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Abstract

Frontotemporal Dementia (FTD) is a heterogeneous disorder with distinct clinical phenotypes
associated with multiple neuropathologic entities. Presently, the term FTD encompasses clinical
disorders that include changes in behavior, language, executive control and often motor symptoms.
The core FTD spectrum disorders include: behavioral variant FTD (bvFTD), nonfluent/
agrammatic variant primary progressive aphasia (nfvPPA), and semantic variant PPA (svPPA).
Related FTD disorders include frontotemporal dementia with motor neuron disease (FTD-MND),
progressive supranuclear palsy syndrome (PSP-S) and corticobasal syndrome (CBS). In this
chapter we will discuss the clinic presentation, diagnostic criteria, neuropathology, genetics and
treatments of these disorders.
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Introduction

Frontotemporal dementia (FTD) has undergone numerous changes in nomenclature and
categorization schemes since it was first described by Pick in 1892. Presently, FTD
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encompasses clinical disorders that include changes in behavior, language, executive control
and motor symptoms. Here, we use the term to characterize the core FTD spectrum
disorders: behavioral variant FTD (bvFTD), nonfluent/agrammatic variant primary
progressive aphasia (nfvPPA), and semantic variant PPA (svPPA). Related FTD disorders
will be discussed including frontotemporal dementia with motor neuron disease (FTD-
MND), progressive supranuclear palsy syndrome (PSP-S) and corticobasal syndrome (CBS).
The term Frontotemporal Lobar Degeneration (FTLD) is used for pathological conditions
that cause degeneration of frontal and temporal lobes. FTD is a heterogeneous disorder with
distinct clinical phenotypes associated with multiple neuropathologic substrates.

A brief history of Frontotemporal Dementia

In 1892, Pick, a Czech neurologist, provided the first known description of a patient with
FTD(Pick, 1892). He depicted a patient with progressive deterioration of language
associated with left temporal lobe atrophy, a process that would presently be classified as
SVPPA (Gorno-Tempini et al., 2011). Histologic analysis of Pick’s clinical cases, performed
by Alois Alzheimer in 1911, showed silver staining argyrophilic cytoplasmic inclusions
within neurons (Alzheimer, 1911). In 1923, Gans described “Pick’s atrophy” to characterize
unique cases with atrophy in the frontal and temporal lobes (Thibodeau & Miller, 2013). By
1926, Pick’s students Onari and Spatz expanded on Alzheimer’s pathologic description by
delineating Pick’s bodies from Pick’s cells identifying “Pick’s disease” as a
neuropathological entity (Rosen, Lengenfelder, & Miller, 2000; Thibodeau & Miller, 2013).

There was then a dearth of research into dementia until the 1970’s. During this period, the
majority of clinical, anatomical and pathological patterns gleaned by these early pioneers
was largely overlooked (Bruce L. Miller, 2014). Until the late 1950’s to early 1960’s, a
vascular etiology was the accepted cause of “senility,” purportedly emanating from
decreased cerebral blood flow and miniature infarctions and deemed “arteriosclerotic
dementia” (Jellinger, 2007; Roman, 2003). Only a few groups continued Pick’s work during
this time, using accurate clinical descriptions correlated with neuroanatomical and
pathological analysis. The perseverance of these researchers would not be appreciated until
decades afterwards. Marginal progress in frontotemporal dementia research was made until
Delay, Brion and Escourolle, a French group of researchers, published their seminal paper
emphasizing the clinical and neuropathological differences between Alzheimer’s disease and
Pick’s disease. Pick’s disease was described to feature frontotemporal atrophy with sparing
of the posterior lobes with histology revealing ballooned cells and cortical-sub-cortical
gliosis (Thibodeau & Miller, 2013). The clinical syndrome of Pick’s disease showed
increased behavioral alterations, lack of insight, and relative freedom from apraxia and
agnosia (Thibodeau & Miller, 2013). In contrast, Alzheimer’s disease featured more diffuse
cerebral atrophy and on histology showed neurofibrillary tangles and senile plaques.
Clinically, Alzheimer’s patients had symptoms of agnosia, apraxia and problems with spatial
orientation. In 1974, Constantinidis divided Pick’s disease into three subtypes. Only one of
the three subtypes had classic Pick’s bodies suggesting that Pick’s bodies were not required
for a diagnosis of Pick’s disease (Constantinidis, Richard, & Tissot, 1974).
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By the 1970’s, there was a major shift in reasoning: arteriosclerotic dementia was no longer
considered the underlying pathology for senility and the concept of dementia became
associated with Alzheimer’s neuropathology (Roman, 2003; Ryan, Rossor, & Fox, 2015). In
1976 Katzman wrote about an Alzheimer’s epidemic suggesting that in the United States
880,000-1,200,000 people over the age of 65 may have Alzheimer’s disease (Katzman,
1976). During this period, the phrase, “don’t pick Pick’s disease” was often repeated to
young researchers looking for careers in neurology, based on the misconception that Pick’s
disease was both very rare and indistinguishable from Alzheimer’s disease (AD) during life
(Bruce L. Miller, 2014). While the majority of dementia research in the United States was
focused on Alzheimer’s disease, two groups in Europe started following large cohorts of
persons with non-Alzheimer’s dementias. In Lund, Sweden, Gustafson, Ingvar and Brun,
found clinical correlation of frontal lobe atrophy with hypoperfusion in the frontal lobes and
only 20% of cases had classic Pick bodies on autopsy (Brun, 1993; Ingvar & Gustafson,
1970). In Manchester, England, Neary, Snowden and Mann described a large cohort of
patients with dementia of the frontal type and found clinical correlations with neuroimaging
(SPECT), neuropsychiatric testing and neuropathology (Rosen et al., 2000). Around the
same time, Mesulam described patients with non-fluent and fluent aphasia without
Alzheimer’s pathology (M. M. Mesulam, 1982; Rosen et al., 2000). Mesulam eventually
coined the term primary progressive aphasia (PPA)(M. M. Mesulam, 2001). In 1989,
Snowden suggested the term “semantic dementia” to describe the patient with predominant
left temporal atrophy and aphasia that Pick originally described (J.S. Snowden, Goulding, &
Neary, 1989), while predominant right temporal lobe atrophy was not associated with
behavioral disturbances and less language involvement until later (Edwards-Lee et al.,
1997). Collaboration between the two groups in Manchester, England and Lund, Sweden led
to the first research criteria for FTD (“Clinical and neuropathological criteria for
frontotemporal dementia. The Lund and Manchester Groups,” 1994). The clinical diagnostic
criteria were revised in the late 1990s, when the FTD spectrum was divided into a behavioral
variant, a nonfluent aphasia variant and a semantic dementia variant (Neary et al., 1998).
With modernized neuroimaging techniques and neuropsychological evaluations, these
groups proved that FTD was distinct from AD during life and that within FTD specific
subtypes could better characterize patients.

Further advances in neuroimaging, genetics and neuropathology have been incorporated in
the most recent revision of the clinical research criteria (Gorno-Tempini et al., 2011;
Rascovsky et al., 2011). This chapter will focus on providing the most up to date
information on the FTD clinical spectrum and its neuropathologic and genetic substrates.

Epidemiology

The incidence of FTD is estimated to be 1.61 to 4.1 cases per one hundred thousand people
annually (Coyle-Gilchrist et al., 2016; Knopman & Roberts, 2011). One study showed the
prevalence of FTD, PSP and CBS was 10.8 per 100,000 with peak prevalence at the age
range of 65 to 69 years (Coyle-Gilchrist et al., 2016). There is an estimated twenty to thirty
thousand people in the United States with FTD at one time (Knopman & Roberts, 2011).
FTD accounts is the second most common dementia in persons under the age of 65, and is
thought to be less frequent that Alzheimer’s disease (AD) (Hodges, Davies, Xuereb, Kril, &
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Halliday, 2003; Knopman & Roberts, 2011). The average age of onset is between 45 and 65
but there have been documented cases younger than age 30 and in the elderly (J. S.
Snowden, Neary, & Mann, 2002). In a systematic review of 26 studies on FTD prevalence,
men and women were found to be equally affected, and the diagnosis of bvFTD was four
times more prevalent than the PPA diagnoses (Hogan et al., 2016). BvFTD accounts for
roughly 60% of FTD cases and the other 40% are language variants of FTD (Onyike &
Diehl-Schmid, 2013). FTD is likely underdiagnosed amongst non-neurologists due to the
lack of recognition and the overlap with a multitude of psychiatric disorders (Knopman &
Roberts, 2011; Lanata & Miller, 2016).

Behavioral Variant Frontotemporal Dementia

Behavioral variant frontotemporal dementia (bvFTD) presents with early changes in
behavior, personality, emation and executive control (Rascovsky et al., 2011). These changes
can include new behavioral symptoms such as disinhibition, new compulsions, dietary
changes or symptoms like apathy and lack of empathy. Many of these initial symptoms are
easily mistaken for a psychiatric illness making bvFTD patients at high risk for misdiagnosis
(Woolley, Khan, Murthy, Miller, & Rankin, 2011). In order to meet clinical criteria for a
diagnosis of bvFTD, there needs to be a constellation of at least three symptoms fitting into
the six categories which include: disinhibition, apathy, lack of empathy, compulsions,
hyperorality and executive dysfunction (Rascovsky et al., 2011) (Table 1: Diagnostic Criteria
for behavioral variant FTD). These will be discussed in further detail below.

The behavioral symptoms of bvFTD correlate with dysfunction in the paralimbic areas
including medial frontal, orbital frontal, anterior cingulate and frontoinsular cortices (Rosen
et al., 2005; Seeley et al., 2008). Right hemisphere atrophy is associated more with behavior
changes (Rosen et al., 2005). Von Economo neurons (VENS), present primarily in large
brained, socially complex animals (Seeley et al., 2006) are found in the pregenual anterior
cingulate cortex, frontoinsular and orbital frontal cortex (Seeley, 2008; Seeley et al., 2006).
Seeley has shown that VENSs are selectively vulnerable in bvFTD but not AD. These VEN-
containing areas within the salience network are selectively vulnerable and represent the
epicenter of bvFTD pathology, before there is spread to other areas within the network
(Schroeter, Raczka, Neumann, & von Cramon, 2008; Seeley et al., 2007; Seeley, Zhou, &
Kim, 2012). Neurodegeneration is thought to spread within the network with toxic protein
aggregates moving from cell to cell in a prion-like manner (Kfoury, Holmes, Jiang,
Holtzman, & Diamond, 2012; Walker & Jucker, 2015).

It is imperative to take an excellent and thorough clinical history with the goal of identifying
the brain region where the disease begins. New symptoms developing through time can
localize the spread of neuropathologic changes with disease progression. There are
heterogeneous clinical phenotypes with bvFTD based upon the regional spread in the
individual patient. Executive control is lost once the neuropathology involves the dorsal
lateral prefrontal cortex that interacts with bilateral parietal lobes (Kramer et al., 2003;
Seeley et al., 2007).
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Disinhibition includes socially inappropriate behavior such as invading interpersonal space,
inappropriate touching or over-familiarity with strangers. There can be impulsive or careless
actions like new onset gambling, stealing, poor decision-making without regards to the
consequences (e.g. buying matching motor cycles for themselves and their 7 year old son).
Disinhibition is linked to right orbital frontal cortex degeneration (Tekin & Cummings,
2002; Tranel, Bechara, & Denburg, 2002). New criminal behaviors are seen in 37%—-54% of
bvFTD patients (Diehl-Schmid, Perneczky, Koch, Nedopil, & Kurz, 2013; Liljegren et al.,
2015). Loss of social decorum such as telling off color jokes, using crude language, and
rudeness with lack of embarrassment is common in bvFTD. There can be dramatic change in
self-awareness, with lack of insight into one’s disease (Rankin, Baldwin, Pace-Savitsky,
Kramer, & Miller, 2005).

Apathy can present in many ways (Chow et al., 2009). Affective apathy presents as
indifference or not caring. Motor apathy manifests as decreased drive to move and less
movement overall (Merrilees, Hubbard, Mastick, Miller, & Dowling, 2009) whereas
cognitive apathy is a loss of desire to engage in goal oriented activities (Chow et al., 2009).
Symptoms of apathy may also include social withdrawal in work activities, family functions
or hobbies. Patients often need prompting to stay engaged in conversation, do chores or even
to move. Apathy is easily misinterpreted as depression. Atrophy in the medial prefrontal
lobes and anterior cingulate have been correlated with apathy in bvFTD (Holroyd & Yeung,
2012; Rosen et al., 2005; Rosen, Gorno-Tempini, et al., 2002).

Lack of empathy or sympathy is common. In one scenario a bvFTD patient has an improper
response to a family member being diagnosed with a serious medical condition. Other
responses that fit this category include insensitivity and lack of interest towards others or
making cruel comments towards others. Another symptom included within this category is a
patient’s indifference towards their own diagnosis of bvFTD and the impact it may have on
others, which has been called “frontal anosodiaphoria” (Mendez & Shapira, 2011). Lack of
empathy has been more strongly correlated with atrophy in the right temporal lobe in right
SVPPA patients and the subcallosal gyrus in bvFTD patients (Rankin et al., 2006).

Perseverative, stereotyped or compulsive behaviors often ritualistic in quality can occur in
bvFTD (Ames, Cummings, Wirshing, Quinn, & Mabhler, 1994; Josephs, Whitwell, & Jack,
2008; Perry et al., 2012; Rosso et al., 2001). Simple repetitive motor behaviors include
tapping, clapping, rubbing, picking, and lip smacking. More complex behaviors included in
this category are collecting cigarette butts, counting rituals, walking fixed routes or repetitive
trips to the bathroom. Speech can also become stereotyped with specific repetitive patterns.
Stereotyped and compulsive behaviors have been associated with several brain areas.
Aberrant motor behavior has been affiliated with atrophy in the right dorsal anterior
cingulate and left pre motor cortex (Rosen et al., 2005). Atrophy in the striatum has been
associated with stereotypies (tapping, rocking, protruding ones tongue) (Josephs et al.,
2008). Complex compulsions have been associated with asymmetric temporal lobe atrophy
(Rosso et al., 2001). Obsessive compulsive behaviors in bvFTD have been correlated with
loss of grey matter in bilateral globus pallidus, left putamen, and lateral temporal pole (left
middle and inferior temporal gyri) (Perry et al., 2012).
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Hyperorality and major changes in dietary habits can also manifest in bvFTD. Changes in
food preference, particularly an inclination towards sweets or carbohydrates, are common
and lead to weight gain (B. L. Miller, Darby, Swartz, Yener, & Mena, 1995). Patients may
overeat, stuffing food in their mouth and in such cases satiety will be an insufficient cue to
stop. One study showed that bvFTD patients continued to eat sweet sandwiches despite
claiming to be full (Woolley et al., 2007). As patients become more disinhibited they may
grab food off other people’s plates. Later in the course of bvFTD, hyperorality can occur,
with oral exploration or eating inedible objects. Changes in eating behavior have been
associated with atrophy in the orbital frontal cortex, right insular cortex and the striatum
(Whitwell et al., 2007; Woolley et al., 2007). Some suggest involvement of the
hypothalamus (Piguet, 2011).

Neuropsychological testing of patients with bvFTD should test multiple domains and be
anatomically oriented to target specific brain structures (Bruce L. Miller, 2014). Notation of
abnormal behaviors and impaired emotional processing should be described by the examiner
if present. Formal neuropsychological testing can be normal in early stages of the disease
(Gregory, Serra-Mestres, & Hodges, 1999). As pathology involves the dorsal lateral
prefrontal cortex, executive function will emerge on neuropsychological testing and can help
differentiate bvFTD patients from those with Alzheimer’s disease (Kramer et al., 2003).

There is subset of patients that exhibit a clinical presentation called “FTD-phenocopy” or
slowly progressive bvFTD, that meet clinical criteria for possible bvFTD. In some instances,
these patients do not suffer from a neurodegenerative condition (Kipps, Hodges, &
Hornberger, 2010). However, in one study, two of four patients identified as slowly
progressive bvFTD, carried the pathogenic repeat in the COORF72 gene (Khan et al., 2012).
Recently, at UCSF, a new sub group was identified with slow progression associated with
minimal cortical atrophy but with subcortical atrophy, of whom 88% carry the COORF72
repeat (Ranasinghe et al., 2016). This suggests that patients with slowly progressive bvFTD,
or the “FTD-phenocopy” presentation should be tested for the COORF72 repeat as a possible
etiology for their neurodegeneration.

Frontal and/or anterior temporal lobe atrophy on structural (MRI or CT) neuroimaging or
hypometabolism on PET or SPECT can further support a diagnosis of bvFTD (Figure 1:
bvFTD MRI) (Rascovsky et al., 2011). Neurologists are encouraged to interpret their
patients’ MRI images, as radiologists may underestimate atrophy patterns that are suggestive
of bvFTD (Suarez et al., 2009).

Primary Progressive Aphasias

The PPAs are neurodegenerative syndromes, where language is the primary impairment in
the first two years of symptom onset, that Mesulam initially described as a “slowly
progressive aphasia” and later renamed primary progressive aphasia (M.-M. Mesulam, 1987;
M. M. Mesulam, 1982). For approximately 2 decades, PPAs were divided into semantic
dementia and progressive non fluent aphasia, although several PPA cases did not fit into this
binary categorization (Gorno-Tempini et al., 2011). A third type of variant that was fluent
with syntactically simple sentences but frequent word finding pauses was described by
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Gorno-Tempini et al and called logopenic primary progressive aphasia (IvPPA) (Gorno-
Tempini et al., 2004; Gorno-Tempini et al., 2011). The most recent clinical research criteria
for PPAs include semantic variant of PPA (svPPA), nonfluent/agramamtic variant of PPA
(nfvPPA) and logopenic variant PPA (Gorno-Tempini et al., 2011). The logopenic variant of
PPA has been correlated predominantly with AD pathology so will not be discussed in detail
in this chapter (M. Mesulam et al., 2008; Rabinovici et al., 2008). The other two types of
PPA, svPPA and nfvPPA, are considered part of the FTD spectrum and are predominantly
associated with FTD neuropathology.

Semantic Variant Primary Progressive Aphasia

The study of temporal lobe variants of FTD has furthered our understanding of language and
behavior. If the left temporal lobe is involved, as in left svPPA, symptoms are predominantly
language-based with a slow loss of semantic knowledge. When the right temporal lobe is
primarily involved (right svPPA), behavioral symptoms predominate. As time progresses
both temporal lobes become involved and symptoms begin to overlap (Seeley et al., 2005).
By five to seven years, patients get more frontal lobe structures involved and develop
symptoms of bvFTD with disinhibition, change in food preference and weight gain (Seeley
et al., 2005). Patients with svPPA, tend to have slow progression and can live a decade or
more after symptom onset (Hodges et al., 2010). Of the core clinical phenotypes in FTD,
SVPPA is the least likely to have a genetic cause underlying the etiology (Flanagan et al.,
2015; Goldman et al., 2005).

The initial features of classic left temporal svPPA are anomia and single word
comprehension deficits (Gorno-Tempini et al., 2011). The earliest symptom is often poor
comprehension of single low frequency words such as “giraffe” with initial preservation of
higher frequency words like “dog”. Neuropsychogical testing must include semantic
screening for low frequency words, with a test like the Boston Naming Test (BNT), as the 2
words (pen, watch) in the MMSE are not sensitive enough to detect early svPPA (Kramer et
al., 2003; Bruce L. Miller, 2014). As symptoms progress, patients also lose semantic
knowledge about objects (Gorno-Tempini et al., 2011), so if a patient does not know the
word “giraffe,” they will not improve with phonemic cues or semantic hints like “animal
with a long neck.” When svPPA patients are asked to read irregularly spelled words (yacht,
gnat), they will sound them out, attempting phonetic “regularization”, having lost the
knowledge or their unconventional sound (i.e. y-act, ga-nat), a phenomenon known as
surface dyslexia (Gorno-Tempini et al., 2011). In svPPA, repetition is spared, speech apraxia
is not present, and syntax and grammar remain impressively intact. If the mesial temporal
lobes are involved, memory can be affected but executive function and visuospatial skills
typically are preserved (Hodges et al., 1999). Clinical research criteria for language
predominant (left) svPPA must include the core features of impaired confrontational naming
and impaired single word comprehension. There also must be three of the following four
criteria: impaired object knowledge, surface dyslexia, spared repetition, and spared speech
production (Gorno-Tempini et al., 2011) (Table 2: Diagnostic Criteria for semantic
variant PPA).
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Right temporal svPPA patients present with prominent behavioral changes that include
emotional distance, irritability, social isolation, bizarre alterations in dress, compulsions,
disruption of sleep, appetite and libido (Edwards-Lee et al., 1997; B. L. Miller, Chang,
Mena, Boone, & Lesser, 1993; Seeley et al., 2005). Patients with right temporal svPPA can
often lack social pragmatics. They can be viscous, with telling long-winded stories,
interrupting loved ones and not picking up on normal social cues that they may be acting
inappropriately. It is thought that this inability to pick up social cues has to do with an
inability to read the emotions on faces. Worsening degrees of right amygdala atrophy has
been correlated with impairment in processing facial emotions (Rosen, Perry, et al., 2002).

Patients with either left or right temporal svPPA can have new compulsions. Left svPPA
patients have been shown to have compulsions directed towards visual or non-verbal stimuli
where objects are devoid of verbal information like coins or pictures. Right svPPA have
compulsions around games with words and symbols (Seeley et al., 2005).

An interesting phenomenon is the development of new artistic abilities that has been
observed in svPPA. Left svPPA patients have developed new visual abilities in painting,
drawing, music, and gardening (B. L. Miller, Boone, Cummings, Read, & Mishkin, 2000; B.
L. Miller et al., 1998; B. L. Miller, Ponton, Benson, Cummings, & Mena, 1996). Right
SVPPA patients can have emergent abilities in writing despite their progressive
neurodegenerative condition (Bruce L. Miller, 2014). One patient with bilateral, right worse
than left, svPPA was studied in depth at UCSF. As the right temporal lobe became more
involved, he showed decline in emotional perception displayed through his new skill of
painting (Liu et al., 2009). The topics of the painting would show couples and landscapes,
but as his disease progressed the facial expressions became less genuine. Painted couples
would stand next to each other, not holding hands, with bizarre smiles showing teeth (Liu et
al., 2009). One could theorize that this case illustrates the difficulty the patient had
understanding emotions in others as the right temporal lobe involvement progressed (Figure
2: Paintings of a right svPPA patient).

Neuroimaging can further support a diagnosis of svPPA, with anterior temporal pole atrophy
on structural imaging or hypoperfusion on functional imaging (Gorno-Tempini et al., 2011)
(Figure 3: Left svPPA MRI, Figure 4: Right svPPA MRI). Traditionally, early symptoms
originate from anterior and inferior temporal lobes involving the amygdala, with later
symptoms deriving from pathologic spread into the contralateral temporal lobe and then into
the ventromedial frontal cortex and insula (Rohrer & Rosen, 2013; Rosen, Gorno-Tempini,
et al., 2002; Seeley et al., 2005).

Nonfluent/agrammatic Primary Progressive Aphasia

Patients with nonfluent/agrammatic primary progressive aphasias (nfvPPA) first present with
effortful speech and often endorse word-finding problems. Over time, the speech becomes
labored, slow, slurred, and choppy with disrupted prosody. The patient begins making
inconsistent speech sound errors without awareness of this deficit. There can be inconsistent
insertions, deletions, distortions, and substitutions in speech sounds. If a patient is asked to
repeat a complexly structured word like “catastrophe” five times in a row, he or she will
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demonstrate a motor speech apraxia by repeating this word differently each time (Ogar et al.,
2006). Improper use of grammar is frequently present in nfvPPA, but can be subtle, or even
absent in the early stages of the illness. Patients can often have an aphemia, but can still
communicate correctly with written language. Eventually agrammatism will involve both
verbal and written language. Effortful speech often occurs before clear apraxia of speech or
agrammatism (Gorno-Tempini et al., 2011). The neuroanatomical correlate for the
symptoms of nfvPPA are Broadman’s Area 44, 45 (Broca’s area) in the left inferior frontal
gyrus and the anterior insula (Gorno-Tempini et al., 2004) As time progresses, patients will
have decreased verbal output and eventually become non-verbal. Mutism in nfvPPA is
correlated to a larger lesion expanding beyond the typical inferior frontal and insular regions
involved early in nfvPPA (Gorno-Tempini et al., 2006).

On neuropsychological testing, patients with nfvPPA eventually show deficits on the Boston
Naming Test (BNT) and will still show retained semantic knowledge for these pictures
(Gorno-Tempini et al., 2004). Usually, at least during the early stages, word-finding
difficulty is common, but frank anomia is rare. Comprehension typically remains intact,
except for longer complex sentences. Executive function can show subtle dysfunction but
memory and visuospatial skills remain relatively spared early in the disease course (Gorno-
Tempini et al., 2004).

For a patient to meet clinical criteria for nfvPPA, they must have effortful speech with motor
speech apraxia or agrammatism, as well as supporting features of nfvPPA (Table 3:
Diagnostic Criteria for nonfluent agrammatic variant PPA) (Gorno-Tempini et al.,
2011). Neuroimaging support for nfvPPA consists of atrophy on MRI or hypometabolism on
PET or SPECT scan in the left inferior frontal gyrus, near the perisylvian area and involving
Broca’s area (Gorno-Tempini et al., 2004) (Figure 5: nfvPPA MRI).

Related FTD syndromes

The core FTD disorders are bvFTD, svPPA (right and left temporal variants), and nfvPPA,
but there are other disorders within the FTD spectrum that include FTD-MND, PSP-S and
CBS.

Frontotemporal Dementia with Motor Neuron Disease

The relationship of dementia, motor neuron disease (MND) and parkinsonism was first
noted in the Guamanian Chamaorros, after World War |1, in the ALS-parkinsonism dementia
complex of Guam (Lomen-Hoerth, Anderson, & Miller, 2002; McGeer, Schwab, McGeer,
Haddock, & Steele, 1997). Up to 15% of FTD patients and up to 30% of patients with motor
neuron disease experience overlap between the two syndromes (Lomen-Hoerth, 2011). The
coexistence of two disorders may be under recognized, as patients tend to present to either a
neuromuscular disease clinic or a dementia clinic (Lomen-Hoerth, 2011). To meet criteria
for MND, an FTD patient needs upper and lower motor neuron signs on physical
examination or electromyogram (EMG) (Geevasinga et al., 2016). The EI Escorial criteria
are one of the most widely accepted criteria for the diagnosis of ALS but the Awaiji criteria
are also used which deemphasizes the use of EMG to make an earlier diagnosis (Brooks,
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1994; Carvalho & Swash, 2009; Geevasinga et al., 2016). If an FTD patient presents with
fasciculations, muscle weakness, trouble swallowing, spastic tone, hyperreflexia, or
pathological laughing or crying, this should raise concern for MND and prompt a
neuromuscular work up. If patients with ALS presents with symptoms concerning for
bvFTD, this should prompt a cognitive work up. There is a shorter survival in patients with
both FTD and MND since patients with FTD symptoms are less compliant with standard
ALS treatments (Olney et al., 2005).

The overlap story between FTD and MND became much richer in 2005, when Mackenzie
used ubiquitin immunohistochemistry to show that MND, FTD-MND and FTD were related
pathologically and fit on a spectrum (Mackenzie & Feldman, 2005). Then in 2006, TDP-43
was shown to be the major disease protein in the neuropathology of tau-negative FTD and
MND (Arai et al., 2006; Mackenzie, Neumann, et al., 2011; Neumann et al., 2006). In 2009,
human genetic studies and post mortem analysis linked mutations in the Fused in sarcoma
(FUS) gene to a familial form of MND (Kwiatkowski et al., 2009; Neumann et al., 2011,
Vance et al., 2009). This finding prompted researchers to look for FUS pathology in FTD
patients. FUS inclusions were found in patients with FTD that did not have a mutation in the
FUS gene (Mackenzie, Rademakers, & Neumann, 2010; Neumann, Rademakers, et al.,
2009; J. S. Snowden et al., 2011; Urwin et al., 2010). A genetic linkage between FTD -MND
and chromosome 9921-g22 had been known since 2000 (Hosler et al., 2000) but a
hexanucleotide repeat, GGGGCC, in the non-coding region of chromosome 9 open reading
frame 72 (C9ORF72) was not discovered until 2011 (DeJesus-Hernandez et al., 2011;
Renton et al., 2011).

Corticobasal Degeneration

Corticobasal Degeneration (CBD) was first described by Rebeiz in 1968, in three patients
with progressive asymmetric symptoms of movement and posturing that were found to have
“corticodentatonigral degeneration with neuronal achromasia” on autopsy (Rebeiz, Kolodny,
& Richardson, 1968). Despite numerous revisions in diagnostic criteria, predicting CBD
neuropathology has proven to be a diagnostic challenge for clinicians with the correct CBD
pathology predicted before death in only 56% of cases (Armstrong et al., 2013). Currently,
the term corticobasal syndrome (CBS) is used to describe the “canonical” clinical entity
associated with CBD, understanding that many cases of CBS are not associated with CBD
neuropathology and vice versa. Many cases of CBD pathology have early clinical
presentations different than CBS (Boeve et al., 1999). The clinical syndrome of CBS has
been associated with Alzheimer’s disease, PSP, CBD, Pick’s disease, TDP type A, Lewy
Body and rarely prion pathology (Armstrong et al., 2013; Boeve et al., 1999; Josephs et al.,
2006; S. E. Lee etal., 2011; Ling et al., 2010). The term CBD is today only used to refer to
the 4R tau specific neuropathologic entity.

To meet the most recent clinical criteria for probable CBS, a patient must have an
asymmetric presentation with two of the following motor symptoms: limb rigidity or
akinesia, limb dystonia, or limb myoclonus, as well as two of the following higher cortical
symptoms: orobuccal or limb apraxia, cortical sensory deficit, or alien limb phenomena
(Armstrong et al., 2013). Although asymmetry occurs with CBD, data have shown that CBD
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is not more likely to be asymmetric than any other neurodegenerative condition (Hassan et
al., 2010; S. E. Lee et al., 2011). CBD tends to affect a dorsal frontal network involved with
drive, movement, language and behavior. In a paper by Lee and colleagues CBD was
predicted by clinical syndromes bvFTD, nfvPPA and an executive motor disorder (S. E. Lee
etal., 2011). Typically, patients first present with a behavioral, language or executive
dysfunction, leading to suspicion of bvFTD or nfvPPA. Eventually they exhibit motor
dysfunction, often parkinsonism with axial rigidity (Kertesz, Davidson, McCabe, Takagi, &
Munoz, 2003; Kertesz, McMonagle, Blair, Davidson, & Munoz, 2005). The absence of early
motor symptoms should not exclude CBD (S. E. Lee et al., 2011). There is significant
overlap with PSP clinically and in some cases series, over 50% of patients diagnosed with
CBS in life had PSP pathology (Wadia & Lang, 2007). Patients with an H1H1 haplotype of
the MAPT gene are associated with an increased risk for CBD and PSP pathology (Myers et
al., 2007). In general, if the disease begins in the parietal region or there is a parietally-
predominant syndrome the diagnosis is more likely to be Alzheimer’s disease than CBD.

There are no specific biomarkers that allow the prediction of CBD pathology. In patients
who meet CBS criteria, current PET scan technology and CSF biomarkers can identify
patients with Alzheimer’s pathology and those considered amyloid negative can be
considered more likely to have 4R CBD neuropathology (Rabinovici et al., 2011).
Neuroimaging with MRI is associated with more posterior atrophy in CBS associated with
Alzheimer’s pathology and there is more frontal atrophy associated with CBD tau pathology
(S. E. Lee etal., 2011; Whitwell et al., 2010). Dorsal atrophy can help predict underlying
CBD 4R tau pathology especially in cases presenting as bvFTD (Boxer et al., 2006; Rankin
etal., 2011).

Progressive Supranuclear Palsy

Progressive supranuclear palsy syndrome (PSP-S), previously known as Steele-Richardson-
Olszewski syndrome was first described in 1964 (Steele, Richardson, & Olszewski, 1964).
The initial description of nine patients displayed vertical greater than horizontal
supranuclear gaze palsy, axial rigidity, dysarthria, frequent falls, pseudobulbar affect, lack of
tremor, and mild dementia with vague changes in personality and psychiatric symptoms
(Steele et al., 1964). Neuropathologically, nerve cells loss and neurofibrillary tangles in the
basal ganglia, brainstem and cerebellum were reported decades before the identification of
PSP as a 4R tau pathology (Chambers, Lee, Troncoso, Reich, & Muma, 1999). PSP-S can be
a difficult diagnosis to make in the early stages since it can overlap with many syndromes
but by the final exam, clinicians have had accuracy as high as over 80% in predicting the
correct PSP pathology (Osaki 2004, Hughes 2002). At UCSF nearly all cases (>92%) with a
clinical diagnosis of PSP-S showed PSP pathology. Most of the other PSP-S cases had CBD.

The 1996 consensus clinical research criteria for possible PSP defines the following core
features: onset after age 40, gradual progression, either vertical supranuclear gaze palsy or
slow vertical saccades, and postural instability with falls in the first year (Litvan, Agid, et al.,
1996). Patients must also have no exclusion criteria. Probable PSP is inclusive of both a
vertical supranuclear gaze palsy and postural instability with falls (Litvan, Agid, et al.,
1996). Severe impairment of postural reflexes and bradykinesia make PSP falls extremely
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dangerous since patients are often unable to protect themselves from objects during the fall.
The falls in PSP can be multifactorial from either the impaired eye movements, postural
instability, impulsivity or all three symptoms.

Patients can present with predominant executive dysfunction, personality changes, reduced
mental speed and attention deficits giving a more frontal behavior syndrome that is not
emphasized in the current PSP criteria (Donker Kaat et al., 2007). Patients presenting with
frontal behavior symptoms and without falls or supranuclear gaze palsy in their first year of
presentation are likely to be among the 20% of PSP patients that are clinically misdiagnosed
(Donker Kaat et al., 2007; Williams & Lees, 2009). Clinical presentations of bvFTD or
nfvPPA can progress to PSP or alternatively, an initial presentation of PSP can progress into
bvFTD or nfvPPA (Donker Kaat et al., 2007; Kertesz & McMonagle, 2010; Kertesz et al.,
2005). Williams has proposed a system to further differentiate PSP. He classifies
Richardson’s syndrome as the classic PSP-S described above. PSP-Parkinsonism (PSP-P), is
the most common non Steele-Richardson PSP subtype, which is similar to Richardson’s
syndrome but has tremor and mild responsiveness to Levodopa. PSP-pure akinesia with gait
freezing (PSP-PAGF) is a PSP-S subtype which can have a slower disease course in spite of
severe atrophy in the globus pallidus, substantia nigra and subthalamic nucleus. There are
also PSP-Corticobasal Syndrome (PSP-CBS) as well as PSP-progressive nonfluent aphasia
(PSP-PNFA) (Williams & Lees, 2009).

There are no definitive biomarkers for PSP. Recently, levels of neurofilament light chain in
serum have been correlated with PSP disease severity but this marker is not specific for PSP
and has been associated with other neurodegenerative disorders (Lu et al., 2015; Meeter et
al., 2016; Rohrer et al., 2016; Rojas et al., 2016). Midbrain atrophy and the hummingbird
sign on neuroimaging have been associated with PSP. The utility of the hummingbird sign in
predicting midbrain atrophy has been debated but there is evidence showing it can help
differentiate PSP from idiopathic Parkinson’s disease and multisystem atrophy (Kim, Kang,
Ma, Ju, & Kim, 2015). Boxer et al showed that with neuroimaging, one can differentiate
CBD from PSP with 93% accuracy using only the differences between atrophy of the
midbrain and left frontal eye fields (Boxer et al., 2006).

Neuropathology of FTLD

“Frontotemporal lobar degeneration” (FTLD) is defined as the neurodegenerative process
causing selective neuronal loss and gliosis of the frontal and temporal lobes of the brain
(Mackenzie et al., 2009). The term is also used, less strictly, to encompass the diverse group
of neuropathologic substrates of disease associated with the clinical phenotypes of FTD,
although some of these pathological processes display a wider range of neurodegeneration
than the one limited to the frontal and temporal lobes of the brain. The current classification
of “FTLD” subtypes is based on the immunohistochemical staining for specific intracellular
protein accumulations associated with distinct molecular defects (Mackenzie, Neumann, et
al., 2011; Mackenzie, Neumann, et al., 2010). We will discuss the basic groupings of FTLD-
tau, FTLD-TDP, FTLD-FET and FTLD-UPS. We will also discuss clinicopathological
correlations that are known for these neuropathologic entities (Figure 6: Clinical and
pathological correlations in FTD spectrum disorders).
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The protein tau was first discovered in 1975 as an essential protein in microtubule assembly
(Weingarten, Lockwood, Hwo, & Kirschner, 1975). It was later found to assist in cellular
transport and stabilization of the structure of the cell (Mandelkow & Mandelkow, 2012).
More recently it has been established that tau is also involved in cellular signaling pathways
(Jenkins & Johnson, 1998; Leugers & Lee, 2010; Morris, Maeda, Vossel, & Mucke, 2011).
The tau gene, MAPT, was found to be on chromosome 17921 and over fifty mutations have
been linked to FTLD-tau pathology (Clark et al., 1998; Hutton, Lendon, Rizzu, Baker,
Froelich, Houlden, Pickering-Brown, Chakraverty, Isaacs, Grover, Hackett, Adamson,
Lincoln, Dickson, Davies, Petersen, Stevens, de Graaff, Wauters, van Baren, Hillebrand,
Joosse, Kwon, Nowotny, Che, et al., 1998; Mandelkow & Mandelkow, 2012; Poorkaj et al.,
1998; Spillantini et al., 1998; K. C. Wilhelmsen, T. Lynch, E. Pavlou, M. Higgins, & T. G.
Nygaard, 1994). Alternative splicing of MAPT generates six different isoforms of tau.
Alternative inclusion of exon 10 generates tau isoform with either four (4R tau) (3R tau)
microtubule binding domain repeats (Mandelkow & Mandelkow, 2012). Neurodegenerative
diseases characterized by predominant accumulation of hyperphosphorylated tau inclusions
are also called tauopathies. Neurofibrillary tangles in Alzheimer’s disease are composed of
both hyperphosphorylated 4R tau and 3R tau inclusions. In FTLD-tau, Pick’s disease is
characterized by predominant deposition of 3R tau aggregates, while CBD, PSP, globular
glial tauopathy (GGT) and argyrophilic grain disease (AGD) are 4R tauopathies. Distinct
tauopathies have unique patterns of immunohistochemistry and western blot profiles (Ghetti
etal., 2015).

Pick’s Disease (3R Tau)

The neuropathology of Pick’s disease displays ballooned neurons, known as Pick’s cells, as
well as large spherical argyrophilic neuronal cytoplasmic inclusions, known as Pick bodies
(Figure 7: Pick’s 3R tau). Pick’s bodies are predominantly composed of 3R tau, although
4R can be present (Zhukareva et al., 2002). Pick’s disease is associated with severe atrophy
of the ventral regions of the frontal and temporal lobes as well as anterior cingulate gyrus
and insula. Pick’s disease occurs predominantly sporadically, although it has been rarely
reported in association with specific MAPT mutations: L315R, S320F, Q336H and G389R
(Ghetti et al., 2015; Tacik et al., 2015). Pick’s presents more commonly as bvFTD, though
nfvPPA and svPPA phenotypes are not infrequent (Graff-Radford et al., 1990; Irwin, 2016;
Irwin et al., 2016). In autopsy confirmed cases within the UCSF cohort, 23% of patients
with a clinical diagnosis of nfvPPA and 9% of svPPA had Pick’s 3R tau.

PSP (4R Tau)

The neuropathology of PSP is characterized by the presence of tufted astrocytes, thorny
astrocytes and spherical ‘globose’ neurofibrillary tangles in subcortical nuclei (Figure 8:
PSP 4R tau) (D. W. Dickson et al., 2002; Josephs et al., 2011; Josephs et al., 2006; Litvan,
Hauw, et al., 1996). Outside the brainstem, flame shaped neurofibrillary tangles are seen,
along with diffuse granular ‘pre-tangles (D. Dickson & ebrary Inc., 2011). Oligodendroglial
cytoplasmic inclusions known as coiled bodies are seen in the cortex and more abundantly in
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the subcortical white matter (D. Dickson & ebrary Inc., 2011). The tau inclusions are
predominantly composed of 4R tau and are present in the brainstem more than the cortex (V.
M. Lee, Goedert, & Trojanowski, 2001). Cortical involvement can be variable, with the
primary motor cortex and the frontal eye fields being more often involved while worse
cognitive performance is associated with wider cortical involvement (Bigio, Brown, &
White, 1999).

CBD (4R Tau)

Astrocytic plaques (Figure 9: CBD 4R tau) are the most characteristic neuropathological
hallmark of CBD (Feany & Dickson, 1996). Just like in tufted astrocytes of PSP, astrocytic
plaques are made of hyperphosphorylated 4R tau deposits in astrocytic processes (V. M. Lee
et al., 2001). In astrocytic plaques these deposits localize in the most distal portion of the
process as opposed to the localization of deposits (proximal to the cell body) in tufted
astrocytes (D. Dickson & ebrary Inc., 2011). Neuronal inclusions in the form of granular
cytoplasmic accumulation of tau or neurofibrillary tangles are seen in the cortex (D. W.
Dickson et al., 2002). Ballooned neurons are a common feature of CBD, although they are
also seen in Pick’s disease (D. W. Dickson et al., 2002) A distinctive feature of CBD is the
extensive involvement of the subcortical white matter with tau deposits in neurites and
oligodendroglial coiled bodies (D. Dickson & ebrary Inc., 2011). CBD pathology affects a
wider range of cortical involvement than PSP pathology involving more dorsal regions and
tends to be found in the pre and post central gyri (D. W. Dickson et al., 2002).

Globular Glial Tauopathy (GGT)

Globular Glial Tauopathy (GGT) is a rare 4R tauopathy, whose pathological classification
has been recently revised. Proposed criteria describe three different pathological subtypes
that are variably associated with the clinical phenotypes of bvFTD and/or MND, with or
without extrapyramidal signs (Ahmed et al., 2013). Microscopically, the disease is
characterized by the presence of large 4R tau inclusions with globular morphology in
oligodendrocytes and astrocytes, particularly abundant within the white matter (Ahmed et
al., 2013).

Argyrophilic Grain Disease (AGD)

Argyrophilic gain disease (AGD) is a 4R tauopathy mainly characterized by the
accumulation of small dot like, comma-like argyrophilic 4R tau positive inclusions
(“grains”), predominantly seen in the temporal lobes and limbic structures. AGD can occur
alone or contextually to other neurodegenerative diseases, more often Alzheimer’s disease
pathology (Fujino et al., 2005; Thal et al., 2005). The clinical presentation ranges from mild
cognitive impairment to AD-like dementia and a slowly progressive bvFTD (Grinberg et al.,
2013; Ishihara et al., 2005; Tsuchiya et al., 2001). Tau deposits in AGD lack acetylation, a
post-translational modification step thought to be essential for the acquisition of pathogenic
features by tau species in AD, hence the hypothesis of a potential protective role of AGD in
AD that may explain the more benign clinical phenotype (slow disease course) often
associated with this underlying neuropathology (Grinberg et al., 2013).
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FTLD-TDP

In 2006, TDP-43 was shown to be the major disease protein in the neuropathology of both
FTLD-U (tau negative, ubiquitin positive FTLD) and amyotrophic lateral sclerosis (ALS)
(Arai et al., 2006; Mackenzie, Neumann, et al., 2011; Neumann et al., 2006). TAR DNA-
binding protein 43 (TDP-43) belongs to the heterogeneous nuclear ribonucleoproteins
family, and has been shown to be involved with micro RNA processing, mRNA stabilization,
transport and translation (Baralle, Buratti, & Baralle, 2013). The exact role of TDP-43 is
unknown but it has been associated with thousands of MRNA targets and thought to be vital
for cell function (Polymenidou et al., 2011). Pathological TDP-43 in neurodegenerative
diseases is found as aggregates in the cytoplasm leading to phosphorylation, ubiquitination
and it’s degradation (Buratti & Baralle, 2009). In 2011, a harmonized classification of
FTLD-TDP pathology was proposed to categorize TDP-43 neuropathology into 4 groups (A,
B, C, D) which has since been widely accepted (Mackenzie, Neumann, et al., 2011).

TDP-43 type A neuropathology is characterized by abundance of neuronal rounded or
crescent-like cytoplasmic inclusions, and short dystrophic neurites and rare lentiform
neuronal intranuclear inclusions (Figure 10: TDP-43 Type A) which are more commonly
found in cortical layer Il (Mackenzie, Neumann, et al., 2011). TDP-43 type A
neuropathology can present with the clinical phenotypes of bvFTD, nfvPPA, and CBS while
MND is less common (Mackenzie, Neumann, et al., 2011). Pathogenic mutations in GRNon
chromosome 17 are associated with TDP-43 type A pathology (Cairns, Neumann, et al.,
2007).

TDP-43 type B neuropathology is characterized by much less frequent neuronal cytoplasmic
inclusions and dystrophic neurites found in both superficial and deep cortical layers (Figure
11: TDP-43 Type B) (Mackenzie, Neumann, et al., 2011). TDP-43 type B pathology is the
most common subtype associated with presence of neuronal cytoplasmic inclusions in lower
motor neurons, with or without clinical signs of MND (Mackenzie, Neumann, et al., 2011).
Clinical phenotypes of FTD, MND and FTD-MND can have TDP-43 type B neuropathology
(Mackenzie, 2007b; Mackenzie, Neumann, et al., 2011). Patients with C9ORF72 repeat
expansions most often have TDP-43 type B although TDP-43 type A is seen as well (J. S.
Snowden et al., 2015).

TDP-43 type C neuropathology is characterized by long tortuous dystrophic neurites, and
few neuronal intracytoplasmic inclusions (Figure 12: TDP-43-C) (Mackenzie, Neumann, et
al., 2011), while neuronal intranuclear inclusions are uncommon. TDP-43 type C is the most
common neuropathology substrate of svPPA and in the UCSF autopsy cohort it is pathology
confirmed in 90% of the cases.

TDP-43 type D is characterized by the presence of frequent lentiform neuronal intranuclear
inclusions as well as short dystrophic neurites and rare neuronal cytoplasmic inclusions in
all layers (Mackenzie, Neumann, et al., 2011), though these findings are more common in
superficial layers. This subtype of FTLD-TDP is uniquely associated with mutations in the
VCP gene and the clinical phenotype of Inclusion Body Myopathy with Paget’s disease and
FTD (Cairns, Bigio, et al., 2007; Mackenzie, Neumann, et al., 2011).
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In 2009, human genetic studies found mutations in the Fused in sarcoma (FUS) gene were
linked to familial MND and FUS cytoplasmic inclusions were found in post mortem
analyses (Kwiatkowski et al., 2009; Neumann et al., 2011; Vance et al., 2009). The role of
FUS is not fully understood but it has DNA/RNA binding properties and is thought to be
similar to TDP-43 (Baloh, 2012; Mackenzie & Neumann, 2012; Vance et al., 2009). Given
the known overlap of MND and FTD, involvement of FUS in FTD was explored and FUS
cytoplasmic inclusions were found in patients with FTD (Mackenzie, Rademakers, et al.,
2010; Neumann, Rademakers, et al., 2009; Urwin et al., 2010). MND were correlated with
mutations in the FUS gene, but FUS pathology in FTD was shown to be sporadic and not
affiliated with a mutation in FUS (J. S. Snowden et al., 2011). FUS is a member of the FET
protein family, which also consists of other RNA/DNA binding proteins Ewing’s sarcoma
(EWS) and TATA-binding protein-associated factor 15 (TAF15) (Mackenzie & Neumann,
2012). In 2011, immunohistochemical analysis of FUS inclusions in FTLD showed that the
whole FET family (FUS, EWS and TAF15) were found in FTLD pathology but not MND
FUS inclusions (Neumann et al., 2011). This suggests different mechanism for FTLD and
MND with FUS pathology (Mackenzie & Neumann, 2012). FET proteins were also found in
neuronal intermediate filament inclusion disease (NIFID) and basophilic inclusion body
disease (BIBD) (Munoz et al., 2009) (Neumann et al., 2011; Neumann, Roeber, et al., 2009).
Previously aFTLD-U, NIFID, BIBD were considered FTLD-FUS subtypes but since they
are all positive for FET-positive inclusions, they can now grouped together under FTLD-FET
(Mackenzie, Munoz, et al., 2011; Mackenzie & Neumann, 2012).

Atypical FTLD-U (aFTLD-U) neuropathology is characterized by neuronal cytoplasmic
inclusions containing FET proteins and most distinctively by the presence of rare and unique
neuronal intranuclear inclusions with a peculiar vermiform shape (Mackenzie, Munoz, et al.,
2011) (Figure 13: aFTLD-U binding FUS).

Neuronal intermediate filament inclusion disease (NIFID) is a rare neurodegenerative
disorder with distinct neuropathology due to immunoreactive neurofilament inclusions that
were later found to bind all class IV intermediate filaments (Neumann, Roeber, et al., 2009).
In 2009, NIFID was found to have intracellular FUS accumulation (Neumann, Roeber, et al.,
2009) and in 2011 it was found to have widespread FET proteins accumulation (Neumann et
al., 2011).

Basophilic inclusion body disease (BIBD), displays pathognomonic basophilic round
inclusions, when stained with hematoxylin and eosin. Basophilic inclusions are more
common in subcortical regions such as the basal ganglia and brainstem tegmentum. There is
severe frontotemporal atrophy in FTD cases and spinal cord involvement in MND cases (E.
B. Leeetal., 2013).

FTLD-UPS

A rare form of FTD has been linked to chromosome 3 in a large Danish family (Holm,
Isaacs, & Mackenzie, 2009), and was later associated with a mutation in the CHMPZ2B
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(charged multivesicular body protein 2B) gene (Skibinski et al., 2005). CHMPZB mutations
have been associated with familial FTD and ALS. The neuropathology is characterized by
the presence of inclusions that are immunoreactive for ubiquitin and are negative for tau,
TDP-43 and FET proteins, though the exact nature of an eventual pathogenic protein
remains unknown (Holm et al., 2009).

Frontotemporal dementia frequently has a strong genetic component contributing to its
pathogenesis. Over half of FTD cases are sporadic, but up to 40% of cases have a family
history of dementia, psychiatric disease or motor symptoms, with at least 10% of cases
having an autosomal dominant pattern (Chow, Miller, Hayashi, & Geschwind, 1999;
Goldman et al., 2005). Of the clinical syndromes, FTD-MND is the most heritable and
SVPPA is the least heritable (Goldman et al., 2005). The three most common genes
associated with FTD are CI9ORF72, MAPT and GRN. Other less common genes associated
with FTD include: VCR, CHMPZ2B, TARDBR, FUS, EXTZ, TBK1 and SQSTM..

Microtubule Associated Protein Tau (MAPT)

In the mid 1900’s, FTD was observed by Malamud, Waggoner and Sjogren, to have a
genetic contribution and some families with an autosomal dominant pattern of inheritance
(Bruce L. Miller, 2014). In 1994, Wilhelmsen linked a family that had an autosomal
dominant pattern of FTD, which he called disinhibition-dementia-parkinsonism-
amyotrophy-complex (DDPAC), to a region on chromosome 17 (K.C. Wilhelmsen, T.
Lynch, E. Pavlou, M. Higgins, & T. G. Nygaard, 1994). In 1998, as more FTD families were
linked to chromosome 17, missense mutations in tau exons 9-13 and a splice site mutation
in intron 10 was linked to increased 4R tau production as a possible mechanism for the tau
pathology (Grover et al., 1999; Hutton, Lendon, Rizzu, Baker, Froelich, Houlden, Pickering-
Brown, Chakraverty, Isaacs, Grover, Hackett, Adamson, Lincoln, Dickson, Davies, Petersen,
Stevens, de Graaff, Wauters, van Baren, Hillebrand, Joosse, Kwon, Nowotny, Heutink, et al.,
1998).

Clinical presentations of patients with MAPT mutations vary with bvFTD, nfPPA, PSP-S,
and CBS all described (Rohrer & Warren, 2011). Symptoms of motor neuron disease are
rarely associated with MAPT mutations (J. S. Snowden et al., 2015). The phenotype can
vary between family members affected with the same mutation (Yasuda et al., 2005). The
neuroimaging of patients with MAPT mutations tends to show a more symmetric pattern of
atrophy than other genetic causes of FTD (Rohrer & Warren, 2011; Whitwell et al., 2009).

An H1H1 haplotype of the MAPT gene increases a patient’s risk for PSP and CBD (Conrad
etal., 1997; Myers et al., 2007). The rare sequence variant in MAPT, p. A152T was found
initially in patients with PSP, but in a larger study was shown to increase the risk of
developing AD and FTD spectrum disorders, when compared to controls (Coppola et al.,
2012). This is the first time a tau polymorphism has been linked to both FTD and AD.
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Progranulin (GRN)

In 2006, mutations in GRN, also on chromosome 17, were linked to FTLD (Baker et al.,
2006; Cruts et al., 2006). Further research of GRN, revealed that the haploinsufficiency was
the mechanism for the neurodegeneration (Petkau & Leavitt, 2014; Ward & Miller, 2011).
Patients with mutations in GRN, have 50% less GRN mRNA progranulin levels in both CSF
and plasma supporting the haploinsufficiency theory (Coppola et al., 2008; Van Damme et
al., 2008). The exact role of progranulin is not fully understood, but it has been linked to
neuronal growth, lysosomal function plus inflammation and stress response (Petkau &
Leavitt, 2014; Ward & Miller, 2011). The neuropathology associated with GRNis
predominantly TDP-43 type A (Cairns, Neumann, et al., 2007; Mackenzie, 2007a).

Patients with GRN mutations most often present with bvFTD or nfvPPA, but CBS is also
common and MND is rare (Le Ber et al., 2008; Mackenzie, 2007a). On average patients tend
to be older with age of onset, mean age 60, and apathy is often a predominant symptom (J.
S. Snowden et al., 2015). MRI imaging can show asymmetry with atrophy in the fronto-
temporo-parietal atrophy, suggesting a GRN mutation (Rohrer & Warren, 2011). Only 70—
90% of families with a GRN mutation have a family history of neurodegenerative disease
suggesting it has lower penetrance than other FTD genes (van Swieten & Heutink, 2008).
Homozygote GRN carriers develop a syndrome suggestive of neuronal ceroid lipofuscinosis
with early onset retinal degeneration, seizures and cerebellar ataxia (Smith et al., 2012).

Chromosome 9 Open Reading Frame 72 (COORF72)

A genetic linkage between FTD -MND and chromosome 9g21-g22 had been known since
2000 (Hosler et al., 2000) but a mutation was not discovered until 2011 (DeJesus-Hernandez
etal., 2011; Renton et al., 2011). This mutation is a hexanucleotide repeat, GGGGCC, in a
non-coding region of chromosome 9 open reading frame 72 (C9ORF72) (DeJesus-
Hernandez et al., 2011; Renton et al., 2011). The pathologic CI9ORF72hexanucleotide
repeat expansion is the most frequent genetic cause of familial FTD (11.7%) and familial
ALS (23.5%) (DeJesus-Hernandez et al., 2011). The maximum size of hexanucleotide
repeats in controls was 2—23. Expansion sizes from 700 to 1600 have been associated with
pathogenesis causing FTD, MND or FTD-MND (DeJesus-Hernandez et al., 2011). The
exact role of CIORF72is still being studied, but the repeat expansions of COORF72 are
thought to cause loss of function in transcription as well as possible gain of function due to
toxic RNA foci (DeJesus-Hernandez et al., 2011). Dipeptides are produced by the abnormal
expansions that also likely contribute to the neurodegeneration (Mann, 2015).

The most common neuropathology associated with the pathologic C9ORF72 hexanucleotide
repeat expansions (C9+) is TDP-43 type B, (Mackenzie et al., 2013; J. S. Snowden et al.,
2015). There is current debate over the significance of inclusions with dipeptide repeat
(DPR) proteins that are specifically found in all C9+ phenotypes (Mackenzie et al., 2013;
Mackenzie & Neumann, 2016; Mann, 2015; Vatsavayai et al., 2016). The DPR proteins have
not been correlated specifically with neurodegeneration and cases of C9+ patients that died
prematurely had DPR pathology, no TDP-43 pathology and no symptoms of FTD or MND
suggesting DPR accumulates early (Baborie et al., 2015; Mackenzie & Neumann, 2016;
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Proudfoot et al., 2014). C9+ patients show RNA aggregates, and these RNA foci have
sparked theories about mechanism of neurotoxicity (DeJesus-Hernandez et al., 2011;
Mackenzie & Neumann, 2016).

The most common clinical phenotype with C9+ patients is bvFTD, although MND and
FTD-MND are also common (Boeve et al., 2012; J. S. Snowden et al., 2015). When
compared to other gene FTD gene carriers, C9+ patients showed a higher likelihood of
exhibiting psychotic symptoms, and delusions (Sha et al., 2012; J. S. Snowden et al., 2015).
In one study C9+ patients were less likely to exhibit dietary changes but were more socially
appropriate and warm (J. S. Snowden et al., 2015). C9+ patients can have a long disease
course (Khan et al., 2012; Sha et al., 2012).

MRI imaging of C9+ patients have shown typical FTD atrophy patterns when compared to
controls but when compared to other FTD genes the atrophy pattern is atypical (Sha et al.,
2012; Whitwell et al., 2012). Patients with FTD-MND have shown more atrophy in dorsal
frontal, parietal, the thalamus and cerebellum (Sha et al., 2012; Whitwell et al., 2012).
Functional connectivity studies associated diminished salience network connectivity with
atrophy of the left medial pulvinar thalamic nucleus in C9+ patients (S. E. Lee et al., 2014).

Rare genetic causes of FTD

A rare autosomal dominant disorder with inclusion body myositis, Paget’s disease of the
bone and FTD has been linked to a mutation in VCP on chromosome 9 (Neumann et al.,
2007; Watts et al., 2007). Exome studies have linked VCP mutations to MND (Johnson et
al., 2010). Mutations in VCPare linked to a unique form of neuropathology, TDP-43 type D
(Neumann et al., 2007).

Mutations in FUS are rare and predominantly associated with familial ALS.
Neuropathologically, they present as FTLD-FUS diseases with inclusions made of FUS
protein in the absence of other FET proteins (Kwiatkowski et al., 2009; Neumann et al.,
2011).

There are numerous other genes that have been associated with FTLD which are uncommon.
These include mutations in: TARDBP (Borghero et al., 2011; Kovacs et al., 2009; Mosca et
al., 2012), CHMP2B (Skibinski et al., 2005), TBK1 (Freischmidt et al., 2015; Pottier et al.,
2015), OPTN (Pottier et al., 2015; Pottier, Ravenscroft, Sanchez-Contreras, & Rademakers,
2016), SQMSTM1 (Fecto et al., 2011; Pottier et al., 2016), UBQLN2 (Deng et al., 2011),
and EXT-2 (Narvid et al., 2009)

Treatments

There are currently no FDA approved treatments for FTD, but off-label pharmacological and
behavioral modification techniques can be used to manage symptoms in FTD.

The FDA approved treatments for Alzheimer’s disease have not shown benefit in FTD.
There is evidence that acetylcholinesterase inhibitors actually make symptoms in FTD worse
(Kimura & Takamatsu, 2013; Mendez, Shapira, McMurtray, & Licht, 2007). Memantine was

Neurol Clin. Author manuscript; available in PMC 2018 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Olney et al.

Page 20

tolerated in patients with FTD but in a double-blind, placebo-controlled trial there was no
benefit to behavior or cognition (Boxer, Knopman, et al., 2013; Vercelletto et al., 2011).

It is accepted that FTD symptoms and behavior can improve with selective serotonin uptake
inhibitors (SSRIs) (Herrmann et al., 2012; Ikeda et al., 2004; Mendez, Shapira, & Miller,
2005; Swartz, Miller, Lesser, & Darby, 1997). A small randomized, placebo controlled
double blinded trial with Trazadone showed improvement in NPI scores of FTD patients but
no change in MMSE (Lebert, Stekke, Hasenbroekx, & Pasquier, 2004).

Atypical antipsychotics should be used with caution in patients with FTLD given that they
may have increase vulnerability to the extrapyramidal side effects and there is a black box
warning for use in the elderly (Pijnenburg, Sampson, Harvey, Fox, & Rossor, 2003). There is
little evidence for benefit from mood stabilizers in FTLD and evidence is limited (Chow &
Mendez, 2002; Cruz, Marinho, Fontenelle, Engelhardt, & Laks, 2008). Oxytocin has been
proposed as a potential therapy targeting the emotional changes in FTD and a small study
showed mild improvement on the Neuropsychiatric Inventory after its use (Finger, 2011,
Jesso et al., 2011).

There are also important non-pharmacological therapies to treat FTD symptoms. FTD
symptoms can improve with caregiver education about behavioral, environmental and
physical techniques to minimize or redirect unwanted behaviors (Merrilees, 2007). Benefits
from physical exercise have been shown to delay cognitive decline and should be
recommended to all FTD patients that can safely tolerate it (Cheng et al., 2014). Patients
with nfvPPA, svPPA, and language deficits, may benefit from speech therapy (Kortte &
Rogalski, 2013).

Although there are no FDA-approved treatments for FTD, this is a hopeful time for FTD
treatments to come to fruition. There are currently active clinical trials targeting specific
FTD mechanisms and pathology. There are trials targeted at tau pathology with therapeutics
aimed at preventing tau aggregation, tau microtubule stabilization and removal of tau with
tau-targeted antibodies (Karakaya, Fusser, Prvulovic, & Hampel, 2012; Schneider &
Mandelkow, 2008; Tsai & Boxer, 2016). There are trials currently targeting the
haploinsufficiency in GRN gene expression by using different methods of increasing
progranulin (Boxer, Gold, Huey, Gao, et al., 2013; Boxer, Gold, Huey, Hu, et al., 2013;
Lagier-Tourenne et al., 2013). Antisense oligonucleotide (ASO) therapies are being
developed to target the toxin gain of function with C9ORF72 genetic mutation (Lagier-
Tourenne et al., 2013). Molecular based treatments for FTD are closer than they have ever
been.
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Key Points

The core FTD spectrum disorders include: behavioral variant FTD (bvFTD),
nonfluent/agrammatic variant primary progressive aphasia (nfvPPA), and
semantic variant PPA (svPPA).

Related FTD disorders include frontotemporal dementia with motor neuron
disease (FTD-MND), progressive supranuclear palsy (PSP) and corticobasal
syndrome (CBS).

The most common neuropathologic substrates of frontotemporal lobar
degeneration (FTLD) are: FTLD-tau, FTLD-TDP, and FTLD-FET.

The three genes most commonly associated with FTD are C9ORF72, MAPT
and GRN.

There are currently no FDA approved treatments for FTD
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Figure 1. bvFTD MRI
MRI of a patient with bvFTD showing severe frontal and temporal lobe atrophy. The patient

is a 60 year old female who developed symptoms of withdrawal, not taking care of her farm
animals, 8 years prior. Her symptoms progressed to impaired hygiene, lack of empathy, and
disobeying the rules of the road. In the last 2 years she developed repetitive behaviors,
hyperorality, incontinence and a non-fluent aphasia.
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Figure 2. Paintings
Paintings made by a 53 year old male with FTLD that had both language and behavioral

symptoms. He developed compuslions for painting as one of his early symptoms and it is
postulated that as his right temporal lobe become more involved that the faces in his work
became less detailed and began to have a more generic smile with teeth.
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Figure 3. Left svPPA MRI
MRI showing left temporal lobe atrophy in sagittal, coronal and axial cuts.

The patient is a 61 year old man, whose first symptom was 6 years prior with the inability to
name apples in a fruit bowl. His problems with semantics and naming progressed and 3
years prior he had difficulty recognizing faces of neighbors. More recent symptoms include
the urge to lick people and things (hyperorality).
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Figure 4. Right svPPA MRI
MRI shows bitemporal atrophy right greater than left. The patient is a 64 year old woman,

whose first symptom was 10 years prior, telling repetitive stories that slowly became less
appropriate and embarrassed her friends and family. Six years prior, she developed
obsessions of taking specific walking routes to collect cigarette butts. More recently she has
shown lack of empathy towards her family and dog.
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Figure 5. nfvPPA MRI
MRI showing predominant left posterior fronto-insular atrophy.

The patient is an 84 year old woman, whose first symptom was word finding difficulties 7
years prior. Over time she developed impaired grammar and a speech apraxia as her speech
output diminished.
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Figure 6. Clinical and pathological correlations in FTD spectrum disorders
This figure summarizes the overlap of FTD spectrum disorders (bvFTD, PSP, CBS, FTD-

MND, svPPA, nfPPA) and their neuropathology (FTLD-tau, FTLD-TDP, FTLD-FET,
FTLD-UPS) with a small portion of clinical syndromes being caused by AD pathology. The
clinical syndrome of IvPPA is highly correlated with AD pathology.
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Figure 7. 3R tau in Pick’s Disease
Photomicrograph of the middle frontal gyrus from a patient with Pick’s disease. Tau

immunohistochemistry demonstrates numerous Pick’s bodies (black arrow) and ballooned
neurons or Pick’s cells (red arrows). Image courtesy of Salvatore Spina MD, PhD UCSF
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Figure 8. 4R tau in PSP
Tau immunohistochemistry of the superior frontal sulcus showing tufted astrocytes (black

arrows), and a globose tangle (red arrow).
Image courtesy of Salvatore Spina MD, PhD UCSF
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Figure 9. 4R tau in CBD
Tau immunohistochemistry in the paracentral gyrus showing astrocytic plaques (black

arrows).
Image courtesy of Salvatore Spina MD, PhD UCSF
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Figure 10. TDP-43 Type A
Orbitofrontal gyrus showing many short dystrophic neurites (black arrow), neuronal

cytoplasmic inclusions (green arrow) and a lentiform neuronal intranuclear inclusions (red
arrow). TDP immunohistochemistry. Image courtesy of Lea Grinberg MD, PhD UCSF
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Figure 11. TDP-43 Type B
TDP immunohistochemistry of the precentral gyrus showing moderate neuronal cytoplasmic

inclusions (black arrow). TDP immunohistochemistry.
Image courtesy of Lea Grinberg MD, PhD UCSF
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Figure 12. TDP-43 Type C
TDP immunohistochemistry of the insula showing long tortuous dystrophic neurites (black

arrows), and few neuronal intranuclear inclusions.
Image courtesy of Lea Grinberg MD, PhD UCSF
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Figure 13. aFTLD-U binding FUS
FUS immunohistochemistry of the dentate fascia (hippocampus) showing many FUS

positive neuronal cytoplasmic inclusions (black arrows).
Image courtesy of Lea Grinberg MD, PhD UCSF
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Table 1
Diagnostic Criteria for behavioral variant FTD

(From Rascovsky K, Hodges JR, Knopman D, et al. Sensitivity of revised diagnostic criteria for the
behavioural variant of frontotemporal dementia. Brain. 2011)

1. Neurodegenerative disease
The following symptom must be present to meet criteria for bvFTD

A. Shows progressive deterioration of behavior and/or cognition by observation or history (as provided by a knowledgeable
informant).

11. Possible bvFTD
Three of the following behavioral/cognitive symptoms (A-F) must be present to meet criteria. Ascertainment requires that symptoms be
persistent or recurrent, rather than single or rare events.

A Early behavioral disinhibition [one of the following symptoms (A.1-A.3) must be present]:
A.$ocially inappropriate behavior
A.2oss of manners or decorum

A.Bmpulsive, rash or careless actions

B. Early apathy or inertia [one of the following symptoms (B.1-B.2) must be present]:
B.Apathy
B.2nertia
C. Early loss of sympathy or empathy [one of the following symptoms (C.1-C.2) must be present]:

C.Diminished response to other people’s needs and feelings
C.Diminished social interest, interrelatedness or personal warmth
D. Early perseverative, stereotyped or compulsive/ritualistic behavior [one of the following symptoms (D.1-D.3) must be present]:
D.Simple repetitive movements
D.Zomplex, compulsive or ritualistic behaviors
D.Stereotypy of speech
E. Hyperorality and dietary changes [one of the following symptoms (E.1-E.3) must be present]:
E.Altered food preferences
E.Binge eating, increased consumption of alcohol or cigarettes
E.®ral exploration or consumption of inedible objects

F Neuropsychological profile: executive/generation deficits with relative sparing of memory and visuospatial functions [all of the
following symptoms (F.1-F.3) must be present]:

F. Deficits in executive tasks
F.Relative sparing of episodic memory

F.Relative sparing of visuospatial skills

111. Probable bvFTD
All of the following symptoms (A-C) must be present to meet criteria.

A. Meets criteria for possible bvFTD

B. Exhibits significant functional decline (by caregiver report or as evidenced by Clinical Dementia Rating Scale or Functional
Activities Questionnaire scores)

C. Imaging results consistent with bvFTD [one of the following (C.1-C.2) must be present]:
C.Erontal and/or anterior temporal atrophy on MRI or CT

C.Erontal and/or anterior temporal hypoperfusion or hypometabolism on PET or SPECT

1V. Behavioral variant FTD with definite FTLD Pathology

Criterion A and either criterion B or C must be present to meet criteria.
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A Meets criteria for possible or probable bvFTD
B. Histopathological evidence of FTLD on biopsy or at post-mortem
C. Presence of a known pathogenic mutation

V. Exclusionary criteria for bvFTD
Criteria A and B must be answered negatively for any bvFTD diagnosis. Criterion C can be positive for possible bvFTD but must be negative
for probable bvFTD.

A Pattern of deficits is better accounted for by other non-degenerative nervous system or medical disorders
B. Behavioral disturbance is better accounted for by a psychiatric diagnosis
C. Biomarkers strongly indicative of Alzheimer’s disease or other neurodegenerative process
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Table 2
Diagnostic Criteria for the semantic variant PPA

(From Gorno-Tempini ML, Hillis AE, Weintraub S, et al. Classification of primary progressive aphasia and its

variants. Neurology. 2011)

1. Clinical diagnosis of semantic variant PPA
Both of the following core features must be present:

A Impaired confrontation naming

B. Impaired single-word comprehension

At least three of the following other diagnostic features must be present:

Impaired object knowledge, particularly for low-frequency or low-familiarity items

B. Surface dyslexia or dysgraphia
C. Spared repetition
D. Spared speech production (grammar and motor speech)

11. Imaging-supported semantic variant PPA diagnosis
Both of the following criteria must be present:

A. Clinical diagnosis of semantic variant PPA
B. Imaging must show one or more of the following results:
1. Predominant anterior temporal lobe atrophy
2. Predominant anterior temporal hypoperfusion or hypometabolism on SPECT or PET

111. Semantic variant PPA with definite pathology
Clinical diagnosis (criterion A below) and either criterion B or C must be present:
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A Clinical diagnosis of semantic variant PPA
B. Histopathologic evidence of a specific neurodegenerative pathology (e.g., FTLD-tau, FTLD-TDP, AD, other)
C. Presence of a known pathogenic mutation
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Table 3
Diagnostic criteria for nonfluent/agrammatic variant PPA

(From Gorno-Tempini ML, Hillis AE, Weintraub S, et al. Classification of primary progressive aphasia and its

variants. Neurology. 2011)

1. Clinical diagnosis of nonfluent/agrammatic variant PPA:
At least one of the following core features must be present:

A. Agrammatism in language production

B. Effortful, halting speech with inconsistent speech sound errors and distortions (apraxia of speech)

At least 2 of 3 of the following other features must be present:
A Impaired comprehension of syntactically complex sentences
B. Spared single-word comprehension

C. Spared object knowledge

I1. Imaging-supported nonfluent/agrammatic variant diagnosis
Both of the following criteria must be present:

A Clinical diagnosis of nonfluent/agrammatic variant PPA
B. Imaging must show one or more of the following results:
1. Predominant left posterior frontoinsular atrophy on MRI or
2. Predominant left posterior frontoinsular hypoperfusion or hypometabolism on SPECT or PET

111. Nonfluent/agrammatic variant PPA with definite pathology
Clinical diagnosis (criterion A below) and either criterion B or C must be present:

A. Clinical diagnosis of nonfluent/agrammatic variant PPA
B. Histopathologic evidence of a specific neurodegenerative pathology (e.g., FTLD-tau, FTLD-TDP, AD, other)
C. Presence of a known pathogenic mutation
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