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Abstract

Background—~Frontotemporal dementia spectrum disorders are a set of neurodegenerative
disorders affecting the frontal and anterior temporal lobes. They are often fatal, and currently no
medications have been shown to slow their progression. Recent developments in understanding these
disorders may aid in developing treatments.

Objective—To discuss the development of drug therapies for frontotemporal dementia spectrum
disorders, both those under current investigation and those that could be targets for future
investigation.

Methods—Thisreview is divided into four sections: First, a brief review of frontotemporal dementia
spectrum disorders; second, a discussion of the challenges in the development of drug therapies third,
areview of the current clinical trials; and finally a discussion of some recent discoveries, which have
sparked new areas of investigation.

Conclusions—Hopefully, advances in understanding of frontotemporal dementia spectrum
disorders and clinical trial design will aid the development of new treatments.
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1. Background

Frontotemporal dementia (FTD) spectrum disorders refers to a set of progressive
neurodegenerative processes affecting primarily the frontal lobes and/or anterior temporal
lobes (Figure 1) [1]. They are clinically defined syndromes, including behavioral-variant FTD,
primary progressive aphasia, and semantic dementia, that can be associated with several
different neuropathologies [1-3]. In this review, we will refer to FTD spectrum disorders as
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‘FTD’ and to a specific disorder by its name (e.g., behavioral variant FTD). As one would
expect from the brain areas affected, the symptoms of FTD include personality and behavior
changes [4], language dysfunction [5,6], and cognitive dysfunction [7], especially in the areas
of executive function [8] and social cognition [9,10]. The prevalence of FTD is between 3.6
(in 50- to 59-year-olds) [11] and 15 (in 45- to 64-year-olds) [12] cases per 100,000. In persons
under 65, FTD is the second most common type of dementia [13].

Patients with FTD are sometimes separated into those with primarily behavioral symptoms
(called behavioral or frontal variant FTD (fvFTD)) and those with primarily language
symptoms (primary progressive aphasia) [14]. Those with language dysfunction are frequently
subdivided depending on whether they display predominantly a non-fluent (progressive non-
fluent aphasia [PNFA]) or a fluent (semantic dementia) aphasia [14]. A third language variant,
logopenic progressive aphasia, is used in some classifications [15]. It is characterized by slow
speech and impaired syntactic comprehension and naming.

The different clinical presentations of FTD are associated with pathology affecting different
brain areas. The primarily behavioral presentation of FTD has been associated with
degeneration in the frontal lobes (thus the term “frontal variant”) [16]. However, some evidence
suggests that anterior temporal lobe degeneration is associated with its own behavioral
syndrome corresponding to the functions of this region [17-19]. PNFA has been associated
with atrophy in the left inferior frontal cortex and insula, semantic dementia with anterior
temporal and perirhinal damage [20], and logopenic progressive aphasia with atrophy in the
left posterior temporal cortex and inferior parietal lobule [15].

Patients with FTD usually demonstrate atrophy, often severe, in frontal or anterior temporal
lobes or both on gross neuropathological examination [3,21]. Macroscopic atrophy of basal
ganglia and loss of pigmentation in the substantia nigra is observed in some cases. The pattern
and extent of the atrophy usually reflects the severity and duration of the disease.
Immunohistochemistry is used to identify the different pathological subtypes that can cause
the clinical presentation of FTD. In most cases, antibodies label the protein deposits in the
brain. However, proteins targeted for degradation are ubiquitinated and a number of neuro-
degenerative diseases are characterized by collections of ubiquitinated proteins. The majority
of FTD patients show tau-negative, ubiquitinated inclusions (termed FTLD-U) in cells in the
affected areas of the cortex [22]. Previously, some of these patients were classified as ‘dementia
lacking distinctive histology” or DLDH. However, recent evidence suggests that the lack of
ubiquitin immunostaining in many of these cases may have been due to the low sensitivity of
older methods of ubiquitin immunostaining [23]. When these DLDH cases are restained with
newer methods, the majority show some ubiquitin immunoreactivity, suggesting that DLDH
is a rarer pathologic etiology of FTD than previously thought [23]. The ubiquitinated protein
in the inclusions has recently been identified as usually being TAR DNA binding protein
(TDP-43) [24,25]. TDP-43 is a nuclear protein that appears to be involved in transcription
regulation [24]. TDP-43 has also been identified as a constituent of inclusions associated with
sporadic forms of amyotropic lateral sclerosis (ALS) [24]. In one study, 5 of 36 FTD patients
met criteria for ALS [26]. The pathologic classification of FTLD-U includes cases of FTD that
present with pathological changes associated with motor neuron disease (termed FTLD-MND)
[23]. In addition to motor neuron disease, FTD can co-occur with Parkinsonism [27].

The second most common neuropathology associated with the FTD clinical syndrome is
characterized by inclusions of hyperphosphorylated tau (including Pick’s disease,
characterized by round argyrophilic neuronal cytoplasmic inclusions (Pick bodies) and large
ballooned neurons (Pick cells)[28]). A minority of cases with prominent tau pathology is
associated with mutations in the microtubule-associated protein tau (MAPT) gene on
chromosome 17 and some cases with FTLD-U are associated with progranulin (PGRN)
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mutations [29]. The majority of patients with fvFTD and semantic dementia have FTLD-U on
autopsy [20,29], whereas PNFA is more frequently associated with tau pathology [30]. In the
future, the pathological classification of these and related disorders may be split into
‘tauopathies’ and ‘TDP-43 proteinopathies’ [31].

2. Challenges

There are three possible types of efficacious treatments for FTD and other neurodegenerative
disorders: Symptomatic treatments that ameliorate symptoms but do not alter the disease
course, neuroprotective treatments that slow decline, and treatments that lead to recovery of
function. Advantages of symptomatic treatments include that they can improve the quality of
life of patients and their families, they can be tested relatively rapidly for efficacy, and they
are more likely than disease-modifying treatments to be independent of the underlying
pathologic process (a particular problem for FTD, discussed further below). The disadvantage
is obvious — they do not affect the underlying disease and probably lose symptomatic efficacy
as the illness progresses. Neuro-protective treatments have the advantage of slowing the
progression of the illness but generally require long trials to test for efficacy [32]. Treatments
that lead to recovery of function are the goal for the development of treatments for
neurodegenerative diseases but have so far proven elusive.

The treatments tested so far for FTD have been ‘borrowed’ from those used to treat other
illnesses, mostly Alzheimer’s disease and psychiatric illnesses. We reviewed the mechanisms
and efficacy of tested treatments for FTD in a previous paper [33]. See also [34] and [35] for
further discussion of neurotransmitter-based treatments for FTD. In summary, there is no
published data showing evidence of neuroprotection or recovery of function for any of the
agents tested and weak evidence of improvement of behavioral symptoms with the use of
certain psychiatric medications [33]. Autopsy, imaging and cerbrospinal fluid studies suggest
deficiencies in the serotonergic neurotransmitter system in FTD and FTLD [33,36].
Interestingly, several of the clinical symptoms of FTD (e.g., appetite changes and apathy) can
also be observed with serotonergic dysfunction. There is some evidence of dopaminergic
abnormalities in FTD as well [33,36] but the cholinergic system appears relatively intact
(especially compared with Alzheimer’s disease) [33,36]. Accordingly, although there is
variation in clinical practice (e.g., some physicians place FTD patients on cholinesterase
inhibitors and memantine), there is no current standard-of-care treatment that all patients with
FTD are given. This is in contrast to other neurodegenerative disorders for which there are
medications of clear symptomatic efficacy (e.g., Parkinson’s disease), or debatable evidence
of neuroprotection (e.g., Alzheimer’s disease).

Some of the challenges for the development of therapeutics for FTD are shared with other
neurodegenerative disorders and some are unique to FTD [32]. Shared challenges include the
difficulty of regenerating postmitotic neurons, a dearth of intermediate markers of medication
efficacy, a lack of understanding of the basic mechanisms of many of these illnesses, and the
difficulty developing appropriate cell lines and animal models. Furthermore, resources,
including funding and groups of patients to participate in studies, are limited.

One of the greatest challenges of drug development for FTD is the pathological and clinical
heterogeneity of the FTD clinical syndrome [3,32]. For many of the symptoms of FTD (e.g.,
deficits in social cognition), there is currently a dearth of good measures. In addition, many of
the measures used to study FTD were developed primarily for Alzheimer’s disease (e.g., the
Neuropsychiatric inventory (NPI) [37]) and may not fully capture the symptom profile of FTD.
Behavioral symptoms may be more subject to placebo effect than, for example, motor measures
[38]. Finally, the behavioral symptoms of FTD can make participation in lengthy therapeutic
trials difficult.
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The pathological heterogeneity of FTD is a central issue in the development of new drug
therapies for FTD [32]. Disease-modifying or recovery-of-function treatments will probably
be specific to certain pathological processes. With the exception of some relatively uncommon
clinical presentations (e.g., FTD-MND, familial cases where the pathology in the family is
known), the clinical presentation does not indicate the neuropathological process. This is likely
to be a less important issue if a relatively benign treatment is developed, in which case all FTD
patients will probably be given the treatment with the knowledge that it will help only a minority
of the patients. However, it becomes a more pressing issue if treatments for FTD are developed
that are associated with significant toxicity. Furthermore, without an in vivo indication of the
underlying pathological process affecting FTD patients, clinical trials of treatments that are
specific to a given neuropathologic process will require larger number of subjects to be
sufficiently powered than if subjects can be selectively included on the basis of their underlying
pathological process [32]. Language variant FTD may be more commonly associated with
Alzheimer’s pathology than behavioral variant FTD [39]. But if so, it represents an unusual
spatial topography for Alzheimer’s disease, which may make topographically related
treatments for Alzheimer’s disease less effective for these patients.

3. Current clinical trials in FTD

Several agents are under current clinical investigation for FTD. In this section we review the
rationale for some of these medications. These trials are all reported in ClinicalTrials.gov.

3.1 Memantine (Namenda)

Memantine was developed for the treatment of Alzheimer’s disease. However, its mechanism
of action, low-to-moderate affinity noncompetitive N-methyl-D-aspartate (NMDA)
antagonism [40], is not specific to Alzheimer’s disease and could transcend specific
neuropathologies in FTD [33]. An initial open-label trial was completed [41] and there is an
ongoing multicenter, randomized, double-blind, placebo-controlled investigation of
memantine for FTD funded by Forest Laboratories [42]. In addition to this trial, a French Phase
Il investigation is currently being conducted [43].

3.2 Galantamine

A Phase Il trial, sponsored by Janssen-Ortho Inc., (Canada) and Johnson & Johnson, to test
the safety, tolerability, and efficacy of galantamine for FTD was recently completed [44].
Galantamine is a cholinesterase inhibitor which appears to also allosterically modulate
nicotinic cholinergic receptor sites. This nicotinic modulation appears to modulate the release
of other neurotransmitters, including serotonin, which has been demonstrated to be deficient
in FTD [33]. They found galantamine not to be effective for fvFTD but observed a possible
trend of efficacy in the aphasic subgroup [44].

3.3 Dopaminergic treatments

Two trials are investigating the augmentation of the dopaminergic neurotransmitter system to
improve symptoms in FTD. The dopamine system is of interest in FTD for several reasons:
There is PET and autopsy evidence of dopaminergic deficiencies in FTD (reviewed in [33]),
up to 30% of FTD patients show clinical evidence of basal ganglia dopaminergic dysfunction
(i.e., Parkinsonism, although the majority of frontotemporal dementia with parkinsonism
linked to chromosome 17 (FTDP-17) patients are levodopa-unresponsive) [27], the frontal
cortex is richly innervated with dopaminergic receptors [45], and meso-cortical dopaminergic
projections influence the cognitive function of the frontal lobes [46]. One of the trials tests the
effects of amantadine, a medication that increases the amount of dopamine in the cortex, on
behavioral symptoms in FTD [47]. Another currently ongoing trial tests the effects of a
medication, tolcapone, that probably increases dopamine selectively in the frontal lobes [48,
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49] and has shown an effect on executive function in healthy subjects, on behavior, cognition,
and functional MRI findings in FTD patients [50,51].

4. The effect of recent discoveries in FTD

In this section, we review recent discoveries in basic and translational science that could affect
the next generation of clinical trials for FTD. We focus on therapeutics that are either currently
available, or may soon be available (Table 1), to test in humans rather than areas of research
that may hold promise but may not be currently translatable to humans.

4.1 Biomarkers and drug discovery

Establishment of new methods for the early diagnosis of FTD is an important step towards
development of a tailored therapy and early intervention. Early diagnosis of the pathological
process may become possible through detection of biomarkers such as proteins linked to the
pathology of the disease in the cerebrospinal fluid and possibly blood, or detection of the protein
deposits with MRI or positron emission tomography (PET). There is recent evidence that blood
PGRN, and plasma TDP-43, levels can be elevated in neurodegenerative conditions, and low
levels may reflect loss-of-function mutations [52,53]. This and similar findings may provide
targets for future therapeutic measures.

4.2 Genetics

FTD has been genetically linked to chromosomes 3, 9 and 17 [54]. However, many cases of
FTD are not familial [55]. Mutations in the chromatin modifying protein 2B (CHMP2B) gene
on chromosome 3 were identified in a large Danish pedigree with FTLD [56]. Mutations in the
valosin-containing protein (VCP) gene on chromosome 9p21-12 have been reported to cause
inclusion body myopathy with Paget’s disease of bone and frontotemporal dementia (IBMPFD)
[57]. Previously, linkage of families with autosomal dominant FTD to a 9.8 Mb region on
chromosome 9p13.2-21.3 has been reported [58,59] with no mutation in VCP. In arecent study,
multiple families with FTD and ALS were shown to have various mutations in the IFT74 gene
on 9p21.2 [60]. There have been reports of a gene for ALS being localized on chromosome
9934 [61] and linkage of familial amyotropic lateral sclerosis with frontotemporal dementia
on chromosome 9g21-q22 [62], which could not be replicated in other studies [63].

Mutations in two genes on chromosome 17 have been associated with FTLD. Mutations in
MAPT are responsible for 10 — 20% of familial FTD cases and all the mutation carriers have
MAPT pathology [64]. However, there were a large number of families with linkage to
chromosome 17921 with no MAPT mutation and no significant tau pathology [65]. Recently,
the identification of PGRN gene on chromosome 17, showed that mutations in this gene can
be responsible for illness in these families [66]. As mutations in MAPT and PGRN are the most
frequent genetic causes of FTD known to date, we continue with more detailed discussion of
these two genes.

4.2.1 MAPT—MAPT is located on chromosome 17g21. The gene spans ~120 kb and consists
of 16 exons [67]. Over 30 MAPT mutations have been identified [68]. Tau protein is
predominantly expressed in neurons of the peripheral and central nervous system. The role of
tau protein is stabilizing microtubules, providing neuronal polarity and signal transduction
[69]. In the adult human nervous system the alternative splicing of exons 2, 3 and 10 results
in six different transcripts. As exon 10 encodes one of the four microtubule binding domains
of the tau protein, the alternative splicing of exon 10 creates two types of protein; proteins with
three (exon 10 —, 3R) or four (exon 10+, 4R) microtubule binding domains. In normal adult
brain the ratio of 3R/4R is ~ 1. In the neurological disorders associated with tau (tauopathies),
neurofibrillary tangles are pathological hallmarks of the disease. However, in different
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tauopathies, the ratio of 3R/4R in tangles is not 1. In AD, tangles are made of both 3R and 4R
tau with predominance of 3R tau [70]. In progressive supranuclear palsy (PSP), corticobasal
degeneration (CBD), agyrophilic grain disease (AGD) and FTDP-17, the insoluble tangles are
mainly composed of 4R tau [71-73]. The intronic sequences flanking MAPT exon 10 have an
unusual structure which differs from the splicing consensus sequence. Mutations in the 5" and
3’ splice sites, as well as some exonic mutations, change the inclusion of exon 10 in MAPT
transcript. At the 5’ of exon 10, a mutation at position — 10 has been identified in a FTD patient
[74]. This mutation causes overexpression of 4R tau. Mutations affecting splice site at the 3’
site of exon 10, generally strengthen the weak splice site, resulting in inclusion of exon 10 in
transcript [75,76]. Besides the intronic mutations, coding mutations also affect the splicing of
exon 10. The dK280 mutation leads to increase of the 3R tau [77]. The N279K mutation
increases the inclusion of exon 10 in TAU transcript [78]. Among other mutations in the coding
region of exon 10 are the P301P, P301L and P301S, affecting the amino acid P301. As the
P301P is a non pathogenic mutation, P301L causes a less aggressive phenotype than P301S
[79]. These mutations display a strong inhibitory effect on tau-promoted microtubule assembly
[80,81] and promote tau assembly into filaments [82] but do not affect the splicing of exon 10.

4.2.2 Progranulin—Mutations in the PGRN gene on chromosome 17 have been associated
with FTD and FTLD-U pathology [66]. Approximately 5% of patients seen in the community,
and 15% of patients seen at tertiary referral centers, have a known PGRN mutation [83]. The
progranulin protein undergoes post-translational splicing resulting in preserved ‘granulin’
domains [84]. The difference in function between the full-length and spliced proteins is not
yet fully understood [84]. Progranulin is expressed in many tissues throughout the body,
especially in cells with a high mitotic rate [85]. There is evidence that progranulin can act as
a growth factor [86,87] and is involved in wound healing [88]. High PGRN expression is
associated with more aggressive tumor growth [87]. Although further evidence is needed, some
have hypothesized that progranulin can act as a nerve growth factor and that it may be involved
in CNS inflammation [84].

The phenotype and pathology associated with PGRN mutations continues to be elucidated.
Recent reports indicate that PGRN mutation carriers can have clinical syndromes including
FTD (63%), primary progressive aphasia (PPA), corticobasal degeneration syndrome (CBDS),
Lewy body dementia, or Alzheimer’s disease [89]. PGRN mutation carriers had hallucinations,
apraxia and amnesia more often than other FTD patients [89,90]. Mean age of onset was greater
for PGRN mutation carriers than MAPT mutation carriers [90,91]. Pathologically, cases with
PGRN mutations showed extensive type 3 TDP-43-positive pathology, including neuronal
cytoplasmic and intranuclear inclusions and dystropic neurites [91].

The discovery that mutations in the PGRN gene can result in FTD has already had important
implications for the development of treatments for FTD. First, all of the mutations found to
date appear to result in a loss of function of one of the PGRN alleles, that is, lead to
haploinsufficiency of the production of progranulin throughout the lives of persons with the
mutation which, for unknown reasons, does not manifest clinically until mid-life [84]. While
there are significant technical and safety concerns to address, the mechanism of PGRN
mutations (haploinsufficiency) suggests that symptoms could possibly be prevented or
ameliorated if progranulin can be supplemented in the presymptomatic phase in mutation
carriers. The development of animal models with progranulin haploinsufficiency will be
important for this research to develop.

Another implication of the association between PGRN and FTD is that it could enable
investigators to collect a group of living subjects that has the FTLD-U pathology. This could
be useful for testing treatments that are specifically targeted to this pathology [32]. Conversely,
PGRN mutation carriers could be excluded from trials of tau-specific treatments.
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4.3 Tau kinases

Several kinases phosphorylate tau, some at specific sites, while others can phosphorylate tau
at several sites, although with different efficiencies at different sites [92]. One kinase that has
received attention as a potentially therapeutic target for FTD is glycogen synthase kinase-3
(GSK-3) [93]. GSK-3 phosphorylates tau and may have effects on neuron survival independent
of tau [94]. In cell cultures, lithium [95] and valproic acid [96], two drugs that are currently
FDA approved for use in other illnesses, inhibited GSK-3. Also, in a mouse model,
administration of lithium resulted in decreased tangle formation [97-99]. The interest in the
use of lithium as a potential treatment for FTD was increased by an open-label study that
showed preservation of function and decreased mortality associated with lithium augmentation
treatment in patients with ALS [100].

There are several issues to consider in the potential therapeutic use of lithium for FTD, however.
Its mechanism is complex [101] and has several actions besides GSK-3 inhibition such as
inositol depletion [102], as well as direct effects on second messenger [103] and
neurotransmitter systems such as serotonin receptors [104,105]. Tolerability can be low,
especially in the elderly [106]. Even in younger persons, the side effect profile is unfortunate
for its potential for therapeutic use in FTD; lithium impairs executive function and inhibition
in euthymic bipolar subjects [107]. Even if one posits that the negative effects of lithium on
cognition reflects a side effect that does not affect its potential neuroprotective effect, any trial
of lithium would have to provide protection over a sufficient amount of time to overcome the
negative initial effects of lithium on frontal lobe function. Valproic acid, which has also been
proposed as a possible therapeutic agent for FTD, also negatively affects cognition in the
psychiatric populations in which it has been used [108].

4.4 Microtubule stabilization

Given the apparent negative effect of tau hyperphosphorylation on microtubule stability, there
has been interest in agents that can stabilize microtubules [93]. One such agent is paclitaxel
(Onxol, Taxol), a medication used to treat certain types of neoplasm that promotes microtubule
assembly by enhancing the action of tubulin dimers [109]. A disadvantage of paclitaxel is that
it can be associated with significant toxicity, including bone marrow suppression [109].

4.5 Inflammation

4.6 TDP-43

The potential role of progranulin in inflammation suggests that inflammation may play a role
in FTD and anti-inflammatory agents may have efficacy to decrease progression of FTD
[110]. One trial showed a protective effect of the immunosuppressant FK506 in tau transgenic
(tg) mice [111].

Similarly, the discovery of TDP-43 has been a major advance in our knowledge of FTD that
has implications for the development of treatments. First, it may help elucidate the mechanism
with which the rarer genetic associations with FTD such as mutations in valosin-containing
protein (VCP) result in illness — there is some evidence that mutations in this gene affect the
TDP-43 system [112]. Second, medications that inhibit the aggregation of TDP-43, although
to our knowledge there are none currently known, could have efficacy for FTD in patients with
FTLD-U, in addition to other ‘TDP-43 proteinopathies’.

5. Conclusions/expert opinion

Developing treatments for FTD is difficult, as evidenced by lack of successful treatments to
date. Other authors have stressed the importance of objective standardized criteria for
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diagnosis, standardized outcome measures in order to compare trials, an adequate number of
subjects to sufficiently power trials (probably requiring multi-center collaboration), a sufficient
trial duration, and the presence of control conditions [32]. We agree with these points; small,
uncontrolled clinical trials of therapeutics for FTD are subject to placebo (especially for
behavioral symptoms) and publication bias and are thus difficult to interpret [33]. We also
agree that standardization of outcome measures and diagnostic criteria is very useful for trial
design. Ideally, standard measures should have flexibility in order to incorporate advances in
the design of measures. For example, the cognitive battery tested by Knopman et al. [33] does
not currently include measures of social cognition. Hopefully, valid measures of this important
area of deficiency in FTD will be developed in the coming years and integrated into clinical
trials.

Consensus research criteria for FTD have been proposed [14], which should be helpful for trial
design and the development of standardized diagnostic tools. We believe, however, that the
criteria for behavioral variant FTD should have a specific exclusion criterion that the symptoms
are not better accounted for by a psychiatric illness. Psychiatric illness is commonly a
differential diagnosis of FTD, and FTD is frequently initially misdiagnosed as psychiatric
illness [113]. As currently written [14] many, if not most, patients with Major Depressive
Disorder would meet criteria for probable or possible FTD [114].

While we agree with the assertion by other authors that standardization of trial design will
increase the utility of future trials, knowledge of the characteristics of the drug to be tested
should also be integrated into trial design. As stated above, lithium and valproic acid trials may
need to be longer than trials of other potentially neuroprotective agents to ‘overcome’ the initial
negative effects of these medications on cognition. Furthermore, medications that have been
tested in other populations can provide data to allow more exact power calculations for FTD
trials, as our laboratory did in the design of a trial for the use of tolcapone in FTD [51]. Another
example of using already gathered information to inform clinical research on FTD would be
an epidemiological study of the incidence of FTD and AD in the thousands of people that have
been taking lithium for bipolar disorder. This could be undertaken with the hypothesis that if
lithium s truly neuroprotective, these people should have a lower incidence of these tauopathies
than patients with bipolar disorder who did not receive lithium. To our knowledge, such a study
has not been performed but could provide an initial and relatively inexpensive evaluation of
the potential neuroprotective effects of lithium.

Intermediate markers of treatment efficacy are necessary and could increase the efficiency and
decrease the costs of clinical trials for FTD. While a review of potential biomarkers for FTD
is beyond the scope of this review, development of imaging biomarkers will be dependent on
the testing of imaging techniques combined with a greater understanding of the
neuropsychology of FTD; An evaluation of the imaging findings associated with treatment
efficacy requires knowledge of the brain areas associated with symptoms. Imaging
technologies could also aid clinical trials by helping to recruit pathologically homogenous
groups of patients [115].

In summary, we hope that a balance of standardization and innovation in clinical trial design
for FTD will provide the best means to test therapeutic options for this devastating illness.
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Figure 1.
Brain areas typically affected in frontotemporal dementia (prefrontal cortex and anterior

temporal lobes).
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Table 1

Potential treatments for FTD based on recent genetic discoveries about the illness.

Mutation  Mechanism of potential treatment Example

PGRN Progranulin/granulin supplementation
Immunosuppression FK506
Inhibition of TDP-43 aggregation
MAPT Glycogen synthase kinase-3 inhibition  Lithium, valproate

Microtubule stabilization paclitaxel
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