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Abstract

Purpose of review—Treatment approaches for frontotemporal lobar degeneration (FTLD) are
rapidly evolving with improved understanding of the disease. This brief review highlights recent
advances.

Recent findings—Early-onset dementia has a devastating impact on families and rids its victims
of their most productive and rewarding years. Over the past ten years, FTLD has emerged as the
commonest cause of dementia under the age of 60 years, outstripping even Alzheimer’s disease in
prevalence. Remarkable progress has occurred in our understanding of FTLD both as a set of
distinctive clinical syndromes and as a set of disorders with unique genetic and pathological profiles.
While there are no Food and Drug Administration approved medications for FTLD, new evidence
of specific genetic and neurochemical defects are beginning to provide a strong rationale for
pharmacological treatment.

Summary—Behavioral changes, which are common in behavioral variant FTD and semantic
dementia, often respond to treatment with selective serotonin inhibitors. Memantine also holds
promise to treat neuropsychiatric symptoms, but more prospective trials are needed. With better
understanding of pathogenic molecular pathways involving microtubule associated protein tau,
progranulin and TDP-43, potential disease-modifying therapies are being studied in animal models
and approaching human trials.
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Introduction

Once considered a rare disorder, frontotemporal lobar degeneration (FTLD) is now recognized
as a common cause of early-onset dementia. Patients typically present in their 50s to 60s with
impairments in social comportment, language production or semantic knowledge. Because
there are no Food and Drug Administration-approved medications for FTLD, treatment choices
have been mostly culled from therapies that are available for Alzheimer’s disease and for
psychiatric disorders. In the absence of large-scale placebo-controlled clinical trials, the
treatment of FTLD does not have a strong rational basis, although, with recent breakthroughs
in our understanding of the biology of FTLD along with improved diagnostic accuracy, new
approaches to FTLD are likely to emerge.
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FTLD subtypes

In 1998, Neary and colleagues established research criteria for frontotemporal lobar
degeneration (FTLD) and defined three major subtypes: frontotemporal dementia (FTD),
semantic dementia (SD), and progressive non-fluent aphasia (PNFA) [1]. Over the ensuing ten
years of scientific progress, these research diagnoses have remained a rational underpinning
for characterizing patient cohorts with unique but overlapping genetic and pathological
profiles.

Frontally predominant FTD, also known as behavioral variant FTD (bvFTD) begins with
atrophy of the orbitofrontal, anterior cingulate, and anterior insular cortex and quickly involves
the basal ganglia [2]. Clinically, bvFTD is characterized by a cluster of behavioral symptoms
in association with executive dysfunction. Typical behaviors include disinhibition, apathy,
social withdrawal, loss of empathy or sympathy for others, sweet cravings, diminished insight,
mental rigidity, perseverations, stereotypic behaviors, and repetitive motor behaviors [1,3].
When delusions occur, they are often bizarre, and grandiose but rarely persecutory [4].

SD, also known as temporal variant FTD (tvFTD), begins with asymmetric atrophy of the
anterior temporal lobes and anterior insulae [2] with later involvement of the orbitofrontal
cortex and basal ganglia [5]. Clinically, patients with more significant left temporal atrophy
present with progressive loss of semantic knowledge. Speech remains fluent but becomes
empty and jargon-laden with supraordinate word substitutions (such as “food” for “carrots”)
and surface dyslexia. These patients have difficulty reading irregular words due to the inability
to move from orthograph to meaning so that “yacht” is read as “yachtuh “or “gnat” is read as
“gunat™) [6*]. Multimodality agnosia leads to difficulty with object recognition. Patients with
predominately right temporal atrophy may present with prosopagnosia [7] or show profound
loss of emotion recognition and diminished empathy [8,9]. Typical behavioral changes in SD
include irritability, impulsiveness, bizarre alterations in dress, mental rigidity, and goal-
directed compulsive collecting [10,11]. Additionally, SD patients develop behavioral features
that overlap considerably with bvFTD.

PNFA is associated with atrophy of the left inferior frontal lobe, anterior insula, and basal
ganglia. Patients develop aphasia characterized by shortened phrase length, stuttering,
agrammatism, and speech apraxia. Often, executive function and working memory are
impaired. Most patients with PNFA ultimately develop a clinical syndrome suggestive of either
corticobasal degeneration (CBD) or progressive supranuclear palsy (PSP) [12] that is
confirmed at neuropathology. Behaviorally, these patients may be impulsive, apathetic, or
depressed, but are generally appropriate and many have exquisitely spared insight [13*]. Both
SD and PNFA are primarily language disorders, and both types of patients have been classified
as subtypes of primary progressive aphasia (PPA) based upon the prominent language deficits
that persist for two years with relatively spared cognition and behavior [14]. Additional motor
symptoms such as Parkinsonism or maotor neuron disease may accompany any of the FTD
syndromes; MND most commonly occurs with bvFTD [15]. Alzheimer’s disease may mimic
any of the FTLD syndromes [16*], however, advances in imaging such as positron emission
tomography with the amyloid ligand, Pittsburgh-B-compound (PIB-PET), AD is becoming
easier to distinguish from FTLD [17].

Symptom management

As of January 2007, 16 open-label and randomized clinical trials had been published for
patients with FTLD (for review see Boxer and Boeve [18*]); the largest study enrolled 26
patients [19]. Additional clinical trials and case reports published over the past 18 months are
provided in Table 1. In 2008, Dr. Boxer began an 11-site placebo-controlled study on FTD and
SD using the NMDA antagonist memantine. This six-month study will likely complete
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enrollment 2008 and will explore the effects of this compound on behavior and activities of
daily living in these populations.

Behavioral changes

Apathy

The behavioral symptoms of bvFTD and SD are often quite disturbing for caregivers and may
lead to situations that are embarrassing to both caregivers and strangers. Changes in personality,
commonly seen with more right-sided pathology [26,27], and in empathy [8,28,29] are difficult
to treat pharmacologically, and caregiver education is often crucial to maintaining family
cohesiveness. Certain behavioral changes, though, such as disinhibition, inappropriate sexual
behavior, dietary changes, repetitive stereotyped behaviors, and obsessive compulsive
behavior, often respond to pharmacotherapy. Patients with FTLD show deficiencies in the
serotonin and dopamine neurotransmitter systems, which provides rationale for the use of
medications that boost these neurotransmitters [20]. The most well studied and effective
treatments are selective serotonin reuptake inhibitors (SSRI), including fluoxetine,
fluvoxamine, sertraline and paroxetine. A meta-analysis of SSRI and trazodone effects on
behavioral symptoms in bvFTD, revealed a mean improvement in the Neuropsychiatric
Inventory (NPI) [30], a measure of behavioral impairments [20]. In our practice, SSRIs
(particularly ones with low anticholinergic properties such as citalopram and escitalopram) are
used as first-line agents for the management of behavioral symptoms in bvFTD. The use of
trazodone may be limited due to its sedating side effects. Impulsivity, which is common in
patients with PSP may respond to treatment with SSRIs.

Given that memantine has a beneficial effect on the neuropsychiatric manifestations of AD
[31,32], which may be frontally mediated [31,33], it has been speculated that memantine may
also improve behavioral symptoms in FTLD. Additionally, overexcited glutamate receptors,
a proposed mechanism for AD, can be hypothesized for FTLD. Over the past year, two studies
reported on the use of memantine in FTLD (see table 1): a six-month open-label trial without
a placebo-arm studied sixteen patients with either bvFTD or SD, all of whom received therapy
[21]; and a case series followed three patients with bvFTD who each received therapy. While
the larger open trial showed no improvement in behavior and a decline in cognitive function
after six months, the case series demonstrated improved NPI score in all three patients after
three months of treatment. Certainly, larger prospective, randomized, placebo-controlled
clinical trials are needed, however, in our practice memantine is well tolerated in patients with
FTLD and we offer this medication as a second-line agent for behavioral symptoms.

Atypical antipsychotic agents may be considered to treat delusions, severe agitation or
aggression [22*], however, atypical antipsychotics should be used sparingly in patients with
FTLD because of their sensitivity to side effects including somnolence, weight gain,
extrapyramidal symptoms, and exacerbation of apathy.

Apathy, characterized by paucity of spontaneous ideation and mativation, localizes to the
medial frontal lobe [5,34], a region that is atrophied in all FTLD clinical syndromes,
particularly bvFTD [5]. In general, apathy is recalcitrant to pharmacotherapyand can be a
welcome relief for the caregivers in the severely disinhibited patient. In some cases, though
we have tried bupropion. Bupropion has additional indirect dopaminergic agonist properties
[35] and could be considered in a patient with Parkinsonism who is suspected of having low
dopamine levels.

Dietary Changes

Dietary changes in bvFTD are characterized by cravings for sweets and decreased satiety,
which often leads to weight gain. Later in the disease, hyperorality and oral exploratory
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behaviors may arise. Food cravings may be considered a component of disinhibition and has
ashared anatomy (the right orbitofrontal-insular-striatal region [36]. In SD, dietary preferences
may become more fastidious and even lead to weight loss, although later binge eating may
occur. Dietary changes often respond in a limited degree to treatment with SSRIs [37].
Caregivers should be counseled to monitor for dysphagia and gorging behaviors, which are
less responsive to pharmacologic management.

Cognitive impairments

Depression

Sleep

Motor

To date, no medications have been found to stabilize or improve cognitive dysfunction in any
of the FTLD syndromes. Given the success of acetylcholinesterase inhibitorsin Alzheimer’s
disease, these medications have been tried in patients with FTLD; however, no studies have
demonstrated a cholinergic deficit in any of the FTLD syndromes. Similarly, donepezil was
actually found to worsen behavioral symptoms in patients with bvFTD [38], and for these
reasons we have discouraged their use in FTLD. Conversely, in patients suspected of having
frontal variant AD (e.g., those with positive PIB-PET imaging), a trial of acetycholinesterase
inhibitors is warranted. In patients with PNFA, speech therapy may offer modest benefit,
particularly early in the course of disease.

Quite often symptoms of apathy are misperceived as depression. While depression is rare in
bvFTD, it is more common in patients SD and PNFA [13*]. Often patients with bvFTD are
euthymic or even euphoric. While no studies are available on antidepressant efficacy in PNFA,
we generally treat depression with either an SSRI, or bupropion when additional Parkinsonism
is present.

Sleep disturbances occur more commonly in SD than bvFTD [5]. Once more conservative
measures have been tried, trazodone should be considered for insomnia. Trazodone may have
dual benefits because it was also shown to be effective for the behavioral symptoms of bvFTD
in a randomized placebo-controlled trial [19]. Parasomnias such as REM sleep behavior
disorder or periodic limb movements of sleep are rare in FTLD syndromes and should raise
the suspicion for alpha-synuclein disorders such as dementia with Lewy bodies, Parkinson’s
disease dementia or multi-system atrophy. As with the evaluation of any patient with dementia,
patients with FTLD should be asked about symptoms of obstructive sleep apnea (OSA) such
as snoring, apneic spells and daytime sleepiness, a syndrome that may emerge due to the
weight-gain associated with FTD. Patients who are obese, as commonly occurs in bvFTD, are
at risk for develop OSA and treatment of such a condition may dramatically improve their
cognitive function. If suspected, a formal sleep study and continuous positive airway pressure
trial should be obtained.

Motor impairments, including atypical parkinsonism or weakness from motor neuron
involvement, are commonly observed with more advanced disease [39], When parkinsonism
occurs early in the coarse of the disease, as happens in patients with PNFA, a trial of dopamine
agonist therapy should be considered. Generally, axial instability and dysphagia are recalcitrant
to such treatment, but patients may experience more fluidity of movements. Lowering of blood
pressure, worsening of psychotic symptoms, and constipation are potential side effects. In
patients on high-dose dopamine therapy, prophylaxis against constipation with use of a stool
softener should be provided. Given the gait instability that often accompanies PSP and CBD,
early intervention with a physical and occupational therapist including a home safety evaluation
is important. While we encourage exercise in all dementia patients, those with Parkinsonism
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may especially benefit from cardiovascular and weight-bearing exercise as a protective
measure against further motor decline. Because all of the FTLD syndromes are associated with
early-involvement of the basal ganglia or motor neurons, any patient with FTLD should be
evaluated thoroughly for signs of motor neuron disease, and when appropriate, referred to a
neuromuscular specialist. Patients with FTD-MND are often started on riluzole, which is
generally well tolerated and has low drug-drug interactions with antidepressants and
memantine.

Incontinence

Incontinence tends to occur earlier in FTLD-spectrum patients than in AD as the medial frontal
cortex is an early target of the FTLD-related disorders, particularly bvFTD and CBD.
Additionally, in PSP involvement of pyramidal tracts and Onuf’s nucleus can lead to
incontinence of bowel and bladder [40]. In such cases management may include intermittent
catheterization or use of diapers. If suspected, these patients should be referred to a urologist
for urodynamic testing. FTLD-spectrum patients, particularly those with predominantly
pyramidal involvement, may respond to peripherally acting anticholinergic medications,
although these medications may exacerbate confusion and exacerbate problems with lower-
motor neurons. Darifenacin may have less cognitive side effects than oxybutynin or tolterodine.

Recent advances

Considerable progress has occurred in elucidating the genetic and neuropathological causes of
FTLD and potential molecular approaches to FTLD are beginning to emerge. Approximately
10% of FTLD cases are autosomal dominant in inheritance although up to 40% show a strong
family history of FTLD or related neuropsychiatric conditions [41]. In recent years, three major
genes have been linked to familial FTLD: microtubule associated protein tau (MAPT) [42—
45] progranulin [46,47] and transactive response (TAR) DNA-binding protein-43 (TDP-43)
[48]. Tau mutations appear to cause a toxic gain of function with abnormal aggregations of 4R
tau leading to selective degeneration of neurons. In contrast, progranulin mutations, appear to
cause a haploinsufficiency syndrome with decreased expression of progranulin triggering a
neurodegenerative condition.

Tau and progranulin are located within 1.7 megabases on chromosome 17; however beyond
their close physical proximity and role as risk factors for FTLD, the mechanism for
neurodegeneration associated with each gene appears to be different. The pathological
inclusions in the central nervous system associated with MAPT mutations are
hyperphosphorylated insoluble aggregates of tau (FTLD-tauopathy) [42-45], whereas those
associated with progranulin and TDP-43 mutations are tau-negative, ubiquitinated inclusions
containing TDP-43 (FTLD-U/TDP-43) [46—-48]. Only a small number of FTLD-U cases show
ubiquitinated inclusions lacking TDP-43 [49,50*]. The recent discovery that TDP-43 genetic
mutations themselves are sufficient to cause neurodegeneration within the FTLD-U/TDP-43
spectrum of disease [51**] supported a pathogenic role for this protein.

Both familial and sporadic FTLD can be pathologically subdivided into FTLD-tauopathy and
FTLD-U/TDP-43 types [52], and the clinical presentation may suggest which pathology is
more likely. While the pathological correlate for bvFTD is evenly split between FTLD-
tauopathy and FTLD-U/TDP-43 [53], most patients with SD have FTLDU/TDP-43 pathology
in neurons and glia [54], PNFA (and CBD/PSP) is nearly always FTLD-tauopathy [54] with
H1/H1 tau haplotype [55], and FTD-MND is associated with FTLD-U/TDP-43 [48,53,54].
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Future Directions

Potential therapies for FTLD and related tauopathies are in various stages of investigation
ranging from preclinical evaluation to phase 11 clinical trials. In a recent meeting of the
Working Group on FTD Drug Discovery several of these strategies were discussed (for review
see Trojanowski et al. [56**]). Table 2 provides a list of candidate drug targets.

FTLD-tauopathy

Of the pathological proteins involved in FTLD, tau has received the most attention given the
availability of powerful animal models and likely mechanistic overlap with other tauopathies,
including Alzheimer’s disease. Tau is primarily expressed in neuronal axons where it promotes
microtubule assembly and stabilization and is involved in signaling transduction [57]. Tau
mutations result in alterations of tau splicing, cleavage, and phosphorylation, any of which
may alter tau function and contribute to deposition in neurons and/or glia [57]. Both toxic gain
of function and loss of normal function have been proposed in tau pathogenesis, and a
combination of mechanisms is likely (for comprehensive review, see Ballatore et al. [82*]).
Therapeutic strategies under investigation include inhibiting tau kinases [58*-62], inhibiting/
reversing tau aggregation [63], blocking tau cleavage [69], reducing tau expression [66—68],
immunosuppression [70], altering chaperone systems [71], interference with splicing
machinery [72], and stabilizing microtubules [74-76*]. Clinical trials for many of these
compounds are already underway for Alzheimer’s disease where tau pathology is always
expected. Given the heterogeneity of pathology in patients with FTLD, analogous trials for
FTLD should focus on patients with known tau mutations or clinical presentations usually
associated with tau pathology (PNFA, CBD, and PSP).

FTLD-U/TDP-43

In less than two years since the discovery of progranulin mutations linked to FTLD-U, 57
heterozygous mutations have been identified, accounting for 5 to 10% of FTLD (AD and FTD
Mutation Database; www.molgen.ua.ac.be/FTDMutations) (for review see Gijselinck et al.
[83*]). Progranulin is a protein growth factor expressed in a variety of body tissues [77]; in
the CNS, progranulin is expressed in neurons, particularly neocortical and hippocampal
pyramidal neurons, and in activated microglia [46,84]. Progranulin mediates inflammatory
response, cell growth, and cell cycle progression; when overexpressed, progranulin has been
implicated in tumorogensis [85]. While full-length progranulin is anti-inflammatory, the
proteolytic fragments (granulins) derived from progranulin by elastase-mediated cleavage, are
proinflammatory [85]. Neurotrophic properties of progranulin have been demonstrated in
neuronal cultures [78*] suggesting a role for this protein in neuronal survival. Most progranulin
mutations are predicted to introduce a premature termination codon that leads to nonsense-
mediated mRNA decay [83*]; this functionally null allele effectively reduces progranulin
expression by 50%. Possible mechanisms whereby progranulin deficiency leads to
neurodegeneration include long-term depletion of neurotrophic support and defective response
to initial neuronal injury. Interestingly, the clinical phenotypes of patients with progranulin
mutations are heterogeneous with some presenting in their 30s and others unaffected into their
80s [83*,86]. Given the haploinsufficiency mechanism, progranulin is a particularly appealing
gene for drug targeting because boosting its expression may be beneficial. Ribosomal read-
through compounds hold promise because they may circumvent nonsense-mediated mRNA
decay and result in more expression of functional protein. One such compound, PTC124, which
is orally bioavailable, is already approaching phase Il and 111 clinical trials for other genetic
deficiency syndromes including Duchenne muscular dystrophy and cystic fibrosis [79,80]. The
Consortium for Frontotemporal Research (CFR), based at The University of California San
Francisco, is envisioning clinical trials with read-through compounds for FTLD patients with
progranulin mutations (Herz J, personal communication). The challenge will be determining
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how much progranulin expression levels need to be raised to have a significant clinical effect
while avoiding potential adverse effects such as tumorogensis. The development of worm and
mouse models will allow high throughput screening of compounds and genes that modulate
progranulin expression (Farese RV and Kao AW, personal communication).

TDP-43 is an evolutionarily conserved nuclear protein that can bind to DNA and RNA, repress
transcription, and initiate exon skipping [81,87]. Its pathology is characterized by
hyperphosphorylation, ubiquitination, and nucleus-to-cytoplasm translocation [48] and
pathogenesis may involve both loss of normal function in the nucleus and toxic gain of function
in the cytoplasm. Missense mutations are found in the ribonucleoprotein interacting domain
of the TARDBP gene, suggesting a dysregulation of mMRNA splicing [88*]. Mutations in either
progranulin or TDP-43 are associated with TDP-43 pathology, and a cellular pathway linking
the two proteins was recently discovered in cultured H4 neuroglioma cells where progranulin
prevented caspase-3-mediated cleavage of TDP-43 [89*]. Caspase-cleaved TDP-43 is also a
common pathological finding in AD [90*], implicating progranulin and TDP-43 in other
neurodegenerative conditions and possibly broadening the therapeutic potential of progranulin/
TDP-43 based therapies.

Two other causative genes for FTLD-U, valosin-containing protein VCP [91] and charged
multivesicular body protein 2b (CHMP2B) [92], have been discovered in a much smaller
number of families. Although rare, these mutations offer further insights into the pathogenesis
of FTLD-U. VCP mutations are associated with a range of clinical phenotypes including
inclusion body myopathy, Paget disease of bone and FTD [91]. VCP is a ubiquitously expressed
protein involved in multiple cellular processes including endoplasmic reticulum (ER)-stress
related protein degradation [93,94]. Loss-of-function mutations in VCP are expected to cause
ER stress, oxidative stress, and mitochondria-dependent apoptosis [95*]. Interestingly, patients
with VCP mutations who also carry an apolipoprotein E4 (ApoE4) allele are more likely to
develop FTD [96], suggesting that apoE4 is a genetic modifier for the clinical presentation of
FTLD; thus apoE4 targeted therapy, which is under investigation [97] may benefit patients
with FTLD. CHMP2B is involved in endosomal trafficking through the ESCRT (endosomal
secretory complex required for trafficking) 111 complex, which may be involved in degradation
of growth factors. Dysfunction of CHMP2B results in the formation of dysmorphic organelles
of the late endosomal pathway and autophagosomes [92,98,99].

Therapeutic strategies to target TDP-43, VCP, and CHMP2B pathology will evolve with better
understanding of these pathogenic mutations in Drosophila, C. elegans, and mouse models.
These models will also allow for high throughput screening for genes and compounds that
modify the mutant phenotypes (Farese BV, Gao F-B, and Shu H, personal communication).
As with tau-based therapies, clinical trials assessing the efficacy of progranulin, TDP-43, VCP,
and/or CHMP2B based therapies should focus on patients with known genetic mutations or
clinical presentations usually associated with FTLD-U/TDP-43 pathology (SD and FTD-
MND).

Conclusion

The past decade has witnessed an explosion of research in FTLD spanning bench to bedside.
Large-scale, placebo-controlled clinical trials are underway to determine the efficacy of
currently available treatments while optimizing measures of clinical progression. A host of
strategies targeting the underlying pathology in FTLD are under investigation, and tau-based
therapies are already entering phase 111 clinical trials for MCI and AD. The prospects for
disease-modifying treatments for FTLD have never seemed closer.

Curr Opin Neurol. Author manuscript; available in PMC 2009 December 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Vossel and Miller Page 8

Acknowledgements

This work was supported by the National Institute of Aging (P01 AG19724-01A1, P50 AG1657303-75271) and grants
from the Wessinger Foundation and CFR, Dr. Miller, and a T32 and McBean Foundation Fellowship to Dr. Vossel.

Disclosures:

Funding for this work was provided, in part, by the National Institutes of Health.

Abbreviations

apoE4, apolipoprotein E4

bvFTD, behavioral variant frontotemporal dementia

CBD, corticobasal degeneration

CFR, Consortium for Frontotemporal Dementia Research
CHMP2B, charged multivesicular body protein 2b

FTD, frontotemporal dementia

FTD-MND, frontotemporal dementia with motor neuron disease
FTLD, frontotemporal lobar degeneration

MAPT, microtubule associated protein tau

NPI, neuropsychiatric inventory

OSA, obstructive sleep apnea

PIB-PET, Pittsburgh-B-compound (PIB-PET);

PNFA, progressive non-fluent aphasia

PPA, primary progressive aphasia

PSP, progressive supranuclear palsy

SD, semantic dementia

TDP-43, transactive response (TAR) DNA-binding protein-43
tvFTD, temporal variant frontotemporal dementia

References

Papers of particular interest, published within the annual period of review, have been
highlighted as follows:

* of special interest
** of outstanding interest

1. Neary D, Snowden JS, Gustafson L, et al. Frontotemporal lobar degeneration: a consensus on clinical
diagnostic criteria. Neurology 1998;51(6):1546—-1554. [PubMed: 9855500]

2. Rosen HJ, Gorno-Tempini ML, Goldman WP, et al. Patterns of brain atrophy in frontotemporal
dementia and semantic dementia. Neurology 2002;58(2):198-208. [PubMed: 11805245]

3. Mendez MF, Licht EA, Shapira JS. Changes in dietary or eating behavior in frontotemporal dementia
versus Alzheimer's disease. Am J Alzheimers Dis Other Demen 2008;23(3):280-285. [PubMed:
18198236]

4. Swartz JR, Miller BL, Lesser IM, et al. Behavioral phenomenology in Alzheimer's disease,
frontotemporal dementia, and late-life depression: a retrospective analysis. J Geriatr Psychiatry Neurol
1997;10(2):67-74. [PubMed: 9188022]

5. Liu W, Miller BL, Kramer JH, et al. Behavioral disorders in the frontal and temporal variants of

frontotemporal dementia. Neurology 2004;62(5):742-748. [PubMed: 15007124]

Miller BL. Frontotemporal dementia and semantic dementia: anatomic variations on the same disease

or distinctive entities? Alzheimer Dis Assoc Disord 2007;21(4):S19-S22.522 [PubMed: 18090418]

This paper reviews classification of FTLD subtypes in context of recent genetic and neuropathologic

findings.

o

Curr Opin Neurol. Author manuscript; available in PMC 2009 December 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Vossel and Miller

Page 9

7. Evans JJ, Heggs AJ, Antoun N, Hodges JR. Progressive prosopagnosia associated with selective right
temporal lobe atrophy. A new syndrome? Brain 1995;118(Pt 1):1-13. [PubMed: 7894996]

8. Rosen HJ, Perry RJ, Murphy J, et al. Emotion comprehension in the temporal variant of frontotemporal
dementia. Brain 2002;125(Pt 10):2286-2295. [PubMed: 12244085]

9. Rankin KP, Gorno-Tempini ML, Allison SC, et al. Structural anatomy of empathy in neurodegenerative
disease. Brain 2006;129(Pt 11):2945-2956. [PubMed: 17008334]

10. Edwards-Lee T, Miller BL, Benson DF, et al. The temporal variant of frontotemporal dementia. Brain
1997;120(Pt 6):1027-1040. [PubMed: 9217686]

11. Seeley WW, Bauer AM, Miller BL, et al. The natural history of temporal variant frontotemporal
dementia. Neurology 2005;64(8):1384-1390. [PubMed: 15851728]

12. Josephs KA, Duffy JR, Strand EA, et al. Clinicopathological and imaging correlates of progressive
aphasia and apraxia of speech. Brain 2006;129(Pt 6):1385-1398. [PubMed: 16613895]

13. Banks SJ, Weintraub S. Neuropsychiatric symptoms in behavioral variant frontotemporal dementia
and primary progressive aphasia. J Geriatr Psychiatry Neurol 2008;21(2):133-141.141 [PubMed:
18474722] This study illustrates the overlapping neuropsychiatric symptoms between PPA and
bvFTD.

14. Mesulam MM. Primary progressive aphasia--differentiation from Alzheimer's disease. Ann Neurol
1987;22(4):533-534. [PubMed: 3324947]

15. Strong MJ, Lomen-Hoerth C, Caselli RJ, et al. Cognitive impairment, frontotemporal dementia, and
the motor neuron diseases. Ann Neurol 2003;54:520-S23. [PubMed: 12833364]

16. Alladi S, Xuereb J, Bak T, et al. Focal cortical presentations of Alzheimer's disease. Brain 2007;130
(Pt 10):2636-2645.2645 [PubMed: 17898010] This important clinical-pathological study provides
frequency of AD pathology in patients presenting with progressive focal cortical syndromes

17. Rabinovici GD, Furst AJ, O'Neil JP, et al. 11C-PIB PET imaging in Alzheimer disease and
frontotemporal lobar degeneration. Neurology 2007;68(15):1205-1212. [PubMed: 17420404]

18. Boxer AL, Boeve BF. Frontotemporal dementia treatment: current symptomatic therapies and
implications of recent genetic, biochemical, and neuroimaging studies. Alzheimer Dis Assoc Disord
2007;21(4):S79-S87.587 [PubMed: 18090429] This comprehensive review discusses clinical trials
for patients with FTLD published through January 2007.

19. Lebert F, Stekke W, Hasenbroekx C, et al. Frontotemporal dementia: a randomised, controlled trial
with trazodone. Dement Geriatr Cogn Disord 2004;17(4):355-359. [PubMed: 15178953]

20. Huey ED, Putnam KT, Grafman J. A systematic review of neurotransmitter ¢ deficits and treatments
in frontotemporal dementia. Neurology 2006;66(1):17-22. [PubMed: 16401839]

21. Diehl-Schmid J, Forstl H, Perneczky R, et al. A 6-month, open-label study of memantine in patients
with frontotemporal dementia. Int J Geriatr Psychiatry 2008;23(7):754-759. [PubMed: 18213609]

22. Kertesz A, Morlog D, Light M, et al. Galantamine in frontotemporal dementia and primary progressive
aphasia. Dement Geriatr Cogn Disord 2008;25(2):178-185.185 [PubMed: 18196898] This is the first
clinical trial to study the efficacy of galantamine to treat FTLD.

23. Cruz M, Marinho V, Fontenelle LF, et al. Topiramate may modulate alcohol abuse but not other
compulsive behaviors in frontotemporal dementia: case report. Cogn Behav Neurol 2008;21(2):104—
106. [PubMed: 18541987]

24. Anneser JM, Jox RJ, Borasio GD. Inappropriate sexual behaviour in a case of ALS and FTD:
successful treatment with sertraline. Amyotroph Lateral Scler 2007;8(3):189-190. [PubMed:
17538783]

25. Swanberg MM. Memantine for behavioral disturbances in frontotemporal dementia: a case series.
Alzheimer Dis Assoc Disord 2007;21(2):164-166. [PubMed: 17545743]

26. Eslinger PJ, Moore P, Troiani V, et al. Oops! Resolving social dilemmas in frontotemporal dementia.
J Neurol Neurosurg Psychiatry 2007;78(5):457-460. [PubMed: 17012339]

27. Miller BL, Chang L, Mena I, et al. Progressive right frontotemporal degeneration: clinical,
neuropsychological and SPECT characteristics. Dementia (Basel, Switzerland) 1993;4(3-4):204—
213.

28. Lough S, Kipps CM, Treise C, et al. Social reasoning, emotion and empathy in frontotemporal
dementia. Neuropsychologia 2006;44(6):950-958. [PubMed: 16198378]

Curr Opin Neurol. Author manuscript; available in PMC 2009 December 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Vossel and Miller

29.

30.

31.

32.

33.

34.

Page 10

Rankin KP, Kramer JH, Mychack P, Miller BL. Double dissociation of social functioning in
frontotemporal dementia. Neurology 2003;60(2):266-271. [PubMed: 12552042]

Cummings JL. The Neuropsychiatric Inventory: assessing psychopathology in dementia patients.
Neurology 1997;48:S10-s16. [PubMed: 9153155]

Gauthier S, Wirth Y, Mobius HJ. Effects of memantine on behavioural symptoms in Alzheimer's
disease patients: an analysis of the Neuropsychiatric Inventory (NPI) data of two randomised,
controlled studies. Int J Geriatr Psychiatry 2005;20(5):459-464. [PubMed: 15852444]

Cummings JL, Schneider E, Tariot PN, Graham SM. Behavioral effects of memantine in Alzheimer
disease patients receiving donepezil treatment. Neurology 2006;67(1):57-63. [PubMed: 16832078]
Franco KN, Messinger-Rapport B. Pharmacological treatment of neuropsychiatric symptoms of
dementia: a review of the evidence. J Am Med Dir Assoc 2006;7(3):201-202. [PubMed: 16503315]
Rosen HJ, Allison SC, Schauer GF, et al. Neuroanatomical correlates of behavioural disorders in
dementia. Brain 2005;128(Pt 11):2612-2625. [PubMed: 16195246]

35. Goetz CG, Tanner CM, Klawans HL. Bupropion in Parkinson's disease. Neurology 1984;34(8):1092—

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.
46.

47.

48.

49.

50.

1094. [PubMed: 6431314]

Woolley JD, Gorno-Tempini ML, Seeley WW, et al. Binge eating is associated with right
orbitofrontal-insular-striatal atrophy in frontotemporal dementia. Neurology 2007;69(14):1424—
1433. [PubMed: 17909155]

Swartz JR, Miller BL, Lesser IM, Darby AL. Frontotemporal dementia: treatment response to
serotonin selective reuptake inhibitors. J Clin Psychiatry 1997;58(5):212-216. [PubMed: 9184615]

Mendez MF, Shapira JS, McMurtray A, Licht E. Preliminary findings: behavioral worsening on
donepezil in patients with frontotemporal dementia. Am J Geriatr Psychiatry 2007;15(1):84-87.
[PubMed: 17194818]

Kertesz A, Blair M, McMonagle P, Munoz DG. The diagnosis and course of frontotemporal dementia.
Alzheimer Dis Assoc Disord 2007;21(2):155-163. [PubMed: 17545742]

Scaravilli T, Pramstaller PP, Salerno A, et al. Neuronal loss in Onuf's nucleus in three patients with
progressive supranuclear palsy. Ann Neurol 2000;48(1):97-101. [PubMed: 10894221]

Goldman JS, Farmer JM, Wood EM, et al. Comparison of family histories in FTLD subtypes and
related tauopathies. Neurology 2005;65(11):1817-1819. [PubMed: 16344531]

Hutton M, Lendon CL, Rizzu P, et al. Association of missense and 5'-splice-site mutations in tau with
the inherited dementia FTDP-17. Nature 1998;393(6686):702—705. [PubMed: 9641683]

Poorkaj P, Bird TD, Wijsman E, et al. Tau is a candidate gene for chromosome 17 frontotemporal
dementia. Ann Neurol 1998;43(6):815-825. [PubMed: 9629852]

Spillantini MG, Crowther RA, Kamphorst W, et al. Tau pathology in two Dutch families with
mutations in the microtubule-binding region of tau. Am J Pathol 1998;153(5):1359-1363. [PubMed:
9811325]

Wilhelmsen KC. Frontotemporal dementia genetics. J Geriatr Psychiatry Neuro 1998;11(2):55-60.
Baker M, Mackenzie IR, Pickering-Brown SM, et al. Mutations in progranulin cause tau-negative
frontotemporal dementia linked to chromosome 17. Nature 2006;442(7105):916-919. [PubMed:
16862116]

Cruts M, Gijselinck I, van der Zee J, et al. Null mutations in progranulin cause ubiquitin-positive
frontotemporal dementia linked to chromosome 17g21. Nature 2006;442(7105):920-924. [PubMed:
16862115]

Neumann M, Sampathu DM, Kwong LK, et al. Ubiquitinated TDP-43 in frontotemporal lobar
degeneration and amyotrophic lateral sclerosis. Science 2006;314(5796):130-133. [PubMed:
17023659]

Josephs KA, Lin WL, Ahmed Z, et al. Frontotemporal lobar degeneration with ubiquitin-positive,
but TDP-43-negative inclusions. Acta Neuropathol 2008;116(2):159-167. [PubMed: 18553091]
Mackenzie IR, Foti D, Woulfe J, Hurwitz TA. Atypical frontotemporal lobar degeneration with
ubiquitin-positive, TDP-43-negative neuronal inclusions. Brain 2008;131(Pt 5):1282-1293.1293
[PubMed: 18362096] This work describes the unique clinical-pathological features of TDP-43
negative FTLDU pathology.

Curr Opin Neurol. Author manuscript; available in PMC 2009 December 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Vossel and Miller

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Page 11

Gitcho MA, Baloh RH, Chakraverty S, et al. TDP-43 A315T mutation in familial motor neuron
disease. Ann Neurol 2008;63(4):535-538.538 [PubMed: 18288693] This landmark paper describes
a TDP-43 mutation linked to a dominantly inherited neurodegenerative disease.

Cairns NJ, Bigio EH, Mackenzie IR, et al. Neuropathologic diagnostic and nosologic criteria for
frontotemporal lobar degeneration: consensus of the Consortium for Frontotemporal Lobar
Degeneration. Acta Neuropathol 2007;114(1):5-22. [PubMed: 17579875]

Hodges JR, Davies RR, Xuereb JH, et al. Clinicopathological correlates in frontotemporal dementia.
Ann Neurology 2004;56(3):399-406.

Llado A, Sanchez-Valle R, Rey MJ, et al. Clinicopathological and genetic correlates of frontotemporal
lobar degeneration and corticobasal degeneration. J Neurol 2008;255(4):488-494. [PubMed:
18357425]

Sha S, Hou C, Viskontas IV, Miller BL. Are frontotemporal lobar degeneration, progressive
supranuclear palsy and corticobasal degeneration distinct diseases? Nat Clin Pract Neurol 2006;2
(12):658-665. [PubMed: 17117169]

Trojanowski JQ, Duff K, Fillit H. New directions for frontotemporal dementia drug discovery.
Alzheimer's and Dementia 2008;4(2):89-93.93 This important review provides a conceptual
framework for approaches to FTLD treatment

Wang JZ, Liu F. Microtubule-associated protein tau in development, degeneration and protection of
neurons. Prog Neurobiol 2008;85(2):148-175.175 [PubMed: 18448228] This is one of the most
comprehensive reviews available on tau structure, biological function, and potential roles in
neurodegeneration.

Mazanetz MP, Fischer PM, et al. Untangling tau hyperphosphorylation in drug design for
neurodegenerative diseasesc. Nat Rev Drug Discov 2007;6(6):464-479.479 [PubMed: 17541419]
This detailed review illustrates how tau kinases may serve as a therapeutic target in tau-mediated
neurodegeneration.

Churcher 1. Tau therapeutic strategies for the treatment of Alzheimer's disease. Curr Top Med Chem
2006;6(6):579-595. [PubMed: 16712493]

Noble W, Planel E, Zehr C. Inhibition of glycogen synthase kinase-3 by lithium correlates with
reduced tauopathy and degeneration in vivo. Proc Natl Acad Sci U S A 2005;102(19):6990-6995.
[PubMed: 15867159]

Engel T, Goni-Oliver P, Lucas JJ, etal. Chronic lithium administration to FTDP-17 tau and GSK-3beta
overexpressing mice prevents tau hyperphosphorylation and neurofibrillary tangle formation, but
pre-formed neurofibrillary tangles do not revert. J Neurochem 2006;99(6):1445-1455. [PubMed:
17059563]

De Sarno P, Li X, Jope RS. Regulation of Akt and glycogen synthase kinase-3 beta phosphorylation
by sodium valproate and lithium. Neuropharmacology 2002;43(7):1158-1164. [PubMed: 12504922]
Crowe A, Ballatore C, Hyde E, et al. High throughput screening for small molecule inhibitors of
heparin-induced tau fibril formation. Biochem Biophys Res Commun 2007;358(1):1-6. [PubMed:
17482143]

Pickhardt M, von Bergen M, Gazova Z, et al. Screening for inhibitors of tau polymerization. Curr
Alzheimer Res 2005;2(2):219-226. [PubMed: 15974921]

Pickhardt M, Gazova Z, von Bergen M, et al. Anthraquinones inhibit tau aggregation and dissolve
Alzheimer's paired helical filaments in vitro and in cells. J Biol Chem 2005;280(5):3628-3635.
[PubMed: 15525637]

Roberson ED, Scearce-Levie K, Palop JJ. Reducing endogenous tau ameliorates amyloid beta-
induced deficits in an Alzheimer's disease mouse model. Science 2007;316(5825):750-754.
[PubMed: 17478722]

SantaCruz K, Lewis J, Spires T, et al. Tau suppression in a neurodegenerative mouse model improves
memory function. Science 2005;309(5733):476-481. [PubMed: 16020737]

Dickey CA, Ash P, Klosak N. Pharmacologic reductions of total tau levels; implications for the role

of microtubule dynamics in regulating tau expression. Molecular Neurodegeneration 2006;1:6.
[PubMed: 16930453]

Curr Opin Neurol. Author manuscript; available in PMC 2009 December 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Vossel and Miller

Page 12

69. Sinjoanu RC, Kleinschmidt S, Bitner RS. The novel calpain inhibitor A- 705253 potently inhibits

oligomeric beta-amyloid-induced dynamin 1 and tau cleavage in hippocampal neurons. Neurochem
Int 2008;53(3—4):79-88. [PubMed: 18590784]

70. Yoshiyama Y, Higuchi M, Zhang B, et al. Synapse loss and microglial activation precede tangles in

a P301S tauopathy mouse model. Neuron 2007;53(3):337-351. [PubMed: 17270732]

71. Dickey CA, Kamal A, Lundgren K, et al. The high-affinity HSP90-CHIP complex recognizes and

selectively degrades phosphorylated tau client proteins. J Clin Invest 2007;117(3):648-658.
[PubMed: 17304350]

72. Schneider A, Mandelkow E. Tau-based treatment strategies in neurodegenerative diseases.

Neurotherapeutics 2008;5(3):443-457. [PubMed: 18625456]

73. Park JW, Parisky K, Celotto AM, et al. Identification of alternative splicing regulators by RNA

interference in Drosophila. Proc Natl Acad Sci U S A 2004;101(45):15974-15979. [PubMed:
15492211]

74. Zhang B, Planel E, Shively S, et al. Microtubule-binding drugs offset tau sequestration by stabilizing

microtubules and reversing fast axonal transport deficits in a tauopathy model. Proc Natl Acad Sci
U S A 2005;102(1):227-231. [PubMed: 15615853]

75. Divinski I, Holtser-Cochav M, Vulih-Schultzman 1, et al. Peptide neuroprotection through specific

interaction with brain tubulin. J Neurochem 2006;98(3):973-984. [PubMed: 16893427]

76. Vulih-Shultzman I, Pinhasov A, Mandel S, et al. Activity-dependent neuroprotective protein snippet

NAP reduces tau hyperphosphorylation and enhances learning in a novel transgenic mouse model.
JPharmacol Exp Ther 2007;323(2):438-449.449 [PubMed: 17720885] This work discusses the novel
drug NAP and provides evidence for its neuroprotective role using transgenic mouse models.

77. Ahmed Z, Mackenzie IR, Hutton ML, Dickson DW. Progranulin in frontotemporal lobar degeneration

and neuroinflammation. J Neuroinflammation 2007;4:7. [PubMed: 17291356]

78. Van Damme P, Van Hoecke A, Lambrechts D, et al. Progranulin functions as a neurotrophic factor

to regulate neurite outgrowth and enhance neuronal survival. The J Cell Biology 2008;181(1):37-
41.41 This translational study supported a role for progranulin in neuronal survival.

79. Welch EM, Barton ER, Zhuo J, et al. PTC124 targets genetic disorders caused by nonsense mutations.

Nature 2007;447(7140):87-91. [PubMed: 17450125]

80. Du M, Liu X, Welch EM, etal. PTC124 is an orally bioavailable compound that promotes suppression

of the human CFTR-G542X nonsense allele in a CF mouse model. Proc Natl Acad Sci U S A 2008;105
(6):2064-2069. [PubMed: 18272502]

81. Buratti E, Dork T, Zuccato E, et al. Nuclear factor TDP-43 and SR proteins promote in vitro and in

vivo CFTR exon 9 skipping. EMBO J 2001;20(7):1774-1784. [PubMed: 11285240]

82. Ballatore C, Lee VM, Trojanowski JQ. Tau-mediated neurodegeneration in Alzheimer's disease and

related disorders. Nature Reviews, Neuroscience 2007;8(9):663-672.672 This review provides an
excellent overview of tau-mediated neurodegeneration.

83. Gijselinck I, Van Broeckhoven C, Cruts M. Granulin mutations associated with frontotemporal lobar

degeneration and related disorders: An update. Hum Mutat. 2008 Jun 9; This work provides an
updated list of null mutations in the progranulin gene linked to familial FTLD.

84. Mackenzie IR, Baker M, Pickering-Brown S, et al. The neuropathology of frontotemporal lobar

degeneration caused by mutations in the progranulin gene. Brain 2006;129(Pt 11):3081-3090.
[PubMed: 17071926]

85. He Z, Bateman A. Progranulin (granulin-epithelin precursor, PC-cell-derived growth factor,

acrogranin) mediates tissue repair and tumorigenesis. J Mol Med 2003;81(10):600-612. [PubMed:
12928786]

86. Bruni AC, Momeni P, Bernardi L, et al. Heterogeneity within a large kindred with frontotemporal

dementia: a novel progranulin mutation. Neurology 2007;69(2):140-147. [PubMed: 17620546]

87. Mercado PA, Ayala YM, Romano M, et al. Depletion of TDP 43 overrides the need for exonic and

intronic splicing enhancers in the human apoA-11 gene. Nucleic Acids Res 2005;33(18):6000-6010.
[PubMed: 16254078]

88. Liscic RM, Grinberg LT, Zidar J, et al. ALS and FTLD: two faces of TDP-43 proteinopathy. Eur J

Neurol 2008;15(8):772-780.780 [PubMed: 18684309] This important review discusses the genetic
and neuropathological underpinnings of TDP-43 proteinopathies.

Curr Opin Neurol. Author manuscript; available in PMC 2009 December 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Vossel and Miller

Page 13

89. Zhang YJ, Xu YF, Dickey CA, et al. Progranulin mediates caspase-dependent cleavage of TAR DNA
binding protein-43. J Neurosci 2007;27(39):10530-10534.10534 [PubMed: 17898224] This is the
first study to demonstrate a cellular pathway linking progranulin and TDP-43.

90. Rohn TT. Caspase-cleaved TAR DNA-binding protein-43 is a major pathological finding in
Alzheimer's disease. Brain Res 2008;1228:189-198.198 [PubMed: 18634762] This
neuropathological study revealed extensive TDP-43 pathology in AD brains, using a novel antibody
that recognized caspase-cleaved TDP-43.

91. Watts GD, Wymer J, Kovach MJ, et al. Inclusion body myopathy associated with Paget disease of
bone and frontotemporal dementia is caused by mutant valosin-containing protein. Nat Genet 2004;36
(4):377-381. [PubMed: 15034582]

92. Skibinski G, Parkinson NJ, Brown JM, et al. Mutations in the endosomal ESCRTI11-complex subunit
CHMP2B in frontotemporal dementia. Nat Genet 2005;37(8):806—-808. [PubMed: 16041373]

93. Waugh MG, Minogue S, Anderson JS, et al. Localization of a highly active pool of type Il
phosphatidylinositol 4-kinase in a p97/valosin-containing-protein-rich fraction of the endoplasmic
reticulum. Biochem J 2003;373(Pt 1):57-63. [PubMed: 12650639]

94. Wojcik C. VCP - the missing link in protein degradation? Trends Cell Biol 2002;2(5):212. [PubMed:
12062162]

95. Braun RJ, Zischka H. Mechanisms of Cdc48/VVCP-mediated cell death: from yeast apoptosis to human
disease. Biochim Biophys Acta 2008;1783(7):1418-1435.1435 [PubMed: 18284922] This
comprehensive review discusses the role of mutant VCP in cell death pathways, and in particular,
apoptosis.

96. Mehta SG, Watts GD, Adamson JL, etal. APOE is a potential modifier gene in an autosomal dominant
form of frontotemporal dementia (IBMPFD). Genet Med 2007;9(1):9-13. [PubMed: 17224685]

97. Mahley RW, Weisgraber KH, Huang Y. Apolipoprotein E4: a causative factor and therapeutic target
in neuropathology, including Alzheimer's disease. Proc Natl Acad Sci U S A 2006;103(15):5644—
5651. [PubMed: 16567625]

98. Lee JA, Beigneux A, Ahmad ST, et al. ESCRT-III dysfunction causes autophagosome accumulation
and neurodegeneration. Curr Biol 2007;17(18):1561-1567. [PubMed: 17683935]

99. van der Zee J, Urwin H, Engelborghs S, et al. CHMP2B C-truncating mutations in frontotemporal
lobar degeneration are associated with an aberrant endosomal phenotype in vitro. Hum Mol Genet
2008;17(2):313-322. [PubMed: 17956895]

Curr Opin Neurol. Author manuscript; available in PMC 2009 December 1.



Page 14

Vossel and Miller

A1xue pue ‘uonelibe syuowl
‘Ayrede Ajjeary1oads € 10} JuaWyeal}
‘31095 |dN panoidwi syuow uanib syuaired prrrq bw
az1s 9|dwes pey siusned € IV € I[e ‘saLiss ase) 0T sunuewsiy (@Lang) € [52] ‘1e1e Buaquems
J10IABY3q [BNX3S
ajendoiddeur Jo prgbw (aNnn
uodai ased JuBWILa) [NJSS8IINS B/U Hodai ased 0G aulfeIsS -atd T [2] “1e 18 18sauuy
atd
ul uowiwodun slo1neYaq aAISINdwod
wsljoyoaye J3Y10 J0U Inq BSNae syuow 'p'1'q BwoT

‘1odas ased 10yo2Je J0 uonINpay 9 yodal ased ayewesido (@14na) T [ez] ‘le18 ZNID

[emelpym

paziwopuel

‘pa|1013u0d

-0gade|d‘pul)

dnoib wvdd -9|gqnop ‘Yaam-g Aq

ui syuaned Qv Vdd U1 Aoeaia PaMo]|0y ‘JuaIIeal)

10 aInxiwpe J0 puan ‘ql4dnq SoaMm 1aqe|-uado uanib Aep/bw yz—9T (vdd pue

3]q1Ss0d u1 uawanoidwi oN 8T syuedioned ||v aulweue[eD aling) o [«22] ‘1e 18 zsauay]

dnoub j01ju02 uonouny aAubod Jo Juswiea)
ou ‘azis Buluasiom 1o1neyaq syuow 1aqe|-uado uanib AKep/Buwioz (a.14m pue [t2]
adwes |jews u1 uawanoidwi oN 9 syuedioned ||v aunUeWaN al4dnq) o1 ‘[e 18 pIuyds-ya1q
suoneHNwI] sbuipui4 urey uoneing adA L Apmis uonedIpaN s108[gns RERVEIEIEN |

"([oz] "re 18 AenH pue [«8T] ans0g pue

laxog 9ss ‘200z Asenuer 01 Jorid sa1pnis Jo MalAaJ J0)) syiuow 8T Ised ayy paysijgnd suodas ased pue sjets [eatulfd Jo ajgel Arewwns

NIH-PA Author Manuscript

Ta|qeL
NIH-PA Author Manuscript

NIH-PA Author Manuscript

Curr Opin Neurol. Author manuscript; available in PMC 2009 December 1.



Page 15

Vossel and Miller

[z2] ones ney yyy
pue Y€ azijewJou
01 A1auiyoew

[e/ Butonds
|eaiuljoald sioje|nbas buiods UM aJap8u|
[t2] uonepeiBap
ne} adueyud
[t2] 0] SWa1sAs
|eaiulfoald Jongiyui oedsH auoladeyo Jay v
uoissaiddns
[ed1u}931d [02] 905-14 -ounwiwij
av
10y seuy [eaiun|a Ajeg
[69] e52502-v afenes|o
@714 1o [ealuljoald Jonquyur ureded nel1 o019
VNAIs
‘([89]
38s) patynusp!
spunodwod [29
panoidde ‘99] uoissaidxa
[ealuljoald V4 [elanes ne} a0npay
(p11 sonnadesay L
xynel) gy Joy (P71 sonnadessy L
S[eL} [ealur}o |11 sseyd XYNeL) wilaquiay
‘sapizelpAy
([e9] spunodwod -1Aj0zeyyAuayd [¥9
30 Buiusalds Indybnoayy ‘[go] ‘e9] uonrebalbbe

-ybiH) A1anoasip Bnig

sauoulnbeiyuy

nej asianalnigiyu|

[«85] av
10} sfew [eatun)d Ajre3

7L 104 [ed1ulfdaid

([es] soyainyd

Aq pamainai)
S9|nJajow

1lews Jayio

‘[z9] proe o10idjen
‘[19°09] wniyu

[65°x85] MUVIN
‘5-MAD'ENSD
saseun| ney Nqiyu|

1dVIN

uonebnsaaul jo abers

sbn.p ayepipued

186.e) onnadeuay |

[«26]

juswdojanap

Jeanau

‘uononpsuen

Buieubis

uonouny ‘uonezijiqels

10 ureb 21xo0 | aINgNI0IoIN
9]o. [eaibojoyred

pasodoid 8]04 |eaibojorg

ulsjoid

NIH-PA Author Manuscript

¢ dlqel

NIH-PA Author Manuscript

'sutsjoud esibojoyied @14 Jofew ayi Joy saidessy jenualod Jo Arewiwng

NIH-PA Author Manuscript

Curr Opin Neurol. Author manuscript; available in PMC 2009 December 1.



Page 16

Vossel and Miller

unnuelbold=N9Yd :SuoneinaIqqy

[18]
Buiddiys uoxa
sajeniul pue
‘uonduiosuely
salrelql] IVNY sassaldal
pue spunodwoo Jo uondUNy [euLIou J0 ‘VNY
Bulusalos abenes|d 320]q SSO| 10 UonaUNy pue
|eaiuljoald ndybnoayy ybiH ‘Adetayy sunwiw| J0 ureb o1xo ] wNQd spuig e-dal
abenes|o
[ealuljoald uonIqIyul aseise|3 an1Aj0aj0.d Xo0|g
sslrelql] IVNY
pue spunodwoo jo
Buiuaaios SELE]
[eatulfoaid indyBnoau ybiH NOYd are|nbey
SAWO0JPUAS [«82] reainuns
Kaua1ayap o118uah pue [1/]
Jay10 4oy |11 J0 || aseyd SuUopod ‘uolrewwejul
uoleUIWIB) [ov] ‘Juawdojanap
alnyews.d (Aauaioiysnsul lednau
10 ybnoayy -ojdey) uonouny Buneipaw
d71.1d Joy [eatunjoaid [08'6.]1 ¥21O1d -peal [ewosoqry 405507 10308} LpMmoID NOYd
(epeued
‘g ‘I9AN0JUBA
au] sonnadesay |
uo||v) Juswireduwi
aAIIubod pjiw 1oy sjeL )
[eatund 11 aseyd ur dvN [x925/]
(OdISADVYN) d¥N $9|NgN}0AIW uonauny
d71.1d Joy [eatunjoaid [72] 18xejoed azIgeIs [eLIou 40 $s07]
a]0. [eaibojoyred
uonebisaaul jo sbers sbnap ayepipued 1963 o1nadeuay | pasodoid 8]04 |eaibojorg uigload

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Curr Opin Neurol. Author manuscript; available in PMC 2009 December 1.



