase three-fold than the age-matched controls. It's increase in CSF is considered as the
result of degenerating process of neurones. Thus, increase of tau protein may leak from the
degenerating neurons into the CSF as disease progresses (Blom et al., 2009; Mattson et al.,
2009). P-Tau is considered a marker of NFT tangles production, and is strictly associated to
the patho-physiological process of AD. Thus, p-Tau is increased in the CSF of AD in relation
to neuronal degeneration degree (Blennow and Hampel, 2003).

Whether CSF biomarkers could be used as predictors for progression rate or treatment
response was investigated only recently (Wallin et al., 2010; Blom et al., 2009; de Souza et al.,
2011). In general, results of recent studies indicate that CSF biomarkers are not considered
useful as predictors of treatment response (Wallin et al., 2009), nor were ever considered as
markers for pharmacological response. From these studies has emerged that increased levels
of t-Tau and p-Tau are associated to rapid progression rate of disease (Kester et al., 2009;
Van Der Vlies et al., 2009), in particular for patients converting from MCI to AD (Blom et al.,
2009), and also for patients with malignant form of AD (Wallin et al., 2010). In the latter
condition was characterised by very high levels of t-Tau(> 800 ng/L) in the CSF, and by
higher risk of mortality.

More recently high levels of tau (both total and hyper-phosphorylated) were also associated
to hippocampal atrophy (de Souza et al., 2011), or with forms of pathologic neural plasticity
(Koch et al., 2011a), indicating again for these proteins possible role as markers of rapid
cognitive deficits observed in course of AD. Therefore, heterogeneity of AD patients reflects
heterogeneity also in CSF biomarkers, thus the need to deepen the relationship between CSF
biomarkers and different subgroups of AD emerges. Within these perspective, association
between biomarkers and clinical and/or biochemical data could in turn provide new insight
of our understanding of patho-physiology of AD and also of an appropriate
pharmacological treatment.

2. Non responder profile

The current approach to cognitive deficits of AD patients derives from the so-called
“cholinergic hypothesis”, where major cholinergic deficit was suggested to characterise AD,
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similarly to dopamine for Parkinson’s disease. The cholinergic deficiency is currently a
target of therapy since cholinesterase inhibitors treatment enhance the cholinergic
transmission in AD and shows beneficial effects on cognition in both placebo controlled and
open studies (Birks et al., 2006, Wallin et al., 2007). Despite several studies provided the
efficacy of pharmacological treatment on cognition, however long-term treatment showed
unsatisfactory results. Reasons of such interpretation of data were individuated in the
progressive degeneration of cortical and sub-cortical neurons, as the consequence of the
abnormal accumulation of AB42 and NFT formation.

Interestingly, during the treatment trials of the first cholinesterase inhibitor tacrine,
heterogeneity in treatment response was observed. About one-third of the patients
evaluated resulted to respond to treatment, one-third remained unchanged and one-third
resulted to not respond to pharmacological treatment (Minthon et al., 1993; Eagger and
Harvey, 1995; Wallin et al., 2004). The discussion of these results showed clearly the need to
define a treatment response, that was extended also to the AchEIls of second generation,
however a consensus for how to define a response treatment do not exist.

Such difficulty may justify a sort of “lack of interest” for non responders and moreover may
render obscure and hard to define the non responder profile. Many variables (genetic,
metabolic, vascular, biochemical, etc) may be considered responsible for pharmacological
treatment un-efficacy, and in recent years several studies investigated the importance of
these factors. Among others, as possible predictors to treatment response were included
cognitive impairment severity (Pakrasi et al., 2003; Van Der Putt et al., 2006; Wallin et al.,
2005 and 2009), frontal lobe blood flow (Hanyu et al., 2003), age (Schneider et al., 1991;
Evans et al., 2000), gender (Macgowan et al., 1998; Winblad et al., 2001), APOE genotype
(Almkvist et al., 2001; Winblad et al., 2001). Unfortunately conflicting results were obtained,
and reliable predictors are still unavailable.

However, taking in account the anatomical, clinical and biochemical consideration made
above, a profile of “non responder” AD patients may be outlined.

In general patients that do not respond to treatment present with rapidly progressive
cognitive decline, not dependent on age, gender, years of education, baseline instrumental
activities of daily living, or APOE genotype. The neuropsychological assessment of these
patients show involvement of executive functions associated to memory deficits, and the
presence of severe apathy. No other behavioural symptoms do occur in these cases. CSF
analysis show low levels of AP42, and very high levels of t-Tau (> 800 ng/L). Gross
morphology remains unaltered in neuro-imaging assessment, although changes of grey
matter volumes in frontal-temporal areas were recently described (Serra et al., 2010). It is
interesting to note that such transition from responder to non responder state coincide with
described changes occurring in MCI converters (Hansson et al., 2009; Mattsson et al., 2009;
Blom et al., 2009; Palmer et al., 2010), and also in a subset of AD patients with moderate AD
showing rapidly progressive rate of cognitive decline (van Der Vlies et al., 2009; Kester et al.,
2009; Wallin et al., 2010; Musicco et al., 2011; Stepaniuk et al., 2011). Thus, from these results
appear that the efficacy of current pharmacological treatment with AchEls could depend on
the rate of progression of cognitive decline (fast or slow), which in turn appear as to be
associated to signs of frontal lobe dysfunction (indicative of faster decline), hence with the
appearance of severe apathy and of executive functions alterations.

Impairment of executive functions and also neurobehavioral symptoms are often observed
in course of AD. Their occurrence is typical of more advanced stages and is associated to
greater impairment of daily activities in these patients (Boyle et al., 2003; Marshall et al.,
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2011; Carter et al., 2011). In this view non responders might represent a clinico-pathological
variant of AD (as identified by Back-Madruga et al., 2002), not rare, in which frontal lobe
degeneration prevails. Moreover, the reason why the cognitive decline become faster may
reside in the interaction between AP42 and Tau. Yet at intracellular level AP42 has been
demonstrated to induce tau fragments formation, which are particularly toxic for
mitochondria, leading rapidly to cell dysfunction (Amadoro et al., 2010; 2011). Such
interaction would happen also at post-synaptic site leading to cell death via excitotoxic
mechanisms (Ittner et al., 2010; Roberson et al., 2011). Such condition could be sufficient to
explain the reason of AchEls treatment un-effectiveness. As alternative hypothesis, it may be
supposed that the frontal lobe dysfunction could be due to the direct interaction of A3
peptides with neurotransmitters system, leading to impairment of cross-talk between
transmitters (Palop et al., 2010).

From the patho-physiological point of view, frontal lobe function depends on the anatomical
integrity of neurotransmitters network and cross-talk (acetylcholine, dopamine, glutamate,
GABA) which function regulating memory, behaviour and emotions (see Martorana et al.,
2010). Recent experimental evidences show that such modulatory role is played by
interaction between acetylcholine, and other major transmitters like glutamate or dopamine
(Moore et al., 2009; Gulledge et al., 2009; Dasari et al., 2011; Livingstone et al., 2010). Thus,
frontal lobe dysfunction, particularly in cases of AD would be the result of an impairment
among transmitters, particularly of acetylcholine, glutamate, and dopamine, thus likely
responsible for faster cognitive decline. Interestingly, recent papers showed marked changes
of glutamatergic as well as of dopaminergic systems in frontal lobe of AD brains (Kashani et
al., 2008; Kirvell et al., 2007; Kumar and Patel, 2007), suggesting also that involvement of
frontal lobe in AD might occur earlier than supposed. Moreover recent transcranial
magnetic stimulation studies showed that in AD central cholinergic transmission was
restored by L-dopa administration (Martorana et al., 2009), and further showed that L-dopa
was unable to modulate neural plasticity mechanisms in AD patients (Koch et al., 2011-b).
Within these perspectives it is conceivable to suppose that impaired neurotransmitter
systems could account for lack of response to AchEIs.

Remain to be established whether frontal lobe dysfunction represent a reversible condition,
and whether alternative treatments, like memantine or dopamine agonists could interfere
with this event.

3. Acknowledgements

We want to express our gratitude to Graziano Bonelli for his contribution to the work.

4. References

Almkvist O, Jelic V, Amberla K, Hellstrom-Lindahl E, Meurling L, Nordberg A. Responder
characteristics to a single oral dose of cholinesterase inhibitor: a double-blind
placebo-controlled study with tacrine in Alzheimer patients. Dement Geriatr Cogn
Disord. 2001 Jan-Feb;12(1):22-32.

Amadoro G, Corsetti V, Stringaro A, Colone M, D'Aguanno S, Meli G, Ciotti M, Sancesario
G, Cattaneo A, Bussani R, Mercanti D, Calissano P. A NH2 tau fragment targets
neuronal mitochondria at AD synapses: possibile implications for neurodegeneration.
J Alzheimers Dis. 2010;21(2):445-70.

www.intechopen.com



Clinical Profile of Alzheimer’s Disease Non-Responder Patient 163

Amadoro G, Corsetti V, Ciotti MT, Florenzano F, Capsoni S, Amato G, Calissano P.
Endogenous AP causes cell death via early tau hyperphosphorylation. Neurobiol
Aging. 2011 Jun;32(6):969-90.

Amalric M, Koob GF. Functionally selective neurochemical afferents and efferents of the
mesocorticolimbic and nigrostriatal dopamine system. Prog Brain Res. 1993;99:209-
26.

Avila ], Pérez M, Lucas ]JJ, et al. Assembly in vitro of tau protein and its implications in
Alzheimer's disease. Curr Alzheimer Res. 2004;1:97-101.

Back-Madruga C, Boone KB, Briere J, Cummings J, McPherson S, Fairbanks L, Thompson E.
Functional ability in executive variant Alzheimer's disease and typical Alzheimer's
disease. Clin Neuropsychol. 2002 Aug;16(3):331-40.

Bateman R], Klunk WE. Measuring target effect of proposed disease-modifying therapies in
Alzheimer's disease. Neurotherapeutics. 2008 Jul;5(3):381-90.

Blennow and Hampel. CSF markers for incipient Alzheimer's disease. Lancet Neurol. 2
(2003), pp. 605-613.

Blennow K, Zetterberg H, Minthon L, Lannfelt L, Strid S, Annas P, Basun H, Andreasen N.
Longitudinal stability of CSF biomarkers in Alzheimer's disease. Neurosci Lett.
2007 May 23;419(1):18-22.

Blennow K, Zetterberg H. Cerebrospinal fluid biomarkers for Alzheimer's disease.
J Alzheimers Dis. 2009;18(2):413-7.

Blom ES, Giedraitis V, Zetterberg H, et al. Rapid progression from mild cognitive
impairment to Alzheimer's disease in subjects with elevated levels of tau in
cerebrospinal fluid and the APOE epsilon4/epsilon4 genotype. Dement Geriatr
Cogn Disord. 2009;27(5):458-64.

Bloss EB, Janssen WG, McEwen BS, Morrison JH. Interactive effects of stress and aging on
structural plasticity in the prefrontal cortex. ] Neurosci. 2010 May 12;30(19):6726-31.

Boekhoorn K, Terwel D, Biemans B, Borghgraef P, Wiegert O, Ramakers GJ, de Vos K,
Krugers H, Tomiyama T, Mori H, Joels M, van Leuven F, Lucassen PJ. Improved
long-term potentiation and memory in young tau-P301L transgenic mice before
onset of hyperphosphorylation and tauopathy. ] Neurosci. 2006;26(13):3514-23.

Boyle PA, Malloy PF, Salloway S, Cahn-Weiner DA, Cohen R, Cummings JL. Executive
dysfunction and apathy predict functional impairment in Alzheimer disease. Am ]
Geriatr Psychiatry. 2003 Mar-Apr;11(2):214-21.

Bruen PD, McGeown W], Shanks MF, Venneri A. Neuroanatomical correlates of
neuropsychiatric symptoms in Alzheimer's disease. Brain. 2008 Sep;131(Pt9):2455-
63.

Carter SF, Caine D, Burns A, Herholz K, Lambon Ralph MA. Staging of the cognitive decline
in Alzheimer's disease: insights from a detailed neuropsychological investigation of
mild cognitive impairment and mild Alzheimer's disease. Int ] Geriatr Psychiatry.
2011 May 25.

Chen KH, Reese EA, Kim HW, Rapoport SI, Rao JS. Disturbed Neurotransmitter Transporter
Expression in Alzheimer's Disease Brain. ] Alzheimers Dis. 2011 Jul 8.

Colom LV, Castafieda MT, Bafuelos C, Puras G, Garcia-Herndndez A, Hernandez S,
Mounsey S, Benavidez ], Lehker C. Medial septal beta-amyloid 1-40 injections alter
septo-hippocampal anatomy and function. Neurobiol Aging. 2010 Jan;31(1):46-57.

www.intechopen.com



164 Advanced Understanding of Neurodegenerative Diseases

Csernansky JG, Wang L, Miller JP, Galvin JE, Morris JC. Neuroanatomical predictors of
response to donepezil therapy in patients with dementia. Arch Neurol. 2005
Nov;62(11):1718-22.

Dasari S, Gulledge AT. M1 and M4 receptors modulate hippocampal pyramidal neurons. ]
Neurophysiol. 2011 Feb;105(2):779-92.

de Souza LC, Chupin M, Lamari F, Jardel C, Leclercq D, Colliot O, Lehéricy S, Dubois B,
Sarazin M. CSF tau markers are correlated with hippocampal volume in
Alzheimer's disease. Neurobiol Aging. 2011 Apr 11.

Dickstein DL, Brautigam H, Stockton SD Jr, Schmeidler ], Hof PR. Changes in dendritic
complexity and spine morphology in transgenic mice expressing human wild-type
tau. Brain Struct Funct. 2010 Mar;214(2-3):161-79.

Drijgers RL, Verhey FR, Leentjens AF, Kohler S, Aalten P. Neuropsychological correlates of
apathy in mild cognitive impairment and Alzheimer's disease: the role of executive
functioning. Int Psychogeriatr. 2011 Jun 28:1-7.

Eagger SA, Harvey RJ. Clinical heterogeneity: responders to cholinergic therapy. Alzheimer
Dis Assoc Disord. 1995;9 Suppl 2:37-42.

Fanara P, Husted KH, Selle K, Wong PY, Banerjee ], Brandt R, Hellerstein MK. Changes in
microtubule turnover accompany synaptic plasticity and memory formation in
response to contextual fear conditioning in mice. Neuroscience. 2010 Jun
16;168(1):167-78.

Gado M, Hughes CP, Danziger W, Chi D. Aging, dementia, and brain atrophy: a
longitudinal computed tomographic study. AJNR Am ] Neuroradiol. 1983 May-
Jun;4(3):699-702.

Giannakopoulos P, Kovari E, Gold G, von Gunten A, Hof PR, Bouras C. Pathological
substrates of cognitive decline in Alzheimer's disease. Front Neurol Neurosci.
2009;24:20-9.

Giannakopoulos P, Bouras C, Hof PR. Clinicopathologic correlates in the oldest-old:
Commentary on "No disease in the brain of a 115-year-old woman". Neurobiol
Aging. 2008 Aug;29(8):1137-9.

Gulledge AT, Bucci DJ, Zhang SS, Matsui M, Yeh HH. M1 receptors mediate cholinergic
modulation of excitability in neocortical pyramidal neurons. ] Neurosci. 2009 Aug
5;29(31):9888-902.

Haber SN, Fudge JL. The primate substantia nigra and VTA: integrative circuitry and
function. Crit Rev Neurobiol. 1997;11(4):323-42.

Haber SN, Kunishio K, Mizobuchi M, Lynd-Balta E. The orbital and medial prefrontal circuit
through the primate basal ganglia. ] Neurosci. 1995 Jul;15(7Pt 1):4851-67.

Haber SN, Knutson B. The reward circuit: linking primate anatomy and human imaging.
Neuropsychopharmacology. 2010 Jan;35(1):4-26.

Hanyu H, Shimuzu T, Tanaka Y, Takasaki M, Koizumi K, Abe K. Effect of age on regional
cerebral blood flow patterns in Alzheimer's disease patients. ] Neurol Sci. 2003 May
15;209(1-2):25-30.

Hartmann J, Kiewert C, Klein J. Neurotransmitters and energy metabolites in amyloid-
bearing APP(SWE)xPSEN1dE9 Mouse Brain] Pharmacol Exp Ther. 2010
Feb;332(2):364-70.

Henny P, Jones BE. Projections from basal forebrain to prefrontal cortex comprise
cholinergic, GABAergic and glutamatergic inputs to pyramidal cells or
interneurons. Eur ] Neurosci. 2008 Feb;27(3):654-70.

www.intechopen.com



Clinical Profile of Alzheimer’s Disease Non-Responder Patient 165

Hof PR, Morrison JH. The aging brain: morphomolecular senescence of cortical circuits.
Trends Neurosci. 2004 Oct;27(10):607-13.

Hollerman JR, Tremblay L, Schultz W. Involvement of basal ganglia and orbitofrontal cortex
in goal-directed behavior. Prog Brain Res. 2000;126:193-215.

Huang YZ, Edwards MJ, Rounis E, Bhatia KP, Rothwell JC. Theta burst stimulation of the
human motor cortex. Neuron. 2005;45:201-6.

Ishibashi K, Ishii K, Oda K, Kawasaki K, Mizusawa H, Ishiwata K. Regional analysis of age-
related decline in dopamine transporters and dopamine D2-like receptors in human
striatum. Synapse. 2009;63(4):282-90.

Juraska JM, Lowry NC. Neuroanatomical Changes Associated with Cognitive Aging. Curr
Top Behav Neurosci. 2011 Jun 14.

Kalpouzos G, Persson ], Nyberg L. Local brain atrophy accounts for functional activity
differences in normal aging. Neurobiol Aging. 2011 Apr 23.

Kashani A, Lepicard E, Poirel O, Videau C, David JP, Fallet-Bianco C, et al.Loss of VGLUT1
and VGLUT2 in the prefrontal cortex is correlated with cognitive decline in
Alzheimer disease. Neurobiol Aging. 2008; 29(11):1619-30.

Kester MI, van der Vlies AE, Blankenstein MA, et al. CSF biomarkers predict rate of
cognitive decline in Alzheimer disease. Neurology. 2009;73(17):1353-8.

Kirvell SL, Esiri M, Francis PT. Down-regulation of vesicular glutamate transporters
precedes cell loss and pathology in Alzheimer's disease. ] Neurochem. 2006
Aug;98(3):939-50.

Klingner M, Apelt J, Kumar A, Sorger D, Sabri O, Steinbach ], Scheunemann M, Schliebs R.
Alterations in cholinergic and non-cholinergic neurotransmitter receptor densities
in transgenic Tg2576 mouse brain with beta-amyloid plaque pathology. Int ] Dev
Neurosci. 2003 Nov;21(7):357-69.

Koch G, Esposito Z, Kusayanagi H, Monteleone F, Codeca C, Di Lorenzo F, Caltagirone C,
Bernardi G, Martorana A. CSF Tau Levels Influence Cortical Plasticity in
Alzheimer's Disease Patients. ] Alzheimers Dis. 2011 May 23.

Koch G, Esposito Z, Codeca C, Mori F, Kusayanagi H, Monteleone F, Di Lorenzo F, Bernardi
G, Martorana A. Altered dopamine modulation of LTD-like plasticity in
Alzheimer's disease patients. Clin Neurophysiol. 2011 Apr;122(4):703-7.

Kumar U, Patel SC. Immunohistochemical localization of dopamine receptor subtypes
(D1R-D5R) in Alzheimer's disease brain. Brain Res. 2007; 1131:187-96.

Levy R, Dubois B. Apathy and the functional anatomy of the prefrontal cortex-basal ganglia
circuits. Cereb Cortex. 2006 Jul;16(7):916-28.

Livingstone PD, Dickinson JA, Srinivasan J, Kew JN, Wonnacott S. Glutamate-dopamine
crosstalk in the rat prefrontal cortex is modulated by Alpha7 nicotinic receptors
and potentiated by PNU-120596. ] Mol Neurosci. 2010 Jan;40(1-2):172-6.

Livingstone PD, Srinivasan J, Kew JN, Dawson LA, Gotti C, Moretti M, Shoaib M,
Wonnacott S. alpha7 and non-alpha7 nicotinic acetylcholine receptors modulate
dopamine release in vitro and in vivo in the rat prefrontal cortex. Eur ] Neurosci.
2009 Feb;29(3):539-50.

Lyketsos C. Apathy and agitation: challenges and future directions. Am J Geriatr Psychiatry.
2007 May;15(5):361-4.

MacGowan SH, Wilcock GK, Scott M. Effect of gender and apolipoprotein E genotype on
response to anticholinesterase therapy in Alzheimer's disease. Int ] Geriatr
Psychiatry. 1998 Sep;13(9):625-30.

www.intechopen.com



166 Advanced Understanding of Neurodegenerative Diseases

McNeill TH, Koek LL, Haycock JW. The nigrostriatal system and aging. Peptides 1984.;5
Suppl 1:263-8.

Marin RS, Firinciogullari S, Biedrzycki RC. The sources of convergence between measures of
apathy and depression. ] Affect Disord. 1993 Jun;28(2):117-24.

Marin RS, Firinciogullari S, Biedrzycki RC. Group differences in the relationship between
apathy and depression. ] Nerv Ment Dis. 1994 Apr;182(4):235-9.

Marshall GA, Rentz DM, Frey MT, Locascio JJ, Johnson KA, Sperling RA; Alzheimer's
Disease Neuroimaging Initiative. Executive function and instrumental activities of
daily living in mild cognitive impairment and Alzheimer's disease. Alzheimers
Dement. 2011 May;7(3):300-8.

Martorana A, Mori F, Esposito Z, Kusayanagi H, Monteleone F, Codeca C, et al. Dopamine
modulates cholinergic cortical excitability in Alzheimer's disease patients.
Neuropsychopharmacology 2009; 34(10):2323-8.

Martorana A, Esposito Z, Koch G. Beyond the cholinergic hypothesis: do current drugs
work in Alzheimer’s disease? CNS Neurosci Ther. 2010; 16(4): 235-245.

Mattsson N, Zetterberg H, Hansson O, et al.CSF biomarkers and incipient Alzheimer disease
inpatients with mild cognitive impairment. JAMA. 2009; 302(4):385-93.

Maurice N, Deniau JM, Menetrey A, Glowinski ], Thierry AM. Position of the ventral
pallidum in the rat prefrontal cortex-basal ganglia circuit. Neuroscience. 1997
Sep;80(2):523-34.

Mega MS, Lee L, Dinov ID, Mishkin F, Toga AW, Cummings JL. Cerebral correlates of
psychotic symptoms in Alzheimer's disease. ] Neurol Neurosurg Psychiatry. 2000
Aug;69(2):167-71.

Migneco O, Benoit M, Koulibaly PM, Dygai I, Bertogliati C, Desvignes P, Robert PH,
Malandain G, Bussiere F, Darcourt J. Perfusion brain SPECT and statistical
parametric mapping analysis indicate that apathy is a cingulate syndrome: a study
in Alzheimer's disease and nondemented patients. Neuroimage. 2001
May;13(5):896-902.

Minthon L, Gustafson L, Dalfelt G, Hagberg B, Nilsson K, Risberg J, Rosén I,Seiving B,
Wendt PE. Oral tetrahydroaminoacridine treatment of Alzheimer's disease
evaluated clinically and by regional cerebral blood flow and EEG. Dementia. 1993
Jan-Feb;4(1):32-42.

Moore SJ, Cooper DC, Spruston N. Plasticity of burst firing induced by synergistic activation
of metabotropic glutamate and acetylcholine receptors. Neuron. 2009 Jan
29;61(2):287-300.

Musicco M, Salamone G, Caltagirone C, Cravello L, Fadda L, Lupo F, Mosti S, Perri R,
Palmer K. Neuropsychological predictors of rapidly progressing patients with
Alzheimer's disease. Dement Geriatr Cogn Disord. 2010;30(3):219-28.

Nicola SM. The nucleus accumbens as part of a basal ganglia action selection circuit.
Psychopharmacology (Berl). 2007 Apr;191(3):521-50.

Pakrasi S, Mukaetova-Ladinska EB, McKeith IG, O'Brien JT. Clinical predictors of response
to Acetyl Cholinesterase Inhibitors: experience from routine clinical use in
Newcastle. Int ] Geriatr Psychiatry. 2003 Oct;18(10):879-86.

Palmer K, Berger AK, Monastero R, Winblad B, Backman L, Fratiglioni L. Predictors of
progression from mild cognitive impairment to Alzheimer disease. Neurology.
2007 May 8;68(19):1596-602.

www.intechopen.com



Clinical Profile of Alzheimer’s Disease Non-Responder Patient 167

Palop JJ, Mucke L. Amyloid-beta-induced neuronal dysfunction in Alzheimer's disease:
from synapses toward neural networks. Nat Neurosci 2010;13:812-8.

Petanjek Z, Judas M, Kostovi¢ I, Uylings HB. Lifespan alterations of basal dendritic trees of
pyramidal neurons in the human prefrontal cortex: a layer-specific pattern. Cereb
Cortex. 2008 Apr;18(4):915-29

Petkova-Kirova P, Rakovska A, Della Corte L, Zaekova G, Radomirov R, Mayer A.
Neurotensin modulation of acetylcholine, GABA, and aspartate release from rat
prefrontal cortex studied in vivo with microdialysis. Brain Res Bull. 2008 Sep
30;77(2-3):129-35.

Robert PH, Mulin E, Malléa P, David R. Apathy diagnosis, assessment, and treatment in
Alzheimer's disease. CNS Neurosci Ther. 2010 Oct;16(5):263-71.

Rosen HJ, Narvaez JM, Hallam B, Kramer JH, Wyss-Coray C, Gearhart R, Johnson JK, Miller
BL. Neuropsychological and functional measures of severity in Alzheimer disease,
frontotemporal dementia, and semantic dementia. Alzheimer Dis Assoc Disord.
2004 Oct-Dec;18(4):202-7.

Schneider LS, Pollock VE, Zemansky MF, Gleason RP, Palmer R, Sloane RB. A pilot study of
low-dose L-deprenyl in Alzheimer's disease. ] Geriatr Psychiatry Neurol. 1991 Jul-
Sep;4(3):143-8.

Shoji M, Kanai M, Matsubara E, Tomidokoro Y, Shizuka M, Ikeda Y, Ikeda M, Harigaya Y,
Okamoto K, Hirai S. The levels of cerebrospinal fluid Abeta40 and Abeta42(43) are
regulated age-dependently. Neurobiol Aging. 2001 Mar-Apr;22(2):209-15.

Shanks MF, Venneri A. Delusional thoughts in Alzheimer's disease. Am ] Psychiatry. 2004
Apr;161(4):764.

Staff RT, Shanks MF, Macintosh L, Pestell SJ, Gemmell HG, Venneri A. Delusions in
Alzheimer's disease: spet evidence of right hemispheric dysfunction. Cortex 1999
Sep;35(4):549-60.

Shiino A, Watanabe T, Maeda K, Kotani E, Akiguchi I, Matsuda M. Four subgroups of
Alzheimer's disease based on patterns of atrophy using VBM and a unique pattern
for early onset disease. Neuroimage. 2006 Oct 15;33(1):17-26.

Shoji M, Kanai M, Matsubara E, Tomidokoro Y, Shizuka M, Ikeda Y, Ikeda M, Harigaya Y,
Okamoto K, Hirai S. The levels of cerebrospinal fluid Abeta40 and Abeta42(43) are
regulated age-dependently. Neurobiol Aging. 2001 Mar-Apr;22(2):209-15.

Staff RT, Shanks MF, Macintosh L, Pestell SJ, Gemmell HG, Venneri A. Delusions in
Alzheimer's disease: spet evidence of right hemispheric dysfunction. Cortex 1999
Sep;35(4):549-60.

Starkstein SE, Berthier ML, Leiguarda R. Psychic akinesia following bilateral pallidal lesions.
Int ] Psychiatry Med. 1989;19(2):155-64.

Starkstein SE, Brockman S, Bruce D, Petracca G. Anosognosia is a significant predictor of
apathy in Alzheimer's disease. ] Neuropsychiatry Clin Neurosci. 2010
Fall;22(4):378-83.

Stepaniuk ], Ritchie L], Tuokko H. Neuropsychiatric impairments as predictors of mild
cognitive impairment, dementia, and Alzheimer's disease. Am ] Alzheimers Dis
Other Demen. 2008 Aug-Sep;23(4):326-33.

Sultzer DL, Brown CV, Mandelkern MA, Mahler ME, Mendez MF, Chen ST, Cummings JL.
Delusional thoughts and regional frontal/temporal cortex metabolism in
Alzheimer's disease. Am ] Psychiatry. 2003 Feb;160(2):341-9.

www.intechopen.com



168 Advanced Understanding of Neurodegenerative Diseases

Sweet RA, Nimgaonkar VL, Devlin B, Jeste DV. Psychotic symptoms in Alzheimer disease:
evidence for a distinct phenotype. Mol Psychiatry. 2003 Apr;8(4):383-92.

Ryu SH, Katona C, Rive B, Livingston G. Persistence of and changes in neuropsychiatric
symptoms in Alzheimer disease over 6 months: the LASER-AD study. Am ] Geriatr
Psychiatry. 2005 Nov;13(11):976-83.

Van Der Putt R, Dineen C, Janes D, Series H, McShane R. Effectiveness of
acetylcholinesterase inhibitors: diagnosis and severity as predictors of response in
routine practice. Int ] Geriatr Psychiatry. 2006 Aug;21(8):755-60.

van der Vlies AE, Verwey NA, Bouwman FH, Blankenstein MA, Klein M, Scheltens P, van
der Flier WM. CSF biomarkers in relationship to cognitive profiles in Alzheimer
disease. Neurology. 2009 Mar 24;72(12):1056-61.

Volkow ND, Ding YS, Fowler JS, Wang GJ, Logan ], Gatley SJ, Hitzemann R, Smith G, Fields
SD, Gur R. Dopamine transporters decrease with age. ] Nucl Med. 1996
Apr;37(4):554-9.

Volkow ND, Fowler JS, Wang GJ, Logan ], Schlyer D, MacGregor R, Hitzemann R,Wolf AP.
Decreased dopamine transporters with age in health human subjects. Ann Neurol.
1994 Aug;36(2):237-9.

von Gunten A, Bouras C, Kovari E, Giannakopoulos P, Hof PR. Neural substrates of
cognitive and behavioral deficits in atypical Alzheimer's disease. Brain Res Rev.
2006 Aug;51(2):176-211.

Wallin AK, Gustafson L, Sjogren M, Wattmo C, Minthon L. Five-year outcome of cholinergic
treatment of Alzheimer's disease: early response predicts prolonged time until
nursing home placement, but does not alter life expectancy. Dement Geriatr Cogn
Disord. 2004;18(2):197-206.

Wallin AK, Blennow K, Andreasen N, Minthon L. CSF biomarkers for Alzheimer's Disease:
levels of beta-amyloid, tau, phosphorylated tau relate to clinical symptoms and
survival. Dement Geriatr Cogn Disord. 2006;21(3):131-8.

Wallin AK, Hansson O, Blennow K, Londos E, Minthon L. Can CSF biomarkers or pre-
treatment progression rate predict response to cholinesterase inhibitor treatment in
Alzheimer's disease? Int ] Geriatr Psychiatry. 2009 Jun;24(6):638-47.

Wallin AK, Blennow K, Zetterberg H, et al. CSF biomarkers predict a more malignant
outcome in Alzheimer disease. Neurology. 2010; 74:1531-7.

Wang XF, Dong CF, Zhang J, Wan YZ, Li F, Huang YX, Han L, Shan B, Gao C, Han ], Dong
XP. Human tau protein forms complex with PrP and some GSS- and fCJD-related
PrP mutants possess stronger binding activities with tau in vitro. Mol Cell Biochem.
2008 Mar;310(1-2):49-55.

Winblad B. Maintaining functional and behavioral abilities in Alzheimer disease. Alzheimer
Dis Assoc Disord. 2001 Aug;15 Suppl 1:534-40.

www.intechopen.com



Advanced Understanding of Neurodegenerative Diseases
Edited by Dr Raymond Chuen-Chung Chang

ADVANCED PRDERSTANDING OF

NEURODEGENERATIVE
DISEASES

Ednes by Raympng Chusn-Cheng Chang

ISBN 978-953-307-529-7

Hard cover, 442 pages

Publisher InTech

Published online 16, December, 2011
Published in print edition December, 2011

Advanced Understanding of Neurodegenerative Diseases focuses on different types of diseases, including
Alzheimer's disease, frontotemporal dementia, different tauopathies, Parkinson's disease, prion disease, motor
neuron diseases such as multiple sclerosis and spinal muscular atrophy. This book provides a clear
explanation of different neurodegenerative diseases with new concepts of understand the etiology,
pathological mechanisms, drug screening methodology and new therapeutic interventions. Other chapters
discuss how hormones and health food supplements affect disease progression of neurodegenerative
diseases. From a more technical point of view, some chapters deal with the aggregation of prion proteins in
prion diseases. An additional chapter to discuss application of stem cells. This book is suitable for different
readers: college students can use it as a textbook; researchers in academic institutions and pharmaceutical
companies can take it as updated research information; health care professionals can take it as a reference
book, even patients' families, relatives and friends can take it as a good basis to understand
neurodegenerative diseases.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Alessandro Martorana, Roberta Semprini and Giacomo Koch (2011). Clinical Profile of Alzheimer’s Disease
Non-Responder Patient, Advanced Understanding of Neurodegenerative Diseases, Dr Raymond Chuen-
Chung Chang (Ed.), ISBN: 978-953-307-529-7, InTech, Available from:
http://www.intechopen.com/books/advanced-understanding-of-neurodegenerative-diseases/clinical-profile-of-
alzheimer-s-disease-non-responder-patient

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE EBHIERFEK6SS iEEPrRE ARG DA E4058TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2011 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Atiribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.




