’3?":?-.-_-...:"'; P %00
VNiVERSiDAD
P SI\[ AM l\‘(’\ . IBSAL

INSTITUTE OF NEUROSCIENCE OF CASTILLA'Y LEON

Laboratory of Audiomotor disorders

ENGLISH SUMMARY

Sensorimotor Alterations in Neurodegenerative Disease.

Lymarie Millian Morell

Directors:
Dr. Tomas Lopez Alburquerque

Dra. M2 Dolores E. Lopez Garcia

Salamanca, 2015






INDEX

l. Introduction

1. Parkinson’s Disease
2. Essential Tremor
3. Mild Cognitive Impairment
4. Alzheimer’s Disease
5. DNA Analysis

6. Startle Reflex

Il. Hypothesis and Objectives

Ill. Materials and Methods

1. Subjects

2. Cognitive Assessment

3. Voice Analysis

4. DNA Analysis

5. Startle reflex and Prepulse Inhibition Measurement

6. Statistical Analysis

IV. Results

1.Cognitive Assessment

2. Voice Analysis

3. DNA Analysis

4. Startle reflex and Repulse Inhibition

5. Correlations between PPI/ PPF and DNA polymorphisms

V. Discussion

VI. Conclusions

VII. References

1

13

14

15

15

16

17

19

20

21

24

27

29

31

33

4

43



(Brain Universe, Anonymous)

INTRODUCTION



Millian-Morell L., 2015

l. Introduction

Neurodegenerative diseases are defined as those that result in slowly progressive neuronal loss due to
various genetic and environmental factors, and become clinically manifest by cognitive, sensory or motor
changes. In recent decades, due to the increased life expectancy and longevity, especially in developed
countries, there is higher prevalence of various neurodegenerative diseases. The most frequents among
these diseases with high social impact are Parkinson's disease (PD) and Essential Tremor (ET), that in
some cases combine motor and cognitive disorders (Samuels et al., 2007), as well as Mild Cognitive
Impairment (MCI) and Alzheimer's disease (AD), in which predominate cognitive impairments (Valls-
Pedret et al., 2010). The following paragraphs summarize the most relevant aspects of these

neurodegenerative diseases and its relation with the techniques used in this thesis dissertation.
1. Parkinson's disease

PD belongs to a group of conditions called motor system disorders, which results from the damage of
dopaminergic neurons in the substantia nigra pars compacta (Braak et al., 2003). PD is difficult to
diagnose accurately as early symptoms occur gradually and differ among patients that experience motor
problems after 50% of dopaminergic cell death (Stoessl, 2011). Motor abnormalities lead to the diagnostic
criteria that include bradykinesia, rigidity, resting tremor or postural instability. Also, these motor
dysfunctions reflect a loss of dopaminergic neurons within the nigrostriatal system that might be traceable
to extranigral impairment of the motor system (Braak et al., 2000, 2003; Albin et al., 1989; Braak and
Braak, 2000).

In addition to the hallmark symptoms of PD (Blumin et al., 2004; Sewall y et al., 2006), a significant and
progressive deficit in the phonatory system is often experienced by PD patients (Sewall et al., 2006).
Phonetics involves speech motor activities, transmission through air and speech perception (Saxena et al.,
2014). The speech and voice deterioration can be explained by a sensory processing deficit related to
speech (Ho et al., 1999; Ramig et al., 2007). Patients are often described as having a high-pitched,
monotone, and monoloud voice with a restricted range pitch when compared with normal subjects (Canter,
1963; Griffiths et al., 1989). Vocal impairment may be amongst the earliest PD symptoms, detectable up to
five years prior clinical diagnosis (Harel et al., 2004; Tsanas et al., 2012). The loss of dopaminergic input
to the striatum and subsequent deregulation of the basal ganglia produce motor deficits that adversely
affect all the subsystems related to speech motor control. Any alteration in one of these systems affects
the voice and the proper coordination of speech (Martinez-Sanchez, 2010). Neuroimaging studies have

demonstrated the involvement of the striatum in speech initiation and production (Price, 2009).
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It has been suggested that speech motor deficits in speakers with PD could contribute to hypokinetic
dysarthria (Ramig et al., 2011; Walsh and Smith, 2012) that is an integral part of the motor changes in PD
patients. Disturbances of prosody, articulation and mobility, correlate with the disease’s severity and these
disturbances are secondary to the degree of the patient's rigidity and hypokinesia. The decrease in
expiratory volume with a consequent alteration of the velopalatal resonance and a decrease in vocal
intensity cause the disturbances in the prosody. Abnormalities described in patients with PD, as
disruptions in prosody, differences in the rate of speech, voice inflection, hesitations, pauses, monoloud
voice and a decrease in the intensity variations of the voice, have been observed during the reading task
(Rusz et al., 2011).

2. Essential Tremor

ET is characterized by the presence of postural and kinetic tremor in the upper limbs and head, which
usually does not exist at rest (Cohen et al., 2003). It is a slowly progressive process that eventually
produces motor and functional disabilities. It seems possible to identify different subtypes of ET according
to the progression rate of the disease’s coexistence with PD, and the degree of cognitive impairment. It is
the most common movement disorder in clinical practice, especially after the age 40. Almost half of
patients have a family history with autosomal dominant inheritance. Linkage studies identify alteration in
dopamine receptors to alterations in ET (Garcia-Martin et al., 2009). Currently, about 5% of Spanish
elderly suffer from this disease (Benito-Ledn et al., 2003; Labiano-Fontcubertaa et al., 2012), and its

incidence increases with age (Benito-Leon et al., 2005; Labiano-Fontcubertaa et al., 2012).

ET has been considered as a disease characterized by monosymptomatic kinetic tremor in the upper
limbs, however, in recent years, we have seen that its clinical spectrum is wider (Labiano-Fontcubertaa et
al., 2012). That its clinical spectrum is wider, including symptoms usually identified as motor symptoms
like gait disturbance, intention tremor and rest tremor, and non-motor symptoms like olfactory, cognitive
and personality disorders (Benito-Leon and Louis, 2006; Labiano-Fontcubertaa et al., 2012). Cognitive
changes are initiated with impaired executive function and memory. When the ET starts in the elderly,
there is an increased risk of developing dementia (Bermejo-Pareja et al., 2007). Pathological location in
most cases of ET sits in the cerebellum, while a third of the brains of patients suffering from this pathology
showed neurodegenerative changes, including neuronal death (Axelrad et al., 2008; Louis et al., 2007;
Louis, 2010), and abundant Lewys bodies (LB), especially in the Locus Coeruleus (LC) (Louis et al., 2005,
2007; Shill et al., 2008).

It has been postulated that PD and ET are close in their evolution. The tremor may precede the onset of
other extrapyramidal symptoms, having come to regard the ET as a risk factor in the development of PD.

Considering these two entities as part of a neurodegenerative continuum is not new (Critchley and
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Greenfield, 1948), and have a common anatomical basis the LC (Frisina et al., 2009). The LC is the
principal site for production of noradrenaline (Swanson and Hartman, 1975), as well as monitoring and

alarm functions, presenting statements for the most active (Aston-Jones and Bloom, 1981).
3. Mild Cogpnitive Impairment

MCl is considered a transitional state between the cognitive impairment and the physiological aging and
dementia (Petersen et al., 2001; Morris et al., 2001). MCI is clinically manifested as impaired memory
maintaining cognitive and functional abilities (Petersen et al., 2001; Morris et al., 2001). Recently, the
diagnostic criteria for MCI, dementia and AD have been updated by the National Institute of Aging and the
Alzheimer's Association (Albert et al., 2011; McKhann et al., 2011). According to them, the MCI is
characterized by deficits in higher cognitive functions, maintaining independence and accompanied by
concern of the family or the patient himself. These deficits must occur in the absence of other disorders
that cause similar signs and symptoms. The main difference concerns between MCI and dementia is the

presence of impairment in activities of daily living (Albert et al., 2011; Mora-Simon et al., 2012).

Because some patients with MCI progress to AD, it is a medical priority to have sensitive techniques that
allow us to identify the disorders, for further pharmacological interventions that can slow or stop the

progression of the disease (Sherwin, 2000; Morris et al., 2001).
4. Alzheimer’s Disease

AD is characterized, in its typical form, by progressive memory loss and other mental abilities,
accompanied by disturbances in behavior such as aggression, depression and errant behavior (Costa et
al., 1996; Francis et al., 1999; Williams et al., 2003).

The AD shows a decrease in weight and volume of the brain, with enlarged sulci and gyri. Also, the
cerebral cortex is thinned and slightly enlarged ventricles (cerebral atrophy). The pathological hallmarks of
AD are: loss of neurons in the cerebral cortex, senile or neuritic plaques and neurofibrillary tangles. The
most vulnerable anatomical regions to suffer these neuropathological changes are: hippocampus,
parahippocampal gyrus, basal nucleus of Meynert, SN, LC, periaqueductal substance and raphe nuclei
(Braak and Braak, 1991). Furthermore, an overall loss of synaptic connections, particularly those of the
cholinergic system, occurs in AD. These alterations have been extensively studied in animal models that
have shown degeneration of cholinergic, noradrenergic, serotonergic, GABAergic and glutamatergic
neurons in different brain areas involved in memory such as the hippocampus, the association cortex and

the limbic system (Manzano et al., 2009).

In AD patients, alterations in lexical semantic and pragmatic domains of language (Hodges et al., 1992)

are frequently observed, while the articulatory, phonological and syntactic aspects of language production
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remain well preserved until later stages of the disease (Caramelli et al., 1998). The most prominent
characteristics of the voice in AD patients in early stages are related to prosody as well as acoustic and
temporary measures, including alterations in rate (reduced or fluctuating language production rate,
frequent pauses to find words), volume, phonological errors, and articulatory apraxia (Taler et al., 2008). In
short, if speech impediments in people with AD differ qualitatively from the voice changes caused by
normal aging or other conditions, such impairments may be isolated for early diagnosis of AD (Venneri et
al., 2005).

The different mechanisms of action by which neuropathological features of AD arise may be the likely
reason for the lack of effective treatment that could prevent the onset and progression of the disease.
That's why we have to find biomarkers that reflect neurophysiological changes in pre-symptomatic stages,

to find treatments that target these physiological mechanisms involved in disease.
5. DNA analysis

In humans, the most common form of genetic variation is the single base change in the sequence of a
gene. This condition is known as single nucleotide polymorphism (SNP) (Cargill et al., 1999; Tindall et al.,
2007; Schleinitz et al., 2011). One of these variations should affect at least 1% of the population to be
considered a SNP. According to the International HapMap Consortium (catalog of common genetic
variations that are present in the human species) (2003), SNPs occur with a frequency of 1% and can
occur in either of the two copies of the genome. Although most of these SNPs have no effect on the
genome, they can affect some function of genes/proteins and therefore lead to phenotypic differences
between the carriers of different alleles. SNPs can be related with other diseases responsible for or
associated with a higher risk for any health disorder, which can act as markers to locate the sequences
responsible genes. For these reasons, SNPs are potentially valuable both to help biomedical research,

and for the development of pharmaceutical products or medical diagnoses.

The etiology of many neurodegenerative diseases is not well defined, so many researchers advocate a
multifactorial origin, a combination of genetic predisposition and environmental factors (Jenner et al.,
1992). There is a wide range of described polymorphisms associated with PD (Ben-David and Tu, 2014),
AD (Chouraki et al., 2014), and ET (Garcia-Martin et al., 2009), but we will restrict ourselves to those who

have been associated to changes in sensorimotor filtering.

Genetic mutations associated with deficits in sensorimotor gaiting in patients with schizophrenia and AD,
among other pathologies has been reported (Zhang et al., 2011). Some of these mutations are related to
the gene encoding neuregulin-1 (NRG-1) (Hong et al., 2007), dopamine receptors (Wong et al., 2000) and
the gene encoding the catechol-O-methyltransferase (COMT), among others (Giakoumaki et al., 2008).
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Neuregulin-1 is one of four neuregulin family proteins identified in vertebrates (Diez et al., 2014), which
target the EGFR family (Epidermal growth factor receptor) receptors. It is essential for normal
development of the nervous and cardiovascular system and is encoded by the NRG-1 gene.
Normofunctionality of this gene is one of the factors in schizophrenia diagnoses (Stefansson et al., 2002;
Diez et al., 2014.). Studies by Hong et al., 2007 considered this polymorphism as an important marker in

Sensory processing.

Dopamine is a major central nervous system neurotransmitter, an endogenous catecholamine that
influences various cell activities (Cavallotti et al., 2004). The dopaminergic system is involved in motor
control, endocrine function, reward system and cognition (Tome et al., 2004). Dopamine receptors are
widely expressed in neurons and in certain populations of non-neuronal cells (Tome et al., 2004). There
are five subtypes of dopamine receptors, and among these, the Drd2 receptors (McGuire et al., 2011; Dai
et al., 2014) and Drd3 (Lee et al., 2009; Kiyohara et al., 2011; Dai and al., 2014), are the most studied,

because alterations in genes that encode them are associated with neurodegenerative diseases.

The COMT gene, located on chromosome 22, encodes catechol-O-methyltransferase (COMT) enzyme
linked to dopamine degradation, particularly in the prefrontal cortex of mammals (Gennatas et al., 2012),
and its activity is associated with levels of cognition, behavior (Swerdlow et al., 2013), and mechanisms of

learning and memory (Gennatas et al., 2012).

Polymorphism rs4680 in which G is exchanged for A at position 158 of the coding region of the COMT
polymorphism or Val158Met, causes an amino acid substitution in the protein, producing a decrease in the
enzyme activity (Martinez et al., 2009), which can induce the formation of radicals that contribute to
cytosolic neurodegeneration (Torkaman-Boutorabi et al., 2012). Also, it has been reported that this change
in the enzyme causes an increase in the concentration of dopamine in the prefrontal cortex (Vallelunga et
al., 2012), linking this with the decline in cognitive function in patients with MCI and AD (Harrison et al.,
2008; Talledo et al., 2009; Quednow et al., 2009).

6. Startle Reflex

Sensorimotor filtering is also affected by anatomical and physiological changes observed in many
neurodegenerative diseases. Studies that evidence the involvement of the sensorimotor system in the
pathophysiology of certain movement disorders, this makes it essential to consider the potential
contribution of changes in sensorimotor integration in motor execution (Abbruzzese and Berardelli, 2003).
Disturbances in motor control can be measured through the analysis of muscle electromiographic activity
(Valls-Sole and Valldeoriola, 2002). The acoustic startle reflex (ASR) is a rapid muscle contraction evoked
by a sudden and intense acoustic stimulus. It is a simple test that serves as a tool for assessment of

behavioral plasticity mechanisms of sensorimotor response (Koch, 1999). ASR reflects a protective
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behavior against the injury and the magnitude of this reflex can be modulated by external and internal
conditions (Walker and Davis, 1997). Prepulse inhibition (PPI) is the reduction of the magnitude of ASR
when the startle-eliciting stimulus (pulse) is preceded 30-500 ms by a weak non-startling stimulus
(prepulse) (Hoffman and Ison, 1980). PPI is an operational measure of sensorimotor gating and reflects a
protector mechanism where the information carried by the prepulse is analyzed early avoiding the
interference of other stimuli, which limits the ingress of trivial stimuli to cognitive centers or motor output
pathways (Swerdlow et al., 2001). When the prepulse-to-pulse intervals are longer than 500 ms, the
phenomenon is known as prepulse facilitation (PPF) (Graham and Murray, 1977), and reflects sensory

enhancement and selective attention (Anthony and Graham, 1985).
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Il. Hypothesis and Objectives
Il.a. Hypothesis

The neurophysiologic tests (ASR, PPI and PPF) provide quantifiable data, are affordable and
safe for patients without any adverse effects. These tests are commonly used for the evaluation
of the alterations in brainstem circuits and their neurotransmitters. Based on the anatomical
connections between structures belonging to sensory filtering circuit, substantia nigra (SN) and
basal ganglia, we hypothesized that the dysfunction between these circuits affect the
sensorimotor gating in neurodegenerative disease. Thus, it is possible to assess the alteration in

this sensorimotor filtering using the ASR and its modulation through the PPl and PPF.

The use of potential biomarkers such as ASR and PPI, or polymorphisms associated could
contribute to early detection and improved classification of diseases with similar clinical

manifestations.

The modifications of the acoustic and perceptual parameters of voice and speech also could be

used as a complement to assess initial symptoms in different neurodegenerative diseases.

Thus, this dissertation is motivated by the following research question: Could the
neurophysiologic tests (ASR, PPI and PPF), single nucleotide polymorphism and speech analysis

be used as diagnostic tools in neurodegenerative diseases?
Il.b. Objectives

The main objective is to demonstrate the existence of an alteration of the ASR/PPI in the early
stages of certain neurodegenerative diseases and validate this test as an auxiliary tool for early

diagnosis.

1- Determine if the ASR/PPI is altered in patients with MCI, AD, PD and ET compared to a control
group.

2- Determine the degree of cognitive impairment in patients with neurodegenerative diseases.
3- Analyze the changes of speech in PD patients with AD.
4- Determine the prevalence of different genetic polymorphisms in neurodegenerative diseases.

5- Establish correlations between markers studied.
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Ill. Materials and Methods
1. Subjects:

Patients diagnosed with Parkinson's Disease, Essential Tremor, Alzheimer's Disease, Mild

Cognitive Impairment and healthy Controls.
1a. Parkinson’s Disease patients

PD patients were clinically diagnosed according to the criteria of the Brain Bank of London
(Hughes et al., 1992). They were outpatients from the Neurology Service of the University
Hospital of Salamanca, who were seen by at least two senior neurologists experienced in
movement disorders. PD patients include 52 patients (mean age, 68.44 + 9.89), who were
clinically evaluated using Unified Parkinson’s Disease Rating Scale (Goetz et al., 2008) and
Hoehn and Yahr scale (Hoehn and Yahr, 1967). The study was conducted at the time of their

medication’s minimal effect.
1b.Essential Tremor patients

ET patients were clinically diagnosed according to the criteria of the Consensus statement of the
Movement Disorder Society on Tremor (Movement Disorders, Deuschl et al., 1998). ET patients
include 34 patients (mean age, 63.46 £ 12.56), who were clinically evaluated using TETRAS.
Patients included in this group showed a visible and persistent postural tremor in the upper
extremities, for more than 5 years. The study was conducted at the time of their medication’s

minimal effect.
1¢.Mild Cognitive Impairment patients

Thirty-three Patients diagnosed with MCI were part of the study (mean age 72,21+ 8.39).
Patients were diagnosed according to the criteria established by Petersen et al., 2001 and
Grundman et al., 2004 and the Spanish Society of Neurology (GENCD-SEN, 2003).

1d.Alzheimer’s Disease patients

Twenty-one patients with a mean age of 72.64 + 7.51, diagnosed with AD according to the
criteria developed by the NINCDS-ADRDA (McKhann et al., 1984, 2011) and the criteria for SEN
took part in the study. Only patients in stage 1 with a Minimental State Examination (MMSE)
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(Folstein et al., 1975) between 20 and 24 points and maintained their autonomy in activities of
daily living. The control group was formed by 37 healthy controls, recruited from the general

community in recreational centers for elderly people (mean age, 73.74 £ 13.84).
1e.Control subjects

Exclusion criteria included: neurological disorders other than the selected neurological disease,
head injury, hearing disorders with significant reduction of the auditory threshold, diagnosis of
psychiatric disorder other than depression, frequent use of illicit substances or alcohol
consumption. All patients received written inform consent according to the ethical standards laid

down in the 1964 Declaration of Helsinki before the test.
2. Cognitive assessment

We acquired cognitive assessment using the direct scores from the following subscales of MMSE
(Folstein et al., 1975), verbal fluency Isaac Test categories (Isaacs and Akhtar, 1972), Geriatric
depression Scale (GDS) (Yesavage et al., 1983) and Daily living Activities (Pfeffer, 1982). For
the assessment of attention, working and spatial memory we used the Spanish version of the

Wechsler lll scale.
3. Voice Analysis

The speech task consisted of asking subjects to read on a screen (48-point font size and multiple
lines to facilitate reading), the first paragraph of the novel “Don Quixote” by Miguel de Cervantes
(405 syllables): “In a village of La Mancha, the name of which | have no desire to call to mind,
there lived not long since one of those gentlemen that keep a lance in the lance-rack...” (English
translation of Don Quixote by John Ormsby, 1885). This paragraph is well known by all Spanish
speakers, like the famous passage "to be or not to be" of Shakespeare used in English equivalent
tests. The recordings were made in a room quietly placing the microphone to 8 cm and an angle
of 45 ° from the mouth to prevent aerodynamic noise. The recordings were obtained with a
portable professional voice recorder (Sony PCM-M10), and the analyses were done according to
the methodology described in previous studies (Meilan et al., 2014). Analysis focused on
common acoustic measures of speech, including temporal aspects of the speech sample, pitch or
fundamental frequency (FO0), volume (intensity), and voice quality. To characterize the fluctuations
in the amplitude of sound, we computed the intensity in dB of voice and unvoiced signals, and

measured phonatory stability shimmer period perturbation stability (shot term, cycle to cycle,
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perturbation in the amplitude of the voice): local shimmer (shimmer loc) and shimmer amplitude
perturbation quotient 3 (shimmer apq3). Prosodic patterns were quantified by automatic prosodic
transcription of a recording, using the algorithms implemented by Mertens (Mertens, 2004) on the
Praat program (Boersma and Weenink, 2013). To characterize the temporal aspects of the
speech sample, we computed the duration of the voice sample used (total duration of the
paragraph from Don Quixote, the phonation time, and the reading and articulation speed), the
interruption of sound (proportion and number of pauses of voice, percentage of the recording
without voice, and number and percentage of voice breaks), and the periods of voice (number of
pulses analyzed as voice, and mean number of periods of voice). To characterize the FO, we
analyzed the mean FO, maximum and minimum values of FO, high and low global pitch and
autocorrelation measures. Detection range of 65-650 Hz for FO, on windows of 0.005 s duration;
for automatic segmentation threshold intensity was used in the styling of the algorithm that
determines the presence of a vowel (Glissando = 0.32/T2 semitones / s., DG = 30, dmin = 0.05).
While the standard psychoacoustic threshold for isolated voice is G = 0.16/T2, during natural
speech voice flow is rarely linear, so that the value assigned is the better-modeled prosodic voice
variables. Finally, we computed measures of the speaker’s voice quality, and one spectral noise

measure, the noise-to harmonics ratio (NHR).
4. DNA Analysis

Genomic DNA was extracted from saliva of patients and control subjects by Saliva Gene kit
Intervect. Genotyping of the Neuroreguline-1, catechol-O methyltransferase and dopamine
receptors D2 and D3 polymorphisms (Table 1), was performed using TagMan 5'-exonuclease
allelic discrimination assays (Applied Biosystems) that contain sequence-specific forward and
reverse primers to amplify the polymorphic sequences and two probes labeled with VIC and FAM
dyes to detect both alleles of each polymorphism (Schleinitz et al., 2011) (Figure 1). PCR
reactions were carried out using TagMan universal PCR Master Mix (Applied Biosystems)
following manufacturer's instructions in a Step-One Plus Real-time PCR system (Applied
Biosystems). To assess reproducibility, a randomly selected 5% of the samples were re-

genotyped, and all of these genotypes matched with genotypes initially designated.
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Gene Abreviation | Polymorphism |  Probe used Brand

Catechol O coMr s4680 | 25746809 50 | PPied
methyltransferase Biosystems

Dopamine D2 receptor Drd2 rs6277 C_11339240_10 Applied
- - Biosystems

i Applied
Doparmine D2 receptor Drd2 rs1800497 | C 7486676 10 | g BEET

Dopamine D3 receptor Drd3 rs6280 C_949770_10 BlApplled
iosystems

Neuregulin-1 NRG-1 13924999 | C_359159_10 B.App”ed
iosystems

Neureguiin-1 NRG-1 156994992 | (C_22019.10 Applied
Biosystems

Table 1. Summary of polymorphisms of the genes studied.
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Figure 1. Principle of allelic discrimination using TagMan ® SNP Genotyping Assays. (1) Test components and template
DNA: forward and reverse primers to amplify the polymorphic sequence of interest. (2) Step of denatured and the assay
components. (3) Generation of polymerization and signal: Taq polymerase begins to synthesize a new chain and meets the
probe annealing. 5 '- fluorescent dye attached to the appropriate probe is separated (5' — 3 'exonuclease activity of Taq
polymerase). No fluorescence signal is turned off and now can be detected by laser excitation.

5. Startle reflex and Prepulse Inhibition Measurement

Subjects remained comfortably seated in a chair with armrests, during the 15 minutes that lasted
the test. The binaural auditory stimulation is provided through headphones (Sony MDR-V6)
connected to the reflection measurement device (SRH-LAB trending system), and

electromyographic registration of the right orbicularis oculi (Figure 2) was done using two small
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silver electrodes filled with conductive paste placed beneath the right eye and the ground
electrode placed in the right mastoid. The test starts after acclimation period of 4 minutes with
background noise (70 dB white noise), which is maintained during the entire test. ASR trigger
pulses are bursts of 40 ms of white noise with an intensity of 115 dB. The prepulse, a non-
startling stimulus, have duration of 20 ms and intensity of 85 dB white noise. Intertrial intervals
(ITls) were assigned with durations of 9 to 23 ms to avoid habituation. The session had four
blocks of pulse and prepulse with interstimulus intervals (ISls) of 60, 120, and 1000 ms. The
initial and final blocks were composed of single pulses (5 in each block). The second and third
block, each one contained 6 pulses alone and 9 prepulse-pulse with ISI of 60 ms, 9 prepulse-

pulse with ISI of 120 ms and 9 prepulse-pulse with ISI of 1000 ms.

Figure 2. ASR measurement equipment SR-HLAB.

The onset measurement was in ms, using the beginning of the maximum amplitude response (in
microvolts) that occurs within 18-120 ms after acoustic stimulus (Figure 3). PPI is calculated
using the mathematic formula PPI= (amplitude ASR without prepulse- Amplitude ASR after
prepulse/amplitude ASR without prepulse x 100).
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Figure 3. Electromyographic recording of muscle response obtained with the SR-HLab Program
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6. Statistical Analysis

All statistical analyses were performed using SPSS (version 20.0 for Windows; SPSS Inc.,
Chicago, lllinois, USA). The description of the data was performed using the mean + standard
error of the mean (SEM) for both continuous variables as absolute and relative frequencies for

categorical variables.

The results were compared between groups using ANOVA and MANOVAs module (contrasts
between and within subjects) and in appropriate cases, post-hoc multiple comparisons (Pearson
correlations and corresponding regression model and Spearman) were performed and Student t-
test or Mann Whitney test to compare differences in quantitative and qualitative variables

between groups.

In longitudinal studies, the results were compared between groups using ANOVA test mixed split-
plot, with Shceffe comparisons (inter-subject analysis) and Bonferroni (intra-subject analysis)

pairs. The level of statistical significance was p < 0.05 accepted.

The voice analysis were performed initially, compliance with the assumption of normality of the
distribution of scores on the variable speed of elocution was evaluated; the results show that this
variable is normally distributed through the goodness of fit test Kolmogorov-Smirnov (z = .046; p
= .20). Test for comparison of means of independent samples Student t-test was used to
compare both groups, and thereby define the differential profile in the prosodic aspects between

the two experimental groups.

The analyses of polymorphisms were performed using the chi-square or Fisher's exact when
appropriate. Multiple comparison tests were performed using logistic regression tests and
Bonferroni test. To determine whether the presence of a variable is a risk factor for a particular,
the percentage of appearance was calculated using odds ratios (OR) of each genotype. To

estimate the accuracy of the OR a 95% confidence interval (IC) is used.
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V. Results:
1. Cognitive Assessment

We conducted a cognitive evaluation of patients using various test measuring patient
independence (Functional Scale Pfeffer), cognitive impairment (MMSE), depression (GDS),
semantic verbal fluency (tests of Isaac), and assessment of attention and auditory and spatial

memory (Wechsler test Ill) work.
1.a. Functional Assessment

In Pfeffer functional scale, measuring the functional activities of the subjects in reverse, with 0
being autonomous and 33 the most dependent people we found that there was a significant
difference between controls and AD patients (p=0.001). We also found significant differences
between AD patients and MCI patients (p=0.006) among patients with AD and PD (p=0.00) and
between patients ET and AD patients (p=0.000). Table 2 shows the scores obtained by patients

in detail.
1.b. Cognitive Impairment

As shown in Table 2, AD patients showed a further deterioration in cognitive function, obtaining a
low score on the MMSE, with a significant difference from controls (p=0.000). In the between-
subjects analysis, patients with AD were significantly different from other groups (p=0.015),
patients with MCI (p=0.000) PD (p=0.000) and the ET.

Also, patients with MCI had higher significantly cognitive decline than patients with ET (p=0.019).
1.c. Geriatric Depression Scale

We analyzed the degree of depression in patients using the GDS. A score of 0 to 10 should be
considered as normal; 11 or more, as a possible indicator of depression; 11-14 points
(moderately depressed) and 15-39 points (severely depressed). The results do not indicate
differences between the groups (Table 2).

1.d. Verbal Fluency

Verbal fluency, as measured by the Test of Isaac, only displayed significant alterations in AD

patients compared to controls (p=0.000), and with other groups of patients with
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neurodegenerative diseases (p=0,00) (Table 2). Also, patients with MCI showed significant

differences with patients with ET (p=0.013) in this parameter.

In the case of the Letter P item, MCI patients differed from controls (p=0.010). Upon intra-group
analysis, we found that AD patients have a lower number of responses compared to patients with
ET, with a significant difference (p=0.031). MCI patients also differed significantly compared to
patients with ET (p=0.00) and patients with PD (p=0.005).

1.e. Wechsler test

This test is a general tool for assessing memory in different coding processes, retention and
retrieval. We found in the analysis of variance, logically, AD patients showed lower scores on all
tests used to respective controls and other patients (Table 2). This occurred both in
measurements of memory as text recognition | and Il (p = 0.01), Numbers and Letters (p=0.001);
Verbal pairs (p=0.05) and recognition of Verbal pairs (p=0.001). The analysis of pairwise
comparisons showed a significant worse performance in the subscale texts | recall, in AD patients
compared to patients with PD and ET (p=0.01 respectively). Also, we found significant differences
between the group of patients with MCI compared to patients with ET (p=0.001) and between the
ET and PD group (p=0.01). Finally, the slope of auditory learning variable, the difference between
recovery in the first and second time that the story is heard, we found differences between the AD
group versus PD group (p=0.05) and ET (p=0.001). MCI patients also differed in this variable
from the AD patients (p=0.05). In memory of texts /I, ET patients scored higher than patients with
AD (p=0.001), MCI (p=0.001) and PD (p=0.001). AD patients had significantly lower than patients
with PD (p=0.01) scores. A similar result was obtained with the test for recognition of ideas in the
texts. ET patients scored significantly higher than AD patients (p=0.001) MCI (p=0.001) and PD
(p=0.05). The score for AD patients was significantly lower than that obtained by PD patients
(p=0.05). We conclude that the encoding and retention of auditory information is severely
impaired in AD patients compared to patients with PD and ET, and that this process also shows a

severe impairment in PD patients versus patients with ET.

As for the subscale Letters and Numbers, AD patients obtained lower scores than patients with
PD (p=0.01) and patients with ET (p=0.01). MCI patients also had lower scores than patients with
ET (p=0.05). Thus, we can conclude that patients with AD and MCI showed significant deficits in
executive processes of short-term memory compared to PD patients and ET.

English Summary 22



Millian-Morell L., 2015

As for Verbal pairs subscale, patients with ET obtained the highest score, significant differences
compared to AD patients (p=0.01), with MCI (p=0.01) and patients with PD (p=0.05). MCI patients
had lower scores than patients with PD (p=0.006). As for the learning slope difference between
the first and the fourth test, patients with ET scored higher compared to patients with AD
(p=0.001), MCI (p=0.01), and PD (p=0.05). The learning slope results appear to show clear
deterioration in patients with AD, MCI and PD regarding the ability to encode and retrieve
associations, in addition to retaining through repetition. In the recognition test of Verbal pairs,
again ET patients scored higher compared to patients with AD (p=0.001), MCI (p=0.001) and PD
(p=0.05). Therefore, it is not so much a problem of recovery, but deterioration in encoding
processes of new associations. The same results were obtained in the analysis of the percentage
of retention of Verbal pairs. ET patients scored significantly higher compared to patients with AD
(p=0.001), MCI (p=0.001) and PD (p=0.05). AD patients were lower than the other groups
(p=0.001) scores. Thus, the deficit is confirmed in the processes of encoding and retention of
patients with AD, MCI and PD versus patients with ET.

Control AD MCI PD ET aF b p
(n=35) (n=22) (N=34) (N=52) (N=34)
Daily Living Activities 14114 7,9240,8 9,3+1,2 10,7+1,0* 7,520,9 74 0,000
Geriatric Depression 6,6+1,5 3,50,7 9,0£1,9* 31£09 0904 24 0,05*
Scale
MMSE 27,240,9 24,5+0,9 20,7+1,0* 265+04 27,6+0,5 14,9 0,00
Isaac Test 36,712 34,8+0,9 27,3+1,7* 37,1+05 38,9+0,4* 18,6 0,00
Isaac Test (P) 8,5+0,6 6,6+0,5* 7,1£06 8,1+0,3 9,1+0,3 44 0,002+
Text 22,0£2,8 13,62,2* 83+ 2,1* 20,1417 29,0£2,1 12,7 0,00*
Learning Slope 3,1+0,6 21+05 0,8+0,5* 29+04 4,240,5 57 0,00*
Text recall 12,2422 59+ 1,6 16+1,5* 10,5+1,4 17,8418 121 0,00*
Text 19,4%1,0 18,1£0,8 16,1+ 0,8* 19,8+0,7 22,640,7* 838 0,00*
Recognition
Text 65,748,2 36,2+7,6* 10,7+7,5* 60,645,5 73455 14,7 0,00*
Recognition
Percentage
Letters Number 4,6+0,7 3,0+05 1,57+0,6* 4,1£0,4 51+05 6.8 0,00
ﬁ Verbal Pairs 9,2+1,5 31+1,2% 4,041,3* 8,3+1,0 12,5%1,2 12,0 0,00*
[53
<
= Learning Slope 1,240,4 1,0£0,3 1,5+0,4 22403 3,5+0,3* 92 0,00*
Verbal Pairs 2,5+0,5 1,1£04* 1,1£0,5 2,6+0,3 4,1+04* 92 0,00*
Recall
Verbal Pairs 66,3£10,9 31,248,6* 33,9+11,5 552+6,7 84,646,3 7 0,00*
Retention
Percentage
Verbal Pairs 22,9+0,7 21,5407 17,8+ 0,9* 228104 23,840,2* 154 0,00
Recognition

Table 2. Average scores on cognitive tests (+ SEM) in patients and controls (n = number of subjects). a value of F lower limit to the level of
significance. b p value of statistical significance, significant differences between groups (*) for p <0.05 was observed and (**) p <0.001).
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2. Voice Analysis
2.a. Parkinson’s Disease

For the analysis of the different variables of the parameters of the voice in PD patients and
controls, different statistical tests were performed to verify that there were no significant
differences between groups in clinical and sociodemographic variables. No differences between
the two groups in the variable "age" were observed (t 82 = 1.07), nor in the distribution of gender
group (x2=3.11). We also found no difference in cognitive abilities measured by the MMSE (t 82=
1.33). Finally, we found there were no difference in verbal fluency in both groups, measured both

by a semantic verbal fluency task (test Isaacs, t 82= 0.71) and phonological ("p", t82 = 0.47).

The existence of differences between groups in four variables related to verbal fluency was
found. The results show that the PD group, shows lower rate of utterance (t 82 = 2.41; p = 0.05)
and articulation (t 82= 2.68; p=0.01) than the control group; similarly, the average duration of the
syllable is higher in the group with PD (82 = -2.81; p = 0.01). In relation to the number of breaks,
group patients with PD performed breaks under 100 ms, with a significantly higher average
duration (t 82 = -2.05; p = 0.05) than the control group, but no differences were found in those
pauses longer than 300 ms duration. These results define a profile of PD patient, with a language
slowed in the syllabic and prosodic articulation. By contrast, no differences were found in other
variables such as the number of pauses (t 82 = -0.08), the phonation time (t 82 = 1.08), or the
percentage of phonation (t 82 = -0, 85). In Table 3, we can observe the conversion results in
scores for each of the prosodic variables used. Thus, the prosodic profile is highlighted in both

experimental groups.

Control (SD) PD (SD) t p
Task Duration 46,05(22,94) 43,77(15,96) 0,52 0,604
Number of Breaks 2300ms 16,91(13,42) 17,13(13,93) -0,08 0,936
Average Length of the R
Pause (2300ms) 061(0.18) 0,66(0,16) 1,28 0,201
Number of Micropauses
>10ms 26,87(17,90) 23,82(13,36) 0,87 0,386
Average Length of Micro
pause (210ms) 0,46(0,16) 0,53(0,15) 2,15 0,033
Phonation Time 34,02(12,40) 31,38(7,29) 1,19 0,237
Proportion of Phonation 78,70(12,63) 75,22(10,81) 1,34 0,181
Speed of Elocution 3,49(0,80) 3,10(0,68) 241 0,017
Speed of Articulation 4,40(0,47) 4,09(0,53) 2,80 0,009
Average Duration of the 0,22(0,02) 0,24(0,03) 291 0,005
syllable

Table 3. Descriptive statistics and mean of the variables studied in patients with PD and Control. SD = standard deviation.
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The results of this study were published in the journal of Neurology.

Martinez-Sanchez F, Meilan JJ, Carro J, Gémez ifiiguez C, Millian-Morell L, Pujante Valverde

IM, Lépez-Alburquerque T, Lépez DE. (2015) Speech rate in Parkinson's disease: A controlled

study.Neurologia. pii: S0213-4853(14)00264-3. doi: 10.1016/j.nrl.2014.12.002.

2b.Alzheimer’s Disease Speech analysis

Group Parameters Control AD
Mean (SD) Mean (SD)
Temporal Total duration (seconds) 44.39 (18.32) 82.19 (53.05)
aspects of the Phonation Time (seconds) 34.50 (13.16) 46.72 (19.86)
speech sample | Reading Speed 3.66 (.71) 2.55(.63)
Articulation Speed 4.39 (45) 4.05 (43)
Analysis of Mean FO (Hz) 179.08 (29.06) 159.42 (25.12)
fundamental Minimum value FO (Hz) 68.16 (3.98) 67.66 (3.78)
frequency (FO) | Maximum value FO (Hz) 539.80 (127.75) 596.63 (68.76)
Autocorrelation .89 (.04) .90 (.05)
High Pitch Global 478.12 571.25
Low Pitch Global 82.50
76.82
Space full of N Pulses 4207 (1835) 6520 (2872)
sound N Periods 4113 (1805) 6379 (2830)
N Mean Periods 6.47 (1.10) 5.76 (.88)
Interruption of Percentage without voice 35.40 87.46) 47.83 (12.28)
sound N voice breaks 84.08 (30.15) 118.93 (68.27)
Percentage of voice breaks 39.29 (6.87) 51.27 (12.03)
Proportion of pauses of voice 28.67 (12.887) 51.76 (13.55)
N pauses of voice 14.33 (9.3) 34.5(27.04)
Parameters of Jitter (loc) (Hz) 2.83(.65) 2.80 (.95)
the fluctuation Jitter (loc, abs) (ms.) 184.92 (57.24) 165.22 (75.41)
in frequency Jitter (rap) (Hz) 1.2 (41) 1.34 (.54)
Jitter (ppg5) (Hz) 1.51 (48) 1.54 (.61)
Fluctuationsin | Shimmer (loc) 10.40 (1.84) 11.67 (2.95)
the amplitude Shimmer (loc, db) 1.59 (.44) 1.60 (.51)
of sound Shimmer (apg3) 5.35(2.17) 6.01(2.74)
(Intensity of Shimmer (apg5) 7.84 (3.04) 7.92 (3.43)
Sound) Shimmer (apq11) 14.16 (4.52) 12.66 (4.58)
Intensity of unvoiced dB 56.78 (4.42) 53.27 (5.15)
Intensity of voiced dB 71.16 (4.10) 70.35 (2.74)
Harmonic/ Noise to Harmonic Ratio 17 (.65) 15(.07)
Noise Ratio Harmonic to Noise ratio 12.38 (2.85) 12.72 (2.64)

| Table 4. The Wilks’ lambda and Fisher coefficients structure matrix for each introduced variable. |

Linear discriminant analysis results made it possible to obtain a highly significant discriminant
function (percentage of variance explained = 100%; eigenvalue = 1.095, canonical correlation =
0.723; Wilks’ lambda = 0.477, Chi-squared = 45.488, df = 5, p<0.001), containing five factors (see
table 5). The discriminant function, in standardized coefficients, selected the following measures:

Analysis of space full of sound as periods numbers of voice (SC= 0.874); analysis of breaks of
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voice as percentage of voice breaks (SC=0.787) and voice breaks numbers (SC= -0.683);
parameters of the fluctuation of amplitude of sound as Shimmer apg3 (SC= 1.381); and finally,
noise to harmonic ratio (SC = -1.127). Table 2 shows the Wilks’ lambda and Fisher coefficients of
structure matrix for each variable. The non-standardized centroids are to Alzheimer's disease

=1.129 and to Control group = -.941.

Parameters Wilks’ lambda | Structure Matrix: Function
Percentage of voice breaks 25.717™ 654
N Periods 17.940* AT1
N voice breaks 14886 .330
Shimmer (apg3) 13.162* 31
Noise to Harmonic Ratio 13.142* -138

Table 5. Speech Parameters were measured and descriptive data.

Once the discriminant function was obtained, the participants in the sample were classified
according to the scores obtained by each of them in the function. The results, show how the
cases correctly classified by this procedure, total 56 of the 66 participants thus are providing
84.8% sensitivity in correct classification. Only 6 participants in AD group and four in control
group were classified incorrectly. In the cross validation, the cases correctly classified by this
procedure total 55 of the 66 participants, thus are providing 83.3% sensitivity in correct
classification. Seven participants in AD group and four in control group were classified incorrectly.
The results speak for themselves regarding the accuracy in the diagnosis of AD with the

measures used.

Table 4 shows the speech parameters that were measured and descriptive data. The results of

this study are published in the journal Dementia and Geriatric Cognitive Disorders

Meilédn JJ, Martinez-Sénchez F, Carro J, Lopez DE, Millian-Morell L, Arana JM. Speech in
Alzheimer's disease: can temporal and acoustic parameters discriminate dementia? Dement
Geriatr Cogn Disord. 2014;37(5-6):327-34. doi: 10.1159/000356726. Epub 2014 Jan 30.

3. DNA Analysis

We analyzed SNPs in different genes, from DNA extracted from saliva samples from study
subjects. An analysis of the frequency distribution, in which the different alleles of each gene
polymorphisms studied, using the chi-square test to analyze their frequency of distribution in the
(Table 6).
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NRG-1 NRG-1 Drd2
153924999 156994992 COMT rs4680 Drd2 rs6277 Drd3 rs6280 11800497
N 112 132 13 124 132 122
X2, g8 4,176,62 474 13,30 572 11,63 317
p P=0,847578 p=0,784 p=0,043* p=0,706 p=0,168 p=0,923

Table 6. Values of chi-square analysis on the distribution of the different allelic genotypes in the study groups. N- Number of cases studied.
The differences are significant at p <0.05.

3.a. Polymorphism rs3924999

The genotype frequencies for rs3924999 polymorphism of NRG-1 are reflected in Figure 4. The
three genotypes did not differ in relation to the groups studied. This shows that the most frequent
genotype is homozygous G/G, normal genotype in this gene. The homozygous A/A, which would

be having more partnerships with different pathologies, has a lower frequency in all study groups.
3.b. Polymorphism rs6994992

The polymorphism rs6994992 of the NRG-1 gene, the genotype distribution analyzed shows no

difference between the different study groups.
3.c. COMT gene polymorphisms

In analyzing the distribution of the COMT gene polymorphism, we found that there are significant
differences (p=0.043) in the frequency of the different genotypes in the study groups. The
genotype A/A, which is associated with risk for different pathologies, has lower frequency of
occurrence (Figure 4). The peer distribution analysis indicated that there are significant

differences between patients with MCI and controls (p = 0.017), with an OR: 1.26.
3.e. Dopamine receptor polymorphisms
3.e.1a.Polymorphisms Drd2 rs6277

Distribution analysis of the polymorphism of the gene encoding the dopamine Drd2 rs6277,
homozygous T/T (normal) had a higher genotype distribution in the study groups representing the
erroneous coding (C/C). No differences between the frequencies of the different allelic forms

between the study groups were found.

3.e.1b.Drd2 polymorphisms rs1800497
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The distribution of the different genotypes Drd2 polymorphism, rs1800497, to appreciate that the
T/T genotype, which represent the coding error appears in very low percentages or zero (control
group and ET patients) in some cases in our group of subjects. The genotype C/C is the most

frequent, so we did not obtain significant differences in the frequency distribution analysis.
3.e.2. Drd3 polymorphism rs6280

Analysis rs6280 polymorphism distribution (Figure 4) of the Drd3 gene, showed that the presence
of the altered genotype T/T, appears in a greater percentage with PD in our group of subjects,
with a statistically significant frequency in relation to controls (p=0.010), with the risk factor in this
disease OR: 11.08 with 95% CI 1.96 to 62.5. No significant differences were found between the

frequencies of the different allelic forms among the other study groups.

CONDITION

NRG-1rs6994992 NRG-1rs39924999 COMT rs4680 B conTROL
" . . O ao
B val
! - Mo
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’ m c (a3 ’ GG AA AG ’ GG AA AG
Drd2 rs6277 Drd2 rs1800497 Drd3 rs6280

ll@ll @dﬂ @uli

Figure 4. Distribution of genotype frequencies of the polymorphism NRG-1 gene, COMT, Drd2,
and Drd3 in neurodegenerative diseases.

4. Startle reflex and Prepulse Inhibition
We studied the auditory startle reflex in controls (35), patients with AD (21), patients with MCI
(33), patients with PD (52) and patients with TE (34).

The amplitude of the ASR was greater in patients with MCI than in all other neurodegenerative
diseases studied, although the difference is not statistically significant (Figure 5). Regarding ASR
latency, no significant differences between groups were found. In the analyses by group and
gender, we found significant differences in the latency of the ASR in AD patients (p=0.04). Also,
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in this condition, the differences were greater in men than in women, but the differences did not

reach statistical significance.

120 4

Amplitude ASR pV

Control MCI AD PD ET

Figure 5. Startle reflex amplitude in neurodegenerative diseases. Significant differences (*) between groups (p <0.05) were observed. Error
bars show + SEM.

4.1. Prepulse Inhibition

We examined the PPI (within-subjects factors) using ANOVA with repeated measures. A
significant main effect on PPI at 60 ms was found between MCI and PD patients (p = 0.017).
There was a significant effect on the PPl in PD group relative to controls (p=0.05 F 1, 82 = 8.52)
(Figure 5), when the prepulse-to-pulse was 120ms. Also, a significant effect was found at the

interval of 120 ms between PD patients (p= 0.000), EA (p = 0.000) and ET (p = 0.000), and MCI.
(Figure 5).
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Inhibition Percentage
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Figure 6. Startle reflex modifications in neurodegenerative diseases prepulses before the trigger pulse reflection.
Abbreviations: PPI 60, percent inhibition of ASR when the interval between prepulse-pulse is 60 ms 120 PPI, percent
inhibition of ASR when the interval between prepulse-pulse is 120 ms. (*) Significant differences were observed between
groups (p <0.05).

4.2 Prepulse Facilitation
Analyzing the facilitation of the auditory startle reflex (PPF), (Figure 7), we found differences
between controls and PD patients (p=0.045) and between patients with PD and MCI (p=0.001).
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Figure 7. Startle reflex modifications in neurodegenerative diseases prepulses before the trigger pulse reflection. Abbreviations: PPF percent
facilitation of ASR when the interval between prepulse-pulse is 1000 ms. (*) Significant differences was observed between groups (p <0.05).

5. Correlations between PPl / PPF and DNA polymorphisms

We analyzed the different parameters of the PPl depending on the SNPs genotype of patients
and controls. The different genotypes of polymorphisms of NRG-1 gene had different values in
different parameters of the PPI. In Figure 8, it can be seen significant differences between PD
patients, between the distribution of carriers and non-carriers of the mutated allele, and different
intervals of PPl and PPF in the rs6994992 polymorphism.
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Figure 8. Values of the PPI and PPF grouped by genotype of rs6994992 and rs39924999 polymorphism of NRG-1 gene. Error bars
represent mean values + SEM.

In the polymorphism rs39924999 significant differences between genotypic distribution and
PPl120ms and PPF were among PD patients (Figure 8). In cluster analysis differences were found
among carriers of the mutant allele and the PPl when we analyzed the NRG-1 rs6994992
polymorphism in patients with MCI and AD, finding a higher percentage of inhibition in AD

patients carrying the mutant allele (Figure 9).
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Figure 9. Values of the PPI and PPF grouped by genotype of rs6994992 polymorphism of NRG-1 gene. Error bars represent mean values +
SEM.

Regarding the Drd3 receptor polymorphism and different parameters of PPI, we found significant
differences between patients with PD who possess the allele carrier and controls when we
analyzed the PPl12 and PPF (Figure 10).

Drd3 rs6280
1000 -
%00
800
700 -
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00 = CONTROL
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PPI60 PPI120 PPF

Figure 10. Values of the PPl and PPF grouped by genotype of rs6280 polymorphism of Drd3. Error bars represent mean values + SEM.
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(Igor Morski)

DISCUSSION
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VI. Discussion
1. Acoustic startle reflex and its modulations

We analyzed the variations in the ASR, PPl and PPF behavioural paradigms in patients with
neurodegenerative diseases. Furthermore, we studied the differences between groups with
different neurodegenerative diseases and compared with a control group and each other. Our
results show no significant differences in the amplitude of ASR between patients and controls.
Latency of the ASR appears to increase with age, showing this trend in all groups analyzed. We
have not found differences between controls and patients in latency; we only found differences in

latencies between AD patients between men and women.

In the present study, it was found that patients with neurodegenerative diseases and control
subjects had similar amplitudes in the ASR. PD patients show longer latencies in the ASR in
comparison with other subjects. Our results are consistent with the literature (Kumari et al., 2004;
Ellwanger et al., 2003; Ludewig et al., 2003; Kumari et al., 2008), which suggests that with age
there is less startle reaction, a phenomenon affecting healthy subjects. The differences observed
in the startle response between these diseases can be interpreted in the context of the
degenerative neuronal loss, including structural changes that occur at different levels within the

nervous system.

In the present study, we found that PD patients and control subjects had ASR with similar
amplitudes and longer onset latencies. Several authors (Vidailhet et al.,1992; Kofler et al., 2001;
Bowers et al., 2006) described longer latencies in orbicularis oculi muscle in PD, which was
prolonged in ON states and in sitting positions. Our results are consistent with the literature
(Kumari et al., 2004; Ellwanger et al., 2003; Ludewig et al., 2003; Kumari et al., 2008) that
suggests that, with age there is less startle reaction and PPI, which would affect healthy subjects.
The PPl demonstrates the control that the basal ganglia exert over the brainstem reflexes. In PD,
there is an enhancement of the blink reflex, indicating an increased filtering of sensory
information. PPI circuits are controlled through the pedunculo-pontine tegmental nucleus, which
regulates the excitability of the startle related structures of the reticular formation (Kumari et al.,
2008). When compared to controls, PD patients showed higher prepulse inhibition at 60 ms and
120 ms, confirming our hypothesis that PD have disturbances in sensorimotor gating. Periol and

coworkers (Perriol et al., 2005) reported a significant difference in PPl120ms when compared to
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healthy controls. In their study, they also compare patients with AD and Dementia with Lewys
bodies, and their results suggest an involvement of the dopaminergic subcortico-thalamo-cortical
networks in PPI regulation, and more severe disruption of these networks in Dementia with
Lewys bodies than in PD (Perriol et al., 2005). Also, Valls-Solé and coworkers (Valls-Solé et al.,
2004) indicated an increased prepulse inhibition in PD patients. Excessive sensory gating in PD
may reflect impaired integration of sensory inputs, resulting in impaired goal-related movements
(Bischoff-Grethe et al., 2003). Bradykinesia in PD affects the ability to initiate and coordinate a
series of motor tasks (Schindler and Kelly, 2002). This impaired ability to inhibit motor
movements justified both slowing the onset of motor responses, as well as disruption of
movements once they have been initiated (Obeso et al., 2011). The impairment of the
sensorimotor regions (basal ganglia, cerebral cortex, and other associated regions) to receive
accurate afferents input may account for errors in the initiation, timing and range of movement
(Bischoff-Grethe et al., 2003). The fact that individuals with PD often show an abnormal increase
in muscle tone and rigidity can reflect a tendency of the central nervous system to remain in a
state of alert and movement preparation, while awaiting the arrival of the afferent signal, resulting
in a delayed or aberrant transition to movement execution (Bischoff-Grethe et al., 2003; Farrell et
al., 2005).

We also found that PD patients showed less PPF than the control group. PPF is a less
understood process associated with a later stage of generalized alerting or orienting (Dawson et
al., 1982) as well as specific selective attention process (Graham, 1975). According to Graham
(1975), the PPF reflects a generalized orienting or attention automatically elicited where there is
no selective attention to specific stimuli. The study published by Wynn et al., 2004 about PPF in
schizophrenic patients showed that these patients and their siblings had lower PPF than controls,
imputing this finding to an orienting deficit. Bowen and Ison (2006), reported that PPF has a more
peripheral motor consequence of a non-specific alerting reaction, suggesting that the pathways of
the PPF may not depend on the sensory-motor processing. In order to explain our findings of less
PPF in PD group, a cognitive evaluation of patients and their corresponding control subjects
should be necessary to evaluate any type of cognitive impairment or attention disorders.

In patients with ET, we found they had larger amplitudes and less prolonged latencies in the ASR
when compared to the control group. These findings could be due to a loss of the early LC
compensatory mechanism over the SN, which in turn might cause dysfunction of NPP-NCPR
circuit with subsequent manifestations in the ASR (Lavoie and Parent, 1994). In the current
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literature, we did not find studies of the ASR and PPI in patients with ET, so the results are not
compared in this dissertation. Since PD and ET share a common pathological substrate and that
we found different results, we hypothesized that there is a difference in the subcortical structures

and reflex neuronal pathways that are affected in each of the pathologies.

The results obtained in the case of MCI and AD levels reflect a dysfunction circuit structures that
are involved in attention processes. MCI patients had greater amplitude of the ASR that controls
subjects and the other patient groups. We atribute this difference to the neuronal loss in the
hippocampal formation, that occurs in these patients because as the amygdala, hippocampus
and anterior cingulate cortex play an important role in the modulation of reflex (Lee and Dauvis,
1997; Medford and Critchley, 2010).

The results of our study are consistent with a previously published study by Hejl and colaborators
(2004), as there are no differences in PPI at different ISIs among MCI patients and AD patients
when compared to control subjects. As the study published by Hejl et al., (2004), our results
contradict the study published by Ueki et al. (2006), in which they found PPI facilitation in patients
with AD. This rather contradictory results can be explained by differences in the methodology
applied. Thus, an accelerometer was used to measure muscle contraction in the study of Ueki et
al., 2006, whereas our study and Hejl et al. (2005) used an electromyographic recording. We
hypothesized that these results might be due to the anticholinergic drugs that are use to treat
these patients. Unpublished studies of our research group using experimental animals models,
indicate that a modification of the PPI exists after treatment with anticholinergic. This effect found

in experimental animals might be extrapolated to our patients.
2. Speech analysis

2.1 Parkinson'’s disease

Control of specific frequencies is learned in childhood and requires coordination of the vocal
structures adjusting acoustic resonances of the vocal tract (Saxena et al., 2014; Bunton, 2008;
Wolfe et al., 2009), which is a process of motor coordination affected in PD.

An estimated 70%-90% of patients with PD also develop speech or voice disorders (Darley et al.,
1968) specifically hypokinetic dysarthria, characterized by monopitch, monoloudness, under
articulation, and hoarseness in voice (Forrest et al., 1989). This is consistent with our results as
we have observed significant differences between controls and patients with Parkinson's. As
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reflected in the usual language studies in PD (Canter, 1963; Griffiths and Bough, 71989,
Cannizzaro et al., 2004), we found that there were disruptions in temporal aspects of the speech
sample like a breakage in the prosody, poorly controlled phonation time and fewer pauses and
voice breaks. Our results reflected a sharper voice, less control of low frequencies, which
prevents on the other hand the noises characteristic of elderly people in the voice. Finally, the
lack of control increases the intensity of sound, with a substantial increase in decibels, but at the
same time, the lack of emission control causes high monotone, barely accentual variations. An
inhibitory deficit means more voice breaks, percentage of periods without voice emission and
emission ratio of syllables per time lowest phonation. The pathways that follow the vocalization
process consist primarily of three components: laryngeal activity, respiratory movements and
supralaryngeal. The most important is the extrapiramydal pathway that connects the motor cortex
— putamen - substancia nigra - parvocellular reticular formation - phonatory motoneurons
(Jurgens, 2002). The loss of motor control that holds the function of the vocal folds could explain
the fluctuations of voice frequency. The position of the reticular formation and ventral
parabrachial regions suggests that this area plays a crucial role in vocal motor coordination.
Among the hierarchically control of vocal behavior pathways, the phonatory motoneurons input
are of two types. One for motor coordination, which comes from the motor cortex and basal
ganglia via the pyramidal and extrapyramidal pathway, and the other for the learned vocal
patterns, that has a gaiting function, becomes from the periaqueductal grey and cingulated
cortex, structures that represent different levels of sensorimotor gaiting control.

The damage of neuronal pathways due to neuronal loss in PD might explain the deficits in startle

modulation and speech.
2.2. Alzheimer’s disease

The findings suggest that speech measures may indeed be valuable in detection of AD. The
results showed that the two groups performed qualitatively differently in the language production
task. The participants were classified into the disease and the control groups depending on only
five factors: Percentage of voice breaks, N Periods of voice, N voice breaks, Shimmer (apg3) and
Noise to Harmonic Ratio. Thus, the prosodic values analyzed are of enormous value given that

they allow us to define the profile of individuals with AD (Meilan et al., 2012)

The variables were interpreted using he Fisher coefficients of matrix structure. In the analysis of
space full of sound, it was found that in the speech of the participants with AD there was a higher

number of periods sound. This implied that the frequencies used are lower, with fewer cycles per
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second, presenting the AD group a deeper voice, slower, with a slower rate of speed or rhythm of
the glottal pulses and giving rise to a monotonous voice. In the interruptions of voice, it was found
that in the speech of the participants with AD there was a higher proportion and numbers of voice
breaks. Recently, Meilan et al. (2012) found that the increase in the percentage of voiceless
segments in patients’ speech is a sign that explains more than 34% of the variance in the scores
obtained in a specific language and memory test. Roark et al. (2011) found that the frequency of
pauses were useful in discriminating between healthy elderly subjects and subjects with MCI. The
interruptions of voice show a series of phonetic features of speech such as narrowing of the
phonacional range, voice breaks and excessive reduction of the fundamental frequency of
speech, as the result of difficulties of laryngeal muscle accommodation to rapid changes in
frequency. The voice breaks is a voice disorder where the pitch of the voice changes suddenly
and the number of distances between consecutive pulses are longer than 1.25 divided by the
pitch floor. With that, the AD speech turn to be contaminated, and characteristic noises like
bubbles or tremor in the voice start showing. Moreover, in the Noise/ Harmonic Ratio (NHR),
which provides an indication of the overall periodicity of the voice signal by quantifying the ratio
between the aperiodic (noise) and periodic (harmonic part) components, the group with AD had a
lower ratio than the control group, with the execution of greater noise frequencies in the AD
patients than in the control group. In conclusion, the noise and voice break related parameters
give information regarding the amount of noise component in the voice signal. In the analysis of
fluctuations, the amplitude of sound, the speech of the participants with AD there was a higher
amplitude perturbation quotient between the amplitude of a period and the average of the
amplitudes of its neighbors, divided by the average amplitude. The group with AD showed greater
variation in the intensity of the successive waves produced continuously, especially in the
variation of the amplitudes of their two closest neighbors. Fluctuations in the amplitude of sound
refer to period-to-period amplitude variation in the voice signal. The patients with AD showed a
tremulous voice, with less intensity and less control of airflow than the control group. In
conclusion, we have designed a direct test for measuring language production through an
objective and ecological task that can be applied in a very short period of time. It is a method for
automatically measuring the speech characteristics of spoken language samples and we have
examined the usefulness of these measures for discriminating between patients with AD and
control groups, helping in a more accurate diagnosis of AD. The speech measures may indeed
be valuable in detection of AD. Spoken language examination is a relatively inexpensive and an

easy technique, which involves minimum discomfort for the patient. The use of spectral analysis
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tools yields an objective description of voice output that will allow specialists to unify concepts.

3. SNPs analysis

We analyzed the SPSs of the NRG-1 gene, the COMT gene and dopamine receptors Drd2 and
Drd3.

3.1. NRG-1 SNPs

The analysis of genotype rs3924999 and rs6994992 for NRG-1 gene polymorphisms showed no
significant differences between the neurodegenerative disease patients studied, and the control
group. Alterations of different polymorphisms of NRG-1 have been identified as predictors of
schizophrenia (Hong et al., 2008) and the mutant genotype of this gene has been linked to
abnormalities in sensory gating in schizophrenia (Roussos et al., 2011). Although our results do
not show that the mutant genotype is a marker of pathologies, we found an association between
the mutant genotype and abnormal patterns of PPl in degenerative diseases. This can be further
evidence of the association of the PPl as quantifiable neurophysiological measure to be
associated with genetic alterations (Braff et al., 1990; Cadenhead et al., 2000; Geyer et al 2001;
Anokhin et al., 2003; Kumari et al, 2005; Hong et al., 2008).

3.2. COMT SNPs

In our analyses for rs4680 polymorphism of the COMT gene, we found no significant differences
in the frequency of occurrence of different genotypes. Our results are consistent with studies
previously published by Quednow et al. (2009), that COMT rs4680 influences the clinical and
anatomical characteristics of patients with dementia. This is particularly observed in patients with
MCI and AD when compared to controls. It is known that the A allele (Met) is related to cognitive
functions (Harrison et al., 2008; Talledo et al., 2009; Quednow et al., 2009). Studies in healthy
controls suggest that COMT genotype influences cognitive processing, the system of reward and
emotion (Gennatas et al., 2012). Numerous studies have associated the rs4680 polymorphism
with the presence of AD with psychosis (Sweet et al., 2005; Borroni et al., 2006, 2007;
DeMichele-Sweet et al., 2010). In our study, we have not addressed the presence of psychosis in
patients because in early stages there is no presence of psychosis. Our results show a lower

prevalence of genotype A/A for patients with MCI, which could indicate that carriers of this
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genotype have a risk factor for developing the disease.
3.3. Dopamine receptor SNPs

Polymorphisms of genes encoding dopamine receptors Drd2 (Drd2rs6277 and Drd2 rs1800497)
did not show significant results in the study sample. The SNP rs6277 the normal genotype (T/T)
was the predominant frequency. For the SNP rs1800497, we did not find the mutant genotype in
control subjects and in patients with ET and, for this genotype the frequency was low in the other
pathologies. The results of our study are in agreement with the literature, in which no association
between neurodegenerative diseases and polymorphisms of dopamine receptors Drd2 (Singh et
al., 2008; De Palma et al., 2010; Tan et al., 2003; Costa-Mallen et al., 2000; Comings et al.,
1991; Kiyohara et al., 2011). This was an unexpected finding since Drd2 receptors play an

important role in dopaminergic control of the movement and behavior (Van Ham et al., 2007).

For the Drd3 receptor, the rs6280 polymorphism was found as a risk factor in PD, showing higher

levels of the mutant allele.

Correlating the mutated genotype distributions of Drd3 with the PPI, we found significant
differences between PD patients and control subjects with PPl120ms and with PPF, showing higher
percentage in booth parameters in the PD patients with the mutant allele. Our results show
relationship between SNPs and the percentage of PPI as published by other studies (Volter et al.,
2011; Roussos et al., 2008). Signaling D2 and D3 receptors in the striatal system may be
responsible for the deficits of PPI (Vélter et al., 2011). Although we did not find significant
association with genotype of the D2 SNPs and pathology, the fact that we found association with
the values of PPI genotype and pathology can be used as in early diagnosis. The association
with dopamine and PPl has been studied mostly in patients with schizophrenia and animal
models for schizophrenia, and studies in healthy subjects confirm the association between PPI
and D2 and D3 receptors, (Roussos et al., 2008; Volter et al., 2011).

Studies show the involvement of the sensory system in the pathophysiology of certain movement
disorders, makes it essential to consider the potential contribution of changes in sensorimotor

integration in motor execution (Abbruzzese and Berardelli, 2003).
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VIl. CONCLUSIONS:

1. Sensorimotor integration capacity measured by the PP is impaired in most neurodegenerative

diseases.

2. The prepulse-pulse interval of 120 ms is the best setup for discriminating patient groups with

the PPI behavioural paradigm.

3. Patients with AD and MCI, show greater cognitive impairment than the rest of the groups.

4. Patients with PD have slowed language syllabic and prosodic joint.

5. AD patients show differences in language production tasks in the study of temporal and

acoustic parameters of the voice, having these patients a discriminating voice profile.

6. The presence of the mutated rs4680 polymorphism of the COMT gene differentiates between
patients with MCI and healthy individuals.

7. The rs6280 SNP of the dopamine D3 receptor, genotype and allelic variants could be related
with the risk of PD.
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