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Abstract

Aim: The aim of the present study was the qualitative comparison of working memory capacity of young
children and older adults through the investigation of the latent structure stability or change in Working
Memory capacity (WM) in childhood and aging, using Multiple Group Confirmatory Factor Analysis
(MGCFA). Method: The sample consisted of 62 kindergarten and 56 elementary school students (age range:
4-8 years) and 52 young-old adults and 54 old-old adults (age range: 60-94 years). Adults were asked to
complete the Mini-Mental State Examination (MMSE) and the Geriatric Depression Scale-15 (GDS-15) as
screening tests. The children were examined via the Raven Colored Progressive Matrix (CMP) test for the
same reason. WM was examined via four measures of Working Memory Test Battery for Children (WMTB-
C). Results: MGCFA applied to the data of the kindergarten students’ subsample, elementary school
students’ subsample, young-old and old-old adults’ subsamples as well as of older adults with low (0-9 years
of education) educational level. Initially, through MGCFA, four “models” were confirmed, one for each age-

related subsample, and they were different from each other. However, when the same method was applied
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exclusively to young-old and old-old adults with low educational level, the models that emerged were similar
to the kindergarten students’ model. Conclusion: When we “keep” the educational level equal (low) for all,
the hypothesis of retrogenesis is confirmed. Cognitive reserve appears to be protective, keeping
differentiated WM’s components in every age group other than that of kindergarten students. The results
support the "retrogenetic" hypothesis, mainly due to the finding of a delay in WM components’ development
in the group of kindergarten students, and their dedifferentiation in the low-educated young-old and old-old

adults.

Introduction

Researchers in the field of cognitive aging seem to agree that on average, cognitive function is
reduced by aging. Among the cognitive abilities that seem to be most affected by aging-related
processes is fluid intelligence which refers to the ability to reason and think flexibly. Fluid
intelligence has to do with the processing of new, non-familiar information, and has a biological
background [1-3]. Researchers have also demonstrated that in the adult population WM and fluid
intelligence are closely linked [4, 5]. WM is the mental lab that holds and processes information
for short periods of time while performing complex cognitive tasks. The model of WM was
proposed by Baddeley and Hitch, and has so far been revised and enriched on a number of
occasions. The original model was composed of three main components; the central executive
which acts as supervisory system and controls the flow of information from and to its slave
systems: the phonological loop and the visuospatial sketchpad. The phonological loop stores
verbal content, whereas the visuospatial sketchpad caters to visuospatial data. In 2000 Baddeley
added a third slave system to his model, the episodic buffer. It is considered a limited capacity
system that provides temporary storage of information capable by conjoining information from the
subsidiary systems, and long-term memory, into a single episodic representation [6,7}. In children
the relationship between WM and fluid intelligence has been investigated to a lesser degree [8].
However, existing research on this issue, generally accepts that WM and fluid intelligence are
significantly related but different cognitive structures [8, 9]. Theories of information processing
consider that developmental differences in fluid intelligence reflect differences in processing
speed or WM [10].

Moreover, findings in gerontological research have indicated that the collapse of
intelligence in dementia patients causes retrogression to childhood and/or appears to reverse
Piaget’s developmental stages 11-13]. As stated by the retrogenic models, there is an inverse and
progressive pattern of functional and cognitive decline observed in Alzheimer’'s disease (AD)
patients compared to the developmental acquisition of these capacities in children. Retrogenesis
has been defined as the process by which degenerative mechanisms reverse the order of
cognitive abilities’ acquisition in normal development [14-16].

The findings regarding the retrogenic models suggest that comparisons should be made
between the cognitive ability of these two groups of population, namely the developing children
and the retrograding older adult people. In order for a comparison between children’s and older
adults’ cognitive ability to be correctly conducted, the administration of the same screening

instruments to the two groups should be available [17,18,13].
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Aim and hypotheses of the study

Based on the aforementioned theory and research, the aim of the present study was the
qualitative comparison of working memory capacity of young children and older adults through the
investigation of the latent structure stability or change in WM in childhood and aging, using
Multiple Group Confirmatory Factor Analyses (MGCFA). WM was examined via four measures of
Working Memory Test Battery for Children (WMTB-C) [19] which represent subtests of
visuospatial processing and retention, and verbal processing and retention. Comparing pair-wise
the four groups of our sample (first- to second- grade elementary school students with young-old
adults and kindergarten students with old-old adults), the latent structure in the four tests was
expected to differ between first- to second- grade elementary school students and young-old
adults, on the one hand, and kindergarten students and old-old adults, on the other (Hypothesis
1). In specific, we expected to find similar latent structure in these four tests for first- to second-
grade elementary school students and young-old adults (Hypothesis 1a), a similar latent structure
in these four tests, for kindergarten students and old-old adults (Hypothesis 1b), and at the same
time different from that confirmed for first- to second- grade elementary school students and

young-old adults.

Method

Participants and Procedure

The whole sample consisted of four groups of individuals: a group of kindergarten students, a
group of first- to second- grade elementary school students, a group of young-old adults, and a
group of old-old adults. The first group comprised 62 kindergarten students 4 to 6 years old (mean
age = 58.98 months, age range: 48-71 months). Of the 62 participants, 29 were boys (46.8%) and
33 were girls (53.2%). The second group included 56 first- to second- grade elementary school
students 6 to 8 years old (mean age = 84.30 months, age range: 72-96 months). Of the 56
participants, 29 were boys (51.8%) and 27 were girls (48.2%). All the children were attending
regular classrooms, without a history of learning difficulties (based on the school records and
student reports) in five preschool institutions (three public and two private) and three public
primary schools of medium and low socioeconomic status, in the city of Thessaloniki (Greece). All
the young participants, additionally to the four tests of WMTB-C, completed the Raven’s Coloured
Progressive Matrices [CPM; 20] in order for a brief estimate of their overall cognitive functioning to
be provided. In collaboration with the school committees, parents completed an individual-
demographics form. Children’s testing in the four tests of WMTB-C and CPM was performed in
their school environment. No time limit was assigned for the completion of the tests and all young
participants were informed that they were free to withdraw from testing at any time.

Given that the four tests of WMTB-C were also intended for use with older adults, two
groups of older adults were tested. In specific, one group comprised of 52 young-old adults (mean
age = 67.11 years, age range: 60-74 years). Of the 52 participants, 26 were men (50.0%) and 26
were women (50.0%). The second group of older adults included 54 old-old adults (mean age =
79.57 years, age range: 75-94 years). Of the 54 participants, 26 were men (48.1%) and 28 were

women (51.9%).

www.nuclmed.gr n Hell J Nucl Med Suppl, January-April 2019



Exclusion criteria for both groups were history of neurological conditions or psychiatric
diseases, alcohol or drug abuse, severe head trauma, profound visual impairments, and verbal
incomprehension. Moreover, all the adult participants additionally completed the Greek version of
the Mini Mental State Examination [MMSE; 21, 22] and the Geriatric Depression Scale-15 [GDS-
15; 23, 24]. All the participants had MMSE scores between 25 and 30 points and between 0 and 6
points in GDS-15 and therefore no one was excluded from our adult sample. All the participants
were community dwelling adults recruited by the researchers through seniors’ centers. They were
residents of Thessaloniki, Athens, Alexandroupoli (a town in the province of East Macedonia in
Greece) and Ptolemaida (a town in the province of West Macedonia in Greece). Participants were
examined at an individual basis, either at the center recruited, or in their own home. No time limit
was assigned for the completion of the examination and the participants were informed that they
were free to withdraw from testing at any time. All adult participants completed an individual -
demographics form. It should be noted that the subsample of older adults was characterized by
an overrepresantation (66.9%) of persons with 9 years of formal education or fewer (Low
educational level).

The authors assert that all procedures contributing to this work comply with the ethical
standards on the relevant national and institutional committees on human experimentation and
with the Helsinki Declaration of 1975, as revised in 2008. All participants participated voluntarily in
the study. They (adult participants) or their parents (children) were informed about the procedure
and the aim of the study, and subsequently they or their parents provided their written consent for
participation. We should also point out that the research has been approved by the Ministry of
Education, Research and Religious Affairs of Greece.

Instruments

Four tasks from the WMTB-C [19], based on Baddeley’s model of WM [6, 7], were used to assess
WM for all participants. In particular, we used the Greek translation and adaptation of the
following memory tasks [25], which were administrated in the series presented, to assess Simple
Verbal Retention (Verbal short-term memory), Simple Visuospatial Retention (Visuospatial short-
term memory), Advanced Verbal Processing (Verbal WM) and Advanced Visuospatial Processing
(Visuospatial WM), respectively.

Forward Digit Span (Verbal short-term memory)

The test involves the presentation of spoken sequences of digits that the child is asked to recall in
correct serial order. Lists of digits, which were constructed randomly from the digits ranging from 1
to 9, are spoken by the tester at the rate of one digit per second. Following a practice session, a
maximum of six lists is presented at each length. List length is increased by one if the child recalls
four lists at that length correctly. If the first four trials are correct, the child is credited with correct
recall of all six lists at that length, and the next list length commences. Testing commences with
single-digit lists and continues until three lists of a particular length are recalled incorrectly. The
number of lists correctly recalled is scored. Score range: 0-54.
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Block Recall (Corsi Forwards Task; Visuospatial short-term memory)

In the block recall test, the child views nine cubes located randomly on a board. The test
administrator taps a sequence of blocks, and the child’s task is to repeat the sequence in the
same order. Testing begins with a single block tap and increases by one additional block following

the span procedure and scoring outlined above. Score range: 0-54.

Backward Digit Span (Advanced Verbal Processing)

The backward digit recall test is identical to the digit recall test in all respects except that the child
is required to recall the sequence of spoken digits in reverse order. Practice trials are given in
order to ensure that the participant understands the concept of “reverse”. Score range: 0-36.

Backward Block Recall (Corsi Backwards Task; Advanced Visuospatial Processing)

The backward block recall test is identical to the block recall test in all respects except that the
child is required to repeat the sequence of blocks in reverse order. Score range: 0-48. It should be
noted that algorithm [26] from the R statistics program was used to create the "Backward Block

Recall" answer sheet.

Statistical analysis

Data analysis was conducted in EQS version 6.1 [EQS 6.1; 27]. Specifically, structural equation
modeling (SEM) on covariance matrices was used. A robust maximum likelihood estimation
procedure was performed due to small sample size and data kurtosis. The specific SEM
technique that was applied to the data was Multi-group Confirmatory Factor Analysis (MGCFA).
Regarding the confirmation of a structural model, a non-significant level of Goodness of Fit index
X2 that is p > .05 is indicative of a good fit of the model to the data. In addition, when the value of
Root Mean Square Error of Approximation (RMSEA) is < 0.05, it is also an indication of the good
fit of the model to the data. RMSEA values ranging from 0.06 to 0.08 indicate a reasonable and
therefore acceptable approximation error. RMSEA value is relatively “expanded” in cases of small
sample size (n<100) and that is reflected in confidence interval range (90% CI). This means that
RMSEA should be considered as a model fit index, however, with caution [28]. Comparative Fit
Index (CFIl) examines whether the data fit a hypothesized measurement model compared to the
basic model. Values that are greater than 0.90 indicate adequate fit of the model to the data,

whereas values close to 1.00 indicate a good fit.

Results

Before proceeding with analyses, it should be noted that the tasks used for the assessment of
WM have not been fully standardized in the Greek population and for this reason the scores used
(correct trials and potential of WM) are the raw scores of all measurements.

As we were interested in the investigation of the latent structure qualitative changes in WM,
from age-group to age-group, we proceeded with MGCFA.
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Testing latent structure of WM’s tasks in the total sample

Based on the performance in WM tasks, a multi-group structural model was confirmed for the four
age groups: x2 (2) = 3.20, p > .05, CFI = .999, SRMR = .031, RMSEA = .052 (90% CI: .000-.152).
More specifically, based on the verified model, WM of kindergarten students seems to maintain its
four components (see Figure 1). In the subgroup of elementary school students, no model was
confirmed. It appears that elementary school students function primarily with simple verbal
retention (see Figure 2). No model was verified in the subgroup of the young-old adults, too. It
appears that the young-old adults function primarily with advanced verbal processing (see Figure
3). Finally, based on the verified model, WM of old-old adults consists of simple visuospatial
retention and advanced verbal processing (see Figure 4).

WM factorial structure in the kindergarten students

T7e
Simple Verbal Retention —

.64
/-71' T1e

Simple Visuospatial
. Retention —
.75 .66 e
\ Advanced Verbal «—
Processing
72
.69 e

Advanced Visuospatial
Processing

Figure 1. The uni-factorial structure of WM in the kindergarten students group based on the
verified MGCFA model
*All loadings drawn indicate significant associations (p <.05). ** e = measurement error

WM component in the elementary school students

WM as
Simple Verbal Retention

Figure 2. Simple Verbal Retention (verbal short-term memory) as the main WM component in the

group of elementary students.

WM component in the young-old adults

WM as
Advanced Verbal
Processing

Figure 3. Advanced Verbal Processing (verbal WM) revealed as the main WM component of the
young-old adult group.
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WM factorial structure in the old-old adults

9S5e
.28 Simple Visuospatial

. —
" Retention

.98 18 e

\ Advanced Verbal —
Processing

Figure 4. The uni-factorial structure of WM in the subgroup of old-old adults based on the verified
MGCFA model

*All loadings drawn indicate significant associations (p <.05). ** e = measurement error

The latent structure of WM in the subsamples of low-educated young-old and old-old

adults

Based on the performance in WM tasks, a multi-group structural model was verified in the
subgroups of low-educated young-old and old-old adults: x2 (9) = 6.42, p > .05, CFI = 1.000,
SRMR =.085, RMSEA =.000 (90% CI: .000-.103). More specifically, based on the verified model,
WM of both low-educated young-old (see Figure 5) and low-educated old-old adults (see Figure
6) is loaded by all observed variables. It is worth-mentioning that these models are similar to the

one verified in the subgroup of kindergarten students.

WM factorial structure in the low-educated young-old adults

62e
.78/, Simple Verbal Retention —
56 ) ) , <
Simple Visuospatial 82e
I .
Retention —
.73 .68 e 40
\ Advanced Verbal «—
Processing
.60
80e
Advanced Visuospatial —
Processing <

Figure 5.The uni-factorial structure of WM in the subgroup of low-educated young-old adults
based on the verified MGCFA model

*All loadings drawn indicate significant associations (p <.05). ** e = measurement error
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WM factorial structuture in the low-educated old-old adults
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Figure 6.The uni-factorial structure of WM in the subgroup of low-educated old-old adults based
on the verified MGCFA model

*All loadings drawn indicate significant associations (p <.05). ** e = measurement error

Discussion

This study aimed to investigate the latent structure stability or change in WM in childhood and
aging, using MGCFA. For all the subgroups of our sample the results of MGCFA appear to
support the existence of four different "models", one for each subgroup and at the same time
different from each other. Therefore, our initial hypothesis (H1) that the latent structure of WM
differs between elementary school students and young-old adults, on the one hand, and
kindergarten students and old-old adults, on the other hand, based on the above findings, was not
verified.

In particular, in the subgroup of kindergarten students, based on the verified model, WM
seems to consist of the four theoretically suggested components. However, due to the low
performance of this subgroup in quantitative measurements, we have come to the conclusion that
WM in this subgroup has not been differentiated yet in its specific components. Baddeley and
Hitch’'s WM model [6,7] was constructed on the basis of evidence from studies of adult
participants. The modular structure of working memory evident in adults may not be in place at
earlier stages of development. It has been argued that younger children’s performance may be
supported by more domain-general systems that become increasingly differentiated as knowledge
and skills are developing. Thus, although modular systems may represent the end point of child
development, they do not necessarily characterize the intermediate stages [29-31]. For example,
it is possible that performance by very young children on tasks known to tap either the
phonological loop or the visuospatial sketchpad in adults may reflect the operation of less highly
specialized working memory subsystems such as the central executive. The fractionated modular
system characterizing adult working memory function may emerge only later in development,

once specialized domain-specific skills and knowledge structures have been constructed [32].
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Moreover, although Baddeley did not connect the central executive to any specific brain region, it
is well known that prefrontal cortex is a key area for executive functions [33-35] and the last part
of the brain that is fully developed.

In the subgroup of elementary school students, which appears to function primarily with
simple verbal retention, no model was verified. Beyond the normal development and organization
of the prefrontal cortex, which continues throughout childhood and adolescence, a
complementary explanation for this finding may be the fact that European languages are more
dependent on verbal but not visual short-term memory [36]. Some aspects of culture that are
closely related to education can be closely linked to cognitive functioning. The Greek educational
system generally provides a basis for the development of verbal skills [37]. The way of teaching in
Greek schools where the teacher's textbook and the oral explanation of the curriculum are mainly
used by teachers, in the absence of experiments or visual material, is likely to lead children to rely
heavily on their vocabulary to understand each type of information. Moreover, the Greek
alphabetical system mainly favors the use of phonological strategies. Research has shown that
literary writing systems, such as Chinese, are very different from alphabetic systems in their
cognitive demands. That is, literary systems are much more demanding than alphabetical
systems in visual processing and the creation of connections between concepts and
representations. It is argued that the learning of the Chinese literary system has a lasting impact
on visual processing that extends from the basic processing mechanisms of information related to
speed and control of processing to visuospatial working memory and spatial logic [38].

In the subgroup of young-old adults, which appears to process information primarily with
advanced verbal processing, no model was verified. This result shows that adults generally
function with “processing (as a main aspect of WM)”, probably due to the full functioning of the
specialized subsystems of WM, the maturation of the brain structures that support them,
experience, crystallized intelligence etc. Adults function especially with verbal processing, which
is unilaterally strengthened from childhood, mainly through the Greek educational system. They
do not choose to use visuospatial processing because, in general, the Greeks have a low level of
visuospatial capacity due to the fact that they do not practice it in their daily lives. Overall,
cognitive processes and cognitive functions are increasingly differentiated from one another, and
this differentiation guides mental development because it allows the creation of ever more
interconnected, abstract and flexible inference processes and knowledge structures [39, 40].

In the subgroup of old-old adults, WM consists of simple visuospatial retention and
advanced verbal processing. Advanced verbal processing was found to decrease statistically
significantly, from young-old to old-old adults, in the quantitative analyses. Since this decline is
observed, it is very likely that old-old adults use simple visuospatial retention, which is useful for
their navigation, as a compensational mechanism. The neurobiological decline associated with
aging is well documented in the research literature and explains why older adults have worse
performance than young people in neurocognitive testing. However, not all older people show
lower performance. Some manage to perform just as well as younger people. This “unexpected”
differentiation has been scientifically investigated, revealing that older people with higher
performance use the same areas of the brain as young people do, but they also use other areas
that neither young people nor other older people do. Researchers have come to the conclusion

that the use of new cognitive resources reflects a compensation strategy [41,42]. Studies show
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that the brain reaches this functional solution by activating different nerve pathways, so areas are
increasingly activated in both hemispheres. In particular, the HAROLD model [43] argues that with
the progress of time, the brain also employs the corresponding unilateral brain regions required to
perform a cognitive test, which at a younger age remained "silent", in order to cope with the
cognitive decline. According to the CRUNCH model [44], compensation arises not only from the
increased activation of specialized brain structures but also from the strategic recruitment of
alternative brain regions.

The inability to highlight a common latent structure of the four WM assessing tools in
specific subgroups of our sample -for which we expected to detect a similar factorial structure- led
us to the application of the same method (MGCFA), exclusively to the subgroups of low-educated
young-old and old-old adults. Since in both models emerged, WM found to receive loads from all
four observed variables - components, we reached to the conclusion that these models are
qualitatively similar to that of the subgroup of kindergarten students. One possible explanation for
this finding is that during childhood, general ability gradually evolves into more specific abilities,
while more specific abilities encounter biological constraints that tend to cause blurring of their
boundaries, i.e., dedifferentiation, at the advanced age [45-49]. The "Case of Age Differentiation”,
introduced by Garrett [50], argued that as children grow up during childhood, the organization of
intelligence moves from a general ability to a group of less closely related abilities. Balinsky [45]
examined the case of age differentiation throughout life and observed that the structure of
cognitive abilities shifted back to a general factor at the advanced age. On the basis of age
differentiation and Balinsky's work [45], it was argued that the cognitive structure differs in late
childhood and early adolescence, remains in a relatively diverse organization throughout
adulthood, and then dedifferentiates again in old age [51]. A similar age-related trajectory of WM
seems to be revealed in this study but only when older age is associated with low educational
level. Hence, it appears that experience and crystallized knowledge can function protectively into
very old age, against dedifferentiation. The high negative correlation observed in the confirmed
model in the subgroup of old-old adults between simple retention and advanced visuospatial
processing shows just how distinct the two subsystems are, both at the level of retention (short
term memory) versus processing (cognitive control) and at the level of the type of information
(verbal versus visuospatial) that they hold.

To summarize, the aforementioned findings confirm Hypothesis 1b and support the
existence of a similar latent structure of the four WM assessment tools in the subgroup of
kindergarten students and this of old-old adults, when only the low-educated remained in this
subgroup and the middle- and high-educated participants were removed. The subgroup of
elementary school students appears to use basically verbal storage as opposed to the subgroup
of young-old adults that seems to use both simple visuospatial retention and advanced verbal
processing. However, the subgroup of low-educated young-old adults appears to use all of WM
components examined in the present study. Therefore, our assumption for a similar latent
structure of the four tools in the subgroups of elementary school students and young-old adults
(Hypothesis1a) was not confirmed either as regards all the sample of the last group or the low-
educated participants especially. Inversely, it appears that low-educated young-old adults display
a similar pattern of dedifferentiation with the old-old adult group.

Therefore, when we keep the educational level equal (low) for all, the hypothesis of
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retrogenesis seems to be confirmed. Cognitive reserve appears to be protective, keeping
differentiated WM components in every age group other than that of kindergarten students. The
results support the "retrogenetic" hypothesis, mainly due to the finding of delay in the
development of WM in the group of kindergarten students and its potential decline / regression in

the subgroups of the low-educated older adults.

Limitations and future directions

Our research findings must be interpreted with several limitations in mind. A key limitation was the
relatively small sample size, especially as regards each of the four age subgroups. In addition, the
research plan was cross-sectional, a disadvantage in detecting age differences without the
involvement of confounding variables.

Therefore, longitudinal research is needed in a larger number of participants and cohorts
which are representative of the population of interest, in order to test for different models of WM
structure. In the context of such a large-scale research, it would be advisable to use more and
perhaps different psychometric tools in assessing WM and this would provide us with a complete

and in-depth picture of its function in the age groups of our interest.

The authors declare that they have no confiicts of interest.
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Abstract

The study describes the driving habits of people with cognitive disorders and previous professional driving
experience. A similar study has not been mentioned in the literature. Methods: From a total of 639 drivers
who participated in the research, 153 participants were selected based on their answer on an extensive
driving questionnaire. They were asked whether they had a professional driving license. Forty-three
participants (28.1%) said “Yes”, 110 participants (71.9%) said “No”. Out of the 153 participants, 55 (35.9%)
were diagnosed with Alzheimer’s disease (AD), 44 (28.8%) with Mild Cognitive Impairment (MCI), and 54
(35.3%) were healthy. Additionally, 31 professional drivers were compared to 31 non-professional drivers
(N=62) on a short driving questionnaire. The distribution of the population according to the diagnosis was: 18
(29%) with MCI (N=9 professionals, N=9 non-professionals), 30 (48.4%) with AD (N=15 professionals, N=15
non-professionals), 14 (22.6%) healthy (N=7 professionals, N=7 non-professionals). Professional and non-
professional drivers were randomly selected to match in terms of diagnosis, age, gender and years of
education. The AD diagnosis was based on the NINCDS-ARDRA criteria while the MCI diagnosis was based
on the Petersen and Winblad criteria. Healthy older adults were examined across the same
neuropsychological battery. Results: The extensive driving questionnaire showed that more non-professional
AD drivers (21.9%) had not renewed their license compared to professionals (p=0.048). More non-
professional MCI drivers (91.7%) travelled fewer kilometers compared to professionals (p=0.029). Taking
both MCI (27.6%) and AD patients (63.2%) together, more non-professional drivers always avoided driving in
unfamiliar areas compared to professionals, MCI (p=0.045) and AD (p=0.026). Finally, more non-

professional AD drivers (80.0%) avoided driving when it snowed compared to professionals (p=0.34). The
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short driving questionnaire showed that healthy non-professional drivers almost always (85.7%) avoided
turning into difficult intersections compared to professional drivers (14.3%) (p=0.001). Conclusions: People
with cognitive disorders and previous professional experience were better at driving than the inexperienced

ones.

Introduction

Dementia is an acquired brain syndrome characterized by deterioration from a previous level of
cognitive function entailing failure of two or more cognitive domains (memory, executive functions,
attention, language, judgment, visual-perceptual and visual-spatial abilities) [1]. The term
dementia has been replaced by the term major neurocognitive disorder which features deficits in
the cognitive domain and which aims at reducing stigma [2].

In the USA, every minute, every day, a new adult is diagnosed with Alzheimer’s disease
(AD), while more than 5.5 million people aged 65 live with the disease. By 2050, the number will
have increased to 14 million. Moreover, in the USA, AD is the most costly disease and represents
the majority of dementias (60%-80%) affecting the lives of patient families, friends, and caregivers
[3]. AD patients live between 8 and 10 years following the diagnosis and therefore need long-term
care and support [4]. The distribution of new cases of dementia (incidence) is 4.9 million (49% of
the total) in Asia, 2.5 million (25%) in Europe, 1.7 million (18%) in the USA and 0.8 million (8%) in
Africa [5].

In Greece, studies on the prevalence of dementia, depression, and Mild Cognitive
Impairment (MCI) are few and vary significantly as regards the epidemiological method,
geographical areas, dietary habits and lifestyle. A recent (2017) door-to-door research explored
the prevalence of dementia, depression, and MCI in a rural population of Greece. The prevalence
of dementia in Crete was 9.2% for those aged over 60. MCl was more common than dementia.
High rates of depression may be related to low education [6].

Low educational level has been reported as a risk factor probably because it is associated
with poor quality of life and harmful health habits [7]. Researchers believe that people with more
years of education have built a “cognitive reserve” [8], which is enhanced through intellectual and
social activities and hobbies [9]. Combined with studies on “cognitive reserve” [10], it is suggested
that social interaction can help build “cognitive reserve”. More research is needed to understand
how the engagement in social and intellectual activities influences biological processes which
reduce the risk of dementia [11].

Occupational therapy (OT) can be effective for patients with dementia. It supports the
functionality of the person with dementia, assessing factors such as skills, work position, past
interests and hobbies, as well as current daily routine, taking into account the stage of dementia.
The most important role of OT is to find the best adjustment between the environment and the
patient, task requirements (when it is performed) and patient cognitive capacity. lts main objective
is to improve the ability of dementia patients to perform Activities of Daily Living (ADL) such as
driving. Through OT, patients gain independence to participate in social activities, while
caregivers are relieved of their burden, since their self-confidence and ability to address behavior

problems of dementia patients are increased [12].
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Occupational therapists (OTs) play an important role in supporting patients with cognitive
disorders and their caregivers through all the phases of the disease. They study the individual and
the environment, while performing task analysis and skill analysis through the healing relationship
during the care [13]. Scientific knowledge along with the use of habits and routine tasks, such as
driving, render OTs suitable to work with such a patient population as well as with their caregivers
[14].

In cognitive disorders, maintaining the ability to carry out daily and complex activities,
such as driving, is important because individuals value them as part of their identity and
independence [15]. Research has shown that autobiographical memory is interwoven with human
emotions and that there is a direct correlation between psychological well-being and the
satisfaction that one takes from life. Moreover, it has been hypothesized that autobiographical
memory bears purposefulness and meaningfulness to someone’s life [16].

The early stages of AD affect not only cognitive but also complex functions, namely
executive function, attention, response speed and immediate problem solution which may occur
on the road [17]. Also, MCI patients may experience a functional impairment in the Instrumental
ADLs (IADLs) [18], which are more demanding for cognitive functioning, such as driving.

Driving may facilitate the participation of older adults in the community [19]. It allows them
to move whenever they want, so that they can participate in social and recreational activities and
have access to various services when necessary [20].

Driving and moving are included in the use of means of transport which, together with
telephone use, financial management, and medication taking, belong to the IADLs [21, 22].
Movement is defined as travelling by public or private means of transport, including driving,
walking, cycling and accessing all means of transport [23]. The above constitute a subgroup of
transport functions [24].

Assessing the ability of people with dementia to continue driving is becoming a common
clinical problem. Due to the increasing proportion of older adults with dementia and the risks of
accidents, it is becoming necessary to evaluate the ability to continue or to stop driving [25]. When
cognitive functioning starts to fail, it is safety which is of primary importance. The ability to move
with orientation is evaluated along with patient protection in cases which might threaten their
safety [26]. A clinically meaningful way to evaluate the driving ability of AD and MCI people is a
combination of clinical examination, neuropsychological tests, driving simulator and assessment
in real driving conditions [27].

Whether older adults should continue using their driving licenses or not is related to their
functional problems concerning driving behavior, cognitive and perceptual skills as well as driving
skills. Recommending withdrawing the driving license may have a significant impact on the lives
of seniors, which is why further research is needed to avoid, whenever possible, its negative
consequences [28]. Although it is accepted that cognitive disorders may impact on driving, there
are no published guidelines to answer the question until when patients with mild AD and MCI are
safe to drive. However, most guidelines consider that patients with moderate to severe AD are no
t suitable for driving [29]. Ceasing to drive depends on the people themselves and their family,
which results in accident risk, endangering the lives of patients and the people around them [30].

OTs can use their judgment, which is based on the observation of patients daily activities,

concerning their functional ability. In combination with evaluation tests, they can recommend
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driving continuation, or suggest interventions in vehicle equipment or advocate driving cessation
[31]. Medical and social health models may help older adults to drive safely, but also help those
who have lost that ability by designing a smooth stop [32].

Driving is closely linked to the identity and independence of older adults [33]. Literature
review has revealed no research on the driving ability of professional drivers with dementia. On
the other hand, a recent study has reported that people with dementia and previous professional
experience demonstrate better driving behavior than inexperienced individuals [34, 35].

The purpose of this study was to investigate whether there is a significant difference in the
driving performance between AD and MCI drivers with and without previous professional driving

experience.

Methods

Participants

Participants came from the wider region of Northern Greece (Thessaloniki) and from the wider
region of Attica (Athens). In Thessaloniki, they were examined at the outpatient clinic of Memory
and Dementia, 3" University Department of Neurology of the “G. Papanikolaou” University
General Hospital, at the Greek Association of Alzheimer’s Disease and Related Disorders, and at
the Hellenic Institute of Transport (HIT), Center for Research and Technology Hellas (CERTH), In
Athens, they were examined at the “Nestor” Psychogeriatric Association, at three Open Care
Centers for the Elderly (KAPI) in the municipality of Zografou, at the NGO “IASIS” Day Care Unit
for people with dementia and at the “Mission” Alzheimer Disease Day Center Unit.

A total of 639 drivers were examined: 307 participants were assessed on an extensive
driving questionnaire, while 285 participants were assessed on a short driving questionnaire for
caregivers. The selected participants were derived from the extensive and the short driving
questionnaires; they were over 65 years old; they were divided into three diagnostic groups
(healthy, MCI, AD). People who fell under the category “other dementias” were excluded, because
we were interested in examining the traits of the three diagnostic groups.

Out of the 639 participating drivers, 153 were selected based on their answer on the
extensive driving questionnaire. They were asked whether they had a professional driving license.
Forty-three participants (28.1%) said “Yes”, 110 (71.9%) said “No”. Fifty-five participants (35.9%)
were diagnosed with AD, 44 (28.8%) were diagnosed with MCI, and 54 (35.3%) were healthy.

Additionally, 31 professional drivers were compared to 31 non-professional drivers (N=62)
on the short driving questionnaire. The distribution of the population according to the diagnosis
was: 18 (29%) with MCI (N=9 professionals, N=9 non-professionals), 30 (48.4%) with AD (N=15
professionals, N=15 non-professionals), 14 (22.6%) healthy older adults (N=7 professionals, N=7
non-professionals). Professional and non-professional drivers were randomly selected to match in
terms of diagnosis, age, gender and years of education.

Data collection took place between December 2012 and September 2016, when the study

was completed.
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Diagnosis
The AD diagnosis of the participants was based on the NINCDS-ARDRA [36] criteria, while the
MCI diagnosis on the Petersen and Winblad [2, 3, 37] ones; participants with other dementias
were excluded. In order to support the AD and MCI diagnosis, neurological, neuropsychological
and neuropsychiatric assessments, medical/social history, neuroimaging and blood tests were
conducted.

Assessment measures
All participants were evaluated on: the Mini Mental State Examination (MMSE) [38, 39], the Clock-
drawing Test [40-42], the Functional Rating Scale for Symptoms of Dementia (FRSSD) [43], the
Geriatric Depression Scale (GDS) [44-46], Hamilton’s Depression Rating Scale (HDRS) [47], the
Functional Cognitive Assessment Scale (FUCAS) [48, 49], the Montreal Cognitive Assessment
(MoCA) [50, 51], and the Neuropsychiatric Inventory (NPI) [52-54]. This battery was employed as
a routine for the staging of AD and MCI. Healthy older adults were also evaluated on the same
battery.

The above tests were chosen for their psychometric properties (validity, reliability) and
their standardization for the Greek population. Furthermore, they seem to be acceptable for

measurements in the international literature.

Extensive driving questionnaire

A combination of two driving ability assessment questionnaires for older adults mentioned in the
literature was used in the present study: the AGed people Integration, mobility, safety and quality
of Life Enhancement through living (AGILE) Questionnaire [55] and the Driving Questionnaire for
patients with dementia [56].

The newly created driving questionnaire included 33 questions with 52 sub-questions.
Specifically, we sought information on the following topics: personal information, opinions
concerning training and assessment related to age, physical and cognitive abilities, and driving
habits.

Before the administration of the questionnaire, both patients and healthy older adults

granted their written informed consent.

Short driving questionnaire

The Short Driving Questionnaire [57] was created after the first results from the extensive driving
questionnaire, where important findings emerged for 15 questions for people with AD aged 65
and above (see APPENDIX).

Statistical analysis

Statistical analysis included descriptive statistics and mono-factorial analysis. The normality of the
data was evaluated with the Shapiro-Wilk test. Normality assumptions were rejected and as a
result non-parametric tests were preferred for data analysis. For the independence between
qualitative variables, the )(2 control was used. For the comparison of independent measurements

between the two groups, the Mann-Whitney statistical control was used. P values (P values) less
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than 0.05 were considered statistically significant. Statistical analysis was performed with the
SPSS 24.0 statistical analysis software (IBM Inc., Armonk, NY).

Results

Extensive driving questionnaire

Demographics Diagnosis
Healthy MCI AD Total o]
N(%): N(%): N(%): N(%):
54 (35.3%) 44(28.8%) 55(35.9%) 153 (100%)
Age «65-74» | 30 (55.6%) 16 (36.4%) 17(30.9%) 63 (41.2%) 0.085
«75-84» | 23 (42.6%) 25 (56.8%) 34(61.8%) 82 (53.6%)
«>=85» 1(1.9%) 3 (6.8%) 4 (7.3%) 8 (5.2%)
Gender Male 38 (70.4%) 33 (75.0%) 48(87.3%) 119(77.8%) 0.092
Female | 16 (29.6%) 11 (25.0%) 7(12.7%) 34 (22.2%)
Professional NO 42 (77.8%) 34 (77.3%) 34(61.8%) 110(71.9%) 0.115
Driver
YES 12 (22.2%) 10 (22.7%) 21(38.2%) 43 (28.1%)

Table 1. Professional driver, diagnosis and age groups.

Healthy individuals were significantly more educated than the other two groups (p=0.003). Also,
healthy non-professional drivers were proportionately more educated than professional ones
(p=0.012). AD or MCI professional drivers were significantly less educated (8.93+4.88) than non-
professionals (11.7715.26) (p=0.003). There was no significant difference on the MMSE between
professional and non-professional drivers (p=0.751). In all three diagnostic groups there were no
women drivers with a professional license, HC (p=0.011), MCI (p=0.038) and AD (p=0.026).

The results further showed that more non-professional AD drivers (21.9%) had not
renewed their license compared to professionals (p=0.048). More non-professional MCI drivers
(91.7%) travelled fewer kilometers compared to professionals (p=0.029). Taking both MCI
(27.6%) and AD patients (63.2%) together, more non-professional drivers always avoided driving
in unfamiliar areas compared to professionals, MCI (p=0.045) and AD (p=0.026). Finally, more
non-professional AD drivers (80.0%) avoided driving when it snowed compared to professionals
(p=0.34).
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Short driving questionnaire
Demographics

Professional driver, diagnosis and age groups
Professional Driver Total p
Diagnosis NO N(%): YESN(%): | N(%):62
31 (50 %) 31(50%) | (100%)
5 5 10 720
Age 65-74 (35.7%) (35.7%) | (71.4%)
2 2 4
o/ )- -
Hfj'(tgg'\éﬂ,/f’))' 75-84 (14.3%) (14.3%) | (28.6%)
' 7 7 14
Total (50.0%) (50.0%) (10‘;'0%
5 5 10 681
Ace 65-74 (27.8%) 27.8%) | (55.6%)
MClI © e 4 4 8
N(%): 18 (22.2%) (22.2%) (44.4%)
(29.00%) 9 9 18
o)
Total (50.0%) (50.0%) (103'0 %
8 8 16 642
Ace 65-74 (26.7%) 26.7%) | (53.3%)
AD © e 7 7 14
N(%): 30 (23.3%) (23.3%) 46.7%)
(48.4%) 15 15 30
Total (50.0%) (50.0%) (10(;'0%
18 18 36
Ao 65-74 (29.0%) 29.0%) | (58.1%)
Total R 13 13 26
N(%): (21.0%) (21.0%) (41.9%)
62 (100%) 31 31 62
Total (50.0%) (50.0%) (10(;'0%
Table 2. Professional driver, diagnosis and age groups.
Professional driver and gender
Professional Driver p
Diagnosis No N(%): Yes N(%): Total N(%):
31 (50 %) 31 (50 %) 62 (100%)
7 7 14
HealthyN(%) | ©ender Male (50.0%) (50.0%) (100.0%)
£ 14(22.6%) Total 7 7 14
(50.0%) (50.0%) (100.0%)
Malo 8 8 16 1.000
. Gender (44.14%) (44.14%) (88.29%)
o/ \.
("ég’o)b% Female (5.6%) (5.6%) (1.1%)
' 9 9 18
Total (50.0%) (50.0%) (100.0%)
Male 14 14 28 1.000
46.7%) (46.7%) (93.3%)
AD Gender Female 1 1 2
N(%): 30 (3.3%) (3.3%) (6.7%)
(48.4%) Total 15 15 30
(50.0%) (50.0%) (100.0%)
Male 29 29 58
0, o, [v)
Total Gender (465 %) (46'28 %) (93 f %)
62"2(10(/;’())%) Female (3.2%) ( 3.2%) (6.5%)
Total 31 31 62
(50.0%) (50.0%) (100.0%)

Table 3. Professional driver and gender.
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Marital status
Professional Driver Total
o NO YES N%):. 62 | p
Diagnosis N(%): N(%): (100%)
31(50%) | 31(50 %)
Mariod 6 6 12 769
Marital (42.9%) @2.9%) | (85.7%)
Healthy 1 1 2
N(%): 14 status Divorced
2 6%) (7.1%) (7.1%) (14.3%)
7 7 14
Total (50.0%) (50.0%) | (100.0%)
) 8 9 17 500
MC Marital Married (44.4%) (50.0%) (94.4%)
o/ status . 1 0 1
(';(9/0303/08) Divorced (5'8%) (O'g%) (5.16;/0)
Total (50.0%) (50.0%) | (100.0%)
Mariod 14 13 27 500
AD Marital (46.7%) (@33%) | (90.0%)
N®):30 | S widowr-er ! 2 3
454%) (3.3%) 6.7%) (10.0%)
: 15 15 30
Total (50.0%) (50.0%) | (100.0%)
: 28 28 56
Married (45.2%) @52%) | (90.3%)
Marital . 2 1 3
JE{,}S‘ status Divorced (3.2%) (1.6%) (4.8%)
: : 1 2 3
62 (100%) Widowl-er 5% 5% 5%
31 31 62
Total (50.0%) (50.0%) | (100.0%)
Table 4. Marital status
RETIRED
Professional Driver Total
Diagnosis I\io . Y?s. N(%): 62 P
N(%): N(%): .
(100%)
31 (50 %) 31 (50 %)
7 6 13 299
Yes 5 5 5
Healthy | Retired (5060 %) (42'19 %) (92 '19 %)
0, .
'?2(2/"230/1 ;‘ No (0.0%) (71%) (71%)
. Total 7 7 14
(50.0%) (50.0%) (100.0%)
MCl . 9 9 18
N(%) 18 | Retired | Yes (50.0%) (50.0%) (100.0%)
(29.00% ot 9 9 18
) (50.0%) (50.0%) (100.0%)
: 15 15 30
N ((Q')D_ 20 Retired | Yes (50.0%) (50.0%) (100.0%)
(48.4%) Total 15 15 30
: (50.0%) (50.0%) (100.0%)
Yes 31 30 61
Total Retired (50.0%) (48.4%) (98.4%)
N(%): 0 1 i
62 No (0.0%) (1.6%) 1.6%
(100%) 31 31 62
Total (50.0%) (50.0%) | (100.0%)

Table 5. Retired.
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Among the healthy group, there was no difference in the years of education between non-
professional (mean=10.57, SD=4.577) and professional drivers (mean=10.57, SD=4.577,
p=1.000). On the MMSE, there was no difference between non-professional (mean=29.1667,
SD=.75277) and professional drivers, (mean=29.1667, SD=.98319, p=0.932).

Among the MCI group, there was no difference in the years of education between non-
professional (mean=9.67, SD=3.640) and professional drivers (mean=9.33, SD= 4.123, p=0.893).
On the MMSE, there was no difference between non-professional (mean=26.6667, SD=1.93649)
and professional drivers (mean=27.3333, SD=2.39792, p=0.503). On the FUCAS, there was no
difference between non-professional (mean=44.00, SD=.000) and professional drivers
(mean=42.50, SD=1.000, p=0.114). On the FRSSD, there was no difference between non-
professional (mean=3.50, SD=.707) and professional drivers (mean=3.75, SD=3.500, p=1.000).

Among the AD group, there was no difference in the years of education between non-
professional (mean=7.40, SD=3.738) and professional drivers (mean=7.73, SD=3.390, p=0.783).
On the MMSE, there was no difference between non-professional (mean=17.8000, SD=6.06159)
and professional drivers (mean=20.6000, SD=4.46894, p=0.190). On the FUCAS, there was no
difference between non-professional (mean=57.11, SD=10.612) and professional drivers
(mean=56.80, SD=15.135, p=0.623). On the FRSSD, there was no difference between non-
professional (mean=9.40, SD=3.978) and professional drivers (mean=10.67, SD=4.397,
p=0.315).

Driving avoidance

Avoiding driving into difficult intersections
Diagnosis | Professional Driver
Total
NO ,\]((';S) N%):62 | p
N(%): 3@ | (100%)
31 (50 %) %)
i 7 8 007
Avoid turning Never o o 0
Healthy into difficult (7'23 %) (50'(? %) (57'61 %)
ealt . ;
,?2(2/0230/1;1 intersections Always (42.9%) (0.0%) (42.9%)
: 7 7 14
Total (50.0%) | (50.0%) | (100.0%)
vod o Never 6 8 14 257
\old trming (33.3%) (44.4%) | (77.8%)
into difficult 3 1 4
MCl intersections | Always (16.7%) 5.6%) 22.2%)
N(%): 18 9 9 18
(29.00%)
Total (50.0%) | (50.0%) | (100.0%)
R 7 10 17 269
AD Avoid turning | Never 233%) | (33.3%) | (56.7%)
N(%): 30 | Into d'ff{.cu“ 8 5 13
(48.4%) | Intersections | Always 26.7%) | (16.7%) | (43.3%)
15 15 30
Total (50.0%) | (50.0%) | (100.0%)
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Avoid turning 14 25 39
Total into difficult Never (22.6%) (40.3%) | (62.9%)
N(%): intersections Al 17 6 23
62 ways (27.4%) 9.7%) | (37.1%)
(100%) Total 31 31 62
ota (50.0%) (50.0%) | (100.0%)

Table 6. Avoiding driving into difficult intersections.

Healthy non-professional drivers almost always avoided turning into difficult intersections
compared to professional drivers (chi-square=10,500, df=1, p=0.001). There is independence
concerning the diagnosis between non-professional and professional drivers in the following
questions: Do you travel the same kilometers as in the past? Have family members recommended
that you stopped driving? Do you take medications which may cause driving problems? Is your
attention easily distracted from driving? For example, in urban centers, do you have difficulty
concentrating on driving after having driven for over half an hour? Do you have difficulty
concentrating on driving when someone is talking to you while you drive? Are you unable to react
quickly when needed? Do you avoid driving in urban areas? Do you avoid driving on motorways?
Do you avoid driving unaccompanied? Do you avoid driving under time pressure? Is the average

speed slower today than when you were 45 years old? Do you avoid driving in unfamiliar areas?

Discussion

In order to test our research hypothesis, that is, whether there is a difference between AD and
MCI drivers with and without previous professional driving experience, an extensive driving
questionnaire was administered to people aged at least 65 years, with dementia, and holders of a
professional driving license.

Out of the 153 participants who were asked whether they had a professional driving
license, 43 (28.1%) said “Yes”, 110 (71.9%) said “No”; 55 (35.9%) were diagnosed with AD, 44
(28.8%) were diagnosed with MCI, and 54 (35.3%) were healthy; the latter were the control group.
In total, 119 (77.8%) men and 34 (22.2%) women were examined. Very few women in Greece
drive at this age. The results showed that more non-professional AD drivers (21.9%) had not
renewed their license compared to professionals (p=0.048). More non-professional MCI drivers
(91.7%) travelled fewer kilometers compared to professionals (p=0.029). Taking both MCI
(27.6%) and AD patients (63.2%) together, more non-professional drivers always avoided driving
in unfamiliar areas compared to professionals, MCI (p=0.045) and AD (p=0.026). Finally, more
non-professional AD drivers (80.0%) avoided driving when it snowed compared to professionals
(p=0.34) [34].

The results from the short driving questionnaire showed that healthy non-professional
drivers almost always avoided turning into difficult intersections compared to professional drivers
(chi-square=10.500, df=1, p=0.001).

Literature review has shown that the driving ability of professional drivers with dementia
has not been investigated before our research. This constitutes a limitation since we cannot
extensively discuss and compare our findings with other studies. For the moment, we can only

discuss strategies and driving behavior of people with cognitive disorders in general.
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Four hundred and seventy-three drivers (473) aged 55-64, 65-74, and over 74 were
assessed in a major European study on habits, accidents, compensatory driving behavior, and
their attitude to the reassessment of the driving license due to age. It was found that the use of
compensatory strategies and adaptation techniques was higher among older adults. The
reassessment of driving ability due to age was limited to medical examinations, with the risk of
false evaluations, which could be reduced with the human-centered approach of OT. The
usefulness of this approach, apart from complying with the principles of OT, is that it focuses on
the appropriateness of driving. Older adult drivers are given the opportunity to assess for
themselves whether they are able to cope with their functional deficiencies on a more realistic
basis as regards driving [58]. There is no information about professional drivers.

A very recent study (2017) sought to identify prediction factors for driving discontinuation
in dementia patients. A total of 779 dementia patients from 9 Australian memory clinics were
examined. Patients and caregivers were examined for the severity of dementia, while their
cognitive functions, neuropsychiatric symptoms, and drug use were evaluated. Their follow-up
took place at regular intervals over a three-year period. Out of the 247 patients who were still
driving at the beginning of the study, 147 (59.5%) stopped driving during the study. The variables
which predicted driving discontinuation included older age, female gender, severity of dementia,
and deterioration of cognitive functions. These findings confirm that the above features can
predict future driving situation. In addition, they underline the value of regular assessment of
dementia patients through the usual tests to determine the course of the disease and the possible
prognosis [59]. No recording about professionals drivers.

A recent research (2017) employed a standard driving methodology to compare the
differences in the driving behavior of a small sample of healthy older adults (N=10) and AD
patients (N=10) over a year. As expected, considering the small sample size, there were no
statistically significant differences between the two groups, but AD patients were less likely to
drive at night and had less aggressive behavior, such as hard braking and sudden acceleration
[60].

Based on our study, we conclude that patients with cognitive disorders and previous
professional experience display better driving behavior than professionally inexperienced ones.
This conclusion constitutes the added value of our research for scientific literature considering that
similar studies have not been published. Further research with a larger sample of individuals with

cognitive disorders and previous professional driving experience would be useful.

Appendix

Short Driving Questionnaire

(The guestionnaire was administered as part of a doctoral thesis held at the Medical School of the
Aristotle University of Thessaloniki.)

Our goal was to develop a new driving assessment and training methods for aged drivers.

Please note that all information will be kept entirely anonymous and for statistical purposes only.
All information will have no effect on your driving license, nor will it be related in any way with you.

Completing the questionnaire will take about 10
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Gender O wm 0 F
Which category is/was your driving license
valid for?

O Marri
_ 0 Dfarr/edd O A (Motorcycle)
Marital Status rvorce O3 B (4-wheel Motor Vehicle)
O widowr-er
3 sini 0 C (Truck)
ngie 0 D (Bus)
O E (Special Trailer)
Retired O ves O ~o

(Previous) Profession: L
Have you renewed your driving license?

, 3 ves O w~o
Date of Birth:
Age: Do you travel the same kilometers as in the
ge- past and why?
3O ves O ~o

Years of Education:

1. Do your family members complain about the way you drive?

YES NO
2. Do your family members recommend that you stop driving?
YES NO
3. Do you take medications which cause problems while driving?
YES NO
4. Is your attention easily distracted from driving, for example, in complex areas, such as urban
centers?
YES NO

5. s it difficult to concentrate on driving after having driven for more than half an hour?
YES NO

6. Is it difficult to concentrate on driving when someone is talking to you while you drive?
YES NO

7. s it difficult to react quickly when necessary?
YES NO

8. Do you avoid driving in urban areas?
YES NO

9. Do you avoid driving on motorways?
YES NO

10. Do you avoid driving in the rush hour?
YES NO

11. Do you avoid driving in unknown areas?
YES NO

12. Do you avoid turning into difficult intersections?
YES NO
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13. Do you avoid driving without a co-driver (spouse, etc)?
YES NO

14. Do you avoid driving under time pressure?
YES NO

15. Is the average speed slower today than when you were 45 years old?
YES NO

Thank you in advance for your invaluable time and assistance.

Date

Researcher Signature Participant Signature

The authors declare that they have no confiicts of inferest.
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Abstract

It is well established that during Alzheimer disease (AD), gradual loss of neuronal networks occurs in the
brain, consequently, affecting cognition and memory tasks of the patients. Among other causative factors,
oxidative stress induces changes that are eventually accompanied by an irreversible disruption of synaptic
connectivity and death of neurons. Moreover, aging and oxidative stress cause alterations to the blood brain
barrier, leading to increased permeability, which are thought to further aggravate the underlying pathology.
Up to date, no effective treatment is available to Alzheimer’s disease patients. Lately, scientific efforts are
focusing on exploiting the antioxidant properties that natural polyphenol agents such as flavonoids possess
and their potential beneficial effect against neurodegenerative diseases. For that reason, the current
investigation, aims at developing more effective flavonoid agents by encapsulating naringin into modified
PEG 3000 Silica nanoparticles before its use at cellular level. Overall, our findings suggest an enhanced
protective capacity of naringin pegylated nanoparticles against A B amyloid linked oxidative stress mediated
neurodegeneration in primary rat neuronal and glial hippocampal cultures for a certain incubation period.
The functional biological reactivities of the novel flavonoid nanoparticles were in line with their
physicochemical features and reflect the a) differential nature of the structural assemblies of the new
nanoparticles, thereby distinguishing them from other polymeric and liposomal drug carriers, and b)
significance and impact of PEG chemistry in the synthetic assembly of the nanocarriers. The ability of the
employed nanoparticles to entrap a relatively high dose of otherwise insoluble drugs and their biological

activity highlight their potential as brain targeting therapeutics.
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Introduction

Alzheimer's disease (AD) is associated with several deleterious molecular cascades that lead to
neuronal dysfunction and can be attributed to a variety of genetic and environmental factors [1,2]
including oxidative stress [3,4]. Indeed, oxidative stress, which is characterized by an imbalance
between production and inactivation or inhibition of the formation of active forms of Reactive
Oxygen Species (ROS) [5,6], is considered a major contributor to cell neurodegeneration [7].

Generally, neurons, in contrast to glial cells, have low antioxidant defense, which makes
them particularly vulnerable toxic insults and injuries [8,9]. Therefore, treatment from oxidative
stress has always been a substantial problem for the early prevention of neurodegeneration and,
at the same time, a research challenge for the diagnosis and possible treatment of the disease
[10].

To this respect, flavonoids have attracted considerable interest in recent years due to
their potential beneficial effects on human health [11-15]. Chronic consumption of flavonoids on a
daily basis has been shown to reduce the risk of developing various forms of cancer [16-18] such
as cancer of the oral cavity, pharynx, larynx, esophagus [19], stomach and colon, lungs [20,21],
thyroid gland and breast cancer. The molecular mechanisms attributable to the potential anti-
cancer activity of flavonoids include the inhibition of specific phases of carcinogenesis, such as,
the onset, progression and proliferation of neoplastic cells or even the stage of angiogenesis [22-
24]. Flavonoids including naringin (NAR) are polyphenolic compounds well-widespread in the
plant kingdom [25-27]. They are classified according to their chemical structure in flavones,
flavanols, flavanones, isoflavones, catechins, anthocyanins and chalcones [28]. Over 4000
flavonoids have been recognized and many of which are found in fruits, vegetables, beer, wine,
and natural fruit juices [29-31].

NAR undergoes hydrolysis of the glycosidic bond and cleavage of its sugar by intestinal
microflora enzymes [32,33].Hydrolysis of the glycosidic bond and removal of the sugar
(Rhamnose) to the NAR molecule is considered necessary for the absorption of the
corresponding aglycans from the gastrointestinal tract, since the size of the molecules and the
strongly hydrophilic nature of the flavonoid glycosides does not allow their absorption [34,35].
NAR has low bioavailability and its plasma concentration is characterized by very high variability.
It is excreted in the urine but also in the bile, mainly in the form of its glucuronides. The renal
excretion of this flavanone begins 6 hours after administration of its corresponding flavonoid
glycoside, increases to 11 hours to complete at 24 hours and does not appear be affected by the
administered dose [36].

Inclusion of bioactive compounds, such as NAR, in pegylated nanoparticles represents an
effective approach for controlled release, increased physical stability, protection from interactions
with the environment.and enhancement of their bioactivity [37,38]. Thus, the aim of the current
study is to exploit the antioxidant properties of NAR and preserve its bioactivity at cellular level by
encapsulating it at a suitable nanocarrier. Furthemore, NAR pegylated nanoparticles biological
profile was also examined, based on two parameters of neurodegeneration including cell loss and

connectivity loss.
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Methods

Among the popular methods to synthesize nanoparticles, sol-gel processing has proven to be
particularly useful. This method was also employed in the current work and implicates an
inorganic matrix formation of a nanosized level by applying at low temperature to sol gel in order
to allow the encapsulation of the active molecules with biological properties. The sol-gel silicon
dioxide is a degradable nanomaterial commonly employed for a) biocompatible coatings on
implants and medical products, biosensors, biocatalysts, and b) as coating for controlled release
of biocides, pharmaceuticals and vitamins. The main advantage of using sol-gel in the
nanoparticle composition is that the resulting materials are non-toxic, biocompatible and able to
act as hosts of various natural or potentially synthetic therapeutic substances for controlled
release drug applications. Herein, NAR was encapsulated into modified PEG 3000 Silica
nanoparticles and fully characterized using multiple physicochemical techniques including
elemental analysis, zeta-potential and hydrodynamic size, FT-IR and SEM [39].

Furthermore, the ability of encapsulated NAR pegylated nanoparticles (NARPNPs) to
function as neuroprotective agents was investigated using primary neuronal and glial
hippocampal cells and studied against AB.,s.35 amyloid induced oxidative stress conditions. Under
the physiological state (pH 7.4), the presence of specific oxidizing agent implies loss of
hippocampal cells, as well as a decrease in the number of viable cells. Cytotoxicity and effect on
morphology and connectivity of neurons (synapses) were examined through various widely used
in vitro methods including laser scanning microscope. Initially, tests focused on finding
concentrations of toxic and neuroprotective substances as well as incubation times for
nanoparticles were conducted to induce cell death levels appropriate to investigate possible
protective effects by finding the IC50 concentration. This pilot study led to the selection of the
incubation times and times used to obtain the experimental results that follow. Of note, survival
rate was determined by counting Calcein-AM stained cells upon 12-hour incubation period
allowed determination of the number of live cells, while a count of PI/LIVE/DEAD fixable dead-
stained cells indicated the number of dead cells. Neuronal connectivity assessment was achieved
by applying quantitative analyses (data expressed as area per neuron+SEM) of polymerised
tubulin fluorescence in rat hippocampal neuronal cells only for a 3-hour incubation period. The
final concentrations to insure optimized results were 30 uM and 10 uM for NARPNPs and ABjs_3s,

respectively.

Results

Despite the preliminary characteristic of the current ongoing work, upon the sol-gel
methodological experimental procedure, well-charachterized monodispersed spherical rounded
agglomerates nanoparticles of approximately 150 nm were achieved. The capacity of entrapment
of NAR in silica pegylated NPs was measured and led to a 90% of entrapment rate. The rate of
the release capacity of the hybrid nanoparticles was in congruence with the entrapment capacity
and reached a 24-hour plateau showing a dose and time dependence profile.
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Regarding the biological behavior of the novel nanoparticles, NAR pegylated
nanoparticles protective effects were demonstrated on the survival of hippocampal cells at the
concentration of 30 pM. This observation was consistent with our previous studies with
analogous nanomaterials [40]. It is noteworthy that no cytotoxicity was observed in any case while
incubating hippocampal cells in the presence of NAR pegylated nanoparticles alone at that
concentration (Figure 1. A & B). Briefly, upon a 12-hour incubation time, glial viability was
increased by more than 30% when treated with both 30 uM NAR pegylated nanoparticles and 15
MM AB,s.35 compared to the individual AB.s.35 cell treatment. Under the same treatment conditions,

neuronal viability was only 15% suggesting that neurons are more susceptible than glial cells.
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Figure 1. The protective pattern of NAR-loaded nanoparticle (NARPNPs) against specific amyloid
concentration. The action of NARPNPs was assessed on the survival rate in an amyloidogenic rat
primary hippocampal neuronal (A) and glial (B) environment. Experimental conditions of
NARPNPs, AB,s35 and NARPNPs+ AB,s.3s, at the aforementioned concentrations, were also run.
12 h incubation period was employed for the above experimental conditions. Data are shown as
means, relative to control (untreated) viability rates recorded in the absence of NARPNPs and
Amyloid (in % + SEM). Statistical differences are indicated as p < 0.05 (ns =non-significant), p >

0.05 = * (significant), p> 0.01 = ** (highly significant) and p > 0.001= *** (extremely significant).

Neuronal connectivity in both aforementioned experimental treatment conditions was much
improved in the presence of both NAR pegylated nanoparticles and AB,s35 compared to the

individual AR5 35 treatment condition (Figure 2).
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Figure 2. Neuronal connectivity under NARPNPs treatment against amyloid induced oxidative
stress in rat primary hippocampal cell environment. 12-hour incubation period was employed for
the above experimental conditions. Data are shown as means, relative to control (untreated cells)
viability rates recorded in the absence of NAR-loaded nanoparticles (NARPNPs) and Amyloid (in
% + SEM). Statistical differences are indicated as p < 0.05 (ns =non-significant), p > 0.05 = *

(significant), p> 0.01 = ** (highly significant) and p > 0.001= *** (extremely significant).

Finally, protection against the oxidative damage caused by AB,s35 (15 uM) is attributed to the
ability of the flavonoid to block the active forms of the peptide. Further neuroprotective effects of
NAR pegylated nanoparticles against the neurotoxicity of AB,s.35 amyloid peptide, can be linked to
the presence of the polyethylene glycol chain on the surface of the nanoparticles and its ability to
bind to AB, thus preventing it from causing lesions in the neuronal synaptic network which might

lead to cell loss.

Discussion

Naringin, a potent antioxidant, is poorly soluble in water, and rapidly degraded and metabolized in
the human body [41]. Despite the limitations regarding its use, NAR has been suggested to be
very promising for the prevention and therapy of major chronic diseases [42,43] In fact, several
epidemiological studies indicate that consumption of flavonoids is associated with a lower
incidence of neurodegenerative disorders such as Alzheimer’s disease (AD) [44]. Incorporation of
bioactive agents in delivery systems was reported to provide higher therapeutic efficiency and
reduce the side effects related to their [45]. This has led us to try to formulate functional
nanocarriers, able to encapsulate the active antioxidant NAR in order to enhance its
neuroprotective capacity. To this end, we synthesized pegylated silca nanoparticles using the
sol-gel method and encapsulated naringin within their polymerix matrix.

The physicochemical characteristics of the naringin containing hybrid materials reflect the

significance and effect of polyethylene glycol (PEG) chemistry on nanoparticle synthesis, which
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suggests their potential biological activities. This was in line with previous scientific studies
conducted on flavonoid PEGylated nanoparticles [46-48]. Flavonoid binding and release studies
were consistent with the physicochemical characteristics and demonstrate the adequacy of hybrid
nanoparticles in their ability to bind NAR, maintain the antioxidant potential of the flavonoid, and
control the release of their load. It is therefore evident that loading NAR in nanovesicles offers
significant advantages including: a) an improvement in bioavailability and selectivity, b) an
increase in the stability of the phenolic as well as c) the ability to overcome the blood brain barrier
(BBB) due to the colloidal nature of the nanoparticles. These observations are in agreement with
the litterature where biopolymer nanoparticles have been proposed as effecient encapsulation
that can markedly help the delivery of phenolic compounds [49-51].

The results related to the nanoparticle treatment of primary neuronal and glial cultures
reveal the protective potential of the hybrid particles against oxidative stress mediated cell loss
and the perservation of neuronal cell morphology. Action against neurodegeneration appears to
arise from the antioxidant capability of naringin which has been enhanced by its encapsulation in
pegylated nanoparticles. Indeed, NAR-loaded NPs could facilitate the sustained and targeted
administration of the active flavonoid. The improved cellular morphology and preservation of
neuronal network could also be attributed to the nanoparticle surface modification with PEG. As
shown in previous studies, PEGylation of NPs can dramatically increase their affinity for toxic A
peptides, which can be absorbed at the nanoparticle surface, and leads to fewer B-sheets and
less aggregation [52,53]. This favorable interaction between PEG and AR peptides along with the
antioxidant effect of the NAR-loaded NPs could help in delaying Alzheimers disease
development.

Although the current ongoing work is in its preliminary stage, the cytotoxicity and
biological activity profile of flavonoid nanoparticles in a cellular neurodegenerative environment
caused by the presence of oxidizing agents (AR amyloid peptide) a) suggests an improved
antioxidant effect in the treatment of oxidative stress; b) reveals the positive effect of
nanomaterials in the loss of neuronal synaptogenesis and neurodegeneration, and c) paving the
way for the development of molecular protection and prophylactic medical technology related to

neuron cardiovascular diseases such as Alzheimer's disease.

Conclusion

Overall, our current work sets the stage for the development of functional nano-medicinal
materials targeting prominent pathogenic mechanisms of Alzheimer's disease. Although our
observations are encouraging, there were certain limitations associated with the study, including
the need for further investigation of protective actions of the NAR-loaded nanoparticles.
Confirmation of the upstream signal pathways related to the radical scavenging capacity of the
NAR-loaded nanoparticles could provide an insight into the mechanisms underlying the
neuroprotective effects observed. In addition, the ability of the NPs to cross the BBB should be
validated with appropriate methods. Finally, performing systemic toxicity experiments and
studying the NAR-loaded nanoparticle biological fate upon administration with regards to their

absorption and pharmacokinetics should be considered in future experiments.
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Abstract

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder associated with brain damage induced
by B-amyloid and tau accumulation. One of the hallmarks of amyloidogenesis, is the aggregation of amyloid
proteins into a specific cross-f3 sheet structure, which alters their biological activity thereby affecting neuronal
connectivity and function. Despite significant progress in the management of AD over the recent years, the
early diagnostic and treatment options still remain limited. Recently, great attention has been focused on the
advancement of therapeutic strategies exploiting the antioxidant properties of naturally occurring compounds.
Flavonoids, a major class of phytochemicals, have been found to possess a multiple range of health
promoting effects, including neuroprotection. Chrysin (ChR) is a flavonoid of the flavone class with potent
neuroprotective and anti-inflammatory activity. In addition, ChR improves cognitive decline by exerting anti-
amyloidogenic and neurotrophic effects. Magnetic nanoparticles allow binding of drugs by entrapment on the
particles, adsorption, or covalent attachment. In our study, well characterized ChR-loaded magnetic
PEGylated silica nanospheres (MChRPNPs) were employed with potential enhanced protective
characteristics against amyloid induced oxidative stress. The interactions of MChRPNPs with B-amyloid were
demonstrated in rat hippocampal cell cultures. Overall, the findings regarding the biological activity profile of
MChRPNPs in a cellular amyloidogenic environment suggest an improved specificity of antioxidant properties

counteracting amyloid mediated oxidative stress reactivity.

Introduction

A severe, age-associated neurodegenerative disorder, Alzheimer disease (AD) affects a large

proportion of the elderly population, with nearly half of those aged 85 afflicted with this disorder.
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Recent demographic and epidemiologic data suggest that AD contributes to approximately 60-
70% of all dementia cases [1,2].

Among the multitude of factors influencing the onset and progression of the disease,
oxidative stress plays a pivotal role in the development of AD pathooanatomical features [3-5].
The latter include amyloid peptide (AB) plaque deposition, tau pathology, loss of function of
presenilin (PSEN), dysfunction of the cholinergic system, disrupted calcium signaling, neuronal
loss of connectivity and cell loss, resulting in cognitive impairment [6-8]. Currently, there is no
available therapy against the disease [9], with the limited treatment options focusing on alleviating
symptoms and delaying the disease progression. Also among the aforementioned factors
contributing to AD pathology, AB peptides which are produced as a result of cleavage of APP
found in cell membranes, is a central cause of the pathology. Its accumulation in the brain is
associated with oxidative stress [10,11].

Given the fact that oxidative stress emerges as a crucial factor in neuronal cell
degeneration, efforts in our lab have focused on strategies to avert upstream processes and
factors contributing to it, thereby influencing pro-oxidant-antioxidant balance in cellular
physiology. Key to such an approach is employment of strong antioxidant molecules originating
in natural sources. Outstanding among them are natural polyphenols and flavonoids, a group of
low molecular weight benzo-g-pyrone derivatives, ubiquitous in plants. This naturally occurring
compounds have structural features that support excellent radical scavenging properties. The
high potency, and (bio)chemical reactivity renders them viable alternatives to conventional
therapeutic drugs.

Chrysin (5,7-dihydroxyflavone, ChR) is a natural flavonoid that can be derived by several
plants, honey and propolis [12,13]. Recent studies demonstrate that ChR exhibits multiple
biological and pharmacological activities, such as anti- inflammation, anti-oxidation, as well as
immunomodulatory and vasorelaxation effects [14-17]. For instance, ChR effectively inhibits the
expression of the key pro-inflammatory enzymes, such as nitric oxide synthase and
cyclooxygenase-2. Moreover, ChR has potential anticancer [18], antiviral, antidiabetic [19] and
anti-inflammatory properties [20-22].

It has also been postulated that ChR can protect neurons from oxidative insults and
apoptosis and improve learning and memory ability [23-25]. Previous efforts, have shown that
ChR can attenuate loss of dopaminergic neurons and improve motor, learning and memory
functions, thereby highlighting its potential against neurodegenerative diseases such as
Parkinson’s [25-29]. However, evidence on the use of ChR against AD linked pathology is limited.
In our study we propose that ChR may have a mitigating effect against amyloid B -induced
oxidative stress.

Although, flavonoids possess remarkable therapeutic potential in promoting cognitive
performance and preventing neurodegenerative disease, their use has not been fully exploited
due to their numerous structurally related limitations [30-32]. In particular, the therapeutic efficacy
of ChR is restricted by its low bioavailability. Therefore, in this work, ChR was used loaded in well
characterized magnetic PEGylated silica nanospheres (MChRPNPSs) in order to preserve this
potent antioxidant and enhance its protective action(s) against amyloid mediated stress.
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Methods

Synthesis & physicochemical characterization

Based on hydrolytic precipitation method, magnetic nanoparticles were synthesized and modified
with PEG 3000. The procedure followed was, first, to add 0.2g FeCl,.4H,0 and 0.5g FeCl;.6H,0O
as well as 0.5g PEG 3000 into 75mL ddH,O under specific experimental conditions (intense
stirring at 55°C for 15min). ChR was then added at two different amounts (0.50 and 1g) to
maximize incorporation into the magnetic nanoparticles. Moreover, 10mL NH,OH (25%) was
added to achieve 11 pH value in a time period of at least 8 hours. MChRPNPs were isolated from
the rest of the solution and washed couple of times using 1 Molar ammonium solution and ddH,O
before drying for 72 hours at 55 °C.

The synthesized nanomaterials were characterized employing various techniques such as
particle size, z-potential, FT-IR and SEM. The entrapment efficiency and the /n vitro ChR release
study were also determined through UV-Visible spectroscopy at the characteristic wavelength of
ChR absorption (275 nm) [33].

Cell survival assessment upon MChRPNPs vs. Amyloid A5 35 incubation

To prepare hippocampal cultures, Sprague-Dawley rat neonates were used after cervical
dislocation in accordance with the Department of Veterinary Medicine of Aristotle University
regulations. Detailed cell culture experimental procedure is described in our previous work
[34,35].

Upon piloting, concentrations and incubation period of interest used for MChRPNPs and
AB,s.35 were determined at 30 uM and 10 uM, respectively for a incubation period of 30 minutes.
To assess cell viability, cultures were stained using live/dead Cell Double Staining Kit without
further modification of the protocol (Sigma Aldrich, UK). Images were visualized using an
Axioskop 2 plus microscope (Carl Zeiss, Germany) with a 40x phase contrast water immersion
objective. Images were captured using an AxioCam HRc camera, controlled by AxioVision
software (Version 3.1) using the appropriate Rhodamine (for propidium iodide) and Fluorescein
isothiocyanate (FITC; for calcein) filters. ImageJ software was applied for manual cell counting
assessment. Each experiment was conducted in triplicate and repeated at least three times upon
statistical analysis. Specifically, GraphPad Prism1 (Version 4.01; GraphPad Software, San
Diego, CA, USA) was employed to evaluate the statistics. Mean viability rates and SEMs were
considered for each group treatment as well as cell hippocampal type.

The statistical analysis used was One-way of variance (ANOVA), followed by Tukey’s
multiple comparison tests and was performed considering all group pair comparison. Three rating
values were set to define the degrees of significance: *p<0.05 (significant), **p<0.01 (highly
significant) and ***p<0.001 (extremely significant) or non-significant (p>0.05).
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Results

Upon determining the physico-chemical characteristics of ChR-loaded magnetic PEGylated silica
nanospheres, the size of the novel nanoparticles was approximately 100nm. ChR adsorption and
release rates were approximately 90%, projecting the suitability for drug encapsulation of the
magnetic nanospheres employed herein. Further examination of the MChRPNPs neuroprotective
effect(s) on amyloid induced oxidative stress at the cellular level revealed promising results on
their protective behavior against amyloid expression in the glial and neuronal cells. Specifically,
the survival rate was assessed, compared to untreated experimental condition at both glial and
neuronal primary cell line, in the presence of MChRPNPs and/or amyloid at specific concentration
of 30 uM and 10 uM, accordingly. The data are shown at figure 1. In details, survival rate of
neuronal primary cell line was 89+1% (p>0.05), 6414% (p<0.001) and 72+3% (p<0.05), in the
presence of MChRPNPs, AB,s3s and MChRPNPs+AB,s35, respectively, compared to the
untreated cells survival rate which was 94+1%.

Survival rate of Glial primary cell line, was 91£1% (p>0.05), 64+3% (p<0.05) and 80+2%
(p>0.05), in the presence of MChRPNPs, AR5 35 and MChRPNPs+AR.s 35, respectively, compared
to the untreated cells survival rate which was 94+1%.

Based on a general observation of the results, glial cells showed to be less affected that neuronal
cell line as their survival rate was slightly higher than the neuronal survival rate one.

Additionally, neuronal or glial cell line survival rate of MChRPNPs experimental treated condition
showed not statistically significant than their untreated cell lines. In contrary to the latter
observation, AB,s35 experimental treated condition exhibits lower survival rate in both neuronal

and glial cell line compared to all experimental conditions.
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Figure 1. The protective pattern of against specific amyloid concentration. The action of
MChRPNPs was assessed on the survival rate in an amyloidogenic rat primary hippocampal
neuronal (A) and glial (B) environment. Experimental conditions of MChRPNPs, AB.s.35 and
MChRPNPs+ AB.s.3s5, at the aforementioned concentrations, were also run. 3 h incubation period
was employed for the above experimental conditions. Data are shown as means, relative to
control (untreated) viability rates recorded in the absence of MChRPNPs and Amyloid (in % +
SEM). Statistical differences are indicated as p < 0.05 (ns =non-significant), p > 0.05 = *

(significant), p> 0.01 = ** (highly significant) and p > 0.001= *** (extremely significant).

Discussion

It is well known that oxidative injury may be an important part of events involved in the
pathogenesis of numerous neurodegenerative diseases including AD. ChR is phenolic
compound with antioxidant and neuroprotective properties. Current approaches to incorporate
ChR in therapeutics are often hampered by poor targeting and low solubility. Furthermore, free
ChR undergoes rapid metabolic transformation resulting in a poor bioavailability. To overcome
these limitations and enhance ChR bioactivity, nanoencapsulation has emerged as a promising
strategy. Entrapment of active biomolecules in nanoscale carriers can confer them protection
against enzymatic degradation, increase their circulation time and guarantee sustained release at
the desired site of action [36]. To that end, in the current scientific work, encapsulated antioxidant
ChR in Magnetic NPs. Magnetic NPs are considered to be safe and effective carriers for a wide
range of applications including local delivery and enhancement of the efficacy of various drugs.
Their potential in brain targeting of therapeutic moieties is well established and widely reported in
literature [37-39].

Our study demonstrates the neuroprotective efficacy of ChR loaded magnetic PEGylated

silica nanospheres against AB induced oxidative stress. Our findings suggest that the same
therapeutic effect of ChR could be attained at a low concentration used in the current study
against amyloid mediated oxidative stress via nanoformulating in MChRPNPs.
Worth to be mentioned is that incubating both MChRPNPs and amyloid at specific concentration
in glial and neuronal cell line showed better viability of the cells compared to individual amyloid
cell treatment. This scientific observation is in line with previous studies in the literature on
flavonoid against oxidative agents in brain tissue related environment [40-41].

However, numerous limitations should be mentioned for the current ongoing work. One of
the limitations of this study is the fact that only amyloid induced neurodegeneration was explored.
The action of MChRPNPs should be also tested on other AD related processes such as tau
pathology to safely assume their potential therapeutic use. More studies are also needed to
further describe the mechanisms of ChR action at molecular level. It should also be taken into
account that the antioxidant properties of MChRPNPs are affected by physicochemical and
biochemical factors such as surface properties, size, as well as their absorption rate. Indeed, it is
crucial that the MChRPNPs are able to overcome the blood brain barrier (BBB), thus providing
neuroprotection in sensitive areas of the brain linked to neurodegeneration such as the

hippocampus. In that respect, their size should be less than 100 nm. Further optimization of the
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NPs physicochemical characteristics might maximize their targeting ability and enhance their
neuroprotective effect.

Finally, although the current results are encouraging, further in vivo work is needed to
investigate the overall mechanisms of action and assess any possible systemic effects.
Given that AB toxicity is almost certainly initiated at pre-symptomatic stages of AD, maximum
benefits could be obtained from a preventive intervention. The challenge now is to move beyond
the epidemiology which has hinted at positive effects of flavonoid rich diets on the development of
dementia [42], into clinical applications that directly test the efficiency in individuals that are at risk

or those that have already developed mild cognitive impairment.

Conclusion

Chrysin encapsulation in magnetic nanocarriers ensures increased efficacy of this flavonoid
against AB induced oxidative stress. This study reveals the competence of magnetic pegylated
nanoparticles regarding the antioxidant potential and the complete release of their load under
conditions of induced oxidative stress in neuronal and glial cell cultures. The collective results set
the stage for further work into the development of nanomedicinal materials targeting preventive
and/or therapeutic countermeasures to prominent pathogenic mechanisms of Alzheimer’s

disease.
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Abstract

Introduction: AR and tau protein have been widely investigated for the diagnosis of dementia entities, most
commonly Alzheimer’s disease (AD). However, their measurement is an interventional, time-consuming
procedure, while it requires specialized personnel, unlike the evaluation of radiological markers, such as
Evans index (El) and Callosal angle (CA). This study aims to investigate the correlation between El, CA, AB
and total tau in order to outline a basis of diagnostic evaluation for the patient's CSF biomarker profile.
Methods: Sixty-two (62) patients who presented with dementia symptoms participated in this study. AB and
total tau levels in their CSF as well as CA and El values from their MRIs were measured. Multiple regression
was employed to predict AR and total tau values from El and CA. From the Durbin-Watson analysis
(d1=2.057, d2=1.881) we can assume that there is no first order linear auto-correlation in our multiple linear
regression data. Results: The variables statistically significantly predicted both AB and total tau (F1=8.720,
R1=0.484, p1=0.001 and F2=4.110, R2=0.355, p2=0.022). Out of all the variables, it was shown that CA, EI
(p<0.05) and CA (p<0.05) added statistically significantly to the prediction of AR and total tau. Conclusions:
Collectively, these results support a significant correlation between El and AR and CA, AB and total tau. This
highlights the potential role of radiological markers as rough estimates of biomarker levels in everyday

clinical practice, assisting to a robust and inexpensive diagnosis.

Introduction

Dementia poses a widespread threat to global health, as its implications to patients and their
families are exceptional in size, costs and impact. Although the exact pathophysiological
mechanisms involved in dementia remain to be elucidated, abnormalities in the expression and

circulation of proteins like AB, tau and phosphorylated tau (P-tau) have been strongly linked to a
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number of dementia entities [1-4] Subsequently, CSF levels of the aforementioned proteins have
been proven to be indicators of neurodegeneration and disease progression [5. 6] and as such
have been used as significant tools in the diagnostic process of dementia, most commonly
Alzheimer’s disease (AD) [7-10].

AB is produced by the cleavage of transmembrane Amyloid Precursor Protein (APP) with
the intervention of the enzymes B and y secretase [2, 11]. In AD, AP aggregates in the
extracellular space forming neuritic plaques, which constitute the key pathological feature of the
disease [5, 12, 13]. Numerous theories have been proposed for the cause of AR aggregation, a
number of which focus on a pathological clearance of AR peptide in the CSF [2, 11, 14, 15]. In
addition to AD, low CSF concentrations of AB can be found in other dementia types like normal
pressure hydrocephalus (iNPH) [4, 16, 17], demonstrating the importance of this biological
pathway in neuronal survival and function.

Tau protein seems to also play a significant role in the pathology of most dementia
entities, such as AD [6, 12, 18], Parkinson’s disease dementia [1] and Frontotemporal Dementia
[3]. Tau is a microtubule- associated protein (MAP) with numerous functions, one of which
consists of the modulation of the stability of axonal microtubules [6]. In AD, AB and tau protein
work interrelated, forming an important crosstalk which leads to P-tau [12, 18, 19]. P-Tau
increases the capacity of tau to self-assemble resulting in the formation of neurofibrillary tangles
(NFTs) [20]. Interestingly, P-tau interferes with neuronal function working both through the
formation of NFTs and independently [18, 21]. Thus, CSF levels of tau (and P-tau) are elevated in
patients with AD [17], although in other dementias such as iNPH, they appear reduced [4, 16, 17].

In the last decade, the set of overlapping clinical symptoms and radiological signs in
dementia has shifted the burden of differential diagnosis to the aforementioned CSF markers [10,
17, 22]. However, their measurement is an interventional and time-consuming procedure, while it
requires specialized personnel and equipment. On the other hand, the diagnostic procedure of an
MRI, which is necessary for the differential diagnosis of dementia from other neurological
diseases, is non-interventional and easily available to the clinician. For this reason, our study tries
to investigate the correlation of radiological markers with CSF proteins in order to outline a basis
of diagnostic evaluation of the patients’ CSF biomarker profile, in a way that is faster, less
expensive, non-interventional and easily available for the clinician. It has been proposed that
ventricular enlargement may influence the clearance of AB [2, 14, 23], whereas tau protein does
not seem to abide by the same variables. Tau seems to relate instead to atrophy progression [6,
21]. For this reason, this study used radiological markers which estimate ventriculomegaly and
brain atrophy in patients with dementia symptoms.

El is an indirect radiological marker of the lateral ventricles size [24] which is included in
the diagnosis of iINPH, as a major neuroimaging criterion [8, 25]. It is defined as the ratio between
the maximal diameter of the frontal horns to the widest diameter of the brain at the same axial
slice [26] (figure 1). Based on the most recent guidelines, a value of 0.3 or higher defines

ventriculomegaly [27].
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Figure 1: Evans index =
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CA is a useful radiological marker, used as a diagnostic criterion for iNPH [25, 28] and plays a
significant role in the differential diagnosis from other neurodegenerative diseases [29, 30]. It is
usually estimated as the angle of the lateral ventricles set at the standard coronal level crossing
the posterior commissure (fig. 2). Normal values range between 100-120 degrees and in patients
with AD tends to be slightly higher. Values between 50-80 degrees are associated with iNPH
diagnosis. Additionally, it has been hypothesized by previous research that CA suggests brain
atrophy in patients with neurodegenerative diseases, such as Lewy Body Dementia and AD [26,
31].

Figure 2: Callosal Angle measured at the level of the posterior commissure.
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On this basis, AB and total tau CSF protein markers were investigated in this study for possible

correlations with Evans index and Callosal angle.

Methods

Patients

Our sample consisted of 62 patients selected from the Greek Association of Alzheimer’s Disease
and related disorders (Alzheimer Hellas) and AHEPA hospital. The patients were presented with
symptoms of dementia and the overall sample consisted of a number of diagnoses, namely 29
AD, 19iNPH , 2 PSP, 1 FTD, 2 LBD, 2 Parkinson’s Disease, 1 mixed type dementia and 6 MCI.
All individuals, aged from 52 to 90 years (mean=75.822), underwent MRI brain scans and lumbar

punctures to evaluate radiological markers and CSF protein levels respectively.

Radiological Markers

Evans Index and Callosal angle were evaluated via three-dimensional Magnetic Resonance
Imaging (MRI). Evans index values were measured from the maximal width of the frontal horns to
the internal diameter of the cranium. The callosal angle was identified as the angle of the lateral

ventricles set at the standard coronal level crossing the posterior commissure.

CSF protein levels

Patients’ CSF was extracted early in the morning through lumbar puncture between L3 and L4
with a G19 and rarely with a G18 needle in a 10ml PP tube. After that the CSF was centrifuged
(2000g for 10m) and aliquoted in PP tubes (each tube contains up to 500l of CSF) for future
measurements, and stored in -800C. Levels of CSF AB and whole Tau were measured by a solid-
phase enzyme immunoassay (ELISA) using the INNOTEST® B-AMYLOID (1-42), Art. no. 81576
(96T - CE-IVD) kit. All samples and controls were tested in duplicates and each assay was

performed according to the instructions and guidelines of the manufacturer.

Statistical analysis

Mean and median values, dispersion, distribution and outliers were assessed using descriptive
data, histograms and box plots. The final sample consisted of 60 patients. The relation between
AB, CA, El and total tau, CA, El was tested using scatterplots and multiple regression analysis.
The Durbin-Watson statistic was performed in each test and produced values of d1=2.057 and
d2=1.881 respectively. Consequently, we can assume that there is no first order linear auto-
correlation in our multiple linear regression data. Statistical significance was assumed at p<0.05.
Analyses were performed using SPSS 24.0 (SPSS, Inc., Chicago, IL, USA).
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Results

In the total sample, El ranged between 0.2302 and 0.411 with the mean value of 0.31448
(SD=0.0412245), CA ranged between 66.5 and 130 with a mean value of 100.008 (SD=18.791),
AP ranged between 225 and 1400 with a mean value of 631.44 (SD=253.553) and total tau values
ranged from 21.7 to 950 with a mean value of 386.57 (SD=230.782). The variables statistically
significantly predicted AR and total tau in both tests with F1=8.720, R1=0.484, p1=0.001 and
F2=4.110, R2=0.355, p2=0.022. Out of all the variables, it was shown that CA, EIl (p<0.05) and
CA (p<0.05) added statistically significantly to the prediction of AB and total tau, respectively.
Specifically, these results are interpreted as: for every 0.01 unit increase in El a 18.74 unit
decrease in AB values was predicted (p=0.016) and for 1 degree increase in CA values a 3.876
unit increase in AR values was predicted (p=0.023). As for total tau, for every degree increase in
CA, a 4.621 unit increase in its values was predicted (p=0.006). Total tau didn’t correlate

individually with EI.

Discussion

In this study, a sample of 62 eligible patients has been assessed based on their CSF protein
markers, CA and El. Based on our findings, there seems to be a notable correlation between CA
and total tau, CA and AP and finally between El and A, although no such correlation was found
between El and total tau.

As both CA and tau have been found to be linked with brain atrophy in the past [6, 21, 26,
31], our findings co-align with existing literature, verifying that CA correlates with CSF total tau.

Another finding of this study was the prediction of AB levels in the CSF by CA, meaning
that increased values of the angle is connected with higher values of AB in the CSF.

A possible hypothesis for this result goes as follows. The decrease of CA is translated as
a redirection of the lateral ventricles so that they shift closer to each other [24], due to increased
volume of CSF in a non- atrophic brain parenchyma. As a result, the periventricular pressure
increases and AB clearance decreases, due to reduced periventricular cell metabolism [14, 23].
On the contrast, an angle increase in patients with dementia is linked to a stage of atrophy
progression, when the ventricles have decompressed and the periventricular pressure has
reduced [26, 31]. As a result, AB clearance stays in pathological levels in any case, but relatively
increased in higher angles as a result of periventricular decompression.

The correlation between AB and El validates previous hypothesis that ventriculomegaly
influences AR clearance 31, leading to brain accumulation [14, 23], whereas total tau does not
seem to be affected by ventricular enlargement [32]. Instead, CSF total tau is mainly affected by
atrophy progression [6] and seems to play a crucial role in differential diagnosis of dementia
entities, especially AD and iNPH [26, 30, 31].

The correlation between EI and AB holds significance regarding the pathophysiology.
Ventriculomegaly seems to play a dominant role in dementia and has been suggested in the past

as a common pathway in various dementia entities [14, 23, 33]. It is possible that the increase of
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ventricular pressure leads to stress of the periventricular cells, preventing AB clearance [14].

However, the results hold particular importance in the clinical practice, as well. Until now,
tau protein has been widely used as a marker of brain atrophy. By linking CA with tau protein, we
provide further evidence that CA may be in stark connection with brain atrophy.

The aforementioned results provide the clinician with the opportunity of a rough
estimation of CSF levels of A and total tau via the measurement of El and CA in a simple MRI. In
this way, we propose a basis for a simpler and quicker way for the clinician to proceed in the
differential diagnosis between some common forms of dementia entities, without the need to
subject the patient to an interventional procedure such as a lumbar puncture and the expensive
measurement of CSF protein markers.

Despite the clinical importance of the aforementioned data, this study has certain
limitations. A larger sample would increase the weight of the statistical analysis. In addition, while
El is accepted widely as a rough radiological marker of ventriculomegaly [8, 24], a number of
studies have raised concerns on its credibility [34]. Moreover, while a correlation between CA and
brain atrophy has been found, CA is not a widely established marker on this matter and more
research is needed to provide robust evidence on a strong link between the two.

Future research directions could include statistical analysis of said variables in a larger
sample of patients. This would allow thorough evaluation of the results in larger samples
consisting of patients with specific diagnoses, in order to seek differences that reflect different
pathophysiological pathways. Other prospects would include research on the link between CA
and AB, which raises multiple questions. On one hand, this correlation seems to have an easy
and logical explanation in the case of AB reduction in the CSF. On the other hand, it is regarded
as a peculiarity in the case of its increase in an already atrophic brain. Thus, future research could

investigate the aforementioned relation, proposing an interpretation of this phenomenon.
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Abstract

Objective: The aim of the present study was the examination of the relationships among multimorbidity and
subjective and objective cognitive performance, as well as the role of some demographic, social and health
variables. We also investigated the protective role of social participation and physical activity against the
impact of multimorbidity on cognition. Subjective cognitive performance was measured by memory
complaints, while the objective one (a part of it) was assessed by verbal fluency. Our sample consisted of 67
participants (58-81 years old) from the Universidad de Experiencia, Zamora, Spain. For the analyses was
used the IBM SPSS 20. To examine the relationships between our basic variables we applied partial
correlations, while we applied univariate ANOVAs for the rest of our analyses. Neurotism was our control
variable. Results revealed that those of the participants who were older and had more diseases presented a
more negative self-perceived health and negative perceived health was found to be correlated with worse
results in verbal fluency. Multimorbidity itself was correlated negatively with the results in verbal fluency as
well. Furthermore, those participants who had a higher educational level, a more intense cultural life and
lived just with their partner were found to provide better results. Subjective performance was not found to be
related to the objective one and the protective role of the examined variables was found to be different for
each dimension. Conclusion: It seems that multimorbidity is related to the verbal fluency directly, but it was
also found to be related to self-rated health which was also related to the cognitive performance. However, it

doesn’t seem to be related to the subjective performance.

Introduction

Nowadays, one of the gerontology’s main research interests is the understanding of the individual
differences regarding the cognitive performance [1]. Another significant topic in the area of elderly
is multimorbidity. Since it's widely known that the integral brain function depends on many organic

systems which may be altered because of chronic diseases [2] and since by reading different
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papers [3, 4], we have seen the existence of common factors (which will be described later)
between multimorbidity and cognitive performance we got interested in examining those

variables.

Various Psychological Aspects in Aging

Subjective and objective cognitive performance in aging: Memory complaints and verbal fluency
The memory complaints are personal statements about problems/changes in the memory and
they are mentioned often by the elders [5] that makes their early detection important considering
that a big percent of those who mention them develop MCI or dementia [5-7]. However, it's not
always the case and there is an intense polemic about this correlation since according to other
findings they are mentioned by younger and healthy population as well [8].

Seeing that memory is influenced not only by cognitive, but also by emotional and
motivational paths [6], the modern studies about the origin of memory complaints combine many
variables, like biological (apoe4), psychological (chronic stress), clinical (depression), health
(multimorbidity) and personality traits (neurotism) [6,9-11].

On the other hand, verbal fluency is an objective indicator of the cognitive performance
and it's part of any neuropsychological examination. It's defined as the capacity to recall items of
a specific category in a limited period of time [12]. It shows the ability to enter in our mental
dictionary, recall grammatical and hearing representations. It is influenced by the acquired
knowledge and it is related to the working memory, to the flowing intelligence, the inhibition-
variables anyway altered in the physiological aging, but mostly in the beginning of dementia
[12,13].

COWAT-FAS is an instrument which measures the verbal fluency and also gives
information about the executive functions and in specific, initiation and fluency. Executive
functioning is hypothesized to involve the control and the coordination of cognitive operations.
The typically uniform positive relations between measures of cognitive abilities and measures of
executive functions as well as the similarities between the descriptions of executive functions,
some specific cognitive abilities, and the general cognitive factor have led researchers to suggest
a confluence of these constructs. In the COWAT-FAS participants are asked to say or write words
(both alternatives are valid) which start from the letters F-A-S in a minute for each letter. Many
cognitive strategies are required like the inhibition or the ability to change and maintain in mind

the orders- factors differently altered in healthy aging, MCI and dementia [13,14].

The multimorbidity in aging and its influence on the cognitive performance
The multimorbidity is generally defined as the co-occurrence of at least two chronic diseases in
the same person and it’s different from the morbidity which has to do with diseases of the same
index [15-18].

It's important to examine the multimorbidity firstly because of its great prevail in the older
people (55-98%) [16] and secondly, because of its positive correlation with the cognitive decline.
In a survey with 1.763 participants, others [6] found that a series of diseases had a negative

impact on the cognitive performance. Besides, we know that diseases like diabetes, stroke and
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atherosclerosis are negatively related to the cognitive performance. In a study of 2018, many
diseases, and especially the multimorbidity, were positively correlated to greater chances for MCI
especially in low income countries [19].

However, multimorbidity influences cognitive performance in an indirect way as well,
since it has an impact on a series of variables which, in second place, are related to it. To be more
specific, multimorbidity influences the person’s function [20] since the majority of times it is related
to moving restrictions making it difficult for the person to work out (one of the greatest protective
factors against cognitive decline)[21]. It also influences negatively self-perceived health which is
related to memory complaints [22] and to health behaviors. Finally, the multimorbidity’s impact on
the social participation is of great importance since isolation and loneliness are a usual

consequence of multimorbidity [3,22]

Self -perceived health in aging
Self- perceived health is a subjective health evaluating factor which can predict the morbidity, the
vulnerability and the mortality in aging [17,23]

The increase of diseases in a person is related to negative evaluations about health [24],
which have been found to be positively related to memory complaints, especially in case of
multimorbidity [22]. Self-perceived health influences someone’s health behaviors [23], one of
which and of great importance is physical exercise which is a protective factor against cognitive
decline and dementia [1,25]. Others [25] mention that the lack of exercise is the cause of seven

possibly reversible risk factors for Alzheimer in Europe and America.

The social participation and support
The social participation with its different dimensions (political, professional, educational, social,
family, area of information) is a strong characteristic of active and healthy aging [23].

According to others [4], greater social participation in social, physical and educational
activities is related to higher cognitive performance and reduced risk for dementia. Likewise, in
line with [26,28] and [27], the risk for dementia and cognitive decline is slowed down through the
participation in social, educational and leisure activities, something which is explained by the
hypothesis of Cognitive Reserve according to which, the environments rich in stimulations
reinforce the development of cognitive strategies, the neurogenesis and the synaptic density.
Stern [27,28] explains that like this we can understand the brain’s capacity to adjust to changes
and that cognitive reserve is what stands between the changes in the brain and the appearance of
the first symptoms.

However, the social participation and support influence and are influenced by the
multimorbidity. That is, it is more probable for the isolated people to suffer from more diseases
[29]. According to others [16], big social networks offer a protection against multimorbidity. On the
other hand, the number of diseases that a person has may influence the size of its social network

and his/her social participation.

Personality traits: Neurotism
It's interesting the fact that in many studies we see that personality traits and especially,

neurotism predict the existence of memory complaints and in a bigger grade than objective

www.nuclmed.gr Hell J Nucl Med Suppl, January-April 2019



cognitive performance [6,10], supporting what it was said before, that is, memory complaints are
not always related to pathology.

Neurotism shows one’s general predisposition in psychological distress. It's well known
that stress, and mostly chronic stress, influences negatively the cognitive performance through
the axe of hippocampus [31]. It is also shown that neurotism is directly related to the level of the
atrophic nerve cells in brain [30,31]. However, it can also influence the cognitive performance
indirectly through its relation to the coping strategies, health behaviors and depressive symptoms
[31].

Objectives and Hypotheses

Our main objective is the examination of the relationship between multimorbidity, memory
complaints and verbal fluency. Because of the observed relationship between our main variables
and some demographic, social and health variables, we decided to examine their role as well:

H1- We expect a positive relationship between multimorbidity and memory complaints [6]
and a negative relationship between multimorbidity and cognitive performance (verbal fluency)
[2]. Because of the controversial predictions, we examine the possible relationship between the
memory complaints and the cognitive performance [8].

H2- We expect a negative relationship between multimorbidity and self-perceived health
[23].

H3- Older participants [15], with lower educational level [28], who don’t have a partner
and those who live with less people will have more memory complaints and worse cognitive
performance than the rest [4].

H4- Participants with more negative self-perceived health [22], lower level of physical
exercise [25], less social contacts [26] and lower level of social participation [4] will have more
memory complaints and worse cognitive performance than the rest.

The protective role of the social participation and physical exercise on the impact of
multimorbidity on the memory complaints and cognitive performance was also examined.

H5-The elders’ social participation of any kind will reduce the impact of multimorbidity on
the memory complaints and on the cognitive performance [4, 29].

H6- The physical exercise of any kind will reduce the impact of multimorbidity on the

memory complaints and on the cognitive performance [25].

Methods

Participants
The convenience sample was consisted of 67 older adults who were students of the Universidad
de Experiencia, Zamora, Spain. It's a university which gives the chance to older people to study in
a really low cost in an effort of continuing education in aging.

The 73.1% were women and the 26.9% were men with a mean of 68.8 years old (S.D =
5.44). The 52.5% were married while the 34.3% widowed and the mean number of children were
2.08 (S.D = 1.46). The 37.3% was living with their partner and without their children, while the

34.3% was living alone.
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Regarding their educational level, the 34.3% had completed the obligatory education and
we could say that generally our sample participated in a high rate in social activities of any kind

with exception the participation in associations where the 45.3% has never participated.

Instruments

We created a questionnaire using different instruments in the following line: after the demographic
data, there were three questions (number of kids, way of living together, number of people they
consider to have a close relationship with(brothers, family in law, grandchildren, nephews/nieces,
friends, neighbors) about social network.

The social participation was measured by a total of items which were based on the
indicators of social participation (EDE, 2013) and which were used in the ELES study in Spain
(Estudio Longitudinal Envejecer en Espana).

The self-perceived health was assessed through the frequently used question: “Generally,
how would you evaluate your health?” which was also used in the ELES study with five possible
answers on a Likert scale.

The multimorbidity was measured using a list of 19 mental and physical diseases which
was used in the ELES and SHARE (Survey of Health and Aging and Retirement) in 16 European
countries in which participants had to choose between YES/NO for each disease [32].

The physical exercise was measured by using four questions about the intense physical
activity, the daily walks, the general everyday movement and the number of hours that someone
passes without moving from the Yale Physical Activity Scale [33]. We chose those items (from the
35) because they have been found to have the greatest predictive value for the physical and
general well-being [34] and secondly, because our objective was to create a questionnaire which
would measure many variables.

The memory complaints were measured using the MAC-Q [35] which we translated in
Spanish since we saw it is the most frequently used and we couldn’t find another valid and short
instrument in spanish, (alpha = .85). It is consisted of 6 questions which have five possible
answers on a Likert scale and the total score can vary between 7-35. The 25 is considered the cut
point above which the participants are considered to have memory complaints. The participants
have to answer evaluating their memory compared to their memory in their youth.

For the neurotism were used the 12 questions from the NEO-FFI (alpha = .90).

The objective cognitive performance was assessed using the Controlled Oral Word
Association Test which measures the verbal fluency and it offers some information about the
executive function as well. The participants had to write words starting from F-A-S in one minute

for each letter.

Procedure

The administration of the questionnaires began on May of 2018 at the Universidad de Zamora
and last for three weeks. As to facilitate the procedure, we created pairs of questionnaires
(COWAT-FAS and the rest) and COWAT was administrated with the presence of the investigator
while the other half could be fulfilled by the participant in any time and be returned in the envelope

which was given.
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Statistical analyses

For the analyses we used the IBM SPSS 20. For the examination of the relationships of our main
variables we carried our partial correlation putting neurotism as the control variable. For the rest
of the analyses we did univariate ANOVAs controlling again the level of neurotism in every
analysis.

Many authors like [6] and [30] have used neurotism as a control variable when they
examined the cognitive performance since its impact on it seems important.

We created the followings age groups: 64, 65-69, 70-74, 75+ and the following groups of
ways of living together: married, widowed, single/divorced.

Regarding the social network with the total number of people with whom the participants
maintained a close relationship we adopted the model of Gierveld & Fokkema (2015) based on
European studies: 0-3people (really small network), 4-8(small), 9-14 (normal), 15-28 (big), 29+
(really big).

Because of the similar content, we created a new variable in the category of social
participation by grouping the variables: educational and cultural activities (edu/cult activities).

Finally, we grouped the answers “really bad” and “bad” regarding the levels of self-
perceived health because of the lack of sufficient responses and we eliminated the answer “not
applicable” of the YPAS from all analyses.

Results

MAC-Q’s average score was 22.68 (S.D = 4.14) indicating that the participants didn’t present a
higher level of memory complaints (as a mean score) than the population of their age group (25
points). Regarding to the cognitive performance, the average number of words in FAS was 25.40
(S.D = 9.48) with some participants (12) reaching really high scores (35-43 words).

Descriptive data of the subjective cognitive performance (MAC-Q) and verbal fluency (COWAT -
FAS)

Variables
M Min. Max. S.D
MAC-Q 22.68 1 29 4.14
FAS 25.40 7 56 9.48

Relations between cognitive functions, self-perceived health and multimorbidity
The H1 was partially supported since the results showed the anticipated relationship between
multimorbidity and cognitive performance (pr = - .26, p = .03), but not with the memory complaints
(pr=-.14,p=n.s.).

Complementary univariate ANOVAs revealed that those who had suffered from stroke
had a lower score on MAC-Q compared with those who hadn’t, F (1,61) = 11.10, p = .001, n2 =
15%, while people with diabetes had higher scores than those without diabetes, F (1,61) =4.77, p
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= .03, n2 = 7%. Moreover, participants with problems in the urinary system presented lower
performance in COWAT than those who didn’t have problems, F (1,61) = 8.71, p = .004, n2 =
12%.

There was not any statistically important relationship between the memory complaints
and the verbal fluency, while our H2 was supported since we found a statistically important

negative relationship between multimorbidity and self-perceived health, (pr = - .59, p <.001).

Differences on the levels of memory complaints and verbal fluency based on demographic

variables
The H3 was partially supported since there were not found important relationships between
demographics and memory complaints.

However, as presented in the Figure 1, the expected differences regarding age on
COWAT were found (F (3,53) = 7.09, p = <.001, n2 = 28.6%). According to post-hoc, participants

over 75 had worse score (M = 16.43) compared to the younger ones.
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762

Figure 1. Scores on COWAT-FAS based on age groups

According to Figure 2, there were important differences regarding the education level and the
performance on COWAT (F (4,59) = 5.72, p = .001, n2 = 28 %), where post-hoc revealed that
those who had completed the obligatory education had lower score (M = 14.12) than those who

had graduated from university (M = 31.30).

Estimated Marginal Means of FAS

30,00

25,00

20,00

Estimated Marginal Means

15,00

T T T T
o EGB bachiller elemental  bachiler superior FPIFP
Nivel educative

L comariables que aparecen an sl modslo 52 gyalian on os siguints valares Total Newroismo =

Figure 2. Scores on COWAT-FAS based on the educational level
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Although not the expected ones, differences between the different ways of living together and the
score on COWAT were found (F (3,60) = 3.07, p = .03, n2 = 13.3 %) according to which, those
who lived with their partner but without their children (and so, with less people) had higher scores
(M = 29.45) than those who lived with their partner and their children (M = 19.83).
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8,08

Figure 3. Scores on COWAT-FAS based on the way of living together

Differences on memory complaints and verbal fluency based on health variables: multimorbidity,

self-perceived health, physical exercise

The H4 was partially supported since we didn’t find the expected differences regarding the

memory complaints. Also, there were not significant results about the physical exercise.
Respecting COWAT, the results revealed the expected differences based on the different

levels of self-perceived health (F (3,58) = 3.79, p = .01, n2 = 16.4 %). According to post-hoc,

those who evaluated their health as really bad/bad presented lower score (M = 7.88) compared to

those who evaluated it as good (M = 26.71) or as really good (M = 30.25).
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Figure 4. Scores on COWAT-FAS based on self-perceived health
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Differences on memory complaints and verbal fluency based on social variables: social network
and social participation

In contrast to H4, didn’t come up differences between the grade of memory complaints and the
size of the social network or the score on COWAT.

We didn’t find the expected results regarding the level of social participation and the score
on MAC-Q neither. However, our hypothesis is supported in relation to the edu/cult activities and
the score on COWAT (F (2,61) = 3.94, p = .02, n2 = 11.4 %). According to the post-hoc, it is
observed that those who didn’t participate in this kind of activities had lower score on COWAT (M

= 20.33) than those who participated with high frequency' (M = 28.59).
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Figure 5. Scores on COWAT- FAS based on the level of participation in edu/cult activities

Social Participation
An important interaction was found (F (3,64) = 4.37, p = .008, n2 = 19 %) indicating that the
difference in the mean scores on MAC-Q was not the same for all levels of multimorbidity. In
contrast to our H5, in Figure 6 we observe that from those who didn’'t have any disease, those
who participated in edu/cult activities had more memory complaints (M = 23.57) than those who
didn’t participate (M = 18.05). The same result came out for those who were suffering from one
disease: those who had an intense participation in these activities presented more complaints (M
= 23.33) than those who didn't have (M = 15.27). This result will be discussed further later.
Although there were no other important results about the other levels of multimorbidity, in the
figure can be seen that the participation in those activities reduced the number of the complaints
in people who had 3+ diseases.

However, as it’s seen in Figure 7, there were not important results regarding the verbal
fluency (F (3,64) = 1.69, p = n.s.,, n2 = 0.8 %). This indicates that there were not significant
differences in the scores of COWAT between the participants with multimorbidity who participated

in edu/cult activities and those who didn’t.

! Frequency categories: zero participation-one cultural activity — two cultural activities
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Figure 6 and 7. Mean scores on MAC-Q and COWAT-FAS based

on the interaction between multimorbidity and edu/cult activities.

Moreover, the analysis revealed important interaction between the tourism and the memory
complaints (F (3,53) = 7.98, p = <.001, n2 = 34.7 %) which indicates the existence of differences
in the mean scores in the different levels of multimorbidity. There was an unexpected results
according to which from those participants who had one chronic disease, those who participated
in touristic activities presented more complaints (M = 23.53) than those who didn’t (M = 17.70). In
contrast to this and in accordance to what we expected, from those with 3+ diseases, those who
participated in those activities had less complaints (M = 16.54) than those who didn’t (M = 24.78).

However, there was not any important interaction regarding the verbal fluency showing
that the those activities were not protective against the impact of multimorbidity on verbal fluency
(F (3,53) =1.57, p=n.s., N2 =9.5%).

Estimated Marginal Means of Mac Total Estimated Marginal Means of FAS

ActivTur

ActivTurr 40,00 dicotomizada

dicotomizada
— Nunca/Casi nunca

| — Nunca/Casi nunca
— Varias veces

—— Varias veces

244

@
]
o
i

229

20

Estimated Marginal Means
8
8
i

25,00

Estimated Marginal Means

\\‘-.

20,00

T

T T T
T T T T
Hinguna 1 Enferm 2Enferm 3o+ Ninguna 1 Enferm ZENMEM fermadades
enfermedaces
Enf cronicas 4 categorias

Enf cronicas 4 categorias

Las covriables que aparecen en el modelo se evaldan en los sigui valores: Total N ismo =724
Las convariables que aparecen en el modelo se evalian en los siguientes valores: Total Neuroticismo =
724

Figure 8 and 9. Mean scores on MAC-Q and COWAT-FAS based on the interaction

between multimorbidity and participation in tourism.

With respect to the outdoor activities, there was not any significant interaction between the
frequency of participation and the reduced number of memory complaints to the people with
multimorbidity rejecting our hypothesis (F (3,58) = 1.94, p = n.s., n2 = 10.4 %). However, there
were important differences regarding the verbal fluency (F (3,58) = 2.94, p = .04, n2 = 15 %). We
see that from those who didn’t have any disease, those who participated in outdoor activities had
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a higher score on COWAT (M = 31.22) compared to those who didn't (M = 17.06). As we
expected, from the elders who had 3+ diseases, those who participated in those activities
presented better scores (M = 25.64) than those who didn’'t (M = 10.43).
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Figure 10 and 11. Mean scores on MAC-Q and FAS based on the interaction between

multimorbidity and participation in outdoor activities

Physical exercise

Our last hypothesis (H6) which predicted that physical exercise would reduce the impact of
multimorbidity on the memory complaints and verbal fluency was rejected for both variables
(MAC-Q: intense activity: F (3,54) = 1.73, p = n.s., n2 = 8.8 %, daily walks: F (3,65) =.70, p = n.s,,
n2 = 3.6 %, daily movement: F (3,64) = .65, p = n.s., N2 = 3.4%. COWAT-FAS: intense activity: F
(3,63) = 43, p = n.s., n2 = 2.3 %, daily walks: F (3,65) = 1.90, p = n.s., n2 = 9.2 %, daily
movement: F (3,64) = .48, p =n.s., n2 = 2.5%).

Discussion

Having as a basis the health and the cognitive performance/executive function in aging, we
examined the relationship between the multimorbidity, the memory complaints and the verbal
fluency, testing at the same time the role of some demographic, social and health variables. We
also examined the protective role of the social participation and physical exercise against the
memory complaints and the cognitive performance in elders with multimorbidity. We used
neurotism as a control variable.

According to other studies as well [16], the majority of our sample (56.1%) had
multimorbidity reassuring its great prevalence in aging and the need to act. In contrast to our
expectations [5], the participants didn’t reach the 25 points in MAC-Q, something that indicates
that they didn't express more complaints than the average population of their age group.
However, we have to keep in mind that our sample was “special” since they kept on studying till
this “fragile” phase regarding their cognitive performance.

The number of the chronic diseases was negatively related to the performance on
COWAT, something that was already known from other studies [2,8]. What was unexpected was
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the fact that it was not related to the grade of the memory complaints. We could say that the
participants didn’t present memory complaints officially anyway. But, also, like it's known that
neurotism can affect the existence of the complaints, there are probably more variables which we
haven’t tested. For example, [6] found the relationship we expected but in people who perceived
themselves as people who forget easily. It's also important to mention that neither all the diseases
had an impact nor the same impact on the cognitive performance. To be more specific and as it's
presented in other studies as well [6], diabetes favors the memory complaints while the stroke
doesn’t. This result could enhance the idea of using “clusters” of chronic diseases [36] which
function in a homogeneous way.

It's considered important the fact that the memory complaints were not related in any way

with the cognitive performance. We have already mentioned the existing polemic about it [11] and
like it was mentioned by others [8] it was not the people who were complaining more, those who
had the worst real performance. It's about two different variables which measure different
dimensions.
Moreover and like it was mentioned by other authors [23,37], those who had more diseases
presented more negative self-perceived health. We have to pay attention to this result since self -
perceived health influences the general health behaviors [23,24].We also observed what others
[23] have mentioned, that is, the elders tend to evaluate positive their health even if they have
many diseases.

The fact that we didn’t find the expected relation between age and memory complaints is
a result found in the work of others [8]. Also, it's possible that the size of our sample didn’t permit
the existence of a statistically strong relationship. On the other hand, it was expected that the age
would influence the performance in COWAT since it's a pretty complicating test which requires
strategies that we don’t practice daily. What is more, the process speed and the working memory
which are some characteristics of this test are altered anyway in physiological aging [13].

Combined to this previous result, we can examine the fact that those who have studied
more had a better performance in verbal fluency. According to the hypothesis of the Cognitive
Reserve those with a higher educational level maintain more strategies and a richer thinking
process compared to those with lower educational level [27,28]. In contrast, we found no
important results related to the memory complaints.

Although loneliness and lack of social participation can be risk factors for the cognitive
performance [3], we saw that here the way of living together was the dimension who gave us
important results, although in an unexpected way. That is, those who lived with their partner but
without their children (and so, with less people) presented better performance in verbal fluency
than those who lived with their children as well. This could probably be explained by the fact that
on the one hand, those participants had an emotional support compared to the widowed and
those who lived alone and on the other hand, living with less people may offer less daily stress for
taking care of them; it's is well known that chronic stress has a negative impact on cognition [31].

Despite we didn’'t find significant results regarding self-perceived health and memory
complaints, we saw that those with more negative health evaluations presented lower scores on
verbal fluency. Self-perceived health is an objective factor which may influence the person’s
general vulnerability [5] and it's known that cognitive performance is the result of a mix of

variables which influence it directly or indirectly [6]. Although we didn’t carry out this kind of
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analysis, we can suppose the mutual relationships between multimorbidity, self-perceived health
and cognition based on the results that those with more diseases, evaluated worse their health
and those who evaluated it worse presented worse scores on verbal fluency.

Our hypotheses regarding physical exercise were rejected. However, it's probable that
our sample’s main “power” till the present time is their education which has favored their mental
reserve in a way that overpasses the possible influences of physical exercise.

Combined to this, we see that the intense participation in edu/cult activities was correlated
with higher scores in verbal fluency reassuring for once more the hypothesis of the Cognitive
Reserve [28]. Notwithstanding, there were no important results regarding the other dimensions of
social participation. Others [4] mention that the lack of homogeneous instruments to measure
participation and cognitive performance is an important problem. Also, we have to mention that
the question about the social network (number of people we maintain a close relationship with)
confused most of the participants and probably it's not the best question to be answered
individually by older people.

With respect to the protective role of some variables, it was observed that tourism was
protective against the impact of multimorbidity on the memory complaints, while the outdoor
activities against its impact on verbal fluency.

We have to comment the weird result regarding the edu/cult activities and tourism which
not only didn’t function in a protective way against memory complains for those with no
multimorbidity, but they also worked in the opposite way. About the intense participation in
edu/cult activities, we could say that since our sample keeps on being informed about aging,
dementia etc. at the university, they are more sensible to the changes they notice in their daily
function. About tourism which had worked in a protective way for those with multimorbidity but it
didn’t for those who had just one disease, we can hypothesize that the intense participation in
those activities give more “opportunities” to notice daily cognitive faults and create worries

especially if there no more diseases.

Conclusion

To summarize, the majority of the participants had multimorbidity which was correlated to the
cognitive performance/executive functioning since it was observed that those who were older and
had more diseases had a worse performance. Multimorbidity was correlated with negative self-
perceived health and this was correlated to worse performance in verbal fluency. On the other
hand, those who lived with their partner and without their children had a higher education level
and more intense participation in edu/cult activities presented a better performance.

Memory complaints were neither related to the objective performance nor to the rest
variables we tested, indicating that those two are different cognitive dimensions which measure
and correlate with different variables.

Outdoor activities were presented as a protective factor against multimorbidity’s impact on
verbal fluency and tourism against its impact on memory complaints.

To conclude, we couldn’t avoid mentioning some limitations of our study like the small

and homogeneous sample which didn’t allow us to do the analyses we first intended to do. Also,
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the lack of a commonly accepted instrument to measure multimorbidity and of a short and valid
test for memory complaints in spanish was some limitations of the present study. Also, we have to
mention again that we tested just one part of the cognitive performance, that is, the verbal fluency
which we considered as a good indicator for our sample in the present case. The results could be
different if other dimensions were measured.

We consider useful to examine multimorbidity and its relation with cognitive performance
using the proposed “clusters” of diseases measuring more cognitive abilities and executive
functions than just verbal fluency. Adherence to treatment is also a factor closely connected to
multimorbidity and it could be examined in relation with psychological variables. We suggest the
qualitative examination of the perception of the disease, of the loneliness in aging and of the ways

the elders use to copy with it.

The authors declare that they have no confiicts of interest.
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Abstract

Cognitive impairment is a common phenomenon in multiple sclerosis (MS), occurring at all stages of the
disease, even at the earliest, and can be a major source of disability, social impairment, and impoverished
quality of life. Cognitive dysfunction is mainly focused on working memory, conceptual reasoning, verbal
fluency, speed of information processing, attention and executive function. Additional clinical factors,
including disease course, fatigue and affective disturbance, can impact the degree of MS-related cognitive
impairment. We present the results from the two-phases of our prospective study on cognitive decline in MS
patients using the data collected from the A’ Neurologic clinic at AHEPA hospital, Thessaloniki, Greece. Most
of the patients of the present study revealed mild cognitive impairment with mild influence on the everyday
function. We found weak correlation between cognitive deficit and the duration of MS, as well as the physical
disability status and moderate correlation between cognitive impairment and the type of the disease as well
as MRI findings (atrophy and lesion load). Our results also indicate that the currently available battery of
neuropsychological tests: California Verbal Learning test (CVLT), Symbol Digit Modalities Test (SDMT), Brief
Visuospatial Memory Test and Paced Auditory Serial Addition Test (PASAT) can be used as a reliable tool in
the diagnosis of cognitive deficits of MS patients, as related to their degree of disability and to the type of
their disease. Evaluation of cognitive functions should be incorporated in the regular assessment and

monitoring of MS patients since they seem to be well correlated with the progression of the disease.

Introduction

Multiple Sclerosis (MS) is the most common demyelinating disease of the Central Nervous
System (CNS) usually affecting people in their 3rd or 4th decade of life. It is more frequent in

women and it can be presented with a variety of CNS-related symptoms given the fact it can
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potentially affect almost every neuroanatomical region within the CNS. Cognitive decline
secondary to MS has been described in early cases of the disease diagnosed at the end of 19th
century. However, many neurologists’ considered cognitive decline as extremely rare, given the
fact that the cerebral cortex, which has been associated with cognitive processes, did not seem to
be affected [1].

The prevalence of cognitive decline has been reported [2, 3] to lie between 13% and 72%,
This discrepancy between the studies can be attributed to the utilization of different
neuropsychological tests, statistical analyses, individual characteristics and the presence or not of
healthy control groups. The prevalence of cognitive impairment of the entire MS patient
population is difficult to be estimated, yet, according to exclusively neuropsychological studies ,
the prevalence of cognitive impairment is ranging between 45% to 59% and it is affecting a larger
number of MS patients’ in comparison to healthy control groups [3,4].

According to the literature, 20% to 42 % of the MS patients demonstrate a significant
deficit in recognizing and recalling verbal and visual stimuli [3]. There is also significant decline in
retrieving information from long-term memory either at the onset of the disease or its later stages,
whereas short-term memory remains intact [5,6]. Many patients also demonstrate deficits in
complex attention and slower efficiency in information processing. Many researchers believe the
latter is due to poor working memory [7], which has been linked to a general dysfunction of
cognitive processes, while others due to purely motor deficits [8]. Studies have shown a declined
ability of problem solving, planning, and prioritization tasks [9, 10]. Such problems affect 13% to
19% of MS patients and they are most likely related to damage to the prefrontal circuits [11,12].
Visual-spatial and speech impairment have been studied to a lesser extent, due to sensory motor
and visual deficits which again are highly dependent on the disease related decline and non-
cognitive processes [2]. Other studies concluded that severe visual agnosia and aphasia can be
linked to MS [4,13], not an unexpected finding since the patients show impaired language
performance and, thus, they are more prone to haming and reading tests mistakes than people of
the healthy control group [8,14].

Most studies do not demonstrate any significant correlation between cognitive impairment
and physical incapability, and the progression and duration of MS [15]. Some studies claim these
impairments to be more common in the progressive form of MS rather than its relapsing form [16].
Comi et al. suggest that cognitive impairment may become mostly evident as the disease transits
from relapsing/remitting MS to secondary/ progressive MS [17]. MS has been linked to mild to
moderate cognitive function decline, while dementia and cerebral cortex function declines (such
as eupraxias, speech, memory and gnosias ) are rare [18 - 20]. However, cognitive decline can
also be identified in patients who suffer from minimal motor dysfunction, or are at the early stages
of the disease as the clinically isolated syndrome (CIS). The aforementioned evidence offer an
explanation as to why we still have not located the biological etiology of the cognitive decline, and,
thus we are still unable to predict the patients who are more likely to manifest such decline and at
what stage of the disease [17, 21 - 23].

Our Prospective study on cognitive decline in MS patients conducted at the A’ Neurologic
clinic, AHEPA Hospital and consisted of two phases. It has been funded by the Greek National
Grant Institution, PhD Committee and by the Aristotle Research Committee (ELKE).
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Early prospective study: Data, Results & Conclusions

First Prospective Study

The first phase of our prospective study involved 40 patients with definite diagnosis of MS and 20
healthy patients as a control group (Poser et al. diagnostic criteria) [24], during a period of 30
months. From the beginning of the study, the patients were chosen based on their clinically stable
picture for at least a year. As a result, patients who required high doses of corticosteroids were
excluded from the study. During the study, the MS patients and the control group patients were
given neuropsychological tests and clinical examination on a biannual basis. Patients’
demographics included: gender, age, marital status, education level, occupation, disease duration
since diagnosis, MS type, CNS involvement based on MRI imaging, EDSS scale and treatment.
The neuropsychological assessment included patient and family interviews, mini mental state
examination (MMSE), short cognitive performance test for assessing cognitive impairment of
memory and attention (SKT), depression assessment test (Hamilton and BDI) and depression
detection test (GHQ-25).

Patients who demonstrated severe emotional disturbances, either from the beginning or
during the study, were also excluded. The MS patients and the control group patients were
assessed with neuropsychological tests with the examiners utilizing the same tests and
questionnaires each time. All the people involved in the study were informed and agreed to
participate anonymously.

Our first study of cognitive decline was focused on the memory and attention aspect.
MMSE was proven to be non-specific, given the fact that 91 % of the patients scored above 25 out
of 30. The combination of individual interview and SKT were found to be much more useful. More
than 57% of the patients showed a difficulty in recalling objects related to their daily activities and
social life such as a cup, an umbrella, a chair, a dog etc. Thirty five percent showed a deficit of
immediate memory (in recalling the same objects), and only 18 % of patients showed a deficit in
recognition of the objects. Twenty percent of the patients demonstrated a difficulty in sorting
numbers in descending fashion, a result which was merely attributed to the lack of attention rather
than judgment impairment.

The patients’ and family interviews suggested easy cognitive fatigue occurring in the 57 %
of the patients involved, which was somehow similar to the physical fatigue, especially when
multiple data had to be processed simultaneously. This impairment was mainly evident on the
patients of higher education (university and above) and patients with increased professional
duties, making it difficult for them to be efficient at their work and, thus leading to anxiety and low
self esteem. This “cognitive fatigue” was related to poor attention span and concentration.
Following their MS diagnosis, university students mentioned that they could not achieve high
marks easily due to lack of concentration, and their need of frequent breaks in order to achieve
their study goals. Regarding prioritization, 43% of the patients demonstrated a decrease in such
skills, which subsequently resulted in loss of control, increased stress and panic attacks. The vast
majority of the patients admitted that they feel safer when they follow the same order of tasks
involved in their daily routine and that they were frightened even with minor sudden changes.

Despite the impairments these difficulties cause in the patients’ daily life, they could be
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characterized altogether as mild given the fact that they do not lead to reduce overall functioning.
Dementia (subcortical/cortical type) was only diagnosed in 2 patients, for whom the disease
duration was over 10 years, they had a secondary progressive hemispheric disease with diffuse
demyelination in the centrum semiovale areas, cerebellar ventricular dilatiation and high EDSS
score showing functional decline [2].

The type of the disease, the duration, and the affected CNS region were mostly related
with cognitive impairment. Cognitive impairment can become evident during the first 5 years of
the disease and it can be exacerbated with time regardless of either motor dysfunction is present
or not. This seems to suggests that the cognitive impairment is solely dependent on the integrity
status of the myelin sheaths and axons. The people affected by progressive MS, especially the
primary progressive MS, have higher chances of cognitive decline, which is, again, associated
with severe demyelination process and neuron axonal damage. People suffering from the
hemispheric type of the disease with multiple periventricular lesions show signs of cognitive
decline from the first 5 years of the disease [8,25].

Second Prospective Study: Data, Results & Conclusions
During the second phase of our prospective study, Mc Donald’s diagnostic criteria 200426 were
used. The different patient groups consisted of 6 CIS patients, 22 remitting/relapsing (RRMS)
patients, 4 secondary progressive (SPMS) patients and 5 primary progressive (PPMS) patients.
The following tools were used: California Verbal Learning Test (CVLT), Symbol Digit Modalities
Test (SDMT), Brief Visuospatial Memory Test and Paced Auditory Serial Addition Test (PASAT)
[4, 16, 27, 28].

According to our data, there seems to be a correlation between cognitive performance in
the CVLT and MS type; poorer performances were linked to progressive disease. (Figure 1: MS

type patients’ performance in California Verbal Learning Test)
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Figure 1: MS type patients' performance in CVLT
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CVLT performance also demonstrated to be related with patients’ age and EDSS (Figure 2:
Correlation between CVLT performance and EDSS)
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Figure 2: Correlation between CVLT performance and EDSS

Correlation between EDSS and test performance was also demonstrated in Symbol Digit
Modalities Test (SMDT) and Paced Auditory Serial Addition Test (PASAT) (Figure 3: Correlation
between MS patients’ performance in SMDT and EDSS (showed in groups) and Figure 4:
Correlation between MS patients’ performance in PASAT and EDSS (showed in groups)
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Figure 3: Correlation between MS patients’ performance in SMDT and EDSS (showed in groups)
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Figure 4: Correlation between MS patients’ performance in PASAT and EDSS

(showed in groups)

There was no statistical significant link between gender and disease onset.

Despite the fact the sample of patients was somewhat small, the diagnostic and
assessment tools used have been known to be sensitive in diagnosing cognitive deficits in MS
patients and, thus, we are confident of our results relating with the mobility and the disease type
[29].

/n conclusion, cognitive function assessment must become an essential part of the routine
clinical examination and follow up for MS patients, because and it has been shown to be an
important variable of disease prognosis. This can lead to the improvement of the patients’ quality
of life and functioning. Specific reliable tools must be used for diagnosing cognitive impairment in
MS, and clinical confirmation, of different disease parameters must be secured, by employing

neuroimaging findings and biological markers.

The authors declare that they have no confiicts of interest.
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Abstract

Dementia and Alzheimer's Disease (AD) particularly will become in future one of the major problems that
healthcare systems will have to face with in developed but also in developing countries, because of the
progressive aging of the population and the age-associated increase in their incidence. There is a rapid
increasing in life expectancy and in elderly percentage. Unfortunately, improvements in lifespan have not
been matched by improvements in mental health span. In recent years, there has been a growing interest,
supported by a large number of experimental, epidemiological and clinical studies, about the beneficial
effects of some natural products in preventing various age-related pathologic conditions, including brain
aging and neurodegeneration.

Homotaurine, a small aminosulfonate substance that is present in different species of marine red algae, has
been shown, in both in vitro and in vivo studies, to provide a relevant neuroprotective effect by its specific
anti-amyloid activity and by its y-aminobutyric acid type A receptor affinity. The name homotaurine was
chosen because of its large homology with taurine (2 aminoethanesulfonate), which is one of the most
abundant free amino acids in the brain. The two molecules share a very similar structure, but homotaurine
contains one additional carbon. The therapeutic efficacy of homotaurine in AD has been investigated in three
phase Il, and in three Phase Il clinical studies that did not reach their pre-defined primary endpoints.
However, post-hoc analyses have shown positive and significant effects on secondary endpoints and
subgroups of patients, including a reduction in hippocampal volume loss and lower decline in memory
function in the overall cohort, as well as a reduction in global cognitive decline in APOE €4 allele carriers,
suggesting disease-modifying effects. Also in three post marketing (as supplement) studies in patients with
Mild Cognitive Impairment (MCI) the results are very promising. In this review, we will present the pre-clinical
and clinical evidence supporting the potential role of homotaurine as a promising candidate for both primary

and secondary prevention of AD.
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Introduction

Current therapies for Alzheimer’'s disease (AD) are symptomatic with limited impact on the
disease itself. Treatment that slows or stops disease progression remains an unmet need.
Although the precise events that trigger AD are unknown, there is a large body of scientific
evidence suggesting that amyloid peptides, particularly soluble aggregated forms, or amyloid
oligomers, cause neuronal damage and cell death leading to AD. The first key driver of AD is
amyloid beta in form of soluble oligomers. Pathologically, AD is defined by the presence in the
brain of insoluble extracellular amyloid plaques and intracellular neurofibrillary tangles that are
composed primarily of tau protein. Amyloid peptides are derived from the amyloid precursor
protein (APP), an integral membrane protein, in neurons and astrocytes in the brain. Through the
enzymatic cleavage of APP, amyloid monomers are produced normally at low levels and cleared
from the brain via cerebrospinal fluid. One view of AD is that APP is cleaved at an accelerated
rate, producing increased amounts of soluble amyloid monomers. These monomers then
aggregate to form larger soluble amyloid oligomers, which are neurotoxic and, over time, lead to
loss of neuronal synapses, nerve cell dysfunction and, ultimately, nerve cell death. The
consequences of this progressive cascade include the formation of amyloid plaques, loss of brain
volume, particularly in the hippocampus, and a progressive decline in cognition and the ability to
function. AD might be prevented or effectively treated by decreasing production of AR and tau,
preventing their aggregation or misfolding, neutralizing or removing their toxic aggregate or
misfolded forms, or by combinations of these modalities.

Recent research and clinical trials support the importance of targeting amyloid oligomers
early in disease progression, including the following findings: 1. Amyloid oligomer formation
begins in AD patients years before clinical signs of the disease appear. 2. Accumulation of
amyloid oligomers in the brain correlates with AD progression. 3. Patients with APOE €4 have
higher levels of amyloid oligomers compared to non-carriers, which predisposes them to
increased risk and early onset of AD, and 4. Results from clinical trials of aducanumab and
BAN2401, both injectable monoclonal antibodies that target amyloid oligomers, showed reduced
amyloid plaques in the brain and slowing of cognitive decline in mild AD patients [1, 2].

As a potential disease-modifying treatment for AD, Alzhemed (tramiprosate) is a
compound that binds to soluble amyloid-beta peptide (AB) and inhibits the formation of neurotoxic
aggregates that lead to amyloid plaque deposition in the brain. It is discovered that the brain has
an endogenous molecule, 3-APS, that has potent anti-amyloid oligomer activity. 3-APS is also
the primary metabolite of tramiprosate, the active agent of ALZ-801, and, it was found that its
levels in the brain increased with administration of tramiprosate in clinical trials. Endogenous
nature of major metabolite of tramiprosate may help explain safety, excellent brain penetration &
potential efficacy of ALZ-801. As a potential disease-modifying treatment for AD, Alzhemed
(tramiprosate) is a compound that binds to soluble AR and inhibits the formation of neurotoxic
aggregates that lead to amyloid plaque deposition in the brain. ALZ-801 is a novel, oral anti-
amyloid drug candidate that is an optimized prodrug of tramiprosate, which has shown promising
results in analyses of clinical data and therapeutic mechanism of action. This includes the

discovery of its novel molecular mechanism of action blocking the formation of toxic amyloid
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oligomers [3] associated with the development and progression of AD [4].

Although promising as an AD treatment, tramiprosate exhibited two limiting deficiencies:
high inter-subject pharmacokinetic (PK) variability likely due to extensive gastrointestinal
metabolism, and mild-to-moderate incidence of nausea and vomiting. To address these, it was
developed an optimized prodrug, ALZ-801, which retains the favorable efficacy attributes of
tramiprosate while improving oral PK variability and gastrointestinal tolerability.

The AD therapy ALZ-801 works by preventing protein components from clumping
together to trigger the amyloid plaque accumulation in the brain that causes the disease. Disease-
modifying drugs for AD and other neurodegenerative diseases could evolve from the findings.
Researchers knew that tramiprosate, the active ingredient in Alzheon’s ALZ-801, inhibited the AR
protein.

ALZ-801 has the potential to be differentiated from other emerging therapies targeting AD
pathology due to 1. Its’ novel mechanism of action, 2. oral mode of administration, and 3.potential
efficacy in a genetically-targeted population. If ALZ-801 is approved, then it has the potential to be
among the first drugs to intervene in an underlying mechanism of AD. The oral absorption,
conversion to tramiprosate, distribution and elimination characteristics of ALZ-801 prodrug are

shown on figure 1.
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Figure 1. (After permission Hey et al 2018)
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Mechanisms of action

In Vitro Studies

Homotaurine (HT) has been demonstrated to have neuroprotective effects in rats systemically
administered with kainic acid [5] or following ischemic stroke [6]. The neuroprotective effect of HT
has been shown to be GABAa dependent in some assays or GABAa independent in othert

assays.

Against Amyloid beta and activation of GABA A receptors

In vitro, tramiprosate provides neuroprotection against AB-induced neurotoxicity in neuronal and
mouse organotypic hippocampal cultures, and reverses AB-induced long-term potentiation (LTP)
inhibition in rat hippocampus, in part, through activation of B-aminobutyric acid A (GABA-A)
receptors [7]. HT inhibits the activation of caspase pathway induced by amyloid beta and by other
apoptotic agents in primary rat neurons and OHC. This effect can be mimicked by GABAa
agonist and blocked by GABAa antagonists.

This mechanism of action of tramiprosate, previously studied extensively, has been
further elaborated in a recent work using molecular approaches, including ion mobility
spectrometry-mass spectrometry (IMS-MS), nuclear magnetic resonance (NMR), and molecular
dynamics [3].

HT has been shown to provide also neuroprotection against AB-induced neurotoxicity in
rodent neuronal and organotypic hippocampus cultures and to reverse AB-induced inhibition of
long-term potentiation (LTP) in slices of rat hippocampus, at least in part through its binding to
GABA type A receptors. Figure 2.
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Figure 2: Gervais F., 2007 (After permission)
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HT blocks the activation of phospho Extracellular Signal Regulated Kinase (erk) system and
fragmentation of DNA induced by amyloid beta (in primary neurons and Shyshy cells (devoid of
GABAa R). This effect is not blocked by GABAa antagonist.

When high concentration of AB proteins are incubated for 24 h, large amounts of
amyloid fibrils are formed and can be seen by EM. When the same amount of AB amyloid proteins
are incubated in the presence of HT, amyloid fibrils formation is inhibited Demonstrating the anti-
fibrillogenic effect of HT [8].

HT has also been shown to protect brain cells against toxicity amyloid fibres in various
assays. In an experiment neurons from hippocampus were incubated with the marker of
apoptosis, Propidium lodide (Pl), which has characteristic to penetrate only in dead cells
highlighting them with red coloration. The first group represents healthy brain cells after 48 h
incubation with Pl and the cells are alive (control). The second group showed dead neurons that
were incubated for 48 hrs with toxic amyloid. And the third group showed alive neurons incubated
with toxic AB but in presence of HT. Figure 3.

Control AB 48 hours AP} + homotaurine

Propidium iodide staining

(shows dead cells: red coloration)

Figure 3: Homotaurine Protects Against AB-Induced Neurotoxicity in Mouse Hippocampal Cells

Against tau aggregation
HT has been also shown to favor polymerization of tau protein in cellular models similarly to
sulphated GAG (sGAG), such as chondroitin sulphate or eparan [9]. Nevertheless, the authors of
the paper demonstrated that this attitude to promote tau aggregation was not toxic for the cells,
because homotaurine does not affect the binding of tau to microtubules, and more, it significantly
decreased tau-actin complexes, that represent a major toxic aspect for neurons. Recent study
indicates that 3-APS favors tau aggregation, in tau transfected non-neuronal cells, and in
neuronal cells. But it was also found that 3-APS does not affect the binding of tau to microtubules
but may prevent the formation of tau-actin aggregates [10].

We would like to emphasize the importance of testing on both types of pathology (amyloid

and tau) the potential drugs to be used
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In Vivo Studies

In vivo Tramiprosate (3-amino-1-propanesulfonic acid; 3APS; Alzhemedtrade mark) was found to
maintain AB in a non-fibrillar form, to decrease AB (42)-induced cell death in neuronal cell
cultures, and to inhibit amyloid deposition. Tramiprosate crosses the murine blood-brain barrier
(BBB) to exert its activity. Treatment of TJCRND8 mice with Tramiprosate resulted in significant
reduction (approximately 30%) in the brain amyloid plaque load and a significant decrease in the
cerebral levels of soluble and insoluble AR (40) and AR (42) (approximately 20-30%).
Tramiprosate produced dose-dependent reductions of AB in the brain of transgenic mice (hAPP-
TgCRNDS8). A dose-dependent reduction (up to 60%) of plasma AB levels was also observed,
suggesting that Tramiprosate influences the central pool of AB, changing either its efflux or its

metabolism in the brain [11].
Homotaurine Reduces Amyloid Deposition
in hAPP Transgenic Mouse Brain

Homotaurine (100 mg/kg/day)
Control (untreated) (8 weeks of treatment)

Gervais F et al. Neurobiol Aging 2007; 28(4):537-47.

Figure 4. (After permission)

Due to its GABAergic effects and ability to inhibit neuronal dopaminergic firing, calcium
acetylhomotaurinate - a homotaurine derivative also hamed acamprosate - has been successfully
used to reduce ethanol self-administration and relapse to alcohol drinking in both animals and
humans. Considering GABA relevance in the physiology of cognition, the potential central
nervous system activity of homotaurine has also been explored in learning and memory
processes in animal models [12-14].

In a Preclinical Toxicology/ Pharmacokinetics study it was safe & well tolerated upon
chronic exposure (39 wks). Only diarrhea & vomiting was recorded in a dog study (> 500 mg/kg).
The hepatocellular hypertrophy and hyperplasia of gastric mucosa (rat, 2000 mg/kg/day) was
reversible. There were no adverse effects on reproduction (< 300-1000 mg/kg) and there was no
effect on liver enzyme activity (CYP 450). There was only one major metabolite (2-carboxyethane
sulfonic acid) and it was not mutagenic [7].

In vivo HT can pass the blood brain barrier and HT can decrease brain soluble and
insoluble levels ABs, and AB4 so we can confirm that HT can reduce aggregation and, at the

same time, promote the physiological clearance.
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Clinical studies in AD and CAA

The safety, tolerability, pharmacokinetic/ pharmacodynamic effect and the clinical efficacy of
tramiprosate have been evaluated in Phase | studies and randomized, double blind, placebo-
controlled Phase Il and I clinical trials: a total of 3464 subjects (288 healthy subjects, 24 patients
with cerebral amyloid angiopathy (CAA), 2863 with AD and 288 with MCI) were exposed to

tramiprosate.

Phase 1 studies

There are totally 10 clinical Phase | studies with 288 healthy subjects (74 elderly) exposed to
homotaurine for 7-10 days. The endpoints were safety and pharmacokinetics. It was safe & well
tolerated in young & elderly. The most frequent AEs were nausea, vomiting, dizziness. The Gl
adverse events were dose-related (> 300 mg SD). No serious adverse events and no effect on
cardiac conduction (QTc) were reported. Also there were no effects on lab, vital signs, and
neurological tests [14].

The most recent phase | bridging program was to evaluate the safety, tolerability and
pharmacokinetics (PK) of ALZ-801 in healthy volunteers. ALZ-801 is an orally available, valine-
conjugated prodrug of tramiprosate with substantially improved PK properties and gastrointestinal
tolerability compared with the parent compound. Oral ALZ-801 represents an advanced and

markedly improved clinical candidate for the treatment of AD [15].

Phase Il studies
In a randomized, double-blind, placebo-controlled Phase Il study in which 58 patients with mild-to-
moderate AD were randomly assigned to receive placebo or 3APS 50, 100, or 150 mg BID for 3
months the safety, tolerability, and pharmacokinetic/ pharmacodynamic effect of 3APS was
assessed. At the end of the double-blind phase, 42 of these subjects entered an open-label phase
in which they received 3APS 150 mg BID for 17 months. Assessments included plasma and CSF
3APS concentrations, CSF levels of AB-40 and AB-42, and total tau, as well as cognitive
(Alzheimer's Disease Assessment Scale-cognitive subscale, and Mini-Mental State Examination)
and clinical (Clinical Dementia Rating scale-Sum of Boxes) measures. 3APS had no significant
impact on vital signs or laboratory test values. The most frequent side effects were nausea,
vomiting, and diarrhea, which were intermittent and mild to moderate in severity. Seven 3APS-
treated subjects discontinued because of side effects (all causalities) over the course of the study,
and there were no 3APS-related serious adverse events. 3APS crossed the blood-brain barrier,
and dose-dependently reduced CSF AB-42 levels after 3 months of treatment. There were no
significant score differences in tests between groups over the 3-month double-blind period. Long-
term administration of 3APS is safe, tolerated and reduces CSF AB-42 levels in patients with mild-
to-moderate Alzheimer disease [16].

A 5-center Phase Il double-blind trial was performed to evaluate the safety, tolerability,
and pharmacokinetics of tramiprosate in 24 subjects with lobar intracerebral hemorrhage, affected
by probable or possible cerebral amyloid angiopathy. This 12-week study, performed with 3

different oral doses (50, 100, or 150 mg b.i.d.), confirmed the safety of tramiprosate. Enrolled
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patients were had mean age 70.8+/-5.4, (range 61 to 78) and had more advanced baseline
disease (measured by number of previous hemorrhages) than consecutive subjects in a CAA
natural history cohort. No concerning safety issues were encountered with treatment. Nausea and
vomiting were the most common adverse events and were more frequent at high doses. Nine
subjects had new symptomatic or asymptomatic hemorrhages during treatment; all occurred in
subjects with advanced baseline disease, with no apparent effect of drug dosing assignment [17].

Phase Il studies

A. Patients were randomized to receive Placebo BID (n = 109), tramiprosate 100 mg BID (n =
103), or tramiprosate 150 mg BID (n = 100) for 78 weeks. A total of 508 patients underwent
volumetric MRI scanning. Of these, 312 provided scan pairs for assessing hippocampus volume
changes and were included in the analyses. Exploratory analysis of the volumetric MRI subgroup
suggests that tramiprosate slows hippocampal atrophy, and reveals some evidence of a beneficial
effect on cognition. Slope analyses of ADAS-cog score changes showed significant differences in
favor of the 150 mg BID group, and when both active groups were combined, in comparison to the
placebo group. No between-group differences with respect to changes to each visit in the CDR-
SB were observed with either modeling approach. Although there was a similar dose-response
relationship observed in the hippocampus volume and ADAS-cog final model analyses, the
overall changes in psychometric scores and hippocampus volume were not significantly
correlated [18].

B. A total of 1,052 mild to moderate AD patients were enrolled and were given either placebo or
homotaurine for 18 months and 790 (75.1%) completed the 78-week trial. Homotaurine/placebo
administered as add-on to AChE inhibitors + memantine Cognitive function was tested using the
standard, validated ADAS-cog test every 3 months. Brain Volume (hippocampus) was measured
at baseline and after 18 months of treatment in a subset of patients. Patient discontinuation and
reasons for withdrawal were similar across groups. Planned analyses did not reveal statistically
significant between group differences. Lack of adequate statistical validity of the planned analysis
models led to the development of revised predictive models. These adjusted models showed a
trend toward a treatment effect for ADAS-cog (P = 0.098) and indicated significantly less HV loss
for tramiprosate 100 mg (P = 0.035) and 150 mg (P = 0.009) compared to placebo. The incidence
of adverse events was similar across treatment groups. The primary planned analyses did not
show a significant treatment effect, but were confounded by unexplained variance. Post-hoc
analyses showed a significant treatment-related reduction in Hippocampus Volume loss.
However, there was only a trend towards slowing of decline on the ADAS-cog and no slowing of
decline on the CDR SB. These results must be interpreted in consideration of the limitations of
clinical and disease-modification outcome measures and their relationship, the heterogeneity of
the disease and the impact of confounding demographic and clinical variables [19].
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Figure 5: Design of Phase I study after permission J Prev Alzheimers Dis. 2016;3(4):219-28

C. The clinical data for ALZ-801 and its active agent, tramiprosate, suggest long-term clinical
efficacy in AD patients with the APOE4 genotype, along with a favorable safety profile [20]. The
initial Phase Il program for ALZ-801 focused on patients with the homozygous APOE4/4
genotype at the Mild stage of AD, with the potential for future expansion to additional AD
populations.

D. A double-blind for 3 months and then open label for 36 months

The safety, tolerability, and pharmacodynamic effects of Alzhemed were assessed in a double-
blind study in which 58 individuals with mild-to-moderate AD (MMSE 13-25) were randomized to
receive placebo or Alzhemed 50, 100 or 150 mg BID for 3 months. At the end of the double-blind
phase, 42 of these subjects entered a 36-month open-label (OL) phase in which they received
Alzhemed 150 mg BID. Assessments included plasma and cerebrospinal fluid (CSF) Alzhemed
concentrations, CSF levels of AB, as well as cognitive (Alzheimer's Disease Assessment Scale-
cognitive subscale, Mini-Mental State Examination) and clinical performance (Clinical Dementia
Rating scale, Sum-of-Boxes) measures. Alzhemed was safe and well tolerated, crossed the
blood-brain barrier, and dose-dependently reduced CSF AR 42 levels after 3 months of treatment
(Figure 6, After permission).

Mild AD subjects (MMSE 19-25 at entry) displayed greater reduction of CSF AR 42 levels
than moderate AD participants (MMSE 13-18 at entry). As soluble peptides are in constant
equilibrium between the ISF and the CSF, altering the levels of AR oligomers in the CSF would
also alter the levels of such proteins in the brain parenchyma.There was no effect of Alzhemed on
the cognitive or clinical measures after 3 months of treatment. The OL follow-up suggested a

stabilization of cognitive function especially in mild AD subjects over the 36-month study period.
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Alzhemed thus appears to be well tolerated with long-term exposure and reduces CSF A 42

levels in mild-to-moderate AD subjects [16]. (Figure 6)
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Figure 6: Phase II: Dose-Dependent Decrease of AB4, CSF Levels in AD Patients . (CSF AB 42 (pg/ml)

changes from baseline after permission) Aisen PS, et al. Neurology 2006; 67: 1757-63.

The conclusions of phase Ill studies are 1.Strong trend of reduced cognitive decline with
homotaurine vs. placebo, 2. Statistically significant reduction of cognitive decline with
homotaurine vs. placebo in APOE4+, 3. Homotaurine reduced significantly brain volume loss

(hippocampus) and 4. It is safe and well tolerated.

Clinical studies in Mild Cognitive Impairment (MCI)

Disappointing clinical trials over the last several years have led to a growing consensus on the
need to intervene earlier in the disease process, before the onset of any clinical symptoms.
However, drug development at this stage is challenging given the difficulty of assessing a
therapeutic benefit in subjects who are, by definition, almost clinically healthy. The US FDA [21]
and EMA [22] recently issued new drafts guidance for trials in early AD, which revised the
taxonomy of AD by recognizing four stages of the disease, including an expanded view of the pre-
dementia stage. These guidelines further advance regulatory support for clinical trials in earlier
stages of AD, because several studies have now reported that cognitively normal older individuals
with low cerebrospinal fluid AB1-42 or high positron emission tomography amyloid binding

demonstrate disruption of functional networks [23] and decreased brain volume, consistent with

www.nuclmed.gr Hell J Nucl Med Suppl, January-April 2019



the patterns seen in AD [24].

It was showed that AD patients have impaired LTP-like cortical plasticity, as measured by
standard theta burst stimulation protocols applied over the primary motor cortex (M1).
Furthermore, AD patients have a weakened short latency afferent inhibition (SLAI), a
neurophysiological measure of central cholinergic transmission, which changes reflect the
cholinergic dysfunction occurring in the pathology. The aim of the first study was to investigate
whether homotaurine administration could modulate in vivo measured mechanisms of synaptic
plasticity, namely LTP and LTD, and also SLAI in a group of MCI patients. It was observed that
homotaurine administration did not induce relevant changes of both LTP and LTD recordings,
while induced changes of SLAI in this group of patients. The authors suggest that homotaurine
effects are dependent on changes of cortical GABA transmission suggesting a potential role for
this compound in ameliorating the cholinergic transmission by modulating the inhibitory cortical
activity [25].

A recent study aimed to evaluate the effects of homotaurine supplementation on cytokine
serum levels and memory performances in MCI patients. Neuropsychological, clinical and
cytokine assessment was performed at baseline and after 1 year of homotaurine supplementation
in 20 patients categorized as carriers (n = 9) or no carriers (n = 11) of the €4 allele of the
apolipoprotein E (APOE) gene, the strongest genetic risk factor for AD. Following homotaurine
supplementation, patients carrying the APOE €4 allele showed a significant decrease in IL-18
(both in its total and IL-18BP unbound forms), in turn associated with improved short-term
episodic memory performance as measured by the effect of the Rey 15-word list learning test
immediate recall. Thus, homotaurine supplementation in individuals with aMCl may have a
positive consequence on episodic memory loss due, at least in part, to homotaurine anti-
inflammatory effects. This study strongly suggests that future research should focus on exploring
the mechanisms by which homotaurine controls brain inflammation during AD progression [26].

A recent study investigated potential neuroprotective effect of homotaurine on the
hippocampus structure and episodic memory performances in amnestic MCIl (aMClI).
Neuropsychological, clinical, and neuroimaging assessment in 11 treated and 22 untreated
patients were performed at baseline and after 1 year. Magnetic resonance data were analyzed
using voxel-based morphometry to explore significant differences (Family Wise Error corrected)
between the two groups over time. Patients treated with homotaurine showed decreased volume
loss in the left and right hippocampal tail, left and right fusiform gyrus, and right inferior temporal
cortex which was associated with improved short-term episodic memory performance as
measured by the effect of the Rey 15-word list learning test immediate recall.

Conclusively, homotaurine supplementation in individuals with MCI did not induce
relevant changes of both LTP and LTD recordings, while induced changes of SLAI in MCI
patients, patients with MCI carrying the APOE €4 allele showed a significant decrease in IL-18
(both in its total and IL-18BP unbound forms), in turn associated with improved short-term
episodic memory performance as measured by the effect of the Rey 15-word list learning test
immediate recall and had a positive effect on hippocampus atrophy. Future studies should further
clarify the mechanisms of its effects on brain morphometry.

FDA grants Fast Track designation to Alzheon lead clinical investigational drug, ALZ-801,
for Alzheimer’s disease. FDA-Accepted Study Design in APOE4/4 AD Patients. It is well known
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that 3-SPA is the primary metabolite of ALZ-801, a prodrug of tramiprosate that is in clinical
development for the treatment of Alzheimer’'s disease. 3-SPA penetrates the brain and, in a
tramiprosate phase Ill North American (NA) trial, achieved brain concentrations associated with
prevention of AB42 oligomer formation and clinical outcome benefit in patients with Alzheimer’s
disease carrying the €4 allele of the apolipoprotein E gene. We hope that this drug, ALZ-801, will
be the first modifying drug for AD patients

The authors declare that they have no confiicts of interest.
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Abstract

Hereditary types of ischemic cerebral subcortical small vessel disease (SSVD) are rare, usually autosomal
dominant, diseases, due to an abnormality in vessel wall synthesis. They may present with various
combinations of migraine with aura, ischemic events (transient ischemic attacks, lacunar strokes) and
progressively worsening ischemic lesion load in brain imaging. Eventually, vascular cognitive impairment
(usually of the frontal-subcortical type) develops, frequently accompanied by behavioral-psychiatric
symptoms and bilateral pyramidal and pseudobulbar signs leading to severe disability and premature death.
In some patients, microbleeds and hemorrhagic strokes may be present. Despite their rarity, these disorders
offer a statistically homogeneous population (usually without additional pathology such as Alzheimer's
disease), suitable for the study of vascular cognitive impairment. The few studies on the relative frequency of
these disorders indicate that the most frequent (or rather the least rare), accounting for more than half of
patients, is CADASIL, due to mutations of the NOTCH3 gene, followed by COL4A1/A2-related disease,
autosomal dominant forms of HTRA1-related disease and leucoencephalopathies with calcifications and
cysts. Mutations of TREX1, GLA, FOXC1 and CARASIL are less frequent. Despite the genetic nature of
these disorders, their phenotype, severity and rate of progression may be adversely affected by classical
cardiovascular risk factors such as hypertension, diabetes, dyslipidemia and smoking and control of these

risk factors is strongly advised for all patients.

Introduction

Vascular cognitive impairment (VCI), is the second most common cause of cognitive impairment
in the senium [1]. It may be due to multiple large vessel infarcts or strategically located infarcts;

however, subcortical small vessel disease (SSVD) is probably the most frequent cause [2]. It is
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usually a sporadic disorder in patients over 60-65 years of age, due to classical cardiovascular
risk factors such as diabetes, hypertension, dyslipidemia and smoking [3]. Up to 2/3 of such
patients may additionally encapsulate Alzheimer’'s disease pathology [4], thus they suffer from
mixed disease rather than pure VCI [5].

Inherited cerebral small vessel diseases [6] comprise a group of rare monogenic
disorders leading to cerebrovascular disease and stroke [7]. Despite their rarity, these diseases
may offer homogeneous patient samples, usually with no additional pathology, more suitable for

studying pure VCI and understanding the relationship between lacunar stroke, SSVD and VCI [8].

Cadasil

Cerebral autosomal dominant arteriopathy with subcortical infarcts and leucoancepahlopathy
(CADASIL) is due to mutations of the NOTCH3 gene at chromosmome 19q12 [9]. These
mutations cause alterations in the vessel wall of arterioles, with deposition of granular osmiophilic
material, resulting in brain tissue ischemia [10].

Typically, disease onset occurs either with migraine with aura at about the age of 30, or
with early ischemic events (transient ischemic attacks or lacunar stroke) at 41-50 years [11].
When migraine is present, it is almost always the first manifestation of the disease, followed by
ischemic stroke 17 years later. Neuroimaging features include multiple and progressively
confluent ischemic lesions in the white matter and basal ganglia with characteristic involvement of
the anterior temporal white matter and external capsule [12]. By the age of 40, almost all patients
have abnormal imaging findings. As the disease progresses, the ischemic lesion load increases
and, psychiatric-behavioral manifestations, cognitive decline and bilateral pyramidal and
pseudobulbar signs become evident, leading to dementia, and significant motor disability.
Episodes of encephalopathy and seizures may also occur [11,13]. Premature death usually
occurs at or before the age of 65-70 [13].

A clinical scale, called the “CADASIL-scale” has been proposed as a useful screening
tool, in order to identify patients with a high probability to carry NOTCH3 mutations and, thus,
being more suitable for genetic testing, which is required for definite diagnosis [14]. However, a
significant phenotypic variation may occur among different families carrying the same mutation
and even among patients of the same family, leading to unusual presenting features [15-17],
deviations from the above described patterns [16-18] and diagnostic difficulties [19].

The diagnostic probability of CADASIL increases in the absence of cardiovascular risk
factors. However, the presence of hypertension, diabetes, dyslipidemia and thrombophilia has
been reported in many patients and does not exclude the diagnosis of CADASIL [20]. In fact, the
presence of such factors may affect the clinical features in some patients [21]. Hypertension
increases the risk for stroke [20,22,23] and disability due to dementia [24]. Smoking also
increases the risk of stroke [20, 25] and dementia [25]. Hypertension and diabetes with increased
HbA1c may increase the risk for microbleeds [23,26]. Controlling these risk factors, especially
hypertension and smoking, may delay lacunar stroke, disease progress and functional disability
[20,25] and, such a disease modifying, preventive approach, is currently strongly recommended
[27]. Indeed, preventive measures such as physical activity and early control of dyslipidemia,

resulted in less severe imaging findings and delay of first stroke in a family with CADASIL [28].
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There are families with autosomal dominant inheritance and clinical/imaging features
similar or identical to CADASIL, in which NOTCH3 mutations are not detected [14]. Such patients
are called “CADASIL-like”.

COL4A1/A2-related disorders

COL4A1/A2-related disorders are due to mutations of the genes encoding for chain alpha-1 or
chain alpha-2 of collagen type IV [29]. Both genes are located in close proximity at chromosome
13934. The disorders are autosomal dominant and result in multiple abnormalities of the
basement membrane [30]. Since collagen type IV is widespread in many tissues, COL4A1 or
COL4A2 mutations may present with either one of multiple, sometimes combined or overlapping
phenotypes, including infantile hemiparesis and porencephaly, ocular anterior segment
dysgenesis, migraine and cerebral small vessel disease [31,32]. A specific phenotype
characterized by hereditary angiopathy with nephropathy, aneurysms and cramps (HANAC) has
been described [33]. Recently, pontine autosomal dominant microangiopathy with
leukoencephalopathy (PADMAL) has been recognized as another phenotype due to mutations
upregulating COL4A1 expression [34].

The cerebral small vessel disease caused by COL4A1/A2 mutations is characterized by
multiple/confluent white matter lesions and lacunar strokes, but the characteristic lesions in the
white matter of the temporal pole present in CADASIL are practically always absent [31,32].
Microbleeds are not infrequently seen and hemorrhagic strokes [35] or parenchymal hematomas
sometimes provoked by minor trauma may cause an additional hazard in these patients,
necessitating avoidance of most athletic activities and of anticoagulant or even antiplatelet agents
[36].

Recently, it has been suggested that some common, non-pathogenic variants of the
COL4A1/A2 genes, may be associated with increased risk for sporadic cerebral small vessel
disease [37].

A family with an autosomal dominant disorder and with clinical and imaging features suggestive of
HANAC, but with no COL4A1/A2 mutations has been reported indicating that, similar to
“CADASIL-like”, there are “COL4A1/A2-like” patients [38].

HTRA1-related disorders

These disorders are due to mutations of the HTRA1 gene, located at chromosome 10g26.13 [6].
The gene encodes for the high temperature requirement A serine peptidase 1 (HTRA1), and
mutations result in inability to suppress transforming growth factor beta TGF-B activity in the wall
of small cerebral arteries, but also in skin and bone, resulting in dysregulation of TGF-B signaling
[10]. There are two disorders with SSVD related to HTRA1 mutations: the rare autosomal
recessive CARASIL and a less rare, autosomal dominant CADASIL-like disorder [39].

Cerebral autosomal recessive arteriopathy with subcortical infarcts and
leukoencephalopathy (CARASIL or Maeda syndrome), is a rare SSVD, usually observed in
patients of Asian (Japanese and Chinese) origin, but it has been described in Western
populations [10]. Patients suffer from recurrent ischemic events (mainly lacunar infarcts), leading
progressively to bilateral pyramidal signs and VCI (including behavioral psychiatric symptoms)

usually by the 4th decade of life. A significant percentage may develop VCI, without clinically
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obvious strokes. In addition, most patients experience premature diffuse alopecia and
degenerative disk disease with herniation and spondylosis deformans in the lumbar (often leading
to back pain) and cervical regions [7,10]. Migraine is usually absent. In MRI, white matter lesions
occur in deep white matter, basal ganglia, periventricular areas and brain stem [7,10,39].
Involvement of external capsule and temporal poles (characteristic in CADASIL) is usually absent,
but may be observed rarely [40].

Recently it has been shown that autosomal dominant HTRA1 mutations, not only exist,
but they are more frequent than CARASIL [41]. One such patient has been described in Greece
[42]. Patients usually present with a less severe phenotype, with later onset of the disease, later
development of VCI and absence of non-neurological manifestations [43]. However, more

severely affected patients with alopecia and spondylosis have been described [44].

TREX1-related disorders

Three prime repair exonuclease 1 (TREX1) is a 3'-5’ exonuclease encoded by the TREX1 gene at
chromosome 3p21 and mutations of this gene may lead to either one of 4 disorders: Aicardi-
Goutiéres syndrome, familial chilblain lupus, (susceptibility to) systemic lupus erythematosus and
the autosomal dominant Retinal Vasculopathy with Cerebral Leukodystrophy (RVCL) [45]. The
latter is characterized by various combinations of migraine, retinopathy with gradual visual loss,
brain ischemic lesions, renal and gastrointestinal, or even bone and hepatic involvement and may
present as one of four overlapping phenotypes: cerebroretinal vasculopathy (CRV), hereditary
vascular retinopathy (HVR), hereditary endotheliopathy with retinopathy, nephropathy and stroke
(HERNS), or hereditary systemic angiopathy (HSA) [7,39,45]. Patients develop migraine, transient
ischemic attacks and/or strokes and neuroimaging reveals SSVD, but additionally, tumor-like,
mass lesions with contrast enhancement, surrounded by edema [39,45,46]. Cognitive decline is
accompanied by psychiatric-behavioral symptoms. Visual impairment typically precedes the
vascular brain symptoms and death in CRV and HERNS occurs within 10 years from disease
onset [39, 46].

Other genetic causes of SSVD

Mutations of FOXC1, ABCC6 (pseudoxanthoma elasticum) and CBS (homocystinuria) may be
causes of SSVD [45]. Cerebral amyloid angiopathy (CAA) due to many causes (including amyloid
beta-related CAA), may also be associated with ischemic SSVD, in addition to the most
characteristic hemorrhagic lesions (lobar hemorrhages, microbleeds, cortical superficial siderosis)
[39,45,47].

Microangiopathy with calcifications and cysts is easily recognized due to the characteristic
imaging features; however it is not one single entity. It may be due to leucoencephalopathy with
cerebral calsifications and cysts due to SNORD118 mutations (Labrun syndrome) [48], or
cerebroretinal microangiopathy with calcification and cysts due to CTC1 mutations (Coats plus
syndrome) [49].
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Relative frequency of the various causes of ischemic SSVD

Due to the rarity of these disorders, their epidemiology is not well studied. In a recent study it has
been shown that CADASIL is the most frequent (least rare) disorder, accounting for 58% of cases,
followed by COL4 mutations, accounting for at least 13% [50]. Heterozygous HTRA1 mutations
may account for 3.5%-5% of patients [41,43] and leucoencephalopathies with calcifications and
cysts for 4% [50]. Next generation or whole exome sequencing may provide a tool for easier

diagnosis of such patients which, in turn, may help in better understanding of these disorders [45].

The authors declare that they have no confiicts of inferest.
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Abstract

Cognitive decline has been widely reported in patients with multiple sclerosis (MS) despite its clinical
heterogeneity, at all stages and in all subtypes of the disease. Deficits are most commonly present in
attention, processing speed, working memory, verbal fluency and executive function. However, MS patients
also show decreased performance in tasks related to social cognition, i.e. mental operations thatdrive
interpersonal skills such as social perception, empathy and theory of mind. Social cognitive deficits are an
underestimated but important aspect of impairment in MS, reflecting how people process, store, and apply
information in social interactions. Deficits in these domains have been associated with reduced social and
psychological quality of life, even after controlling for severity and duration of the disease, age, and
neurocognitive performance. Social cognition impairment is not entirely dependent on and parallel to general
cognitive dysfunction, given that some patients experience disorganization of their social life before a
significant or detectable cognitive impairment. The decrease in performance of social cognition tasks may
reflect changes in brain activity and brain structure, either general or regional. Both subtle diffuse pathology
and acute local lesions have at least partially independent effects on aspects of social cognition. The
observed white matter damage contributes to a mechanism of disruption in the network of brain connections
involved in social cognition. Undoubtedly, there is a wide variability in the relationship of social cognitionand
neuroanatomical findings, not only due to the brain’s complex connectivity, but also to the lack of a unique
operative definition of these cognitive domains. Furthermore, it is difficult to compare study results, given the
variability of clinical presentations in all stages of the disease.More research would contribute in
understanding social cognition deficits better and in determining whether and what kind of training could be

beneficial.
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Introduction

Multiple Sclerosis (MS) is a chronic inflammatory autoimmune degenerative disease of the central
nervous system (CNS). It is the most common non-traumatic neurological disorder among young
adults leading to disability. The etiology of MS involves white matter pathology, cortical atrophy,
cortical lesions, and microstructural abnormalities in deep gray matter that affect structural and
functional connectivity between various brain regions [1, 2]. Cognitive impairments in MS result
from this diffuse disruption in brain networks [3, 4]. Besides cognitiveimpairments, sensorimotor
[5, 6], visual [7, 8], bladder, cerebellar [9] and emotional symptoms [10, 11] are also present,
leading to functional disability [12, 13] and reduced quality of life [14].

The disease course can be very heterogeneous through which following types have been
described: Relapsing MS, Active (with relapses and/or new lesions on MRI), Not Active (no
relapses or MRI activity), Progressive MS (Secondary Progressive MS and Primary Progressive
MS), Active with Progression (relapses/MRI activity and clinical deterioration not due to relapses),
Active but without Progression (relapses but no clinical deterioration), Not Active but with
Progression, Not Active and without Progression (stable disease) [15]. The use of subtypes’ terms
is primarily for descriptive purposes and for setting reasonable expectations for the treatment.
Using the word “Active” to describe clinical relapses and/or MRI activity and the word
“Progression” to describe clinical deterioration, highlights changes of the clinical framework. The
ongoing inflammatory or neurodegenerative processes affect disease activity and clinical
progression in either relapsing or progressive cases [16].

In this paper, we provide a brief overview of cognition in MS, with an emphasis on social
cognition and its associated neuroanatomical substrate. We also discuss the impact of social

cognitive deficits on the functional capacity of MS individuals.

Cognitive functions and social cognition

Cognitive functions in MS
As with the disease course, the cognitive impairments in MS are also heterogeneous depending
on MS type [17-22] and cognitive function [1, 23, 24]. There is also a temporal gradient in
cognitive impairment, as it is palpable in the early stages but more severe in progressive types
[25, 26]. Cognitive symptoms are usually hidden by more visible deficits, like the former
mentioned sensorimotor and cerebellar symptoms. Patients may not be fully aware of them, or
may underestimate them, compared to emotional complains, fatigue or pain [27]. This is why
clinicians should not rely on self-reported cognitive impairment but rather on real cognitive test
performance [28]. Indicated sensitive neuropsychological tests and batteries measure all
cognitive domains compromised in MS [20, 29]. Evaluations should be performed annually as
their outcome may affect prognosis and therapeutic decisions [15, 30].

Nearly two-thirds of patients with MS present cognitive impairmentat some point during
their life [31]. Primarily it concerns attention [32], processing speed [33-36], working memory [37,
38], episodic memory [26, 39-44], verbal fluency [20, 45, 46] and executive functions [47-50].
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Patients with reduced information processing speed require more time to perform mental tasks.
Deficits in attentionparticularly divided attention, lead to difficulty in multitasking and keeping
one’s train of thought. Patients with problems in acquiring, retaining and retrieving new
information are often disorganized and forgetful. Changes in executive functions lead to difficulties
prioritizing, preserving motivation, engaging in goal-directed action, and controlling behavior.
Cognitive reserve is crucial in determining the cognitive phenotype of MS [1, 51]. The
theory of reserve posits that genetic factors (maximal lifetime brain growth), neurodevelopmental
factors (nutrition, and physical health) and environmental factors (quality of parenting, adequate
education, leisure activities and intellectual enrichment) contribute to resistance against disease-
related cognitive decline [52]. Cognitive reserve may stall the expression of cognitive deficits in
MS, even when there is a significant reduction of brain volume [53, 54]. Normally, persons with
more severe disease are at greater risk for cognitive impairment, indicating that there is a
negative relationship between cognitive status and disease burden. However, given the cognitive-
pathologic dissociation favored by cognitive reserve, many MS patients hold out against

significant disease burden without cognitive impairment [32, 55, 56].

Social cognition
Social cognition is one of the less measured aspects of cognition. The fact that it is not a uniform
theoretical construct makes it difficult to assess and to compare across studies. It refers to a set of
neurocognitive processes underlying the individuals’ ability to perceive, interpret, remember, and
apply information about themselves and the social world. Social cognitive processes include
social perception, social understanding and social decision-making. The first refers to perception
of emotion through facial expression or prosody [57, 58]. The second refers to affective empathy,
i.e. perception and attribution of a mental or affective state to othersand carries the sense of
feeling or interpreting the feelings of others [59].The third involves theory of mind (ToM) that refers
to complex metacognitive understandings of our own minds as well as the minds of others, which
enables planning behaviors while taking also into consideration others’ behaviors [60, 61].
Recently, researchers showed increased interest in the biological basis of social
cognition, from genes to brain processes. Biological factors and environmental variables interact
to produce individual differences and pathology. There is an attempt to explain the more complex
phenomena of social cognition by basic cognitive processes, such as visual perception, memory
and attention but the answer is much more complex and interdisciplinary. Failures of social
cognition may lead to abnormal social behavior, as seen in neurodevelopmental (autism),
psychiatric (schizophrenia) and neurological disorders (Fronto temporal dementia). Autistic
persons show lack of the intuitive ability to attribute thoughts and feelings to others leading to
incapacity to social interaction and communication impairment [62, 63]. In certain types of
schizophrenia, a similar deficit appears in intuitive empathy [64, 65]. In the behavioral variant of
frontotemporal dementia, social skills are severely compromised [66, 67].

Social cognition and neuroanatomical substrate in MS

Social cognition has not been systematically assessed as part of common clinical evaluations but
it should be since social cognitive dysfunction in MS is actually affected in all stages of the
disease and all types of clinical course types. The specific neural basis of the social cognition
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impairment in MS is still unclear. Brain atrophy, including measures of global and regional grey
matter volume, cortical thickness or structures such as the corpus callosum have been linked to
cognitive performance [68, 69]. Recent studies have begun to explore this clinical radiological
relationship in social cognition, including involvement of the amygdala, associative
frontal/temporal/parietal areas [70] and diffuse patterns of white matter damage [71].

Emotion recognition from facial cues is the most commonly studied social cognitive ability.
In the human brain, a network of limbic structures that includes the amygdala, insula, orbitofrontal
cortex and subcortical structures is activated in response to emotional features in faces [60, 61].
Multiple sclerosis individuals face difficulties in recognizing facial emotions. Not only are they less
accurate at recognizing basic emotions in comparison to normal controls but they have longer
reaction times [72, 73]. The impairment lies rather on emotion processing, then on facial identity
discrimination [74]. Impaired recognition of facial emotions by patients with MS seems to be
associated with both cognitive and affective aspects of the disease, mainly depression [75].
According to the frontal framework of social cognition, three dimensions have been identified [76]:
a medial-lateral dimension processing internal/emotional to external/cognitive, a ventral-dorsal
dimension representing the stimulus driven to a reflective dimension, and an anterior to posterior
dimension to lessen complexity. In patients with MS, an impairment in information transmission
from temporal visual processing areas to frontal regulation areas may explain facial emotion
recognition. Temporal white matter lesions might cause an impaired interconnection of temporal
facial processing and ventro-lateral prefrontal emotional facial recognition [74, 77].

Another key social cognitive ability is theory of mind (ToM), the ability to deduce other
peoples’ thoughts based on verbal and non-verbal cues. Similarly, empathy is the ability to
deduce other peoples’ emotions based on verbal and non-verbal cues. The neuronal processes of
ToM and empathy involve different brain networks which partially overlap [78], like the medial
prefrontal cortex, the temporoparietal junction and the temporal poles. ToM stimuli lead to
increased activation of the lateral orbitofrontal cortex, the middle frontal gyrus, the cuneus and the
superior temporal gyrus, and other more distant brain regions depending on the task used [57,
79]. Empathy is associated with enhanced activations of the paracingulate, the anterior and
posterior cingulate and the amygdale [80, 81]. Subtle difficulties in empathic abilities, reading
others’ complex mental states and understanding pragmatics can contribute to interpersonal
problems observed in MS [82, 83]. Evidence further suggests that MS patients might also
subjectively report difficulties in recognizing their own emotions and empathy [84, 85]. Deficits in
ToM, empathy and emotional prosody have been reported in the early stages of RRMS even in
patients who have no substantial neuropsychological deficits [86, 87]. White and gray matter
pathology in MS affects multiple brain regions and disrupts a humber of social cognition neural
networks. White matter pathways, which have a key role in coordinating the information flow
between different regions of gray matter, are particularly vulnerable in MS [88]. Patients with
lesions located in the ventromedial prefrontal cortex demonstrate selective deficits in ToM.

Lesions in the inferior frontal gyrus compromise empathy and emotion recognition [89].
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Discussion and Conclusion

There is a wide variability in the relationship of social cognition and neuroanatomical findings, not
only due to the brain’s complex connectivity, but also to the lack of a unique operative definition of
these cognitive domains. The social cognitive deficits may reflect changes in brain activity and
brain structure, either general or regional. Both subtle diffuse pathology and acute local lesions
have at least partially independent effects on aspects of social cognition. Furthermore, it is difficult
to compare study results, given the variability of clinical presentations in all stages of the disease.
More research would contribute to the understanding of the longitudinal course of social cognition
deficits and their relationship with MS neuropsychological and neuropathological characteristics
and treatment strategies.

Although standard clinical neuropsychological evaluation does not include measures of
social cognition, they should be part of comprehensive batteries. Clinician need to be aware of
these difficulties alongside the more established aspects of cognition that may be negatively
affected.Early identification of social cognition deficits enables early-intervention cognitive
rehabilitation that focuses, besides attention and memory, on emotion perception, empathy and
ToM, using either restorative or compensatory activities. More importantly, clinicians need to
address the “real world” implications of these deficits and to develop effective transdiagnostic
interventions for MS patients.The nature, magnitude and specificity of social cognitive
impairments each play an important role in therapeutic decision-making.

Social cognitive deficits appear to be a core cognitive phenotype of many developmental,
neurological and psychiatric disorders. Only through transdisciplinary research, can we learn
more about social cognition. Because of the nature of the deficits, research needs to be easily
accessible and applicable to everyday life.We have to go beyondthegenetic, neuronal, cognitive
and social level and include the educational and political one. Outcome measures should
combine neuroimaging and neuropsychological testing results with qualitative reports and

interviews, and observational methods in real-life contexts.

The authors declare that they have no confiicts of inferest.
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Abstract

Introduction: While attempting to test the population for Mild and Major Neurocognitive Disorders (M. - M.
N.D.) there are tests in conventional and electronic form which are applied. However, a large proportion of
elderly avoids being tested as the process itself causes stress and fatigue. The structure of the tests is often
irrelevant to the experiences and life of the elderly as it focuses on the standard arraying of the diagnostic
criteria. Objectives: A) the introduction of a culturally oriented screening test based on folk tradition. B)
exploiting the advantages of technology in an electronic version of this test, in order: To be administered by
non-specialist and / or people of the elderly’s environment. To be given to people with sensory impairments
of vision or hearing - speech. Methodology: 1. Automation of the delivery and evaluation process in order to
avoid the bias effect due to differences between examiners. Use of multimedia and innovative interfaces. 2.
Application of the electronic version to a sample of 300 people of both sexes and 60+ years old. The
evaluation of the culturally customized test will be done on the following axes: Metric Capacity in detection of
Major and Mild ND. For this case, the reference point are normalized screening tests. Evaluation of usability
and acceptance by examinees, examiners, caregivers and health professionals using normalized tools and
interviews. 3. Comparative study with an electronic state-of-the-art screening test (TAB CAT) for M-MND in a
sample of 120 individuals aiming in comparing the tests for ease of use and acceptance by the test
subjects.All participants will be from 60 years old and above, having the Greek language as native language,

without any limitations on the educational level. Participants will be divided into 3 groups according to their
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diagnosis (normal, Mild ND, Major ND)Expected Benefits: The potential effectiveness of the innovative
screening method for Mild - Major ND is expected to increase the number of elderlies who treated for

neurocognitive impairment while reducing examination costs.

Introduction

Increased life expectancy combined with declining birth rates has led to a strong aging trend.
Over the next five years it is estimated that people aged over 65 years old will overcome the
number of people under the age of 5 years old for the first time [1]. The aging rate in ltaly,
Bulgaria, the Czech Republic, Greece and Japan is expected to reach the point that for each
young person two elderly people will be matched [2]. ADI [3] has a proportional image as between
2015 and 2050 it is estimated that the number of elderly will rise in the high income countries by
56%, in countries over the average income by 138%, in countries below average by 185% and at
the low income countries by 239%. Accordingly, the proportion of people suffering from dementia
will increase by 116% in the high income countries, by 227% in the above the average, by 223%
at below the average and by 264% in the low income countries.

At the same time, the incidence of diseases associated with cognitive functions disorders
increases exponentially [4]. Every 3 seconds a person is diagnosed with dementia. In 2018 [5] it
was estimated that 50 million people worldwide suffered from dementia and this number is
expected to be tripled, reaching 152 million people in 2050. The very high cost of dementia that
reaches 1 trillion dollars in 2018 is estimated to be 2 trillion dollars in 2030 and that will stress
national health systems and families bearing the primary care of patients. In Greece, the
frequency of dementia is estimated at 9.59% in people over the age of 70 [6] and 3.6-9.2% over
the age of 65 years [7-9].

Although the general public believes that dementia is intertwined with aging, in reality,
despite the fact that the risk of developing the disease is increasing over the years, it is not a
legitimate consequence of aging [10]. The attempt to distinguish aging and dementia and the
encoding of similarities and differences has brought to the foreground the Mild Cognitive
Impairment (MCI) [4,11]. Originally characterized as the precursor stage of Alzheimer's Disease
(AD) [12,13]. The term MCI includes a set of mild syndromes characterized by a lower, in
comparison to dementia, but detectable reduction of one or more mental functions compared to
the expected performance for the age and educational level of the subject examined in the
neuropsychological evaluation. In the revised version of the DSM-VZ@dAual Aev €xel oploTei
oe\dodeikTnG. taxonomy, it is referenced as a separate neurocognitive disorder, with specific
diagnostic criteria. It requires indications of moderate mental decline compared to the previous
level in one or more areas (attention, capacity, perception, learning and memory, language, social
cognition). Labels should be based on reports by the person himself, a person with training in the
field of mental disorders or the clinic, that there is impairment of cognitive function. Cognitive
deficits must not prevent day-to-day functionality.

The multidimensional nature of the MCI has recently established the term
neuropsychological profile [14], as a clinical description of the clinical picture and the deficits of

cognitive functions. Shacks-Ericson & Blazer [15] underline that our knowledge of Mild
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Neurocognitive Disorder (Mild ND) as described in the DSM-VI@dahpa! Aev €xelL oplotel
oeMdodeiktng. is derived from the MCI research as previously defined in the international
literature. Similarly to DSM-VZ@ahual Aev €xel oplotei oeAdodeiktng., the term dementia is
replaced by Major Neurocognitive Disorders (Major ND). It includes disorders whose central and
main characteristic are clinically significant deficits in cognitive functions. Disorders are acquired
(and are not part of the developmental pathway - the last stage of which is aging), and point of
reference is the initial level of functionality.

The transition from normal aging to Mild and Major N.D. is insidious, gradual and often
lacks attention. Participating in screening tests of population, although is not appropriate for all the
elderly, is important for people at risk [16] and is the first step towards further, thorough testing of
clinical characteristics, application of neuropsychological tests, laboratory and neuroimaging
control which is necessary. The application of screening tests can detect medical conditions that
cause memory and cognitive impairment and are attributable to potential reversible factors such
as anemia, vitamin B12 deficiency, folic acid deficiency, depression, drug toxicity, etc. As
cognitive decline appears to begin earlier than the diagnosis of Mild -Major ND, the definition of a
reference point as long as the individual still retains its functionality within the normal range is of
great importance in the case where some of these individuals will suffer from dementia in the
future.

Although in recent years there has been sufficient information about Mild and Major ND
there is an average period of 2 years [17] (in the Greek population 6-16 months for 52% of cases
[18]) from the appearance of the first symptoms to the diagnosis of the disease. In the U.S.A. and
the U.K. it is reported that 50-66% of the elderly diagnosed with dementia at the primary health
care do not have such a record in their personal file record [16,19].

The systematic excess of the above difficulties has been an objective for several years.
The entrance into the digital era and the use of high-speed broadband networks has provided a
powerful boost for the development of computerized tests. These are computer-assisted or tablet-
based tests that are used either to screen the population for cognitive impairment or to analyze
the cognitive functions of the subject. Over time and by conducting studies, their pros and cons
began to appear in the scientific literature [20,21]. Electronic Tests (e-tests) make possible the

systematic evaluation of the clinical condition and the longitudinal monitoring [22].

Advantages of e- tests:

e Can be used by a wealth of health care professionals at low cost, short-term training.

¢ The responses are recorded exactly and data is automatically stored.

* Repeated examinations can be compared.

¢ Tests can be tailored to the candidate’s level to cover a wide range of cognitive functions.

o Data is stored directly in the device's storage space, while being able to transfer it directly to
a cloud infrastructure and a research database.

¢ They allow the simultaneous transmission of data to telemedicine programs.
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Restrictions:
e Lack of regulatory data and psychometric standards.
e The low familiarity of the elderly with computers.
¢ Professionals are not familiar with this type of tests.
e Equipment / software costs.

e Insufficient integration into healthcare systems / services.

The review of the literature and the clinical experience from the daily use of equipment used in
brain stimulation - empowerment programs, points out that the elderly indicate a positive attitude
towards new technologies. This finding is in contradiction with current views (of the general public
and professionals also) that present the elderly detached from technology and being cautious or
hostile to it [23-25], as in the past few years the number of portable electronic devices (tablets,
smartphones) has grown to the general public, including the elderly.

The perception that dementia is a natural consequence of aging, the inability and / or
reluctance to recognize and accept the severity of initial mental and behavioral changes [26], and
the accompanying fear of diagnosis and stigma raise barriers in searching for medical help, with
significant implications for everyday life and clinical course of the -un-diagnosed elderly.
Information obtained from professionals - who often lack of special education - that come into
regular contact with the elderly, is not sufficient. The primary screening of the Major ND
population may even double the number of elderly patients receiving a diagnosis [17] as the
clinical judgment by itself lacks in comparison to the combination with receiving a primary
screening test [27].

There are a large number of Major ND screening tests that are culturally neutral, reliable
and commonly accepted widely, which are used in both day-to-day clinical practice and
epidemiological studies. Nonetheless, Major ND is sub-detected.

Some elderly people are reluctant to contact mental health professionals for the
evaluation of their mental functions. The test structure itself, whose lesions directly correspond to
diagnostic criteria, increases the stigma esteem and daunts the elderly, especially in the elderly
with a low educational level and a strong feeling of stigma. Adaptation and validation of existing
screening tests in the examining population, although it significantly diminishes the differences
due to cultural factors, leaves untouched the whole profile of the screening test, which, mainly for
people with low education level, and therefore unfamiliar with this way of thinking, can cause
inhibitions that are accumulated in the fears of a possible diagnosis of neurocognitive disorder
and act as a deterrent or, in some cases, leads them to pay less of their potential effort [28].
According to literature research it appears that until now the attempts to create a screening test
with a high metric capacity and a "friendly" profile to the user are steadily moving around the axis
of cultural neutrality. In this comparative study, two screening tests are provided electronically
(culturally adapted and culturally neutral) in order to demonstrate the strength of their metric
capacity and to measure the degree of acceptance by the examinees and the examiners. The
ultimate objective is to check the hypothesis of increasing the proportion of the elderly scanned
for Mild -Major ND in our country so that, in the event of success, the project will be the basis for
the creation of corresponding texts for elderly people living in different cultural contexts.

Mathews's [29] highlights the need for a critical view of the principle of the globalization of
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neuropsychology as it was born and developed in the context of the western culture in
combination with Ardila's [30] corresponding for the controversial cultural neutrality of the tests
used to evaluate mental functions as many of them use strategies that may not be familiar or even
they violate socially accepted norms of the populations to which they are currently applied are
now current more than ever, as the expected rapid increase in dementia cases in developed
countries where there is a high percentage of people with low levels of education will soon bring

us in front of this reality.

Method

A) Tests
1. The brain health assessment test (B.H.A.- TAB-CAT) [31] is provided electronically via tablets
and has an los operating system. The BHA test was developed by the University of California San
Francisco and consists of four sub-scales, which were designed to evaluate the respective
cognitive functions (a) memory, executive function and speed, visuospatial ability and speech. A
scale of functionality has been incorporated into the B.H.A., which is self- reported by a person
well aware of the condition of the person under consideration. Changes in functionality and the
appearance of cognitive disorders have been noted over the past 5 years. The B.H.A. has 84%
sensitivity to MCI detection and 100% for dementia detection with 85% specificity [31].

The device should have a screen of 9.7 inches and above, and an los operating system.
The administration of the test lasts about 10’ and the grading is automated. The Tab-CAT was
selected for comparison with the HAST, as it is a good example of a culturally neutral
computerized screening test. It belongs to the latest generation of computerized screening tests
using tablet and focuses on the early detection of cognitive disorders while being characterized by
a short duration of administration [21].
2. The Hagia Sophia Test (HAST)
The HAST [32] includes the text of a popular legend that relates to the building of the Cathedral
Church of Hagia Sophia in Constantinople (now Istanbul Turkey) by the Byzantine Emperor
Justinian’s at 537 A.C. . This particular text has come to us today from the oral transported folk
tradition as well as other corresponding texts in folklore. In the 128 words that compose the myth,
the incidence of grammatical and syntactic phenomena, the similes and metaphorical speech and
the implied information are resulting from context or are part of the prior knowledge. Thus, these
words create an intimacy due to cultural stimuli but also a demanding environment of varying
degree of difficulty in its representation by the participants. Levi-Strauss C. [33] states that the
texts of myths are not read only in the usual way from left to right, but at the same time
horizontally and vertically and from the front to the back. To narrate the myth, we must read it
horizontally. To understand it, we need to read the vertical columns. The myth combines the
knowledge of the real world, the negation of this knowledge, and the existence of counterfactuals
in a dialectical context that sets into test lexical-semantic factors that can influence the process of
comprehension [34]. Normally (without cognitive disorders), the presence of a false dialectical
framework can eliminate the effect of an event that negates real world knowledge but it is
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appropriate into the false frame (for example, the bee gets the holy bread with her mouth and flies
out of the window). Understanding the semantic links of metaphorical expressions requires a
verbal controlled process as the metaphorical speech has a special status in semantic memory
[35]. Unexpected - novel events- in narrative alternations - and recall, respectively - of the myth
cause the attention and are more efficiently memorized by triggering increased neuronal activity
related to perception, attention, learning and memory [36]. The project, due to its originality,
confronted us, as we were counting, with plenty of difficulties. To ensure the stability of the case,
we relied on part of the tests provided in a prospective study conducted since 2009. The
preliminary findings from the pilot administration of HAST in conventional form [32], provide us a
boost for the second phase - creating an electronic application for e-HAST through tablet.

B) Developing the online version of the test
The design of a standalone application for tablets with size up to 10.1 " for Android environment.
The application allows the implementation of the test and its usage by a (specially trained or non-

professional) practitioner or a person of the elderly’s environment.

1) Architecture

Google’s Android environment. Capability of automatic execution of the application any time a
user wishes. Automated storage of (a) the demographic data memory, the respondent's answers,
the audio file of the grant. b) online connection to a server for transferring file image for secure
storage as well as connection with Alzheimer's Federation’s online database for clinical and

research purposes by certified users.

2) Content and Presentation

Includes:

A) Demographics download screen.
It is completed by the user (professional or a person of the subject’'s environment).

B) Narration of the test.

Narration with simultaneous presentation of representative images of the myth and subtitles
(for people with severe hearing problems).

Narration of myth (for people with severe vision problems)

C) Intermediate stage.

At the end of the narration, the user will be introduced into the visual perception assessment
application screen, using L. Ghent's [37] complex realistic images designed to investigate the
possible weakness of visual perception, nominal aphasia, and critical ability in children. The use
of these images gives the opportunity to investigate the possible influence of the visual perception
deficits in the e-HAST and TABCAT performance.

D) Completion of the test. Transfer in to the screen where the subject has to complete the test
entries.

E) Export and exploitation of results. Presentation of the test’s result to the user and appropriate
feedback.
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3) Answers
The person giving the test, records on paper the subject’'s answers and then types them in the
device. At the same time, an audio file is created to complete the test for speech impairment

assessment by the clinic.

4) Evaluation

The data of the preliminary allocation of the HAST in its contractual form (n = 950) brought to light
a significant number of related words which the examined ones used in the requested items to be
completed. The calibration of the test was based on a 4 degrees Lickert scale (a) correct, b)
approximately correct c) error, d) no answer. Episodic and semantic memory disorders have a
negative effect on the understanding and production of speech. Specific areas of the brain such
as the Wernicke and Brocca regions are associated with speech disorders and influence the
performance on language tests. Depending on the type of dementia we might have phonological
paraphrases, semantic or phonological errors [38], simple phrases, reduced speech flow and
thematic coherence, decreased phonological awareness, vocal paraphrases, etc. The perspective
of exploiting the richness of the words that the subjects used interchangeably to supplement the
HAST created the hypothesis of improving the metric properties of the test. In order to measure
the 'specific weight' of each of the words used by the respondents to answer, the vocal and
phonological, morphosyntactic and semantic characteristics were calculated. The problem of
evaluating the performance of the subject is solved by exploiting the computing power of the

electronic device on the basis of a relevant algorithm.

Results

User is informed about her/his performance and receives a recommendation for a possible
repetition of the test, after 6/12 months or for an immediate test by a specialized in memory
doctor’s office (depending on the test’s performance) with the information of such of these offices
that are close. The mental health professional may have access to analytical data relating to the
areas of the cognitive functions examined by the test (graph showing parallel reference values in
the normal population), completion time and consolidation and compliance with the test's
completion instructions. At the same time, the recorded sound record allows the investigation of
any aphasic disorders and/or mistakes in phonology - syntax, the structure of speech, fiction etc.

Each user’s results, will be uploaded to a server (if a broadband connection is available). There
will be stored together with the personal demographic data anonymously, verifying the personal
data’s security and protection. The goal is to build a large database which will allow data

extraction for research exploitation.

Methodology
¢ Implementation of the e-HAST, pilot application, improvement and construction of the
final version

o Completing the evaluation of the conventional (paper and pencil administration) version
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e Defining user groups a) in healthy elderly individuals, b) with Mild Cognitive Impairment
and c) Demented.

e Administration of HAST in a sample population of 300 people

o Parallel administration of the Tab-CAT to a sample of 120 people for usability testing

e Statistical analysis of the data, processing the data and conclusions

Design
The present study will consist of a Cross Sectional design

Participants

The participants in the study will be men and women over 60 years in the prefectures of Attica
and Thessaloniki. The sample of the study consists of three different groups of elderly. Each
group will consist of 100 persons. Each participant will be 60 years old and above, regardless of
their level of education, and their mother tongue will be Greek. The participation in the study will
be voluntary and the participant will sign an informed consent statement.

The first group will consist of healthy participants (control group) living in the community
who do not exhibit symptoms of moderate to severe depression (GDS performance from 11-15),
and do not have a history of psychiatric problems, a history of addictions, or a cognitive decline.
The second group will consist of participants diagnosed with Mild ND based on DSM-V. The type
of syndrome will have been diagnosed after a neurological and neuropsychological assessment.
They will retain their functionality and, according to defined criteria, will not be able to be
diagnosed with dementia. The third group will include elderly people with a diagnosis of Major ND.
The syndrome will be diagnosed following neurological and neuropsychological assessment and
based on the criteria of DSM-V.

All participants will be examined with a neuropsychological array that will evaluate all
cognitive functions as well as the existence of functional and neuropsychiatric problems as well as
symptoms of anxiety and depression. At the same time a clinical interview will be conducted by a
neurologist or psychiatrist. The final diagnosis (and the corresponding distribution in one of the
three groups) will be given by the team of scientists of the Hellenic Association of Alzheimer's
Disease and Related Disorders after an evaluation of the neuropsychological array results and
the above mentioned examinations. Researchers who provide e-tests will not know the diagnosis

of each participant in order to preserve their neutrality.

Tests and usability evaluation

All exercises, as well as additional material (instructions, solved examples, texts and multimedia
material) will be given in the mother tongue of the participants (Greek). The implementation of the
two screening tests will take place at the day centers of the Hellenic Society for Alzheimer's
Disease and Related Disorders and in the Municipality of Ilion, Attica, in the framework of the first
cognitive control of MND. In the subgroup of participants receiving the Tab CAT test (40
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individuals from each group for a total of 120 individuals) and the satisfaction and usability
assessment questionnaires,

The examination will take place at the same session where the e-HAST will be awarded in
order to evaluate the two tests under similar circumstances. To avoid the effects of fatigue, there
will be a 15-minute break between the two tests and also before the assessment of the

satisfaction and usability questionnaires.

Data collection and analysis

In this context, we will collect data from user’s responses, test completion statistics (total test
time, average time per response, total score) as well as questionnaires for users attitude towards
the platform and application. Overall data with the reference test data, demographics and clinical
diagnosis will be coded anonymously on an electronic basis. The data analysis will be realized by
parametric and non-parametric statistical methods, depending on the sample’s normality test of
the sub-group of each analysis, aiming at the extraction of qualitative and quantitative

conclusions.

Limitations

e In order to save our program resources, even though the application will be designed for
the three operating systems, it will be tested only in an Android environment, which is the
most widespread in our country

o The requirement of elementary computer knowledge (mainly input-output devices) by the
person who will provide the e-HAST

e The level of education (restrictions in case of functional illiteracy)

e The sensory inability of the examined person seeing and hearing combined.

e The e-HAST will be provided by non-experts. The expert will be present as an observer to

ensure that there is no significant deviation from the administration protocol.

Innovation
The text of Hagia Sophia's legend is a part of folklore. Applied for the detection of Mild.- Major ND
because of the wealth of linguistic elements that compose it, the psychometric properties, and its
ability to stimulate emotion and retrieve cultural memories by examining more familiar and
accessible to the elderly. The investigation of cognitive impairments with the particular test based
exclusively on the use of speech (oral and written). The fact that the answers to the test entries (in
their computerized version), they are not ordinal or categorical, but allow -as words flowing
speech- calibration of the test based on series of factors such as morphosyntactic, semantic and
context relativeness. This type of scoring may not be made by the examiner as it requires
valuable time. The electronic application gives us the advantage of accuracy and speed in the
results

Meanwhile, as we introduce our words with the keyboard, we have the opportunity to
enrich the vocabulary (in the phase of monitoring and upgrading the software). The saved

vocabulary allows the examiner to interfere with the assessment of the qualitative characteristics
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of the test (e.g. in cases of aphasic disorders). An additionally reason that HAST is an innovative
screening test is that provide us the ability to non professionals and people in the familiar
environment of the elderly to administer the test. So, we examined the hypothesis of increasing
the number of elderly people screened for cognitive impairment. HAST it is not just an attractive
screening test but also a test that can be given to the daily (and intimate) environment of the
elderly from lay people, which will reducing effectively the stress caused by the examination and
enabling the screening of cognitive functions to elderly who are unable to visit memory clinics or
other specialized structures. Also, the possibility of administering in 2 forms, limits problems due
to sensory impairment or visual or hearing impairment, but not to the coexistence of these two
conditions.

Our effort is novel because it introduces a screening test like this, having the
aforementioned features and exploiting the advantage of speech. In addition, the possibility of
experimentally using this innovative test (e-HAST) along with the Tab-CAT allows us to compare
it with the state of the art of existing computerized screening tests. As well as, drawing
conclusions for better use of existing and innovative e-tests in preventive medicine programs
focused on the mental health of elderly Greeks. The potential success of this project will trigger
the opportunity to be created similar tests in other populations. And, a possible failure will prevent
similar steps by saving resources [39].

Future implications
1. The creation of a screening test administered by non-specialized professionals and individuals

of family environment.

a) Installing the diagnostic criteria in a structured grammatical and syntactic speech.
b) Exploitation of texts of folk tradition rich in grammatical and syntactic phenomena in cognitive

empowerment - stimulation programs in elderly with cognitive disorders.

2. Introduction of combined utilization of human and technological intelligent analysis of

psychometric properties and cultural stimuli of e-HAST.

a) Introduction of an exhaustively analytical system for the calibration of the screening tests, utilizing
the computational power of the dispenser in regard to the response to the entries of the examined
elderly.

b) Possible increase of sensitivity and specificity.
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Abstract

Individuals with Down Syndrome (DS) are commonly characterized by unique neurocognitive and
neurobehavioural profiles that emerge within specific stages in the developmental continuum. A plethora of
studies have confirmed DS’s relationship to premature aging and subsequent cognitive decline. Due to having
three copies of the amyloid precursor protein (APP) gene which results in amyloid-beta plaque deposition, the
cognitive decline often resembles the decline observed in Alzheimer's disease. More specifically, as
individuals with DS mature in age (>40) they experience a dramatic increase in difficulties in several cognitive
domains, such as language, visuo-spatial abilities, executive functions, working memory, etc. Especially,
frontal functions are reported to show an inverse correlation with age. In contrast to the pronounced and well-
described neuropsychological deficits, psychiatric symptoms presented by this patient category are not
uniform. Mental health disturbances commonly include general anxiety, obsessive-compulsive or
oppositional/aggressive behaviors, depression and sleep disorders, as well as self-injury and behavior
belonging to autistic spectrum disorders. Therefore, the purpose of the present review is twofold. Our first goal
is to depict the cognitive and behavioural phenotype of adults with DS and our second goal is to review the
current treatment options available for the behavioral and psychological symptoms, with an emphasis put on
the quality of evidence available through meta-analyses and appraising critically the anecdotal treatment often
applied. We also present a review on the psychotropic medication, especially acetylcholinesterase inhibitors,
that can potentially slow the progression of cognitive decline of those patients. Finally, novel therapeutic

strategies, psychological interventions and future diagnostic and therapeutic challenges are discussed.
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Introduction

Down syndrome (DS) is the genetic manifestation of a chromosomal defect, which is the well-
known trisomy 21. Its estimated prevalence is 13.65 per 10.000 live births [13] or according to
other sources 1 in 800 live births with a global incidence of more 200.000 cases per year [46]. DS
is the leading genetic cause of intellectual disability accounting for 25%-30% of people with
mental retardation [42]. The degree of intellectual disability varies widely from borderline
intelligence to severe mental retardation, with the 80% of individuals displaying moderate mental
disability [52]. Despite considerable variability, individuals with DS have been described as having
phenotypically distinct and consistent behavioral patterns in language and cognition across their
entire lifespan [15,39].

Neuropathological changes in DS closely resemble those identified in both sporadic and
early onset Alzheimer’s Disease (AD) in the general population, and tend to accumulate as
individuals with DS advance in age. More specifically, by the age of 40 nearly all individuals with
DS have detectable neuropathological findings related to AD [38]. These pathological alterations
include extracellular appregates consisting primarily of fragments of the amyloid precursor protein
(APP) [35]. Neurocognitive decline as a consequence of brain changes is commonly observed in
adults with DS, which increases rapidly after the age of 40 [16]. Health morbidities also increase
with age for individuals with DS at risk of dementia [40] and need to be considered in both
diagnosis and treatment of older individuals presenting cognitive decline [51]. Although
neuropathological signs of dementia are observable in adults with DS, however not all of them
undergo an obvious cognitive decline. For example, Tyrrell and colleagues [56] reported that the
average prevalence of DS with AD is about 13.3% at the age of 54.7 years.

Taken all the above into consideration, people with DS exhibit unique neuropsychological
and behavior profiles during specific periods of their development. Nevertheless, adulthood in DS
is related with more dramatic changes as a result of the emerging neuropathological alterations.
Thus, the aim of the present review is twofold. Firstly, we describe current findings on the
neurocognitive and behavioural functioning in adults with DS, in order to depict the
neurobehavioural profile of DS. The second aim was to review the current perspectives on

pharmacological treatment that addresses behavioural and psychological disturbances.

General cognitive functioning in adults with DS

As regards research on cognitive functioning, a plethora of studies focused on the deficits that
present children with DS (i.e., in language and working memory). However, literature on the
cognitive abilities of adults, and especially older adults, with DS remains relatively limited. More
specifically, the adult brain of individuals with DS displays several structural abnormalities;
decreased hippocampal volume and circuit abnormalities are believed to be the main cause of
cognitive decline met in DS [43,59]. Moreover, behavioural and mental health issues are not rare
in DS, since attention and memory deficits, hyperactivity, depression and psychosis are very
common among adults with DS [2,51]. Finally, it is claimed that approximately 6-10% of people
with DS have a co-morbidautism spectrum disorder [28,41].

General cognitive decline is observed among people with DS as they advance in age.
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Approximately, by the age of 60 years, 75% of people with DS meet the criteria for AD [51].
Nevertheless, linguistic skills in individuals with DS are preserved at a relatively good level
despite the age-related changes demonstrated in other cognitive functions in DS [14]. Thus, for
example, receptive vocabulary and reading skills remain stable [10]. However, there is some
evidence that not all language functions are preserved to the same degree. For instance, Rondal
and Comblain [53] claimed that syntactic abilities and expressive vocabulary are affected by the
progressive age increase. Moreover, studies have shown that communication skills decrease as
people with DS get older. Prashner and Chung [48] noticed that about 20% of people with DS
around the age of 50 and 70 years old present impairments in their speech ability. Nelson, Orme,
Osann and Lott [45] also claimed the existence of deficits in expressive vocabulary and in
pragmatics among adults with DS.

Cognitive decline in adults with DS starts at a younger age compared to healthy adults
and adults with intellectual disabilities of unknown etiology [61]. The mean age of cognitive
decline in this population is located in their mid-fifties, although there is some evidence
suggesting that cognitive decline may start ever earlier in their mid-forties [54]. In a longitudinal
research, Coppus, Evenhuis, Verberne, Visser, van Gool et al. [17] studied 506 people with DS
and revealed that in adults over 49 years old the percentage of cognitive decline was estimated at
8.9%, and increased with age reaching a percentage of 17.7% in adults between 50-54 years and
31.1% for ages between 55-59 years. Finally, in the last age group (over 60 years) the percentage
climbed to 25.6%. Although the latter percentage was not anticipated in their study, researchers
suggested this finding reflects the negative impact increased health issues which older people
with dementia face. Moreover, Zigman, Schupf, Devenny, Miezejeski, Ryan et al [62] found that
adults with DS over 50 were more likely to present symptoms of dementia than their counterparts
with intellectual disabilities of unknown etiology by an analogy of 8.56 to 1.68.

The association between DS and dementia has been a main area of research interest for
over a century [21,26,58]. As mentioned earlier, neuropathological changes are very common in
adults with DS, especially between the ages of 35 and 40 [25]. The relationship between brain
abnormalities in DS and dementia is mediated by many factors. For example, the gene area of the
21st chromosome is associated with the coding of APP (amyloid precursor protein), a large
interferon that transmits glucoprotein. This glucoprotein of APP is supposed to lead to dementia
as it produces APP fractals when it breaks [49]. Since people with DS have trisomy of these
genes, it is almost certain that increased production of APP is associated with fast development of
neuropathological problems in this population [9]. Furthermore, more genes that belong in the
21st chromosome are more likely to play an important role in the development of
neuropathological issues [29,45,47,57]. Many researchers believed that it was almost certain that
adults with DS would present dementia at some later stage of their life [61]. Yet, in adults that
ultimately present AD it is still not easy to detect symptoms before the age of 50 years, making

researchers to believe that there is a latent precursor period of time that extent for 25 to 30 years.

Neuropsychological and behavioural functioning in adults with DS
Longitudinal studies through middle adulthood have confirmed the ongoing cognitive decline with
increasing age, which is also detectable with the use of standardized tests for intellectual or

neuropsychological functioning [23]. Even in the absence of clinical sings of dementia, which, as
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discussed earlier, are mostly associated with AD, neurodegenerative alterations (e.g., volume
loss in frontal, temporal, parietal lobes and reduced network connectivity among brain regions)
take place leading to neuropsychological deficits in several cognitive domains [1,6]. One
significant area of difficulties is the linguistic domain, where the increase of age puts additional
demands to the diminished linguistic abilities (phonological processing, morphosyntactic abilities,
articulation) resulting in lack of speech fluency with hesitation and pauses, difficulties in speech
organization and word discrimination [7]. Other neuropsychological domains in DS affected by
age-related changes involve the executive function (both lower EF, such as attention, inhibition,
and higher EF such as working memory, planning/organization, self-monitoring, flexibility), visuo-
spatial abilities, learning, long-term memory and behavioural functioning [23], which will be
discussed below.

Concerning the executive functioning, adults with DS demonstrate a more consistent
pattern of impairments in comparison to that which was observed in previous developmental
stages (i.e., during childhood where some EF aspect have been assumed to be preserved) [32].
Lower level executive dysfunction is related with impairments in many attentional subfunctions
(sustained and selective attention for both visual and auditory stimuli), which during adulthood
affect the ability of prioritizing and staying engaged with a certain task which affects their
everyday living. Difficulties in inhibitory control and processing speed also continue through
adulthood. With respect to higher EF, verbal/auditory working memory has been consistently
reported to be less developed than visuo-spatial short-term memory in persons with DS. The latter
has served as an explanation for the continuous difficulties they experience with language
acquisition, characterized as atypical, in comparison to mental age-matched individuals. This
pattern seems to persist across their entire lifespan [23]. However, the advantage of the relatively
preserved visuo-spatial short-term memory has shown to be compromised when the visuo-spatial
task load increases. Additional EF impairments in adults with DS include difficulties with planning
a solution for a problem or applying a newly introduced strategy, which is reflected by a delay in
execution actions. Flexibility, which refers to the switching among different mental tasks, as well
as the simultaneous processing are also points of weaknesses in DS [23]. Moreover, adults with
DS display poor self-monitoring in verbal comprehension tasks. They fail to identify the point in a
conversation where they misunderstood or missed some information and they do not display the
ability to ask for clarification. Besides that, they are also vulnerable to disruption form irrelevant
information when performing a task, as they experience difficulties in controlling or filtering
interfering verbal material [30]. Although visuo-spatial abilities (e.g., visual processing, spatial
orientation, visuo-construction) have been considered to be preserved in relation to verbal
abilities, current research suggests the existence of a trend within the visuo-spatial domain which
is considered to account for some of the observed difficulties [11]. More specifically, individuals
with DS tend to approach presented stimuli in a more global way, thus, failing to perceive and
integrate details embodied within the information. The ability of learning new skills is relatively
preserved in DS. However, they display an advantage in learning through observation (by
observing someone performing an action) rather than instrumental learning (in which they are
forced to make the appropriate environmental changes to meet their goal). Personality
characteristics such as responsiveness to positive reinforcement and high social motivation

contribute to learning through social observation [50]. Finally, deficits in long-term memory are
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also observed in adults with DS both in verbal and nonverbal memory tasks. Memory
performance is affected by impairments in encoding, retrieval and memory consolidation. The
etiological underpinning of memory dysfunction in adults is related to the neurodegenerative
processes affecting temporal lobes and hippocampal function [31].

Regarding the behavioural domain, people with DS are often described as friendly,
cheerful and socially motivated, even though sometimes exhibiting stubbornness and poor task
persistence. When compared with other types of intellectual disability, that are secondary to
genetic disorders, individuals with DS present less maladaptive behaviours, but increased rates of
depression. The level of social motivation is reduced significantly in older adults with DS. They
smile less and more briefly than they used to [36]. Other psychiatric problems such as
hyperactivity, obsessive-compulsive disorder, sleep disturbances, auditory hallucinations,
uncooperativeness and self-injuries emerging with aging have been associated with the
development of dementia, especially the early-onset Alzheimer type [20]. A 75% of individuals
with DS that is above the age 60 suffer from dementia, with the diagnosis being established
around 55 years. In spite of the neuropathological changes, that are commonly considered
indicative of AD, some persons with DS still do not meet criteria for dementia. Early
neuropsychological signs, even prior to 2 years to a dementia diagnosis, include selective
attention impairments, executive dysfunction and episodic memory deficits [4]. Finally,
neuropsychological profiles of persons with AD with DS and those from the general population
have shown a high level of similarity even after being controlled for gender and functional
impairment [18]. Besides the cognitive deterioration, it is very important that older adults with DS,
whether they meet a diagnosis for dementia or display prodromal psychiatric and
neuropsychological signs, support and pharmacological treatment is of outmost importance for
the DS.

Pharmacological treatment in DS

There is a very limited evidence base concerning psychopharmacological treatments of
intellectual disabilities in general, including DS. The clinical polymorphism of the disorder, the
limited use and applicability of diagnostic criteria otherwise used for the general population, the
presence of somatic and/or psychiatric comorbidities excluding patients from research studies
pose challenges in the on-label prescription of psychotropic medication [55]. In these terms, all
available guidelines are mostly based on consensus and favor non-pharmacological measures,
especially assessment of the environment and any related changes or psychological
interventions. Medication is thus considered a second-line treatment, applied where there is a
plausible indication of a possible improvement of the target symptom through its use.

In general, medication is prescribed in DS for mental illnesses, such as depression,
anxiety, sleep and psychotic disorders, for the management of behavioral symptoms (both in
long-term functioning and short-term aggressive behavior), as well as antidementia drugs, both
for the cognitive and the behavioral/psychological symptoms of dementia [3]. Before the
prescription of medication, a thorough evaluation of the medical history and current health status,
current medication, previous pharmacological interventions as well as a functional analysis of
behavior (e.g., sleep diary, evaluation of aggressive episodes) has to take place [8]. Moreover,

the capacity of consent to the instauration of medication has to be assessed, in addition to
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determining the treatment plan with the patient and/or his environment. Since most of medication
prescribed is off-label, this last point and the thorough documentation of possible side-effects are
crucial. Although there is inconclusive evidence of patients with DS being more sensitive to
psychotropic medication due to altered pharmacokinetics [24], the frequent concurrent treatment
with anti-epileptics and the presence of somatic disorders and oppositional behavior poses a
challenge to the prescription and administration of the medication [55]. In these terms, the
principle of “starting low and going slow” is applicable, using lower dosages than in the general
population and avoiding polypharmacy. After a longer stable period (minimum of 6 months), a
progressive withdrawal of the medication should be attempted [8].

Affective disorders in patients with DS can be not only expressed through the “normal”
emotional symptoms, but also through regression, social withdrawal, avoidance behavior,
irritability and self-injury, making the diagnosis of a depression a complex task. Selective
serotonins reuptake inhibitors (SSRIs) have a better tolerated profile, especially when anti-
epileptics are simultaneously used [27]. However, the evidence based is limited and the response
rate is rather low. An increase in aggressive and disorganized behavior has been also observed
through the use of antidepressants, more commonly with tricyclic agents (TCA) [8]. The
combination treatment strategy of antidepressants and antipsychotics has a very limited evidence
base and therefore should be implemented only on an individual basis. Mood stabilizers and
lithium have been used for the treatment of aggression, either self-injury or violent behavior
toward others, with an effect size superior to placebo in the case of lithium in RCTs [27]. These
positive effects have been shown with sodium valproate or carbamazepine only on open studies,
despite the common use of these pharmacological agents.

Antipsychotics are not only used for psychotic disorders, but for a humber of problem
behaviors such as aggression, stereotypical behaviors and self-injury [3]. Although risperidone is
the only medication licensed for the use in aggressive behavior for a short period of time for
patients with dementia and autism spectrum disorders [55], treatments such as haloperidol,
aripiprazole, zuclopenthixol and olanzapine have been studied, with positive results. However, the
evidence base is poor, the adverse effects are non-negligible, as well as the risk of cardiovascular
events is elevated. Moreover, a recent study showed that the careful tapering of antipsychotics
can lead to an improvement to behavioral problems [27]. A careful assessment targeting specific
symptoms with side-effect monitoring is therefore required.

Benzodiazepines have important adverse effects and may actually worsen the behavioral
symptoms, especially when used in contexts other than the rapid tranquillization [8]. Other than
the risk of dependence and withdrawal symptoms, there is also a significant cognitive decline in
older patients, where this treatment category should be avoided.

Melatonin seems to be a well-tolerated and efficient treatment choice in sleep disorders,
although most of the studies have been undertaken in pediatric populations [27].

According to therapeutic guidelines [19], despite the difficulty of evaluating and therefore
staging dementia through neuropsychological testing, patients with DS should benefit from
antidementia drugs. Acetylcholinesterase inhibitors, especially donepezil, have been shown to
improve cognitive and global functioning, as well as slow down cognitive deterioration in long-
term follow-up studies, with a small advantage over placebo [5]. Donepezil in particular seems to

be well-tolerated, with the evidence base being still small. Memantine (a NMDA antagonist),
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despite the efficiency in older people with dementia both in terms of cognitive decline and
behavioral and psychological symptoms (BPS), did not show any significant effect in patients with
DS in a RCT [5]. However, this study did not differentiate between patients with and without
dementia. Interestingly, SSRIs have been reported to slow cognitive decline in a retrospective
chart study [24]. In terms of the management of BPS, there have been no specific studies in
patients with DS and dementia; according to the expert consensus, the same treatment plans as
in patients without Down syndrome should be attempted after thorough psychological/behavioral
evaluation [19].

The development of a transgenic mouse model of DS in recent years (Ts65Dn) has
opened up novel research options, especially for patients with dementia [22]. The studied
pharmacological agents promote neurogenesis, improve synaptic plasticity and cognitive
performance in the model. However, there are limitations in the transfer of the applicability to
humans: for example, despite the marked improvement in cognitive performance and reduction of
neurodegeneration through administration of vitamin E in the mouse model, no significant effect
was noted in the subsequent RCT in humans [5]. Through the early diagnosis by means of
neuroimaging and other markers [44], the interventions against neurodegeneration can be
implemented at an earlier stage, before the development of clinical symptoms of dementia [12].

Psychotropic treatment for patients with DS is a demanding area of psychiatric
management for patients, clinicians and care-givers. The symptoms presented by this patient
category are not uniform, the therapeutic options are limited and combined with adverse effects.
In this case, more studies are needed, in order to build up a robust evidence base, enabling thus
the informed prescription of individual therapeutic plans.

Conclusion

The concurrent literature on neurocognitive and behavioural functioning in adults with DS reveals
a unique pattern of deficits in multiple cognitive (especially in episodic memory, executive
functioning, and expressive language) and behavioural domains, which has been demonstrated to
reflect the ongoing development of brain neuropathology that takes place as individuals with DS
mature in age. Relative strengths are observed in nonverbal abilities and social motivation.
Weaknesses are observed especially when task load in neuropsychological testing increases
independently of the modality through which testing material was presented. The results of the
studies mentioned in this review on the neurobehavioural and cognitive profile of adults with DS
support the idea of a distinct pattern of performance as compared to intelligence-matched healthy
individuals and patients suffering from other genetic syndromes (e.g., William’s syndrome or
Fragile X syndrome). Regarding the pharmacotherapy of DS, the diagnosis and treatment of
psychiatric disorders is challenging, given the communicational limitations in DS and the frequent
co-existence of physical disorders. Additionally, the relatively small body of evidence-based
literature and the neglect of the assessment of care environments lead to over-prescription, with
little assessment of the real benefit provided for the patients. A major concern for this patient
group is thus polypharmacy, especially concerning antipsychotic medication for possible
aggressive behavior. Taken all the above into consideration, we underline the importance of
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structured evaluation of DS patients and the interaction with their environment, in order to
optimize the therapeutic options, both pharmacological and psychological.

The authors declare that they have no confiicts of inferest.
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Abstract

Amyotrophic lateral sclerosis (ALS) is the most common neurodegenerative disease that belongs to the
group of motor neuron diseases. Motor deficits like reduce in tongue strength, may coexist with cognitive
deficits compatible with frontotemporal dementia (FTD), also known as frontotemporal lobar degeneration
(FTLD). FTD is a neurodegenerative syndrome with two main clinical variants: behavioral (bvFTD) and
language or Primary Progressive Aphasia (PPA). ALS and FTD have significant clinical and
neuropathological overlapping so that for some researchers they are "the ends of the same disease
spectrum"”. A key intervention in this patient population is the speech language therapy (SLT), a specific form
of cognitive intervention, which evaluates communication skills and designs a personalized intervention plan
to improve communication abilities. It has been used in patients with aphasia of different etiologies and has
been shown to be effective. There is limited research in SLT interventions in patients in FTD-ALS spectrum,
and the initial findings indicate success to some extent. Due to progressive neurodegeneration in FTD-ALS
spectrum, the main goal of the intervention is not the complete rehabilitation of linguistic deficits but the
reduction and, if possible, the delay of language decline in order to improve patient’'s communication and the
quality of his/her life. In this paper, we critically review the reported approaches of speech language therapy
(SLT) for monitoring language impairments and the impact of interventions in patients with FTD-ALS
spectrum. Initial findings are supporting more systematic treatment of speech and language impairment in

patients in the FTD-ALS spectrum

Introduction

Amyotrophic lateral sclerosis (ALS) is the most common neurodegenerative disease that belongs

to the group of motor neuron diseases. The disease onset age is usually 55 to 65 years. In ALS
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both upper and lower motor neurons are equally affected, disrupting voluntary mobility, respiratory
function, speech and swallowing. The variable mixture of upper motor neuron (UMN) and lower
motor neuron (LMN) signs contribute to the clinical heterogeneity of ALS [1]. Like most
neurodegenerative diseases, it begins focally and spreads. ALS is classified as ‘spinal’ if the initial
symptoms affects the limbs or ‘bulbar’ if speaking, swallowing or coughing are affected. UMNs
impairment leads primarily to spasticity whereas paresis of LMNSs, leads to flaccidity. Despite of
the subtype, ALS progresses and eventually affects all skeletal muscles [2]. Speech and
swallowing problems are the initial symptoms in 20% of cases which present with a bulbar onset
[3]. Depending on the location of primary pathology, patients may develop different symptoms like
tongue atrophy which leads to speech and swallowing disorders (bulbar ALS, affecting brainstem
motor neurons that innervate muscles of tongue movement, chewing, swallowing and
articulation) [1,3,4]. The prevalence is approximately 4-6 cases per 100,000 people [3]. While
onset is commonly in mid-adulthood, ALS may begin earlier or later in life [4]. Paralysis of
respiratory muscles results in respiratory dysfunction which is the cause of death. Although some
forms demonstrate protracted survival, death occurs 3-5 years after diagnosis [4]. Studies have
shown that cognitive and behavioral deficits are also present in ALS.

Frontotemporal dementia (FTD), also known as frontotemporal lobar degeneration
(FTLD), is a heterogeneous disorder with distinct clinical phenotypes [5,6]. FTD is a
neurodegenerative syndrome characterized by progressive loss of nerve cells in the frontal and
temporal lobes [7,8]. In a meta-analysis of 73 studies with early dementia cases under the age of
65, FTD was the second most common type of dementia in the majority of studies with a
prevalence ranging from 3% to 26% [9]. FTD has a reported prevalence of 10-15 per 100,000
population in individuals aged 45-65 years, and is a common reported cause of younger onset
dementia, although with large variability across studies [10].

FTD has three main subtypes [7-9,11-13]: i) behavioral variant (bvFTD), with predominant
behavioral and personality changes and ii)progressive non-fluent aphasia(PNFA), which mainly
affects speech production and iii) semantic dementia(SD), which is connected with impaired word
comprehension and semantic memory[8]. PNFA and SD can be included in the more general term
“primary progressive aphasia” (PPA) [14]. Another subtype of PPA has recently been described,
called logopenic progressive aphasia (LPA) or the logopenic/phonological variant of PPA, which
predominately associates with Alzheimer's dementia (AD), characterized by impaired lexical
retrieval and sentence repetition [15,16].

The association between FTD and ALS, has been recognised since the first half of the
20th century [17, 18]. FTD and ALS are two neurodegenerative conditions which share
pathological, genetic and clinical features [4,14,17,19-23]. In the syndrome of FTD with motor
neurone disease, behavioural or language dysfunction may evolve in tandem with ALS [24] and
recent reports suggest that the two disorders often develop together in the same patient [17].
Although around 10-15% of patients with FTD develop ALS (FTD-ALS) there is an even higher
prevalence of ‘subclinical’ evidence of ALS, with electromyographic evidence of ALS or subtle
ALS-like clinical signs, such as fasciculations, in 60% of FTD patients (FTD-ALS). Conversely,
while 10-20% of ALS patients meet diagnostic criteria for FTD, at least 50% of patients presenting
with ALS develop cognitive or behavioral impairment, termed ALSci and ALSbi [9,10,16]. A
concurrent onset of bvFTD and PPA may predict later development of ALS [11]. In addition,
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findings from a research [17], confirm ALS in many patients with FTD. This overlap of cognitive,
behavioral and motor symptoms and early disease onset can be very challenging in making the
correct dementia diagnosis [14]. The overlap between ALS and FTD, worsens the prognosis with
mean survival of 2 to 3 years from the onset of symptoms [6]. The management of symptoms in
the FTD-ALS spectrum, requires a multidisciplinary team of experts to coordinate. This patient
population may also develop motor disorders in speech such as dysarthria and apraxia, as well as
swallowing disorders. In the present paper we focus on the basic cognitive and language deficits
of patients in FTD-ALS. The speech and language therapist’s state of the art approach to the
cognitive and linguistic difficulties will be discussed, presenting the evidence supporting the
described methods of evaluation and intervention.

Language-cognitive impairments in FTD-ALS spectrum

The clinical significance of language deficits in ALS has been questioned due to the difficulties in
articulation resulting from dysarthria, respiratory failure and motor dysfunction [25]. The deficits
can be identified in all subdomains of language: syntactic comprehension, naming, semantics,
morphology, grammar and pragmatics and associate with atrophy in motor and posterior frontal
cortex. In particular, language disorders observed in this patient population included reduced
speech production, difficulty in naming objects, echolalia, producing stereotyped expressions and
using semantic paraphrases [18]. Given that, there is increased possibility during the disease
progress, symptoms of PPA to be present. In other words, deficits in naming objects, have been
reported in some studies of patients with ALS [20] and this indicates that there is a malfunction in
the basic word-finding process. Additionally, individuals with ALS exhibit behavioral changes
similar to those found in behavioral variant of FTD. Hence, it has been argued that there is an
overlap between bvFTD and ALS.

Types and subtypes of FTLD

Communication disorders in patients with bvFTD are related to the blunted expression and
comprehension of emotional information like prosody, affecting pragmatics of communication [10].
As the disease progresses, individuals with bvFTD may begin to develop expressive language
impairments along with deficits in the initiation of verbal or gestural communication [12]. However,
there are not many reports of language deficits in this type of FTD.

The term PPA refers to a progressive neurodegenerative disorder [13]. For these
individuals, communication disorders lie in the weakening of language system. Difficulties with
language include word-finding problems, production of paraphasias, effortful speech, grammatical
and/or comprehension deficits. These are the principal causes of impaired daily living activities,
like performing routine job responsibilities that require verbal communication. Moreover, early
symptoms of PPA may be the presence of cluttering or stuttering and difficulties in using more
specific vocabulary related to semantic category [24]. Main language impairments and the
location of brain atrophy of subtypes of PPA, are present in Table 1.

The identification of the type of PPA, is performed after careful evaluation of the clinical
signs coupled with neuroimaging findings [7,9,16]. Accurate diagnosis is particularly important for
prognosis of the disease and crucial to its monitoring. But, the differential diagnosis is a most
difficult procedure [15], especially when characteristics of logopenic progressive aphasia (LPA),
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are present. LPA is histopathologically associated with Alzheimer’s disease [12, 16], so it is not
always included in FTD spectrum. Recently, LPA was included as another subtype (logopenic or
phonological) of PPA [16], indicating that there is a link between LPA and FTLD. Diagnosis of
PPA subtype, in final stages, is a clinical challenge because there is an overlap between clinical
features of subtypes and ALS [24].

Specifically, SD and PNFA represent models of language dysfunction in
neurodegenerative diseases of frontal and temporal lobes [13] and sometimes are referred to
together as PPA [7], a broader spectrum language disorder syndrome.

SD is the most well-known clinical syndrome of PPA [15,26] and associates with anterior
temporal lobe atrophy [27]. When the left temporal lobe is involved, as in left svPPA, symptoms
are mainly language-based with a slow loss of semantic knowledge [5]. More specifically, there
are expressive and receptive language difficulties, with individuals experiencing problems in word
finding process during a conversation with others [26]. The most prominent early feature in SD is
the reduction of expressive vocabulary, commonly described by patients as a “loss of memory for
words” [15]. The spontaneous speech is empty and meaningless. SD is more likely to lead
patients to surface dyslexia/dysgraphia [12], where the words are written as pronounced. This
also means reduced writing ability with irregular or informal spelling. When the right temporal lobe
is involved (right svPPA), behavioral symptoms are evident. As time progresses both temporal
lobes become involved and symptoms begin to overlap [5].

PNFA is evident in 25% of patients with FTD [7,14] and associates with inferior frontal
atrophy [27]. The cases of PNFA indicate a wide range spectrum of language disorders, which
include anomia, phonological errors, oversimplification of grammatical structures and/or
grammatical errors during speech production [11] . Phonological errors can be: substitutions,
deletions, simplifications, and additions of a phoneme [15]. Problems in understanding sentences
with complex syntactic constructions can occur [14]. PNFA can present with articulatory errors,
effortful speech, loss of prosody, as a result of disorganization of motor planning or speech
execution, that is, a sensorimotor speech disorder rather than, or alongside, an aphasia [13].
Many studies have documented “fluency” problems in PPA variants, like PNFA. A typical problem
is long pauses during speech [28]. Agrammatism is another feature of PNFA typically presented
with the use of short phrases, so called “telegraphic speech”, because of the omission of short
connecting words, dropping the verb ending, saying the words in the wrong order [7,13,14]. Mild
grammatical errors are present in writing [5]. The most characteristic feature of PNFA, is apraxia
of speech (AOS), defined as impaired motor speech planning resulting in articulation deficits and
orofacial movements in the effort to produce the correct sounds [14] with individuals making
phonological errors in speech [15,28]. Some patients can initially display AOS but eventually
aphasia will be evident [12]. With disease progression, speech becomes increasingly effortful with
patients often eventually becoming mute [12,15,24].

LPA is a recently described subtype [16] of PPA. Neuroimaging indicates that atrophy is
centred around the angular gyrus [27]. The rate of speech in LPA is slow with difficulties in the
word finding process which lead to long pauses during speech production [15]. Anomia and
disturbances in repetition of words and sentences are present. Also, there are phonological errors
which are evident even in writing [16]. Other deficits in attention, memory or visual-spatial ability

may be evident too, and as the disease progresses, these deficits can cover language deficits
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[15]. It is difficult to recognise if the underlying pathology of these patients is Alzheimer’s disease
(AD) or another pathology [16]. Patients with severe LPA (approximately 70% of patients with AD)
are hardly separated from patients with PNFA (predominately patients with FTD) [11,16].

According to the above mentioned research findings we can hypothesized that ALS,
FTD with PNFA and bvFTD represent a clinical and pathophysiological continuum in regards to
the extent of motor versus cognitive disorder [28,29].

Cognitive-language impairments in FTD-ALS spectrum

Cognitive, language and behavioural changes which occur in ALS, in combination with its
correlation with FTD, led to the concept that these two disorders are part of a spectrum [22,29].
Cognitive/behavioural deficits are reported to occur in 50-75% of ALS cases and may develop in
parallel with motor deficits although either can occur initially in the same patient [21], while
approximately 15-25% of patients meet criteria for FTD [27]. In addition, the majority of the
researchers have argued that there is a continuum between FTD and ALS while genetic findings
[22,31] show a link between the two disorders, which supports the concept of spectrum [11].

Symptoms of motor neuron dysfunctions are likely to appear in patients with FTD,
although only a few studies have systematically investigated motor neuron dysfunctions in FTD
subtypes and estimated their incidence, distribution, severity and functional significance [2,31].

The reduction of language ability, is an important feature of FTD-ALS spectrum [29]. In
particular, studies have been carried out where there was deficit in naming ability, syntax [21],
and grammar in patients with FTD-ALS, indicating a continuum between them [25]. Most cases of
PPA-ALS have PNFA symptoms [7], and more rarely ALS symptoms appear in patients with SD
[15] or LPA [16].

As FTD progresses, it looks like patients develop ALS more frequently than other upper or
lower motor neuron syndrome or neurodegenerative disease [5,14]. The variants of FTD, are
equally likely to be associated with the clinical features of the ALS and vice versa [6,14].
Furthermore, it seems that patients with bulbar-onset ALS may be at increased risk of developing
dementia compared to spinal-onset patients [6,23] and the incidence of FTD in patients with
bulbar-onset ALS has been reported as high as 48% [17]. This association has practical
importance. ALS coexisting with FTD significantly impacts the survival of these patients [17]. It is
considered that the less advantageous prognosis concerns the case of overlapping between FTD
and ALS, leading to death within 3-5 years of onset of symptoms [7], [24]. In contrast, the SD and
PNFA have longer survival time from symptom onset about 11 to 12 years and 9 vyears,

respectively [7].

Speech and language approach in FTD-ALS spectrum
For ALS patients with FTD, the impairments will progress over time, leading to greater impairment
in life functioning. For this reason, interventions are planned regarding the patient needs
depending upon the stage of the disease process and the severity of the impairments [32].
Interventions generally fall into two categories, compensatory or restorative. The aim of all
interventions is the patient’s participation in daily life activities with the lowest level of assistance
as possible within the least restrictive environment [32].

PPA is a very disabling disorder. At present, there is no available treatment [33]. An
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increasing area of interest in the field has been the development of behavioral therapies aimed to
ameliorate language deficits [13,33]. To date, there are very few studies of low-level evidence
investigating behavioural intervention for the speech and language impairments in PPA. All have
examined appropriately applied treatments previously designed to target specific impairments
observed in stroke-related aphasia, such as word-finding difficulty or sentence construction and
discourse problems. These preliminary studies are providing promising directions for larger scale
trials, especially in the period of the disease when language symptoms predominate and cognition
is relatively intact [13].

SLT has been shown to be effective in patients with aphasia of various etiologies, where it
has been extensively used. It aims to maximize the subject's communicative abilities. A recent
meta-analysis identified 30 controlled trials of SLT, performed over 40 years, showing beneficial
effects in a variety of language measures, like aphasia severity [33]. Functional neuroimaging
studies have shown neural reorganization following SLT, confirming clinical results. The main
goal of SLT intervention, is to develop an individualized plan for the patient with FTD (depending
on his/her social environment and the stage of the disease), maximize his/her communication
skills, but not to regain lost language ability [32]. If therapy is maintained throughout the course of
disease and realistic goals are set, that are patient-centered and include caregivers, SLP services
will be useful for individuals with FTD.

The development of a telephone-based screening battery to detect frontotemporal
changes in ALS, helps patients with severe physical disabilities. Telephone-based tests, are
cognitive tests for neurodegenerative diseases, which have shown to successfully relinquish
some of these associated burdens and costs and may increase generalizability of results by
reducing selectivity and increasing sample sizes. Unfortunately, the majority of these screening
tools assess age-related, Alzheimers-type memory impairment and are not completely
practicable to the assessment of FTD for ALS patients [34].

The use of a structured, semi-quantitative instrument that allows the clinician to rate the
relative severity of impairment in each language domain based on language assessment and
patient and partner interview, may provide a more complete clinical picture, rather than solely
using information from test performance, in PPA research programs and clinical care [35]. The
clinician rates impairment on a five-point scale from “normal” (0), to “questionable/very mild” (0.5),
“mild” (1.0), “moderate” (2.0), or “severe impairment” (3.0). The Progressive Aphasia Severity
Scale (PASS) profile shows the rate of change of individual language skills relative to each other,
which may be useful for monitoring of impairments.

Analysis of speech and pausing is useful in describing the performance of individuals with
various neurodegenerative diseases. Typically, it is obtained during speech/ language/ cognitive
assessments. Speaking measures such as articulatory rate have been used in ALS for tracking
the progression of bulbar signs whereas pausing measures have been suggested as possible
diagnostic markers of cognitive changes in dementia, including subtypes of PPA [28]. A recent
study examined the usefulness of performing a simple reading test with an algorithmic method of
assessing speech versus pause behaviors across the FTD-ALS spectrum. The articulatory rate
indicated motor speech abnormalities in the FTD-PNFA group and bulbar ALS and was found to
be a predictive measure of motor speech deficit. Pause measures, were also impaired for FTD-

PNFA group. This finding was consistent with reports of the motor speech disorder of AOS, which
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is currently a core diagnostic feature of FTD-PNFA. However, recent studies, suggested that
decline in articulatory rate might be associated with the presence of cognitive impairment [28].
Other screening tools for assessment of language subdomains in PPA [22], are present in Table
2. Finally, it is clear that motor speech assessment should be performed in patients with FTD to
identify speech motor abnormalities.

A recent study [36] examined the capacity of the Greek version of two self-report
instruments to detect Subjective Cognitive Impairment (SCI) in older adults. However, the
assessment of subjective estimations is a useful indicator of early cognitive deficits in AD.

There is currently no cure for PPA, however, initial research suggests SLT may enhance
quality of life. Despite positive research findings, individuals with aphasia because of dementia
are under-referred for SLT services. This may be in part because of a lack of evidencePP-based
data and formal training of therapists for providing SLT to individuals with dementia [37]. The SLT
intervention focuses on three primary areas: i) impairment-based approaches based on a home
exercise program ii) activity and/or participation strategies to accommodate communication in
daily life and iii) disease education, counseling, and caregiver training [37]. All of these
components are substantial for providing clinical care for patients with PPA.

A recent study [33] suggests that PPA patients subjected to SLT when compared to a
control group that had not been subjected to SLT, showed, a less severe reduction of language,
namely concerning naming abilities. This study also suggests that the implementation of
language-based intervention in PPA might attenuate the progression of some language
impairments, and should prompt further studies using randomized, controlled, rater-blind
procedures to ascertain the effectiveness of SLT in PPA.

Currently, two Alternative and Augmentative Communication systems, the eyetracking
(ET) and brain-computer interface (BCI), have been tentatively used with the aim of management
of neuropsychological tests, in ALS patients [38].

A positive effect of language rehabilitation on picture naming has been previously
reported. Most results were obtained in single-subject experimental research and case reports.
Louis et al. [33] found that after intensive training on phonological skills in three PPA patients,
over a 42-days training period, some language functions (fluency, written comprehension,
repetition, reading, and reduction of phonemic paraphasias) either remained stable or improved,
in spite of global decline of language abilities.

A recent study reported on an intervention aiming at improving the patients’ ability to
communicate by verbal means with others in everyday life, through a stimulation approach [33].
Improvement in comprehension and expression of both spoken and written language was
targeted through different exercises. The intervention included picture naming, description of
picture actions, complex auditory-verbal comprehension, reading and writing, facilitation of
expression of feelings and opinions, and enhancement of conversational skills. This study of 10
FTD patients (2 PNFA, 2 LPA, 6 SD) showed that patients subjected to SLT for 12 months had
significantly less language decline (concerning naming abilities) compared with a control group
that did not undergo SLT.

In another study patients used the personalized Communication Bridge Web application
[37]. This study indicates that, Internet-based SLT provides an attainable method for improving

access to care for individuals with mild and/or moderate aphasia symptoms, who have prior
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familiarity with a computer, and an engaged caregiver. This study used person-centered,
impairment directed and activity- and/or participation-based interventions and disease education.
SLT intervention may contribute to prolonging the independence of individual and decrease
caregiver burden. For patients with AD, information and communication technologies (ICT) have
been developed through web-based applications [39].

Much attention has focused on whether people with SD can relearn lost vocabulary with
some positive results in experimental settings [26]. Recent work has focused on word retraining in
SD, through learning word-picture pairings, over multiple sessions. Encouragingly, there are
positive results for retraining in SD. Moreover, these patients are able to demonstrate this
knowledge when tested using different visual stimuli, indicating generalization in some extent.
This technique is relatively new, however it suggests that preserved cognitive skills may offer
some improvement at a functional level for SD patients [15]. More recent studies have adapted a
similar technique in LPA, and the reported results are positive. Interestingly, studies which have
combined behavioral interventions with functional MRI have demonstrated increased functional
activity in brain regions which are not atrophic indicating that such interventions work by recruiting
non-affected brain regions to compensate for impaired function.

Few studies explicitly targeted everyday skills in SD [26]. Studying conversation provides
an opportunity to explore the changing needs of people with dementia in conversation, and the
way in which others can adapt to these changes. Interventions that are empirically grounded in
the experiences of people with dementia and their family members, and also have a clear
theoretical framework and that can be tailored to individual needs, are valuable [40].

There are two published studies examining everyday conversation. One study described
how a man with SD, had a repeated practice of acting out scenes within conversation, changes in
vocal characteristics, pitch and loudness, facial expression and body posture. This enabled him to
participate in conversation and the listener to gain at least some meaning from him, despite his
language difficulties. The second study, presented a new or expanded communicative behavior,
often spontaneously acquired and systematically employed, to overcome a communication barrier
in order to satisfy both transactional and interactional goals of communication [40].

In individuals with PNFA speech therapy interventions may also be of assistance. For
example, one case study [15] demonstrated that reading out loud reduced the number of errors
during speech production in an individual with PNFA whose primary symptom was apraxia of
speech. Encouragingly, there was maintenance one year later and word and sentence repetition
appeared also to improve, suggesting a degree of generalization. Group studies, however, are
scant.

A patient with LPA was reported to be submitted to an intensive 2-weeks semantically
based intervention, which was successful at producing lasting and generalizable effects of
improved lexical retrieval over a 6-months period [32]. Another study followed 2 individuals with
progressive language impairment and a stroke aphasia patient in a daily 90-min semantically
based intensive treatment and showed to improve lexical retrieval at two weeks [33]. Results were
positive for all patients, who showed improved lexical retrieval on a generative naming task for
specific categories trained during intervention. The same authors, reported also positive results
for an LPA patient who performed follow-up assessment at 3 weeks, 4 and 6 months after

intervention. The improvement that this patient also has, in naming on the training task,
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generalized towards an improvement in standardized measures of confrontation naming.

There are reports that suggest SLT can benefit a patient with FTD and ALS, especially if
intervention is maintained during the progression of disease and realistic goals are set. All
evidence-based SLT interventions, discussed above, are presented in Table 3. Also, the
participation of carergivers is also beneficial. Most importantly a patient in the FTD-ALS spectrum,
particularly in the final stages, is at high risk of aspiration and choking when receiving food. The
SLP intervening for speech training should educate caregivers to be alert in order to help patients
through compensatory techniques who are equally trained by SLPs. It is considered that the

participation of caregivers, in this situation, can greatly benefit the patients [15].

Conclusion

Neurodegenerative diseases are behind most dementias [8]. Patients in FTD-ALS spectrum lose
the control of themselves as a result of cognitive, language, behavioural and motor impairments,
that they display. Self-service is impossible for patients with FTD-ALS. They are completely
dependent on their carergivers, while communication with them is becoming more and more
difficult and this impacts their quality of life.

The main goal of interventions for patients in FTD-ALS spectrum in every multidisciplinary
team, is the improvement of quality of life and the maintenance of safety. Also, some interventions
may reduce carer burden and improve carer quality of life [15]. Especially, SLT, can contribute to
evaluation and intervention in language deficits which are evident in a FTD-ALS patient. However,
the generalization of research results for SLT interventions can be difficult, even impossible for
good reasons. Systematic reviews confirm the positive outcomes of speech and language
interventions, but most researchers find it difficult to generalise conclusions due to the small
numbers of studied patients [41].

The neurodegenerative nature of the disease, heterogeneity of clinical symptoms, and
variable rate of disease progression are many of the challenges associated with planning
interventions in PPA. Hence, the majority of intervention studies have been case reports or small
cohorts providing evidence of concept that a particular therapeutic approach may be useful [32].
Furthermore, there is a misconception that SLT services are not appropriate for patients with
neurodegenerative syndromes because of their progressive course and the heterogeneity of
language and other cognitive symptoms among individuals. Thus, evidence-based research on
the effectiveness of SLT intervention in dementia has been limited to small cohorts and case
studies [37]. To complicate things even more, dementia is difficult to study in patients with ALS
due to motor problems which interfere with cognitive testing while ALS is difficult to assess in FTD
due to limited cooperation of patients for motor studies [17].

Unfortunately, there are no known disease-modifying interventions and very limited
medical interventions that have been found to assist in the management of the symptoms.
Neurorehabilitation specialists and community-based activities offer individuals with bvFTD/PPA
interventions and services to ameliorate life functioning and life satisfaction. Participation in
educational conferences and support groups provides an opportunity both for caregivers and

patients to meet others facing similar family and life situations so that they can share their
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thoughts, learn from each other and feel less isolated [32].

We can conclude that there is mostly a theoretical approach from speech and language
therapy which has been applied in some patients, with significant benefits for both patients and
caregivers, however, due to the limited number of studies and samples, generalization can be
difficult. Future research should focus on evaluating the efficacy of different types of speech and
language intervention in large samples of FTD-ALS, so that generalization of results can be
achieved. Full rehabilitation is not considered a realistic goal due to the nature of the disease.
Even the reduction in the rate of linguistic and cognitive weakening, is considered a success. In
some cases of FTD-ALS, a speech and language therapist can intervene by educating both the
patient and the caregivers on the use of alternative augmentative communication devices (AAC).

PPA subtype

Language deficits

Brain atrophy

SD

Finding the right word for objects
Naming the objects

Word comprehension

A lack of vocabulary

Surface loss of literacy skills

Predominant left hemisphere
cortical loss; grey matter loss
predominantly in inferior

temporal and fusiform gyri,
temporal pole, parahippocampal
cortex, entorhinal cortex;

losses extend to anterior cingulate,
orbitofrontal, inferior frontal, and

insular cortices

abnormalities of fluency that can be
intermittent (disappearing when
patient is allowed small talk and
circumlocutions)

Object naming deficits may or may
not be present

Relatively preserved syntax and

single word comprehension

PNFA Slow and hesitant speech Predominant left hemisphere
Apraxia of speech cortical loss; pars
Grammatical errors opercularis atrophy in the inferior
Worsened understanding of frontal gyrus extending to
complex sentences prefrontal and temporal cortices,
Finding the right word for objects caudate and putamen atrophy
Loss of literacy skills such as bilaterally
reading and writing

LPA Word-finding pauses lead to Atrophy of left temporoparietal and

posterior cingulate

Table 1. Classification of PPA subtypes
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Verbal expressive language Boston Diagnostic Aphasia Examination (BDAE)
(Goodglass &Kaplan 1983), Mental Deterioration Battery
(Caltagirone et al. 1979)

Verbal fluency FAS test (Benton 1967), Controlled Oral Word
Association Test (Lezak 2004),Verbal Fluency Index
(VFI) (Abrahams et al. 1995), Thurstone Written Word
Fluency (Thurstone 1938)

Confrontation Naming Boston Naming Test (Kaplan et al. 1983), Graded

Naming Test (McKenna & Warrington 1983), National
Adult Reading Test (Nelson & Willison 1991)

Semantic Processing Pyramids and Palm-trees Test (Howard &

Patterson 1992), Hodges’ Semantic Battery (Hodges et
al. 1991), Psycholinguistic Assessments of Language
Processing in Aphasia (Kay et al. 1996), Category
Specific Names Test (McKenna 1998), Peabody Picture
Vocabulary (Dunn & Dunn 1997), British Picture
Vocabulary Scale Il (Dunn et al. 1997), Sydney Battery
(Savage et al. 2013)

Auditory Comprehension Token Test (De Renzi &Vignolo 1962), Test of Reception
of Grammar(TROG) (Bishop 1982), Bilingual Aphasia
Test (Paradis &Canzanella 1990)

Action Verb Processing VS Kissing and Dancing Test (Bak& Hodges 2003), Italian

Object Noun Processing Battery for the Assessment of Aphasic Disorders (Miceli
et al. 1994)

Reading & Writing Graded Difficulty Spelling Test (Baxter & Warrington

1994), Spot the Word Test (Baddeley et al. 1993)

Table 2. Screening Tools for the assessment of language subdomains in FTD-ALS
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Intervention

Goal

Exercises

individualized multimodality
stimulation approach
(Farrajota et al, 2012)

comprehension and

expression

picture naming, description of

picture actions, complex auditory-

verbal comprehension, reading
and writing, facilitation of
expression of feelings and
opinions, enhancement of

conversational skills

behavioral intervention
(Henry et al, 2013) [42]

reduction of speech

production errors

reading

person-centered telepractice
web-based
(Rogalski et al, 2016)

Maximize impact on the
participant’s quality of
life by teaching
strategies that can be
implemented in

everyday life situations

lexical retrieval for targeted words

compensatory strategies and
care-partner training on

appropriate cueing techniques

cognitive intervention
(Kumfor et al. 2016)

Word retraining

word-picture pairings

everyday
conversation(person-
centered approach)

(Kindell et al. 2013,
Simmons-Mackie & Damico
1997) [43, 44]

communication
difficulties in everyday

life

natural Conversation
Conversation about past

experiences

behavioural intervention
(Intensive semantically
based) (Beeson et al.
2011)[45]

Lexical retrieval

generative naming tasks by
semantic category (demanding
task)

Table 3. Evidence-based SLT interventions
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Abstract

Objectives: Cognitive impairment is present in up to 65% of Relapsing Remitting Multiple sclerosis (RRMS)
patients and can be extremely debilitating. Although deficits in episodic memory and processing speed occur
more frequently than executive deficits, executive dysfunction tends to have a significant impact on MS
patients’ ability to generate strategies, think divergently, solve and estimate problems, and reason in abstract
terms with substantial negative impacts on activities of daily living. In the present study we investigated
perfusion detection rate and pattern, as well as the association between perfusion rates and cognitive
dysfunction in cognitively impaired RRMS patients. Methods: We present findings from 17 cognitively impaired
RRMS patients who were evaluated with a comprehensive neuropsychological battery and additionally
evaluated by brain perfusion radiopharmaceutical technetium-99m hexamethyl-propylene amine oxime (Tc-
99m HMPAO). Results: RRMS patients had hypoperfusion in several predefined Brodmann areas and lobes
of the brain, relatively to demographically matched healthy controls according to an established normative

database NeuroGam™. However, we noted blood flow reduction, mainly in the frontal lobes and other related
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prefrontal areas, involving both hemispheres, but with asymmetric left hemisphere predominance. Moreover,
associations between measures of response inhibition, set shifting (executive functions) and severity of
hypoperfusion in the left frontal lobes were also established. Conclusions: Cerebral hypoperfusion is an
integral feature of MS pathology. Executive dysfunction is associated with robust cerebral perfusion deficits in

the frontal and prefrontal cortex of cognitively impaired RRMS patients.

Introduction

It is now commonly accepted that 50 -70 % of individuals with Multiple Sclerosis (MS) will
experience cognitive deficits over the course of the disease [1] with a direct impact on daily
competence and health related quality of life [2]. Cognitive dysfunction of a mild to moderate
severity can occur early in the disease course, even in the absence of major physical disability [3].
The heterogeneous nature of MS generally precludes manifestation of a typical cognitive
impairment pattern, and cognitive dysfunction is characterized by a varying combination of
domain-specific deficits rather than a uniform general cognitive decline [4]. Although deficits in
episodic memory and processing speed occur more frequently than executive deficits, executive
dysfunction tends to have a significant impact on MS patients’ ability to generate strategies, think
divergently, solve and estimate problems, and reason in abstract terms with substantial negative
impacts on activities of daily living [5].

Cerebral perfusion which is usually quantified as cerebral blood flow (CBF) represents
the blood volume passing through a given volume of brain parenchyma per time unit [6]. The
utilization of brain perfusion SPECT in MS patients is scarce and the literature investigating the
association between cognitive functions and perfusion deficits is indefinite requiring further
investigation. In one of the first relative studies to be published [7], the authors noted
predominantly frontal and greater left than right temporo-parietal perfusion deficits in their MS
patients compared to healthy controls. Another early study demonstrated that MS patients with a
progressive disease course had significantly reduced cerebral blood flow in the frontal gray
matter, compared to RRMS patients and healthy controls [8]. A more recent study that recruited
secondary progressive MS patients [9] reported that SPECT was able to highly detect decreased
cerebral perfusion in their sample. Although as noted previously, very few perfusion studies have
been published so far in patients with multiple sclerosis, findings of very early focal perfusion
changes during the inflammatory phase of the disease [10], and of generally reduced grey matter
perfusion in MS patients compared to healthy controls [11] might indeed influence our
understanding of the underlying disease processes, and could be important for future therapeutic
considerations.

Results from the previously mentioned studies suggest that cerebral hypoperfusion is an
integral part of MS pathology, irrespective of the clinical subtype. In this study we investigated
perfusion detection rate and pattern, as well as the association between perfusion rates and
cognitive dysfunction in cognitively impaired RRMS patients. We hypothesized that due to the
heterogeneous demyelinating and neurodegenerative nature of the MS disease process, variable
hypoperfusion deficit rates will be evident in each of the four cerebral lobes and predefined

Brodmann areas that will be evaluated.

www.nuclmed.gr 148 Hell J Nucl Med Suppl, January-April 2019



Furthermore, moderate to large correlations between performance on neuropsychological
measures and rCBF perfusion rates in the respective cerebral regions associated with the
cognitive task were expected.

In the present study, we present findings from the pretreatment phase of a cognitively
impaired relapsing remitting multiple sclerosis (RRMS) patient cohort that was allocated to

receive computer-assisted functional cognitive rehabilitation.

Methods

Participants

Seventeen RRMS patients from a larger cohort of RRMS individuals that were eligible to take part
in an ongoing cognitive rehabilitation interventional trial [12], signed an informed consent to
additionally undergo perfusion brain SPECT scanning at the baseline assessment phase. These
patients were assessed with a comprehensive battery of neuropsychological tests and provided
consent to be additionally evaluated by single-photon emission computed tomography (SPECT)
with the brain perfusion radiopharmaceutical technetium-99m hexamethyl-propylene amine oxime
(Tc-99m HMPAO). This process was conducted in the nuclear medicine department of the
University hospital of Patras. Demographic and clinical characteristics of the 17 RRMS enrolled

patients are provided in Table 1.

Variable Mean SD Range
Age (years) 47.71 8.97 26 - 60
Education (years) 11.76 3.09 6-18
Gender

Males 3

Females 12

EDSS - median 3.00 - 1.5-5.0
Disease duration (years) 14.00 7.01 3-28
MMSE 26.94 1.39 25-29
WASI IQ 102.80 8.10

Fatigue (FSS) 4.10 1.55

Depression (BDI-FS) 5.00 2.66 2-9

Table1. Demographic and clinical characteristics of participants

All patients met the revised McDonald criteria for the diagnosis of MS [13]. Additional study
inclusion criteria were: (i) patient age between 21 and 60; (ii) educational level of at least 6 years
(primary school graduates (iii) RRMS; (iv) expanded disability status scale (EDSS) score of
between 0-5; (v) cognitive deficit on at least one domain of the Central Nervous System Vital
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Signs neuropsychological screening battery [1]; (vi) native Greek speakers and (vii) normal or
corrected hearing and vision. All patients provided written informed consent to participate in the
study. Exclusion criteria were as follows: (i) ongoing major psychiatric disorders (e.g., psychotic
symptoms or disorders, illegal drug or alcohol abuse); (ii) presence of another neurological
disorder (e.g., dementia, stroke, epilepsy, traumatic brain injury resulting in a loss of
consciousness for more than 30 minutes); (iii) Mini-Mental State Examination score < 24; (iv) 1Q
score of < 80 on the national validated Wechsler abbreviated scale of intelligence (WASI) [14]; (v)
one or more exacerbations in the 3 months prior to enrollment, immunological or
immunosuppressant treatment initiated within 4 months prior to enrollment, treatment with
cognitive rehabilitation in the 12 months prior to enroliment; (vi) initiation of psychotropic
medications or medications for spasticity, tremor, bladder disturbances and fatigue. If already
taking such medications, doses and schedules had to be held constant during the study period;
(vii) obese patients as determined by a clinical dietician in order to avoid compromised tissue
oxygenation and reduced perfusion.

Clinical assessment

Clinical characteristics of MS patients were assessed by specialist neurologists with significant
experience in the MS population. These neurologists provided the diagnosis of MS, type of
disease course, disability rating (EDSS score) [15], and fatigue rating on the Greek validated
Fatigue Severity Scale (FSS) [16]. They also screened patients to ensure eligibility of inclusion
and exclusion criteria (except for cognitive criteria and mood). If deemed necessary patients were
also assessed psychiatrically to ensure correct differential diagnosis of behavioral and mood

disorders and to exclude patients with ongoing major psychiatric disorders.

Neuropsychological assessment

The procedure followed for the initial screening assessment of cognitive functions and intelligence
level, comprehensive neuropsychological assessment, mood, and fatigue of the 17 RRMS
patients included in the SPECT study has been described in detail elsewhere [12]. We utilized
cognitive measures that assess domains normally impaired in MS individuals, independent of
disease duration and disability status. The cognitive tests utilized in this study are incorporated in
the Minimal Assessment of Cognitive Function in MS (MACFIMS) neuropsychological battery.
MACFIMS is recommended by an expert panel for clinical monitoring and research in MS and has
been validated internationally for this purpose. The sensitivity of the MACFIMS for distinguishing
MS patients from healthy controls is (83%) [24].

All neuropsychological tests were administered by specialist neuropsychologists using
standard procedures in single sessions. To minimize retest effects, alternative forms of the tests
were used when available. Table 2 provides a summary of the utilized neuropsychological test
battery arranged by cognitive domain assessed.
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Cognitive functions/ Neuropsychological test used

domain assessed
Verbal memory Selective Reminding Test (SRT) [17]

Visuospatial Memory Brief Visuospatial Memory Test-Revised (BVMT-R) [18]

Verbal fluency Greek Verbal Fluency Test (phonemic and semantic fluency) [19]

Attention/Processing speecSymbol Digits Modalities Test (SDMT) [18]
Trail Making Test Part A [20]

Executive functions Response inhibition Stroop Neuropsychological Screening Test
(SNST) - (colour word task) [21]

Set shifting Trail Making Test Part B (TMT-B) [20]

Table 2. Comprehensive neuropsychological battery that was administered arranged

bycognitive function/domain assessed.

rCBF SPET evaluation

The procedure that was followed for perfusion brain SPECT in this study has been described
previously by our scientific group in patients with Parkinson’s disease [22]. More specifically,
SPECT was performed 30 minutes following intravenous injection of 740 MBq (20 mCi) Tc-99m
HMPAOQO (Ceretec™, GE Healthcare Ltd., Buckinghamshire, United Kingdom) in a dimly lit, quiet
room with the patients lying supine with eyes closed. Brain SPECT was performed with double-
head gamma cameras (Millennium VG, GE Medical Systems, Milwaukee, WI, USA) equipped
with low-energy, high-resolution, parallel-hole collimators in both institutions participating in the
study. The head of each patient was held with fixation strips attached to a specially constructed
carbon fiber head holder, which allowed the camera detector to rotate very close to the head. The
data was collected into a 128x128 matrix, through 360° rotation at 3° steps for 20s per view.
SPECT image reconstruction was achieved via filtered back-projection using ramp and filter
Butterworth (order 10, cut-off 0.45 cycles.cm-1). Attenuation correction based on Chang’s
method was performed on each slice, with a uniform attenuation coefficient of 0.11.

Analysis of rCBF SPECT was performed by the NeuroGamTM software on a Xeleris 3
workstation (GE Healthcare). This involves intensity-thresholding and spatial normalization of the
images to a standardized stereotactic (Talairach) 3-dimensional space. After anatomical
standardization and voxel normalization to cerebellum perfusion mean values, NeuroGam
compares each patient's rCBF SPECT against a database of gender- and age-matched healthy
controls. A z-score map is also created, thus allowing for the objective demonstration of the extent
and magnitude of rCBF changes. For the analysis of an individual study, the computer program
calculates a voxel by voxel z-score using the following equation: z-score= ([control mean]
[individual value]) / (control standard deviation [SD]). The z-score maps are displayed either in the
standard cuts or by overlay on a 3D anatomical topographic representation by means of a specific
color scale. Abnormal perfusion areas are defined as those with decreased uptake (below 2 SD of

the normal mean uptake in area >50% pixels). Regions that were investigated for this study
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included the right and left frontal, parietal, temporal and occipital lobes. We also investigated the
predefined left and right Brodmann areas (BA), mainly in the prefrontal cortex; BA 9 (posterior

lateral prefrontal cortex); BA 10 (medial prefrontal cortex); and BA 12 (orbitofrontal cortex).

Statistical analyses

We initially computed the basic descriptive statistics of the demographic, clinical and
neuropsychological variables. We then computed the frequency of impaired MS patients on rCBF
brain perfusion SPECT, using as criterion for impairment 2 SD below an age- and gender-
adjusted normative database (NeuroGam™); and the frequency of impaired perfusion according to
a hypoperfusion grading (see below). Next the normality assumption of the data was tested using
the Shapiro-Wilk method. Percentage differences of impaired MS patients on rCBF brain SPECT
between left and right hemispheres were investigated with the Chi square Test. Paired sample t-
tests were used to compare cortical area perfusion differences between the left and right
hemispheres. Cortical area perfusion differences between cognitively impaired and relatively
cognitively impaired MS patients in both hemispheres were compared with the Mann Whitney U
non-parametric test. We also examined correlations between rCBF brain SPECT and
performance on cognitive measures using the non-parametric Kendall's tau test. A 5% level of
significance was adopted

Results

rCBF SPET image analysis

The distribution of rCBF in our RRMS patients showed significant differences when compared to
an age- and gender-adjusted normative database. More specifically, we found the highest
impaired blood flow rates in the left posterior lateral prefrontal cortex (82.35%), right posterior
lateral prefrontal cortex (64.70%), left frontal lobe (58.82%) and medial prefrontal cortex (64.70%).
Smaller percentages of impaired perfusion were also noted in other predefined Brodmann areas
and cerebral lobes. When we compared rCBF distribution between left and right hemispheres we
found significant differences between the left and right frontal lobe, temporal lobe, posterior lateral
prefrontal cortex and orbitofrontal cortex, with asymmetric left hemisphere dominance (Table 3).

In order to determine the perfusion severity level of our RRMS patients in both hemispheres of the
cerebral lobes and predefined Brodmann areas, we introduced a perfusion grading system. This
system graded hypoperfusion severity as follows: 0 to -1.6 SD, normal perfusion; -1.7 to -2.0 SD,
borderline hypoperfusion; -2.1 to -2.5 SD, mild hypoperfusion; -2.6 to -3.0 SD, medium
hypoperfusion; -3.1 to -3.5 SD, severe hypoperfusion. Based on this grading classification, (table
4) provides perfusion severity frequency of the cerebral lobes and predefined Brodmann areas

respectively.
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Brain Regions (%) impaired Chi square test

Lobar or Brodmann

A Left Right

rea

Frontal lobe 58.82 29.41 X°(1) =.160, P<.001
Parietal lobe 29.41 23.52 , ns
Temporal lobe 35.29 23.52 X(1) =.255, P<.05
Occipital lobe 23.52 17.64 . ns
Brodmann Area (BA) 9 82.35 64.70 X'(1) =.345, P<.001
Brodmann Area (BA)10 64.70 64.70 ] ns
Brodmann Area (BA)12 41.17 52.94 X(1) =.398, P<.01

Notes: Criterion for impairment was 2 standard deviations below age and gender adjusted normative data for rCBF
SPET performance (NeuroGam software; GE Medical System,Segami Corp., Columbia, MD,USA), Brodmann Area
(BA) 9:Posterior lateral prefrontal cortex; Brodmann Area (BA) 10: Medial prefrontal cortex; Brodmann Area (BA) 12:
Orbitofrontal cortex; ns = non significant difference;

Abbreviations: rCBF brain SPET: regional cerebral blood flow brain single photon emission computed tomography

Table 3. Percentage of impaired RRMS patients on rCBF brain SPET.

Hypoperfusion BA9 BA 10 BA 12 Frontal Occipital Parietal Temporal

severity L/R L/R L/R lobe lobe lobe lobe
L/R L/R L/R L/R

Normal 11.8 23.5 294 294 529 353 235 294 529 824 529 64.7 529 70.6

perfusion

Borderline 59 11.8 59 176 59 235 235 412 235 118 176 11.8 235 59

hypoperfusion

Mild 353 176 294 235 176 17.6 235 59 118 - 118 - 118

hypoperfusion

Medium 176 294 118 11.8 - - 11.8 5.9 - - 5.9 - -

hypoperfusion

Severe 294 17.6 235 17.6 235 235 176 176 118 59 118 59 118 59

hypoperfusion

Notes: Criterion for impaired perfusion was 2 standard deviations below age and gender adjusted normative data for
rCBF SPET performance (NeuroGam software; GE Medical System, Segami Corp., Columbia, MD, USA);
Hypoperfusion grading: (0 to -1.6 SD, normal perfusion), (-1.7 to -2.0 SD, borderline hypoperfusion), (-2.1 to -2.5 SD,
mild hypoperfusion), (-2.6 to - 3.0 SD, medium hypoperfusion), (-3.1 to -3.5 SD, severe hypoperfusion).

Abbreviations.: rCBF brain SPET: regional cerebral blood flow brain single photon emission computed tomography

Table 4. Cerebral lobe and Brodmann area hypoperfusion severity rates of RRMS
patients on rCBF brain SPET n (%,).

From Table 4 it is evident that severe hypoperfusion was recorded mainly in the left posterior
lateral prefrontal cortex (29.4%) and left medial prefrontal cortex (23.5%) of our RRMS cohort. We
also noted a medium degree of hypoperfusion in (29.4%) of our cases on the right posterior lateral
prefrontal cortex. Furthermore, mild hypoperfusion was found primarily in (23.5%) of our sample
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on the left frontal lobe. On the contrast the lowest rates of severe hypoperfusion were recorded on
the right occipital, parietal and temporal lobes consecutively (5.9%) of our cases.

Comparison of cortical area hypoperfusion between the left and right hemispheres in the
RRMS cohort

In order to determine hypoperfusion differences between the left and right hemispheres in our
RRMS patients, we compared the mean perfusion rate of cortical areas that met the criterion for
impaired perfusion of at least 2 standard deviations below age and gender adjusted data for rCBF
performance based on the NeuroGam software. We found statistically significant perfusion
differences between the left, M (SD) = -2.171 (.7951) and right, M (SD) = -1.918 (.7756) frontal
lobes: [t = -4.167, 16, p <.001]; the left, M (SD) = -2.724 (.9464) and right, M (SD) = -2.353 (1.041)
posterior lateral prefrontal frontal cortex: [t = -3.388, 16, p <.004]; and the left, M (SD) = -2.176
(.8363) and right, M (SD) = -1.912 (1.409) orbital frontal cortex: [t = -2.693, 16, p <.001].

Comparison of cortical area perfusion between cognitively impaired and relatively cognitively
impaired RRMS patients

In order to compare cortical area perfusion between cognitively impaired and relatively cognitively
impaired RRMS patients, we divided our RRMS cohort that underwent SPECT imaging into two
separate groups. The first group (n=10), were cognitively impaired MS patients (Cl) that failed = 2
cognitive tests on the administered neuropsychological battery with performance < 1.5 SD below
normative data mean for the respective measure; the second group (n =7), were relatively
cognitively impaired MS patients (RCI) that failed 1 cognitive test, with performance < 1.5 SD
below normative data mean for the respective measure. Based on this classification, we found
statistically significant perfusion differences between Cl and RClI RRMS patients on the left (z = -
3.150, p <.001) and right frontal lobes (z = -3.290, p < .001); left (z = -3.640, p < .004) and right (z
=-2.950, p <.001) posterior lateral prefrontal cortex; and left (z = -2.652, p <.001) and right (z = -
2.858, p < .005) orbital frontal cortex. In these brain areas, the CI group demonstrated higher
hypoperfusion compared to the RCI group and also abnormal perfusion as compared to the
database controls (with the exception of the occipital lobes). Figures 1-3, clearly demonstrate
these differences.

0

05 Left Frontal Lobe Right Frontal Lobe

. vecesessesssessoseccl

_1’5 oo

-2
-2,5 ¢

-3
==@== Cognitively impaired MS patients (Cl)

o« «pe« Relatively cognitively impaired MS patients (RCI)

Figure 1. Comparison of cortical area perfusion between cognitively impaired and

relatively cognitively impaired RRMS patients on the frontal lobes bilaterally
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Figure 2. Comparison of cortical area perfusion between cognitively impaired and relatively
cognitively impaired RRMS patients on the posterior lateral prefrontal cortex - BA (9) bilaterally.
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Figure 3. Comparison of cortical area perfusion between cognitively impaired and relatively
cognitively impaired RRMS patients on the orbital frontal cortex - BA (12) bilaterally.

Associations between neuropsychological measures and rCBF brain SPET variables

We found statistically significant strong correlations between two measures of executive function
and cerebral hypoperfusion i.e. the SNST (response inhibition) (r =0.815, p <.001) and TMT part
B (set shifting) (r =0.765, p < .001) were associated with hypoperfusion in the left frontal lobe.
Moreover, a moderate correlation was established between performance on a measure of
phonemic verbal fluency (lexical retrieval) and hypoperfusion in the left posterior lateral prefrontal
cortex (r = 0.495, p <.001); No other significant correlations were noted between our variables.
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Discussion

Cognitive impairment in multiple sclerosis has a significant impact on disease outcome and health
related quality of life. Considering the limited and indefinite literature on the association between
cognitive functions and perfusion deficits in the MS population, the present study investigated
perfusion detection rate and pattern, as well as the association between perfusion rates and
cognitive dysfunction in cognitively impaired RRMS patients. Our results showed reduced
regional cerebral blood flow in both cerebral hemispheres and various brain regions in our RRMS
cohort compared to NeuroGam, which is a demographically matched normative database. The
most notable and frequent perfusion deficits were recorded in the posterior lateral prefrontal
cortex, medial prefrontal cortex and frontal lobe, but with asymmetric left hemisphere
predominance. These findings are in accordance with older studies [7,8] that reported
predominantly frontal hypoperfusion in their MS cohort. Furthermore, they are in keeping with the
findings of a case study [23], which reported greater left hemisphere hypoperfusion in their MS
patient.

This study however, not only confirms older reports, but extends the relative literature,
firstly, by providing data regarding the severity of hypoperfusion in the cerebral lobes and several
predefined Brodmanns areas and secondly, by comparing cortical area perfusion between RRMS
patients with different levels of cognitive impairment.

Regarding perfusion deficit severity in the cerebral cortex, based on the grading system
that we introduced, we detected severe hypoperfusion mainly in the left posterior lateral prefrontal
cortex and left medial prefrontal cortex. Less severe perfusion deficits were also recorded on the
right posterior lateral prefrontal cortex and left frontal lobes of our patients. Moreover, by
comparing our RRMS cohort with different levels of cognitive dysfunction on cerebral perfusion,
we found that level of cognitive severity actually influences cortical area hypoperfusion. More
specifically, MS individuals with heavier cognitive impairment demonstrated more severe
hypoperfusion on the frontal lobes, posterior lateral prefrontal cortex and orbital frontal cortex
bilaterally. Equally significant findings of the study are the important associations that were
established between results of perfusion reduction and neuropsychological performance. In this
respect, strong associations were demonstrated between two measures of executive functions,
i.e. the Stroop neuropsychological screening test (SNST), which mainly assesses response
inhibition, and the Trail Making Test part B (TMT B), which loads mainly on set-shifting ability, and
reduced cerebral blood flow in the left frontal lobe. Moderate associations were also noted
between a measure of lexical retrieval and reduced perfusion in the left posterior lateral prefrontal
cortex.

The strong associations recorded between performance on the executive function
measures and impaired blood flow rates in the dominant for language left hemisphere and
particularly the left frontal lobe, are not surprising, as both TMT B (contains alphabetic and
number sequences) and SNST (verbally reading names) have a strong language component.
These associations, although not necessarily causal, confirm the presence of executive
dysfunction in patients with clinically stable RRMS, with mild- to- moderate cognitive impairment
severity and relatively low disability status. This finding may imply that MS patients become less
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cognitively flexible and have difficulties planning, organizing and completing everyday mentally
demanding, effortful tasks or with interpersonal and social relationships, and overall activities of
daily living.

The significant and critical role of the fronto-parietal network in executive function has
been well established in the literature. Major theories of executive function postulate that the
fronto-parietal network implements control by modulating processing in other brain regions. In this
respect, connectivity between brain regions may possibly play a crucial role on how the fronto-
parietal network impacts executive function. However, the investigation of executive function from
the perspective of brain connectivity has received less attention. Specifically for MS, due to the
significant variability of lesion patterns among patients, it is difficult to associate existing
biomarkers to clinical symptoms and their progression. The topographic variability of lesions in
patients with multiple sclerosis, therefore, lends itself to be studied via the lens of network
analyses. Recent research into multiple sclerosis has adopted such a network approach through
the utilization of functional connectivity [25,26].

In summing up our findings, our study demonstrated the presence of widespread blood
flow reduction in several predefined Brodmann areas and lobes of the brain, relative to
demographically matched healthy controls according to an established normative database.
However, we noted blood flow reduction, mainly in the frontal lobes and other related prefrontal
areas, involving both hemispheres, but with asymmetric left hemisphere predominance.
Furthermore, RRMS patients with more severe cognitive decrements recorded higher rates of
significant hypoperfusion relative to patients with less severe cognitive decline and also a different
hypoperfusion pattern. It is therefore evident from our findings that brain perfusion SPECT was
able to detect decreased cerebral perfusion of variable severity in our RRMS patients with mild to
moderate disability status. Moreover, associations between measures of response inhibition, set
shifting, lexical retrieval and hypoperfusion severity in the left frontal lobes and prefrontal cortex
were also established.

Despite the interesting and novel findings demonstrated in our study, from a clinical
viewpoint, there are two points which may limit the generalization of our report. Firstly, brain
SPECT images provide lower spatial resolution compared to PET and MRI studies potentially
limiting its clinical value in some cases. Secondly, our results are limited to RRMS patients and
should not be generalized to MS patients with a progressive disease course.

In conclusion, our data suggest that cerebral hypoperfusion is an integral feature of MS
pathology and that executive dysfunction is associated with robust cerebral perfusion deficits in

the frontal and prefrontal cortex of cognitively impaired RRMS patients.

The authors declare that they have no confiicts of interest.
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Abstract

Objective: The aim of this study was to investigate the importance of specific brain areas for financial
capacity in patients suffering from amnestic Mild Cognitive Impairment (aMCl) over time. Patients
and Methods: Fifteen aMCI patients underwent assessment of cognitive and mood functioning, as well as
quantitative magnetic resonance imaging (for three times a 3 Tesla MRI). We used a detailed
neuropsychological examination and a new instrument measuring financial capacity, the Legal Capacity for
Property Law Transactions Assessment Scale (LCPLTAS), during a 12-month period. Results: Spearman
and Kendall correlations revealed a number of statistically significant positive relationships at synchronous
testing between financial capacity and brain volumes, while repetitive testing revealed that the right
amygdala volume correlated with measured financial capacity (r first-third time=.908, P=.000), and the left
angular gyrus volume difference showed a similarly strong correlation. In contrast to that, a number of
neuropsychological tests correlated with financial capacity, but only MMSE seems to have the strongest
correlation (r=.899, P=.000). Conclusion: Financial capacity in Greek aMCI patients strongly correlates with
right amygdala and left angular gyrus volumes, a finding that supports that emotion as well arithmetic skills
are involved in financial capacity, while the importance of MMSE as the only neuropsychological test with the

strongest positive correlation is discussed.

Introduction

Financial capacity is a complex cognitive capacity that takes the form of a broad continuum of
activities and specific skills. According to the most widespread approach regarding the
conceptualizing financial capacity, it cannot be represented as a unitary construct, as
performance skills (e.g. counting coins/currency, paying bills etc.) and judgment-decision making
skills are both involved [1]. In addition to that, although general cognitive capacity is claimed to
change in elder patients in time, we still know little about the role of brain volumes and more

specifically of the longitudinal changes in brain volume and financial capacity in MCI. Previous
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studies are scarce, but have mentioned that the predictive value which the medial frontal cortex is
claimed to have on financial capacity in elders [2], while others put emphasis on the angular gyrus
for the financial capacity performance of MCI patients [3].

The aim of this study was to explore the role that a plethora of brain areas may play on
financial capacity changes in aMCI over time, by investigating if the volume of different brain

areas correlates with financial performance as measured by a new assessment instrument [4].

Neuropsychological tests First examinatic Second examinatil Third examination

(baseline) (six months) (twelve months)
MMSE 28.13 (1.40) 28.40 (1.84) 28.00 (1.69)
ADAS 24.06 (9.33) 21.00 (8.34) 21.60 (7.57)
GDS 0 (.00) 1.46 (1.55) 1.73 (1.86)
CDR (sum of boxes) - 5.00 (.00) 5.00 (.00)
NPI - 6.20 (2.21) 4.86 (2.41)
Digit Cancellation Test 20.20 (5.41) 22.20 (6.90) 20.93 (5.28)
RAVLT-immediate 39.93 (11.20) 34.40 (6.46) 37.33 (13.25)
RAVLT-delayed 6.73 (3.47) 5.20 (3.70) 6.13 (3.94)
RAVLT-recall 13.66 (1.34) 13.06 (1.53) 13.66 (1.39)
Clock drawing 4.60 (.73) 4.60 (.63) 4.40 (.63)
Clock copy 4.73 (.45) 4.73 (.45) 4.86 (.35)

Trail Making Part A

70.93 (42.89)

63.20 (31.25)

57.73 (26.33)

Trail Making Part B 194.33 (112.33 211.53 (147.35) 213.46 (167.73)
WAIS-R Digit 25.20 (9.63) 28.33 (13.78) 28.60 (12.88)
Boston Naming Test 21.06 (5.36) 23.13 (4.88) 21.86 (5.02)
Digit Forward 6.00 (.92) 5.53 (.91) 5.53 (.99)
Digit Backward 3.93 (1.57) 3.93 (1.43) 4.06 (.88)
Letter Fluency 30.66 (9.10) 31.00 (12.49) 34.33 (12.84)
Category Fluency 42.06 (11.65) 45.33 (15.76) 45.26 (13.25)
WMS-III Logical

Memory-immediate recall 8.40 (3.58) 10.86 (3.24) 9.13 (3.70)
WMS-III Logical Memory-

delayed recall 7.60 (3.43) 9.80 (3.23) 8.00 (3.35)

Table 1. Means and standard deviations for the administered neuropsychological tests

at base-line, six and twelve-month examination.

Patients and Methods

A homogeneous group of fifteen patients (10 women) with a diagnosis of aMCI without depression
(Mean age=70.0, SD=8.31; Mean education=10.00, SD=3.70; MMSE score=28.00, SD=1.69,
GDS=1.73, SD=1.76 at the time of their third assessment) from Northern Greece participated in
the study. The patients underwent for three times a 3 Tesla MRI and a detailed
neuropsychological assessment during a 12-month period. The neuropsychological assessment
included tests such as the Mini-Mental State Examination (MMSE), the Geriatric Depression
Scale (GDS), the Clinical Dementia Rating (CDR Sum of Boxes), the Alzheimer's Disease
Assessment Scale (ADAS), the Neuropsychiatric Inventory (NPI), the Digit Cancellation Test, the
Rey Auditory Verbal Learning Test (RAVLT-immediate, delayed and recall conditions), the Clock
Drawing Test (CDT-immediate drawing and copy), the Trail-Making Test Part A and B, the WAIS-
R Digit, the Boston Naming Test (BNT), the Digit Span Memory Test (Forward and Backward
Conditions), the Verbal Fluency Test (letter fluency and category fluency), and the Wechsler

Memory Scale-3rd ed. (WMS-IIl) Logical Memory Immediate and Delayed Recall (see mean
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scores and standard deviations for all the tests in Table 1).

Analyses using Statistical Parametric Mapping (SPM 12) included volume data regarding
the white matter, the grey matter, the cerebrospinal fluid, the total intracranial volume, and 16
more brain areas including the right angular gyrus, the left angular gyrus, the right amygdale, the
left amygdala, the right precuneus, the left precuneus, the right hippocampus, the left
hippocampus, the right parahippocampal gyrus, the left parahippocampal gyrus, the right
thalamus, the left thalamus, the right medial superior frontal cortex, the left medial superior frontal
cortex, the right medial frontal cortex, and the left medial frontal cortex. The above areas were
selected on the basis of previous bibliographically based relevance with financial capacity [3].
Patients were additionally examined with a relevant Greek neuropsychological test, the Legal
Capacity for Property Law Transactions Assessment Scale (LCPLTAS) [4].

Results

Results revealed numerous statistically significant positive correlations for the three times of the
MRI measurements between different brain areas and the final LCPLTAS scores, but there were
only two statistically significant parametric and non-parametric correlations between volume

difference (first-third MRI measurement) and financial capacity (see Table 2).

Brain volumes LCPLTAS scores LCPLTAS scores
Spearman p Kendall T

Left angular gyrus .716 (P=.013) .559 (P=.013)
Right angular gyrus .730 (P=.011) .674 (P=.005)
Right medial superior fronte .749 (P=.008) .636 (P=.008)
cortex

Left parahippocampal gyrus .703 (P=.016) .520 (P=.031)
Total intracranial volume .796 (P=.003) .674 (P=.005)
White matter .786 (P=.004) 597 (P=.013)
Right medial frontal cortex .689 (P=.019) .520 (P=.031)
Left medial frontal cortex .619 (P=.042) 482 (P=.046)
Left hippocampus .656 (P=.028) 482 (P=.046)

Table 2. Brain volumes at the last MR/ and Spearman and Kendall
correlations withLCPTAS scores.

The difference in volume between the first minus the third measurement of the right amygdala
correlated with LCPLTAS scores (riisttird time=-908, P=.000), and the left angular gyrus volume
difference showed a similarly strong correlation with LCPLTAS (I first-third time=-829, P=.003).

In addition to that, it is of interest that not all neuropsychological tests correlated with
LCPLTAS. Statistically significant correlations were found between LCPLTAS total score and
Trail-Making Part B (r=-.726, P=.011), and LCPLTAS and Boston Naming Test (r=.778, P=.005) at
first examination. At second examination LCPLTAS total score was correlated with Digit
Cancellation Test (r=.683, P=.020), Clock Drawing (r=.724, P=.012), WAIS digit (r=.651, P=.030),
Boston Naming Test (r=.735, P=.010), Digit Backward Span (r=.742, P=.009), and MMSE (r=.731,
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P=.011). Finally, at third examination LCPLTAS total score was correlated with Digit Cancellation
Test (r=.670, P=.024), Trail Making Part B (r=- .723, P=.012), WAIS-R Digit (r=.648, P=.031),
Boston Naming Test (r=.746, P=.008), and MMSE (r=.899, P=.000).

Discussion

Although neuropsychological tests evaluate problems in brain functioning, it seems that
the MMSE, a brief measure of global cognitive function, is the only measurement that shows the
strongest statistically significant correlation with this new financial capacity assessment scale.

In conclusion, this is the first study examining changes in MRI volumes, general cognitive
functioning, and financial capacity in time. Although findings from the only concurrent study in
aMClI patients indicates that impaired financial abilities correspond with volume of the angular gyri
as mediated by arithmetic knowledge [3], this preliminary research suggests that repetitive brain
imaging may show changes that influence financial capacity in a year’s time and that there exist a
number of specific brain volume regions that may influence cognitive performance for financial
capacity. Furthermore, except for the expected finding of the left angular gyrus volume changes
across time and its significance for financial capacity in MCI, we had an unexpected new finding
which reveals the important role in declining financial skills of the right amygdala volume which
may be explained by the claimed role that the right amygdala plays in the association of time and
places with emotional properties through nonconscious processing [5, 6]. Although none of the
participants reported prior financial hardship which could serve as a potent stressor and influence
their hippocampal and amygdala volumes [7], the right amygdala may strongly engage in fast,
shallow or gross analysis of affect-related information related to purely financial matters.

Future research should clarify further the relationships between brain volumes changes
and financial capacity in patients who suffer from other types of dementia [8-10] and take into
account possible brain subcortical vascular changes that apart from the easily measured MRI

volumes may influence cognitive performance.
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Abstract

Objective: Often, people with Subjective Cognitive Impairment (SCI), Mild Cognitive Impairment (MCI) and
dementia are underwent to Electroencephalography (EEG) in order to evaluate through biological indexes
the functional connectivity between brain regions and activation areas during cognitive performance. EEG
recordings are frequently contaminated by muscle artifacts, which obscure and complicate their
interpretation. These muscle artifacts are particularly difficult to be removed from the EEG in order the latter
to be used for further clinical evaluation. In this paper, we proposed a new approach in removing muscle
artifacts from EEG data using a method that combines second and high order statistical information.
Subjects and Methods: In the proposed system the muscle artifacts of the EEG signal are removed by using
the Independent Vector Analysis (IVA). The latter was formulated as a general joint Blind Source Separation
(BSS) method that uses both second-order and higher order statistical information and thus takes advantage
of both Independent Component Analysis (ICA) and Canonical Correlation Analysis (CCA). Diagonalization
methods for IVA in the proposed system were reworked based on SCHUR decomposition offering a faster
second order blind identification algorithm that can be used on time demanding applications. Results: The
proposed method is evaluated in both simulated and real EEG data. To quantitatively examine the
performance of the new method, two objective measures were adopted. The first measure is the Root Mean
Square Error (RMSE) while the second is the Signal-to-noise-ratio (SNR). Conclusion: The proposed method
overcomes with the need of removing muscle artifacts on both realistic simulated EEG data and brain activity

from people with cognitive impairment.
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Introduction

The EEG is a recording of the electrical activity of the brain and reflects the summation of
postsynaptic potentials of groups of cortical neurons arranged perpendicular to the scalp. The
EEG is frequently contaminated by electrophysiological potentials associated with muscle
contraction due to biting, chewing and frowning. These muscle artifacts, obscure the EEG and
complicate the interpretation of the EEG or even make the interpretation unfeasible. Hence, there
is a clear need to remove these artifacts from the EEG. A simple technique is to uses low-pass
filters. However, as the frequency spectrum of the muscle artifacts projects with the frequency
spectrums of that of brain signals, frequency filters not only remove the muscle artifacts but also
necessary EEG information. Regression methods, investigated for eye movement artifact removal
are not adapted for use, because no reference channel is available [1,2].

A more recently solution to this problem is the Independent Component Analysis (ICA)
which separates the EEG into statistical independent components [3,4]. This method was already
successfully applied to ocular artifact removal [5]. However, cross-talk can be observed when the
separation of brain and muscle activity is considered. Furthermore, when using the ICA,
identification of the components containing artifacts such as muscle activity, is not obvious, thus
further user attention is needed [6]. ICA techniques that try to solve this problem, such as
constrained ICA (clICA), cannot be applied for muscle artifact removal since this method locates
only that component that is most common to a specific reference signal [7].

The ICA is a standard Blind Source Separation (BSS) method, which works under the
assumption that sources are mutually independent, and that the mixing procedure is linear and
instantaneous. Applications of BSS techniques can include speech enhancement, robust speech
recognition, analyzing EEG and fMRI signals, feature extraction, image de-noising, etc. The most
common ICA algorithms used in EEG data analysis are Infomax ICA [8,9], SOBI [10], and
FastICA [11]. However, signals are often mixed in a convoluted manner. One common way to
extend the instantaneous ICA to the convoluted model is the frequency domain blind source
separation (FDBSS) approach. In FDBSS, observed signals are transformed to time-frequency
(T-F) domain using short time Fourier transform (STFT). Although FDBSS has many advantages,
it suffers from the well-known “permutation problem” that occurred when separated data must be
aligned to make sure that each output signal only contains data from the same source [12,13].

The Independent Vector Analysis (IVA) was developed as an extension of ICA. Sources
in the IVA model are considered as vectors instead of scalars. IVA utilizes not only the statistical
independency among different sources, but also the statistical inner dependency of each source
vector. The largest advantage of IVA is that the permutation problem is automatically avoided,
and therefore there is no need for a post processing step after ICA for source alignment [14].

In the proposed system the muscle artifacts of the EEG signal are removed by using the
IVA. This proposed method uses both second-order and higher order statistical information and
thus takes advantage of both ICA and Canonical Correlation Analysis (CCA). During process, we
assume that a linear mixing model exists in each dimension separately, and that the latent
sources are seperated from others. In contrast to the ICA method, the sources can be random
vectors, and therefore the elements of the later are closely related. In IVA, the goal is mixture
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identification or signal separation for a collection of disjoint but coupled data sets.

Subjects and Methods

The proposed system is illustrated in Figure 1. EEG datasets are considered as contaminated
signals that must be pre-processed. Primary, a signal filtering component was design for
performing a band pass filtering. The produced filtered data is then leaded to the IVA-BSS
component which will separate muscle artifacts from the signal. Pure EEG signals are then
evaluated using the performance evaluation component. Filter implementation, IVA-BSS analysis

and performance evaluation were developed using Matlab V2013a.
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Figure 1. The proposed system using the IVA as BSS technique

EEG Signal Datasets

We first validate and evaluate our methods on several different realistic simulated data. The
method for generating realistic simulated data was proposed by Xun [15]. We then apply them to
real EEG recordings recruited from the Day Care Center of the Greek Association of Alzheimer
Disease and Related Disorders “Saint ioannis”, Thessaloniki. These real EEGs were acquired by
using the Nihon Kohden EEG-1100C V01.00 system. The sampling frequency was at 500 Hz
while 19 electrodes (FP1, FP2, F3, F4, C3, C4, P3, P4, O1, 02, F7, F8, T3, T4, T5, T6, Fz, Cz,
Pz) were placed according to the 10-20 system. Additional validation and evaluation was

performed on these real EEG data.
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Signal Filtering

In order to de-noise the contaminated EEG signal, filtering was applied to the input signal. A band
pass filter was designed and applied to remove the noises from the signal. The band pass filter
allows signals between two specific frequencies (cut-off frequencies) to pass, but that
discriminates against signals of other frequencies. This filter module allows to pass signals
between 1 and 70 Hz, since typical brain signal rhythms are located between this frequency frame
[16].

Blind Signal Separation

BSS, also known as blind source separation, is the separation of a set of source signals from a
set of mixed signals, without the aid of information about the source signals or the mixing process.
In EEG, the interference from muscle activity masks the desired signal from brain activity. BSS,
however, can be used to separate these two so an accurate representation of brain activity can be
achieved [17].

IVA was formulated as a general joint BSS framework to ensure that the corresponding
sources extracted from different data sets are maximally dependent while the sources within each
data set are independent of each other. IVA is a generalization of ICA from one to multiple data
sets, and was originally designed to address the permutation problem in the frequency domain for
the separation of acoustic sources [18]. That is to say, source independence within one data set
and corresponding source dependence across multiple data sets are maximized simultaneously
[19].

Performance Evaluation Model

In order to quantitatively measure and evaluate the performance of our IVA method, two objective
measures were adopted. The first measure is the RMSE, and the second is SNR that is often
encountered in electrophysiology [20]. For each filtered signal in both realistic simulated data and
real EEG datasets, we perform individually the ICA, CCA and IVA techniques while we keep track
of the respectively RMSE and SNR values.

Results

Table 1 illustrates the Root Mean Square Error (RMSE) and Signal-to-noise-ratio (SNR )value
from all five realistic simulated datasets when performing ICA, CCA and IVA methods individually

(Table 1). These values were calculated by the performance evaluation module.
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Independent Independent Component Canonical

Vector Analysis Analysis (ICA) Component Analysis
(1vA) (CcA)
Realistic Characteristic Value
Simulated
Dataset
RMSE SNR RMSE SNR RMSE SNR
1 0.3249 0.0756 1.6600 0.0220 6.6161 0.0005
2 0.3289 0.1415 1.0521 0.0035 6.3999 0.0005
3 0.3349 0.1007 0.6702 0.0060 2.6235 0.0013
4 0.3373 0.2084 0.6469 0.0066 3.1564 0.0011
5 0.3379 0.1698 0.7139 0.0056 2.9767 0.0011

Table 1. The results of the performance evaluation module on realistic simulated data

For each realistic simulated dataset, Figure 2 illustrates the input data, the signal after applying
the band pass filter and the extracted, pure EEG, signal after muscle artifact rejection using the
IVA method.
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Figure 2. The five different, realistic simulated datasets. First column presents the input signal
while second column shows the signal after applying the band pass filter. Third column presents

the extracted, puree EEG signal after muscle artifact rejection using the IVA method.

The proposed IVA method was also applied to a selected real EEG recording recruited from the
Day Care Center of the Greek Association of Alzheimer Disease and Related Disorders “Saint

loannis”. We have selected a dataset that is annotated with a patient body movement (Figure 3).

Annotations x

e [

| Body movement

11:27:15.3199 (0:07:31.3199)

Figure 3. Selected real EEG data with body movement annotation. The whole recording consists
almost of 10 minutes and 20 seconds while the body movement is annotated around 7 minutes

and 41 seconds after recording started.

After applying to the dataset the IVA method we can extract the pure EEG signal free of muscle

artifacts (Figure 4).
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Figure 4. Applying the proposed IVA method into a selected, body movement annotated, EEG
dataset. The figure illustrates the selected input signal, the pure EEG extracted signal and the
produced signal after band pass filtering

Performance evaluation module, calculates the two objective measures that were adopted. Table
2 illustrates the RMS Error and SNR Value for the selected real EEG dataset.

Independent Independent Component Canonical
Vector Analysis Analysis (ICA) Component Analysis
(IVA) (CCA)

Characteristic Value
RMSE SNR RMSE SNR RMSE SNR

0.3333 0.0130 0.3474 0.0349 24.7643 0.0001

Table 2. The results of the performance evaluation module on the selected real EEG signal

Discussion

The results are in agreement with the studies that IVA method is better on suppressing muscle
artifacts from EEG recordings, without removing significant underlying EEG information. This is
occurred due to the fact that IVA method takes advantages of both CCA and ICA but also solves
the “permutation problem” that occurred when separated data must be aligned [21] in order that
the output signal must contains data from the same source.

Another advantage of the proposed system is that the latter is significant faster, in terms
of time execution, in respect with classical ICA and CCA approaches. This is occurred due to fact
that the diagonalization methods for IVA have been replaced, within the proposed system, with
the SCHUR decomposition, a faster and more effective way in diagonalization [22]. That offers a
faster IVA - BSS that can be used on time demanding applications such as Brain Machine
Interfaces (BMI).

Furthermore, the proposed system modules, due to their simplicity, can be used on
portable and energy efficient computational systems.
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Conclusion

In case of EEG recordings from people with Subjective Cognitive Impairment (SCI), Mild
Cognitive Impairment (MCI) and dementia, the necessity of removing muscle artifacts is of the
essence since these recordings must be used for further evaluation. Often, these EEGs involve
patient's movement and thus muscular activity. In order to measure the functional connectivity
between brain regions and activation areas during cognitive performance, these muscle artifacts
must be removed. Our study indicates that the proposed IVA - BBS overcomes with this need
since both objective measures of RSME and SNR are significant low and muscle artifacts are

removed successfully from the original recordings.
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Abstract

Alzheimer's disease (AD) is one of the main causes of dementia in the western world. It is clinically
characterized by memory impairment, deterioration of intellectual faculties and loss of professional skills. AD
brains exhibit significant atrophy, predominantly in the temporal and parietal lobes, while light microscopy
reveals deposition of senile plaques and neurofibrillary degeneration initially in the entorhinal cortex, the
hippocampus, and in the acoustic and visual cortices, in the frontal lobe and the cerebellum in the advanced
stages. Dendritic and spinal pathology, as well as loss of synapses are also key neuropathological features.

The cerebellum is a critical part in the distributed neural circuits participating not only in motor
function but also in autonomic, limbic and cognitive behaviours. Lesions of the motor cerebellum, mostly in
lobules 11I-V in the anterior lobe and the secondary sensorimotor region in lobule VIII result in dysmetria of
movement, however lesions of the cognitive and limbic cerebellum in the posterior lobe, represented in
lobules VI, VIIA (including lobules VIIAf and VIIAt at the vermis, and crus | and crus Il in the hemispheres)
and VIIB, and possibly lobule IX, are followed by dysmetria in the realms of intellect and emotion. Cerebellar
functional topography has been demonstrated by tract tracing studies in non-human primates and in
physiological and behavioural studies in rodents, cats and monkeys.

Further studies revealed the existence of a mosaic of intrinsic connectivity networks that match the
topographically precise cerebrocerebellar connections, while topographic organization of cerebellum is also
evident in task-based functional MRI in healthy controls, and in clinical neurology, neuropsychology and
neuropsychiatry studies in patients with cerebellar lesions.

Although the cerebellum has not been extensively studied in AD, recent studies have revealed
evidence of a unique pathological pattern of the cerebellar cortex, including loss of Purkinje cells, synaptic
alterations in the mossy fibres, granule cell dendrites, parallel fibres and Purkinje cell dendrites with

substantial loss of dendritic spines, and considerable alterations in ultrathin sections.

Introduction

Alzheimer’s disease (AD) is one of the main causes of dementia in the western world. It is
clinically characterized by memory impairment, deterioration of intellectual faculties and loss of
professional skills [1,2]. AD brains are characterized by significant atrophy, being most prominent
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in the temporal and parietal lobes [1]. Light microscopy reveals deposition of senile plaques and
neurofibrillary degeneration initially in the enthorhinal cortex, the hippocampus, and in the
acoustic and visual cortices, in the frontal lobe and the cerebellum in the advanced stages [1-5].
Dendritic and spinal pathology, as well as loss of synapses are also key neuropathological
features [6].

The cerebellum is a critical part in the distributed neural circuits participating not only in
motor function but also in autonomic, limbic and cognitive behaviours. Lesions of the motor
cerebellum, mostly in lobules 1lI-V in the anterior lobe and the secondary sensorimotor region in
lobule VIII result in dysmetria of movement, however lesions of the cognitive and limbic
cerebellum in the posterior lobe, represented in lobules VI, VIIA (including lobules VIIAf and VIIAt
at the vermis, and crus | and crus Il in the hemispheres) and VIIB, and possibly lobule IX, are
followed by dysmetria in the realms of intellect and emotion [7,8]. Cerebellar functional
topography has been demonstrated by tract tracing studies in non-human primates and in
physiological and behavioural studies in rodents, cats and monkeys [7,9,10].

Further studies revealed the existence of a mosaic of intrinsic connectivity networks that
match the topographically precise cerebrocerebellar connections, while topographic organization
of cerebellum is also evident in task-based functional MRI in healthy controls [11], and in clinical
neurology, neuropsychology and neuropsychiatry studies in patients with cerebellar lesions [8].
The cerebellum has not been studied extensively in AD, however recent studies have revealed
certain changes in the cerebellum specific for Alzheimer’s disease [12].

As we have shown in a previous study, the cerebellar cortex is characterized by a unique
pattern of Alzheimer-type pathology, while there are only diffuse neuritic plaques and no
neurofibrillary changes [13]. Furthermore, a loss of Purkinje cells and synaptic alterations in the
mossy fibres, granule cell dendrites, parallel fibres and Purkinje cell dendrites with substantial
loss of dendritic spines, and considerable decrease in number of granule and Golgi cells in the
granule cell layer have been reported [2,3,14].

In the present study we aim to review the already sizeable existing literature on the
neuropathological, structural and functional neuroimaging studies of the cerebellum in Alzheimer's

disease.

Cerebellar Volume

Stereological studies have shown an overall reduction of 12,7% of the cerebellar volume in
Alzheimer disease patients [15].

Guo et al in their recent study used MRI to study the disease-specific regional atrophy in
the cerebellum and cerebral cortex in AD (use abbreviations) and three subtypes of
frontotemporal dementia. They explored how the patterns of atrophy mapped onto previously
described intrinsic connectivity networks, and they applied seed-based functional connectivity
MRI to healthy brains from the normative human connectome database to explore intrinsic
connectivity networks of those areas most affected by focal atrophy in the AD and FTD cases
[16].
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Moreover, they report eddisease-specific regional cerebral cortex atrophy in each of the
entities, and found a respective atrophy in the areas of the cerebellum which are connected to the
atrophied cerebral areas. In AD they reported a regional atrophy in the cerebellum involving crus |
and |l bilaterally and in their correlated cerebral areas with the angular gyrus, the middle temporal
gyrus, precuneus and dorsal medial prefrontal cortex [16].

Wiegel et al in an holistic volumetric approach of the cerebellar cortex in Alzheimer’s
disease, reported a reduction of 24% and 22% in the volume of the molecular and granular layers

of the cerebellum in comparison to normal controls [3].

Neuronal Density. Dendritic Changes and Spines. Amyloid.

Andersen et al used stereological methods to estimate the density of Purkinje and granule cells in
ten cerebella from elderly female subjects with severe AD and ten age- and gender-matched
controls. They divided the cerebellum into five regions and the found no significant difference in
Purkinje or granule cells density in Alzheimer disease in comparison to normal control brains [15].

Fukutani et al using immunohistochemistry to investigate the pathological differences
between ten cases of familiar and ten sporadic Alzheimer’s disease cases in the cerebellum, they
found significantly decreased Purkinje cells density in both sporadic and familial cases with
substantial astrocytosis in the Purkinje cells layer, granular cells layer and white matter [14].
Further studies using Nissl staining method and stereological techniques revealed substantially
reduced numbers of Purkinje cells in the cerebellar vermis and the anterior lobe of the cerebellar
hemispheres [13,17], while Wiegel et al described a loss of Purkinje and granular cells as high as
32% and 30% in Alzheimer’s disease [3].

Dendritic Changes

The study of the dendritic arborisations of Purkinje cells using either traditional staining methods
such as Golgi method, or the modern immunohistochemical methods and 3D reconstruction
software is one of the most challenging approaches of the central nervous system. Mavroudis et
al, using Golgi method and 3D neuronal reconstruction techniques showed significant decrease in
the dendritic tree density of the Purkinje cells from the cerebellar vermis and the anterior lobe of
the cerebellum, with a significant loss of distal dendritic branches. In addition to the loss of
dendritic branches, the authors reported a significant shrinkage of the dendritic field in
Alzheimer’s disease. Using Sholl’s concentric circles analysis they found that the dendritic peak
was at 90 p m, and 85 um from cells soma in the Purkinje cells from the anterior cerebellar lobe
and vermis respectively, whilst the dendritic peak for normal controls were at 120 b m and 130 1 m

for the aforementioned cerebellar areas [13,17,18].

Dendritic Spines
Substantial changes regarding the density and the morphology of the dendritic spines of the

Purkinje cells have been also reported by a number of studies. Mavroudis et al reported a 50%
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decrease in the number of the dendritic spines in the Purkinje cells from the cerebellar vermis in
AD brains, and by 43% in the anterior lobe of the cerebellum. Additionally to spinal loss, the
authors reported a possible reconstitution of dendritic spines in AD patients, while the vast
maijority of the remaining spines were of the short stubby type, with the majority of them being of
the long neck type in normal controls. Numerous filopodia and dystrophic dendritic spines were
also reported in the Purkinje cells from Alzheimer’s disease brains [13,17].

Amyloid deposition and Neurofibrillary tangles

Cerebellar cortex is characterized by a unique neuropathological pattern in Alzheimer’s disease.
Numerous studies using either immunohistochemistry, or silver staining methods, failed to identify
neurofibrillary changes or amyloid plaques and only a limited number of studies reported small
figures of diffuse plaques in the cerebellar cortex of Alzheimer’s disease brains [3,13]. Moreover,
leptomeningeal and cortical amyloid angiopathy in the cerebellum was equivalent in Alzheimer’s

disease brains and normal controls [3].

Discussion

The cerebellum is a critical part in the distributed neural circuits participating not only in motor
function but also in autonomic, limbic and cognitive behaviours. Lesions of the motor cerebellum
result in dysmetria of movement, however lesions of the cognitive and limbic cerebellum in the
posterior lobe, are followed by dysmetria in the realms of intellect and emotion (cerebellar
affective syndrome).

Although cerebellum was thought to be spared by Alzheimer’s disease, accumulating
evidence showed a number of pathological changes, including loss of distal dendritic segments,
decrease of the total number of dendritic spines, ubiquitin-immunoreactive dystrophic neurites
and spines, microglial proliferation of the Purkinje and significant volume loss cells, even in the
absence of the typical Alzheimer disease-like pathology [13,19-21].

This pattern of pathology suggests that two factors might be considered in the
etiopathogenesis of cerebellar atrophy, first transneuronal degeneration and neuronal loss
resulting from primary pathologic changes in cerebral structures and second parenchymal
cerebellar R-amyloidosis.

The network theory of neurodegeneration builds upon the Hebbian notion that neurons
that are functionally and anatomically connected may also degenerate and die together.
Interconnected neural networks in the non-human primates and human brain were identified with
physiological techniques and functional neuroimaging studies [22].

Prusiner proposed that neurodegeneration occurs within interconnected networks as a
result of self-propagation/prion-like spread of neurotoxic agents along neural pathways linking
distributed nodes into functional modules [23.] The cerebellum might undergo focal atrophy in
concert with interconnected cerebral nodes within the same functional module [12].

Diffuse senile plaques that are present in small figures in the cerebellum are

characterized by the presence of beta protein, also called A4 protein, in a dispersed form and the
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apparent lack of associated dystrophic neurites or reactive glial cells.

Diffuse plaques can be detected by modified Bielschowsky silver stain and are not
recognised by antibodies to neurofilaments, tau, and PHF, all of which detext dystrophic neuritis,
and furthermore no association of reactive astrocytes or microglial cells with diffuse plaques was
ever observed [24].

Typical neuritic plaques were never detected in this location, making the cerebellar
molecular cortex a useful site for the study of diffuse plaques because diffuse plaques in the
cerebral cortex are intermingled with neuritic plaques.

Soluble Ab peptide and Ab oligomers unsettle neuroplasticity imbalance, resulting in an
impairment of synaptic stabilization [25,26] and loss of dendritic branches, dendritic spines and
synapses in Alzheimer’s disease brains. Hyperphosphorylation of tau protein may also cause
deleterious effects of neuroplasticity and may underlie its role in the aetiology of Alzheimer's
disease [27,28].

The neuropathological, structural and functional changes of the cerebellum that have
been described in Alzheimer's disease, may contribute to an unknown yet extend to the overall

cognitive decline that occurs with disease progression.

Conclusion

The cerebellar cortex provides an excellent background for the study of the neuropathology and
pathophysiology in Alzheimer’s disease.

Other mechanisms, such as oxidative damage, vascular pathology, blood brain barrier
abnormalities may also contribute in the neuronal degeneration in Alzheimer's disease.
Furthermore self-propagation/prion-like spread of neurotoxic agents along neural pathways
linking distributed nodes into functional modules could also explain the pattern of
neurodegeneration in the cerebellum in Alzheimer’s disease.

Morphological changes of the Purkinje cells is one of the pathological features of AD

Compared with cerebral Ab plaques in AD, cerebellar Ab plaques could be considered to possibly
represent an earlier form of plaque evolution or even an attenuated stage in the process of plaque
maturation.

A cerebellar cognitive affective syndrome to the cognitive profile of Alzheimer’s disease should

also be considered.

The authors declare that they have no confiicts of interest.

Bibliography

1. Baloyannis SJ: Neuropathology of Dementia. Aristotelian University of Thessaloniki, 1993.

2. Perry RJ, Hodges JR: The relationship between functional and neuropsychological performance in early
Alzheimer’s disease. Alzheimer Dis Assoc Disord 2000; 14: 1-10.

3. Wegiel J, Wisniewski HM, Dziewiatkowski J et al. Cerebellar atrophy in Alzheimer's disease—

clinicopathological correlations. Brain Res 1999; 818: 41-50.

www.nuclmed.gr 178 Hell J Nucl Med Suppl, January-April 2019



4. Larner AJ: The cerebellum in Alzheimer’s disease. Dement Geriatr Cogn Disord 1997; 8: 204-09.

5. Padurariu M, Ciobica A, Mavroudis I, Fotiou D, Baloyannis S: Hippocampal neuronal loss in the CA1 and
CAZ3 areas of Alzheimer's disease patients. Psychiatr Danub 2012; 24: 152-8.

6. Mavroudis IA, Fotiou DF, Manani MG et al. Dendritic pathology and spinal loss in the visual cortex in
Alzheimer's disease: a Golgi study in pathology. /nt J Neurosci2011; 121: 347-54.

7. Schmahmann JD. An emerging concept. The cerebellar contribution to higher function. Arch Neuro/1991;
N48(11): 1178-87.

8. Schmahmann JD, Sherman JC. The cerebellar cognitive affective syndrome. Brain 1998; 121: 561-79

9. Schmahmann JD (editor). The cerebellum and cognition. /nternational Review of Neurobiology, Vol. 41,
1997 San Diego: Academic Press;

10. Strick PL, Dum RP, Fiez JA. Cerebellum and nonmotor function. Annu Rev Neurosci 2009; 32: 413-34.
11. Stoodley CJ, Valera EM, Schmahmann JD. Functional topography of the cerebellum for motor and
cognitive tasks: an fMRI study. MNeuroimage. 2012 Jan; 16; 59(2): 1560-70. doi:
10.1016/j.neuroimage.2011.08.065. Epub 2011 Aug 31.

12. Schmahmann JD. Cerebellum in Alzheimer's disease and frontotemporal dementia: not a silent
bystander. Brain 2016; 139(Pt 5): 1314-18.

13. Mavroudis IA, Fotiou DF, Adipepe LF et al. Morphological changes of the human purkinje cells and
deposition of neuritic plaques and neurofibrillary tangles on the cerebellar cortex of Alzheimer's disease. Am
J Alzheimers Dis Other Demen 2010; 25(7): 585-91.

14. Fukutani Y, Cairns NJ, Rossor MN, Lantos PL. Purkinje cell loss and astrocytosis in the cerebellum in
familial and sporadic Alzheimer’s disease. Neurosci Lett 1996; 214: 33-36.

15. Andersen K1, Andersen BB, Pakkenberg B. Stereological quantification of the cerebellum in patients with
Alzheimer's disease. Neurobiol Aging 2012 Jan; 33(1): 197 e11-20.

16. Guo CC, Tan R, Hodges JR et al. Network-selective vulnerability of the human cerebellum to Alzheimer’s
disease and frontotemporal dementia. Brain2016; 139: 1532-43.

17. Mavroudis IA, Manani MG, Petrides F et al. Dendritic and spinal pathology of the Purkinje cells from the
human cerebellar vermis in Alzheimer's disease. Psychiatr Danub 2013 Sep; 25(3): 221-26.

18. Sholl DA. The organization of the visual cortex in the cat. J Physio/ 1955; 89(Pt 1): 33-46.

19. Baloyannis SJ, Manolidis SL, Manolidis LS: Synaptic alterations in the vestibulocerebellar system in
Alzheimer’s disease-a golgi and electron.

20. Dickson DW, Wertkin A, Mattiace LA et al. Ubiquitin immunoelectron microscopy of dystrophic neurites in
cerebellar senile plaques of Alzheimer’s disease. Acta Neuropathol (Berl) 1990; 79: 486-93.

21. Yamamoto T, Hirano A: Hirano bodies in the perikaryon of the Purkinje cell in a case of Alzheimer’s
disease. Acta Neuropathol (Berl) 1985; 67: 167-69.

22. Fox MD, Snyder AZ, Vincent JL et al. The human brain is intrinsically organized into dynamic,
anticorrelated functional networks. Proc Nat/ Acad Sci USA 2005; 102: 9673-78.

23. Prusiner SB. Biology and genetics of prions causing neurodegeneration. Annu Rev Genet2013; 47: 601-
23.

24. Joachim CL, Morris JH, Selkoe DJ. Diffuse senile plaques occur commonly in the cerebellum in
Alzheimer's disease. Am J Patho/ 1989; 135(2): 309-19.

25. Wang HW, Pasternak JF, Kuo H et al. Soluble oligomers of ab-amyloid (1-42) inhibit long-term
potentiation but not long-term depression in rat dentate gyrus. Brain Res 2002; 924: 13340.

26. Cullen WK, Suh YH, Anwyl R, Rowan MJ: Block of LTP in rat hippocampus in vivo by beta-amyloid
precursor protein fragments. Neuroreport 1997; 8: 3213-17.

27. Maccioni RB, Cambiazo V: Role of microtubule associated proteins in the control of microtubule
assembly. Physiol Rev 1995; 23: 1-27.

28. Mandelkow EM, Biernat J, Drewes G et al. Tau domains, phosphorylation, and interactions with
microtubules. Neurobiol Aging 1995; 16: 355-62.

www.nuclmed.gr 179 Hell J Nucl Med Suppl, January-April 2019



Commentary - Case Study
The self in Alzheimer's Disease: A Case Study with
Implications for Life Quality

Sarafidou Sylva, MSc, AKC, PhD Cand.

Private Office Ideas, Center of Psychology, Eurosciences and Art, Vrilissia, 152335, Athens,

Keywords: Alzheimer - Dementia - Self Sense of Self - Self-hood - Person-hood - Life Quality
Psycho-social - Intervention

Corresponding author:
Sarafidou Sylva, Psychologist, MSc, AKC, Phd Cand., Private Office Ideas, Center of Psychology,

Eurosciences and Art, Vrilissia, 152335, Athens, email: syl.sfd@gmail.com

Abstract

In neurodegenerative disorders such as dementia of the Alzheimer’s type the person gradually loses skills and
aspects of everyday living. Does that indicate that he/ she lose the self? In the past it was widely accepted that
the self diminishes in dementia, until it is lost in the latest stage, yet in the recent years this premise has been
challenged. Accepting that the self is ‘lost’ can be problematic theoretically in the approach of self-hood, and
practically in the care of individuals. Currently a novel perspective is ‘gaining ground’ supporting the existence
of the self in dementia, and the importance of enhancing the self-hood, in order to improve the life of the
person. A case study is presented where the self emerged along with a need to target it in order to improve
the life of the person. A man with Alzheimer’s disease was expressing rapid cognitive decline, along with
emotional agitation and behavioral disturbances, and began having sessions. An intervention was structured
that used all art modalities as a stimulus, and focused on the existing skills, on the narrative of the person, and
on self- qualities, in order to improve life quality. It was composed of activities, each of which had a cognitive,
an emotional, a behavioral and a somatosensory aspect, all of which were linked to the self in the past,
present and future. The intervention appeared to be efficient in delaying the progression of the disorder (as
much as possible), in stabilizing the emotional state of the person and in harmonizing the behavior. All the
above were made apparent through regular assessments with a Mini Mental State Examination (MMSE), a
Geriatric Depression Scale (GDS), and through quantitative and qualitative measures regarding the self, and
life quality. More research is required to be able to generalize the results, yet a focus on the self and all its
aspects appears to be efficient in the psycho-social treatment of Alzheimer’s, and manages to improve life

quality.

Introduction

Dementia is a condition with a long past- having appeared already in the ancient eras.
Philosophers (like Plato), doctors (like Galen) or legal thinkers (like Solon) recognized that old age
could often be accompanied by troubles in memory, attention or judgment [1]. In the recent years,

individuals with dementia represent a growing population: in Europe more than 7.3 million

www.nuclmed.gr Hell J Nucl Med Suppl, January-April 2019



individuals suffered in 2011, and more than 160 thousand in Greece alone, with the numbers
moving solely upwards, and expected to triple in the upcoming decades [2]. Based on statistics by
Alzheimer’s Disease International, in 2017 more than 50 million individuals lived with Alzheimer’s
and in 2015 the global cost of caring reached 818 billion dollars (2017).

The past and the present of dementia indicate that it is a condition in need of an efficient
management and systematic efforts for improving the life quality of those who suffer.

Dementia and the Self Intervention.

Dementia as a condition has an odd relation with the sense of self, due to neurodegeneration.
Until recently, it was widely accepted that the self is ‘gone’ in dementia, along with the cognitive
and meta-cognitive abilities. In a first glance, this makes sense: the person gradually loses more
and more skills related to the self (such as autobiographical memory or consciousness), while in
the latest stages the person seems to have lost every characteristic that made him ‘himself. This
has been supported through researches which have examined the material, the social and the
spiritual self and have concluded that the stage of the disorder is directly linked to the level of self-
concept for each person [3].

The ‘abscence’ of the self in dementia though is problematic. In the theoretical-
philosophical level, if the self is gone, what is left? The person becomes a ‘non- person’ fact which
leads to a theoretical dead end, and an ‘ontological null-point. If the person has no self, then he/
she does not have the same human rights as others (or as in the past, in the pre-dementia state).
In practice, this belief would lead to generalized, impersonal, even careless caring for the person,
which has lost its meaning and importance (both by health and mental health professionals who
experience frustration, and by family caregivers who often grieve for the person while he/ she is
still alive) [4,5].

Recently a new perspective was borne, supporting both in theory and through research
the maintaining of the self in dementia. Theoretically, the person, despite the level of progression
of the disorder, remains unique in his thought, feelings and behaviors, and continues to interact
(influence and be influenced by) with the environment. Moreover, the self changes throughout the
course of lifetime depending on the developmental stage, its demands and capabilities, and in a
similar manner, the self can adapt to dementia [4]. In research it has been shown that individuals
with dementia can characterize themselves, and express their uniqueness in several ways, in a
manner similar to healthy elderly individuals [5]. Finally, the self cannot be localized in one part of
the brain, thus even if some parts of the self, and of the brain respectively, are affected by
dementia, not all of them are entirely harmed, thus the self can still be maintained, even if altered
(in the brain structures and functions that are less affected) [7].

The self may be influenced by the disease, but it is not brought to extinction due to the
disease [6]. We could perceive the self as dynamic and multifaceted. It is dynamic since it has the
ability to change and adapt to each developmental stage, its abilities and demands, and to
different life phases, it can rely on experience and knowledge and can deal effectively with
challenges [4]. Moreover, the self is multidimensional, since it is composed of a somatosensory, a

cognitive, and emotional and a behavioral (and social) aspect, all of which are combined, creating
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the unique person that each individual is [8]. From this perspective, the self may be altered in
dementia, but it remains ‘alive’ and active along with the person!

It is of great importance to maintaining the self in dementia. Caring (by professionals or
the family) has meaning and a quality with a humanistic value, while the person can seek the
meaning in the life with dementia (especially in the first stages, but also throughout the way) [5]. In
this way, the life quality of the person is improved, fact which is the ultimate goal of all
interventions [9]. This has been shown in research studies: individuals who maintain a sense of
self tend to have a better quality of life than those with less sense of self [10]. It is worth noting
that life quality is not approached as an objective measure based solely on the existence or
absence of a disease, but as a term both objective and subjective. In this view, individuals with
dementia can maintain a life of quality despite the condition [11].

The self, despite being an abstract construct, may become the goal of a psycho-social
intervention. This can both delay the progression of the disease (which influences all aspects of
the self), and improve the life quality of the person involved [8,9].

Intervention

Based on the definition of the self and the insufficient existing literature, an intervention that
targets the self in order to delay the progression of the disorder and improve life quality is
structured. Each element of the intervention is based on existing literature.

The intervention is composed of sessions of activities, and each activity has a
somatosensory, a cognitive, an emotional and a behavioral aspect, so that all aspects of the self
(and all aspects that the disorder influences) are targeted [8]. Also, each activity is linked to the
self in the past, present and future (thus to the narrative of the person) and to self qualities (such
as personality characteristics or self- knowledge). Finally, there is a focus in the ‘here and now’,
through focusing in the existing skills of the person (instead of the ones already influenced by the
disease), and in the changing needs of the person [9]. The activities use all art modalities as a
stimulus [12].

Each activity is presented in a hard copy, printed (with a large fond so that it is easy to
read) and offered to the person, in order for him/ her to be active in the management of the
disease, and to be approached by the coordinator as an equal [5].

The intervention has an intense person- centered approach and a humanitarian rational,
drawing from the person- centered theory in dementia, which supports the enhancement of the
sense of self and the individualized care. According to the person- centered approach, the self is
maintained in dementia, and a focus on it will promote the life quality of the person [13,14].

As mentioned, the intervention is based on existing literature. All its aspects have been
found (separately) to be effective in enhancing the sense of self and in improving life quality in
individuals with dementia (in group settings or in individual sessions). According to a meta-
analysis of interventions regarding the self in dementia, the focus on the narrative of the person,
on self qualities, and on the existing skills, as well as the use of the arts are means to enhance the
self and delay the progression of the disease [9]. Moreover, according to a person- centered
music therapy case study, the person- centered approached, especially when combined with the
arts can lead to several benefits for the person, including enhancing the sense of self and

improving the quality of life [15]. Furthermore, the combination of all art modalities has been found
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effective in enhancing the sense of self in individuals with dementia in a group setting [12]. Finally,
according to a case study in an individual with severe dementia, the focus on all the different
aspects of the self (somatosensory, cognitive, emotional, behavioral) was effective in delaying the
progression of the disorder, and improve the life quality of the person [16].

Overall, the intervention is highly individualized and structured specifically for each
person and his/ her needs [5]. So it was structured in the current case study.

Case Study

An individual, male and 85 years of age, exhibited the first signs of dementia. Soon he was
diagnosed with Alzheimer’s disease, but he was in the very early stages. About a year later, his
cognitive state began to decline rapidly along with an emotional turbulence while he expressed
intense behaviors that seemed ‘out of character’. Thus his family requested sessions to manage
the situation and delay the progression of the disorder.

In the first meeting, the person was reluctant and negative. Although he recognized that
he had some memory troubles he believed it was not his ‘fault’, but it was due to his environment
that he became angry angry. He explained that everyone treated him ‘differently’ and in a strange
manner: he was not allowed to go out as he used to, he was not brought his daily newspaper, he
was not allowed to do the activities that he used to (like preparing his coffee), and he was
addressed with phrases such as ‘you don’t know’ or ‘never mind, you can’t do this or that’. ‘Is it not
reasonable that | get angry?’ he had asked. When he was asked what he likes to do he stated that
‘| have not done something that | like in such a long time that | have almost forgotten what | like to
do’, while the phrase ‘| am losing myself appeared more than twice in the same initial
conversation. Finally, he was asked if he is satisfied with his daily living, and he stated no. So it
was suggested that we start sessions in which we will try to improve his daily living, through
‘improving the mind, the emotion and his interaction with others’ (as it was explained to him). The
initial hesitation was vanished with this suggestion, which found him positive. Thus, we began

hourly sessions twice a week.

Results

Before the beginning of the sessions, the individual conducted an assessment through a set of
questionnaires. Cognitively, he was tested with the Mini Mental State Examination (MMSE), which
assesses several cognitive functions that dementia influences with validity and reliability, in a
short time [17]. The highest score indicated higher cognitive level. Emotionally he was assessed
with the Geriatric Depression Scale (GDS), to test for depression. This test, through fifteen
questions with a dual answer can indicate the existence of depression (apparent through the
higher scores) [18]. Moreover, his life quality was assessed through a questionnaire with thirteen
questions with four potential answers. The questionnaire Quality of Life in Alzheimer’'s Disease
can be administered to the person and the caregiver (separately) and higher scores indicate

higher life quality [11,19]. It was chosen both because it is suitable for the person and the
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caregiver, and because it includes a question about the self (that sees it as linked to life quality).
Finally, the sense of self was assessed through the I-AM test, which requires the completion of

ten sentences starting with ‘Il am...’, and which are characterized for whether they are true or
false, general or specific, positive or negative, and for the number of answers generated [6].

In an initial assessment, the person exhibited the first stages of Alzheimer’s disease
(MMSE: 21/30) with problems mainly in orientation, and low levels of depression (GDS: 4/15).
Despite that, he expressed a low life quality (QOL-AD: 26/52). He stated he was not satisfied with
the way he lives now, and his inability to do things around the house, while he was not doing any
fun activities, and was frustrated with his family for not being able to do so. At the same time, his
wide stated that his life quality was mediocre (QOL-AD: 34/52), with the answers between the
spouses to differ only in the judgment of the relation with the family, and the overall life quality.
Finally, the person exhibited a sense of self, but more generic, and with a negative tone. He was
able to complete seven sentences before getting angry and giving up, all of which were true in the
present, with three being general (man, husband and father, retired), two negative (old,
frustrated), and two specific (me, person who loves and takes care of others).

The person repeated the same assessment every six months. At the first six months
there were some changes which were more intense in the next evaluation (one year after the
initial one). His MMSE is steady [20,21], and his GDS remained the same [3,4]. Yet there was a
change in the quality of life both according to him [28,33] and according to his wife [35,36], while
the answers of the two became more congruent. More specifically there was a change in the way
he approached his relation with his family, and in his general way of life. Finally, there was a
change in the sense of self. In the next evaluation he was able to complete ten sentences without
getting angry, out of which: three remained general (man, husband and father, retired), one was
negative (old), two were positive (smart, strong personality), three were related to the ‘here and
now’ (grateful today, here in our meeting with..., nice/ good looking today) and one descriptive
(person who speaks ‘straight’ and talks to everyone, and everyone knows me). His answers were
similar in the third assessment (man, husband and father, grandfather of those beautiful grand
kids, retired, elderly, smart, strong, here in our typical meeting, happy, person who takes care of
others).

The person is continuing his sessions, and his assessments in the same pattern.

The intervention appeared to be efficient in delaying the progression of dementia (fact
which was made apparent through the steady scores of the MMSE), and in improving the quality
of life (both according to the person, and to the caregiver). Finally, through the intervention the
person expressed more intensely his sense of self (as was made apparent through the more,
more precise, more positive and more present-oriented answers in the |-AM test). Overall, there
were some small changes in the time span of one year in his life quality, which appeared to be
gradually increasing, and more qualitative changes in the sense of self.

Discussion

A man of 86 years old, suffering from dementia of the Alzheimer’s type, participated in a holistic
psycho-social intervention aiming at improving his life quality and delaying the progression of the
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disorder through enhancing the sense of self.

The results can be explained through the existing literature, which has begun to
investigate the relation between sense of self and life quality in dementia (9,10). We can perceive
the change in the sense of self and the quality of life through a psycho-therapeutic and a
neuroscientific perspective. From the therapeutic scope, the person was the center of the
intervention, his uniqueness was focused upon, and life with dementia became a little more
simple and understandable for the person, providing him with meaning. In this way, a therapeutic
alliance was developed between the person and the therapist, which in turn, promoted the goals
of the intervention [5]. From a neuroscientific scope, the targeting of different aspects of the self
lead to exercising different parts of the brain and different functions, fact which allowed the
delaying of the progression of Alzheimer’s disease, and the maintenance of functionality, thus by

extend, the life quality of the person [7].

Conclusion

The current case study leads to several conclusions and implications, both theoretical and
practical. The sense of self seems to be characterized by permanency and stability, while being
multifaceted and dynamic at the same time. The person can maintain the self even through
neurodegenerative conditions. This can function both as a goal of a psycho-social intervention,
and as the rational of caring, through an effort for an individualized in essence approach [4].

The paper had some limitations though. For starters the QoL-ADQ does not exist in a
Greek version, so the translation was not official. Despite that the phrasing is very simple and
clear, thus the translation is accessible, it is not systematized in Greek. This brings forth the need
to officially translate questionnaires in Greek. Moreover, the differences among the assessments
could have been influenced by the therapeutic relation itself: the person was accustomed to the
process and the professional, fact which could have influenced his ability (and desire) to reply, but
this factor was not assessed in research terms.

This leads to suggestions for future research that arise through the case study. The self
can be investigated in relation to dementia of several stages through both quantitative and
qualitative methods, or even through imaging techniques. The life quality in relation to self-hood
could be more systematically explored, and in a more holistic manner, drawing information both
from the person and his/ her environment. Finally, there could be an effort to translate and
systematize questionnaires in Greek, so that mental health professionals could have a wide
variety of choices for their method of evaluation.

During one session, the person stated that he feels like he is ‘finding himself again’
through our meetings. When he was asked to explain, he said he could not, but in some way our
meetings made his everyday life better. Let us hope that we will be able to explain his words
scientifically, through linking the sense of self in dementia with life quality, through an effective

intervention.
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Abstract

Subcortical small-vessel disease (SSVD) is a disorder that has been fully described in clinical,
neuropathological and imaging aspects. It is considered as the most prevalent ischemic CNS disorder and
has been associated to arterial hypertension, diabetes mellitus, dyslipidemia and obstructive sleep apnea.
The hallmark of SSVD is the ischemic white matter lesions which can be presented as lacunar infracts and
global brain hypoperfusion in a common and homogeneous subtype of vascular cognitive impairment (VCI)
which is often unrecognized. The special nature and course of SSVD offers the opportunity of collecting
knowledge at all stages of its pathogenicity. Arteriosclerosis, hypoxic hypo-perfusion and inflammation act
synergistically, causing myelin degeneration and blood brain barrier alteration. Clinical diagnosis of SSVD
includes early executive dysfunction manifested by impaired capacity to use complex information, to
formulate strategies, and to exercise self-control. Brain imaging has advanced substantially the diagnostic
tools for SSVD. Diagnostic biomarkers for Alzheimer Disease include reduction of cerebrospinal fluid
amyloid-B (AB)42 and of the ratio AB42/AB40 sometimes with increased total tau levels. However,
biomarkers specific for the diagnosis at all stages of SSVD are needed, especially because of the

unsatisfactory treatment options at its late stages to date.

Introduction

The term vascular cognitive impairment (VCI) is used in order to describe the cognitive
consequences of the heterogeneous set of sporadic and hereditary cerebrovascular diseases [1].
VCl is the second most prevalent type of cognitive impairment in the elderly, just below Alzheimer

Disease (AD). The two pathologies share some of their risk factors and pathogenetic
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mechanisms, such as arterial hypertension, diabetes mellitus, dyslipidaimia and amyloid
angiopathy [2,3] and coexist in most of the cases as mixed dementia, which seems to be more
common than the “pure” forms of each one [4]. It has been argued that vascular disease can
accelerate the progression of AD [5] and vascular damage of white matter may be the first stage
on the AD course [6]. The global population aging and the progression of vessel disease result in
an estimation for an expansion of VCI in the future [7].

SVD presents a typical cognitive impairment syndrome characterized by mental
slowness, personality changes and executive deficits affecting cognitive functions like planning,
attention, flexibility, working memory and abstraction capacity [8]. Gait pattern can also be slower,
resembling the bradykinesia of an extrapyramidal syndrome. There has been a great difficulty in
the diagnosis of cognitive disorders resulting from vascular disease, which can be illustrated by
the numerous diagnostic criteria proposed [9]. The most recently updated definitions and criteria
were set by the International Society of Vascular Behavioral and Cognitive Disorders (VASCOGQG)
[10] and by the Vascular Impairment of Cognition Classification Consensus Study (VICCCS)
group [11,12]. Based on ample evidence, the large vessel disease combined with cardiological
problems can result in unpredictably large strokes with massive brain damage. In contrast, SVD
has been lately recognised as a disease that causes cortical degeneration of vascular origin
(lacunar infracts and progressive white matter damage) affecting the cortex and the subcortical
white matter by a progressive and gradual course that offers useful information for clinical trials
and treatment development [13].

Among the sporadic forms of VCI, particular attention has been recently paid to VCI
associated with subcortical small-vessel disease (SSVD). SSVD is probably the most prevalent
vascular neurological lesion [14], occurring as part of a systemic dysfunction of arteriolar
perfusion, affecting richly vasculated tissues such as brain, retina and kidneys [15,16]. SSVD
offers a possible target for the identification and study of homogenous patient groups for the

development of biomarkers [17].

Pathogenesis in SSVD

SSVD pathology includes diffuse injury of the cerebral white matter and damage of its blood
supplying vessels [18,19]. Deep white matter is a borderline region vulnerable to fall of blood flow
and of oxygen supply [20]. The vasculature of subcortical white matter derives from the cortex
surface. The vessels become thinner as they trespass the cortex, leading to deeper regions and
by the time they reach the periventricular white matter, their diameter is very small and their flow
becomes unsafe [21]. Arterial hypertension plays a major role in the narrowing of vessels mainly
through the thickening of the outer wall. Arterioles are the first to be influenced by developing
atherosclerosis, lipohyalinosis, and fibrous necrosis [22]. Smooth muscle in the walls of vessels is
characteristically replaced by collagen, and perivascular spaces are commonly enlarged [23]. The
narrowed vessel becomes thicker and harder and vasodilation is hindered. As a result, the
autoregulation of brain blood flow becomes insufficient [24]. The above can lead to hypoxia factor
-1a production and inflammation [25]. Endothelium is damaged and small bleeds can occur. The
blood brain barrier is altered and permits the entrance of pro-inflammatory plasma proteins into
the brain [26]. The combination of free oxygen radicals and oxidant stress sets a constant
inflammatory demyelinating procedure in standby [27]. The hypoxic and toxic environment
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increases the proteolytic action with the result of myelin and axon loss [28]. Similar changes to
those in cerebral white matter are often seen in deep grey matter. Veins adjacent to the lateral
ventricles often have thickened walls [29]. This, in combination with diminished blood flow and
hypoxia [30], has been related to the presence of White Matter Hyper-intensities (WMHSs), a very
common finding in T2-Flair of aged people. The link between WMHs with arterial hypertension
and SSVD is long known but the significance of venous pathology in SSVD has only lately been

systematically studied and related to cognitive state.

CSF biomarkers

Biochemical analysis of blood and CSF provides useful information on the biochemical changes
of patients since CSF is in direct contact with the extracellular space. The biochemical study of
CSF offered a great amount of knowledge in the field of AD research with the discovery of cortical
neuronal degeneration markers, tau and phospho-tau proteins and markers of amyloid pathology,
such as B-amyloid AB40 and AB42. Tau protein is one of the major components of intracellular
neurofibrillary tangles and is considered as a neuronal/axonal degeneration marker while
phospho-Tau is the pathologic hyper-phosphorylated alternative which has been associated
directly with tangle formation in AD. Both of them are increased in the CSF of AD patients [31].
Beta-amyloid peptides with 40 (AB40) and with 42 amino acids (AB42) are the major components
of extracellular amyloid plaques found in AD pathology. Decreased AB42 presents a high
sensitivity and specificity (>85%) as compared to cognitively intact old subjects and, together with
the Tau and Phospho-Tau, they have been incorporated in the research criteria for AD since in
combination they can achieve a specificity >90% for diagnosis [32-34]. In VCI patients, normal

levels of the above biomarkers offer diagnosis of exclusion (excluding the co-occurrence of AD).

SSVD Biomarkers

CSF analysis is important for patients with white matter damages in order to exclude other
pathologies e.g. an inflammation, a vasculitis or multiple sclerosis. Furthermore, SSVD is mostly a
pathology that evolves for decades before it expresses symptoms, if any. The research in order to
establish specific biomarkers (diagnosis of inclusion) for SSVD/VCI includes several candidates,

the leading of which are listed below.

Elevated CSF/blood albumin ratio (BCB/BBB disruption)

The Blood-CSF and blood-brain barriers (BCB/BBB) are selective permeability barriers located in
the CNS. Their significance has to do with the need of the brain to be protected from general
circulation in order to avoid injury from irritating/ toxic elements. An increase of CSF/serum
albumin quotient (QA) indicates increased permeability of BCB/BBB integrity [35]. Both aging and
all subtypes of VCI are associated with increased BCB/BBB permeability. Altered BCB/BBB has
consistently been reported in VCI-SSVD patients, and it is thought to contribute to the pathogenic
process in AD [36,37].
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Altered CSF matrix metalloproteinases (extracellular matrix breakdown)

Matrix metalloproteinases (MMPs) are a family of enzymes of the extracellular matrix, among
which MMP -2, -3,-7,-9,-10 and -12 are mainly active in the brain. Some MMPs are normally
present in the CSF, while others (mainly MMP-3 and MMP-9) are increased only when an
inflammatory response is elicited [38]. Measurement of MMPs is a promising SSVD biomarker,
and has high validity in discriminating VCI-SSVD from neurodegenerative cognitive impairment
[39,401].

CSF neurofilament (axonal damage)

The neurofilaments (NFs) are neuron proteins. They consist of three subunits of low (NF-L),
medium (NF-M), or high (NF-H) molecular weight [41]. NF-L subunit may by a significant increase
be a sensitve marker for neuronal death and axonal loss in several
neurovascular/neurodegenerative disorders [42,43]. High CSF-NF-L levels were positively
associated with increasing severity of White Matter Lesions in non-demented subjects [44] and
with acute cerebral infarctions [45]. It is therefore suggested that NF-L could function as a marker
of white matter damage indicating a neurovascular pathology especially in the absence of
neurodegeneration markers. Far less is known about the rest of NF subunits, indicating a field for

further research.

Blood inflammatory cytokines and adhesion molecules.

Some of the many molecules of the inflammatory pathway have been found to participate in the
VCI/SSVD pathophysiology. C reactive protein (CRP) is a biomarker of systemic inflammation
which has been positively related with WML [46] and an elevation of peripheral CRP is raising the
risk for VCI while decreased levels indicate a healthier white matter structure [47,48]. CRP is
synthesized in the liver as a response to Interleukin-6 (IL-6) blood level increase. IL-6 is secreted
as a pro-inflammatory cytokine by the blood vessels and belongs to the group of Interleukins (ILs)
a family of cytokines participating in the regulation of the immune system. Although numerous
studies reported a positive association [49], the usefulness of IL-6 and CRP as biomarkers of
SSVD, remains to be fully established [50]. Other candidate cytokines that could serve as SSVD
biomarkers are CSF TNF-a, TGF-B vascular endothelial growth factor (VEGF) and CSF al-
antichymotrypsin which could all be found elevated in VCI-SSVD patients [51,52].

Conclusion

VCI-SSVD is the most common and homogeneous type of VCI but is often under-recognized in
clinical practice. Its (differential) diagnosis could be empowered by specific biochemical markers
which could also be useful to cast light to the pathogenicity of neurovascular disease. Additionally
they could be used for identifying preclinical SSVD, in order to monitor the advance of the
pathology and permitting early medical intervention. Given that the majority of persons with
dementia are located in a spectrum with pure subcortical vascular disease (i.e. Binswanger’'s

disease) at one end, and pure AD at the other, further research is required to identify the
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appropriate markers that, used in combination can contribute in better understanding and treating
of VCI.
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Abstract

Alzheimer's disease (AD) is a serious neurodegenerative disorder that manifests itself as progressive
damage to memory and knowledge and is the main cause of dementia in the elderly. AD is characterized by
extracellular deposition of amyloid-B plate (AB) and by the formation of neurofibrillary tangles, composed of
hyperphosphorylated Tau protein. These modifications lead to neuronal cell death, vascular dysfunction and
inflammatory disorders. Described as "elderly disease", AD is an escalating threat to developed countries as
life expectancy is increasing. Because of its severity, AD has been the subject of extensive studies that
address the pathogenesis of the disease. However, its main cause remains unknown. Most research on
neurological conditions has been applied to animal models. However, due to their high cost and the
uncertain translation of their results to humans along with moral concerns, in recent years, there has been a
growing need for in vitro modeling to mimic the brain. The creation of the aforementioned models aims at a
better understanding of the factors contributing to the onset of the disease and the faster development of the
treatment of diseases affecting the nervous system. Given this need, in this review, new approaches to study
neurodegenerative disease were recorded. A three-dimensional (3D) neurosphere-based microfluid chip has
been reported and this model imitates the in vivo microenvironment of the brain and provides a steady flow
of fluid that is observed in the brain's space. Uniform neurospheres, with cell interactions and contacts in all
directions, were formed in a hollow microfuge and a steady interstitial flow rate was maintained using a small
pump osmotic system. In this model it was possible to control the toxic effects of amyloid-$. At the end, it
was observed that the deposition of amyloid-B through an osmotic micro-pump significantly reduced the
viability of the neurospheres and caused destruction of the neuronal networks. Therefore, this model was

proposed as an in vitro brain model for neurodegenerative disease and high-throughput drugs.
H véoog Alzheimer

O NMaykéouog Opyaviopdsg Yyeiog opifel TNV AGvold wG OUVOPopo - ouvhBwg Xpoéviag N
NPOOJEUTIKNG QUOEWG - OTnV onoia napatnpeitat endsivwon TwWV YVWOTIKWY AEITOUPYLLV
(dnAadnA tNnG IKavoTNTaG eNeEepyaaiag Twv OKEYeWV) NAvw and autd Nou UNopei va avapeveTal

and tn @uaolohoyiki dadikacia yApavong. H yvwoTikh €§aocBévnon ouvABwg ouvodeueTal and

www.nuclmed.gr Hell J Nucl Med Suppl, January-April 2019



OUUNEPLPOPIKEG KAl OUVALOBNUATIKEG aAAowoelG. H ooBapdTtnTa Twv CUPNTWHATWY augdveTal
otadlakd pe Tnv ndpodo Tou xpovou. Zupgwva pe tnv Alzheimer's Disease International, n dvola
€ninge 46,8 ekatopuUpla avBpwnoug naykoopiwg to 2015, dénou n acBéveia Alzheimer
avtinpoowneve 60 €wg 80% Twv nNepntwoewv dvowag. EmnAgov, o apBuog twv aobevwv
avapévetal va dnAactaotel og 20 xpovia, eBdavovtag ta 74,7 ekatoppupla to 2030 kat ta 131,5
€KaTOpUUpLa To 2050. H dvola avapéveTtal va gival pia and Tig no NPopANHATIKEG agbEvelEG OTIG
OVENTUYHEVEG XWPEG, MPOKOAWVTAG TEPAOTIEG KOWWVIKEG KAl OLKOVOUIKEG E€MMTWOEG. To
OUVOAIKO KOOTOG TNG avolag 1o 2015 ekTipdral oe 818 dioekatoppupla doAdpla HIA. Zuvenwg,
n anoteAeopaTikl Bepancia Ba npenel va dlepeuvnBel Kal va €QAPUOOTEl TO GUVTOMOTEPO
ouvato [1].

MaBoMoyia tng véoou

Ta Baowka veuponaBoAoyikd otoixeia tTng AD neptypdenkav and tov Alois Alzheimer to 1906 kat
Tov 6o nepinou xpoévo and tov Oscar Fischer [2]. Z& pakpookonikd €ninedo, undpyxel atpoia
TOU €YKEQPANOU. € MIKPOOKOMNIKO €ninedo, TA XAPOKTNEWOTIKA TNG vOoou eival n andbeon
QUUAOEIBWY NAOKWY 0 GUVOUOOHO e VEUPOIVIOIOKA ToAUNa (tangles) Kal n EKTETAUEVN ANWAELX
veupwvwy. Eival yvwoTo 6TL napatnpeital anwAela Tou OYKou Tou eyKEPAAIKOU @AoLoU, TO onoio
elval Mo €vtovo OTouG KPOTAPIKOUG Kal BPEYUATIKOUG AoBOUG, KOBWG Kal OTIG NEPLOPLOPEVEG
NEPOXEG TOU METWMNA{OU @QAOOU Kol TNG Kunapoewoug €Akag. O  eKQUAOUOG Twv
NPoavaPePOEVTWY NEPOXWY UNopei va €ENYAOCEL OUYKEKPIUEVEG MNTUXEC TNG AVOlOG Mou

oxetiCovtal pe Tnv avantugn tou AD [1].

‘Opyava og Totn

‘Eva Opyavo o€ TOIN €ival QA OUOKEUR MIKPOKUWEAIKAG KUTTAPIKAG KOAAIEPYEIAG MOU
onpoupyndnke pe PeBOBOUG KATOOKEUNG WIKPOTOIN TO OMoio MNEPLEXEL OUVEXWG OLAXUTOUG
BaAdpoug anoteloupevoug and {wvtavd KUTTApA SIATETAYHEVO WOTE VA MPOCOUOLAJouV Th
@ualoloyia 10ToU Kal opydvwyv. AVOKEQAAALWVOVTAG TIG MOAUKUTTOAPIKEG APXITEKTOVIKEG, TIG
OlENAPEG 1OTOU-I0TOU, TA QUOIKOXNUIKA HIKPONEPIPBAANOVTA KAl TNV QYYELQKN AUdTwon Tou
OWHATOG, AUTEG Ol OUCKEUEG Napdyouv €nineda 0TOU Kal AEITOUPYIKOTNTA Opydvwy rnou dev
eival duvath pe oupPatikd cuothpata KaAEpyewag 2D ) 3D. MapExouv eniong duvatdTnTa
anekoviong uwnAig avaiuong, o€ NPAYHATIKO XpOVO Kal in vitro avaAuon BOXNUIKWY, YEVETIKWY,
METABOAKKWY OpacTNPEOTATWY JWVTAVWY KUTTAPWY O AEITOUPYIKO 1OTO KAl MAQiOI0 Twv
opydvwyv. AUTA n Texvoloyia €xeL MOAAEG dUVATOTNTEG va NPOWBAOEL TN HEAETN AVANTUENG
I0TWV, ThG Quololoyiog Twv opydvwv Kal TnG altioloyiag tng vooou. XTO MNAAIO0 TNG
QvakaAuWng vEwv Qapuakwy, anoTteAel wbaitepa XpAown HEBODO yia TN HEAETN TWV UOPLAKWY
pNXaviopwyv 6pdong, Tn SOKIUA TOEIKOTNTAG KAl TV avayvwplon TV BLOBEIKTWV.

O oupBaTtikég dodldotateg (2D) KUTTAPIKEG KAAAEPYELEG avanTuxOnkav oxeddv npv
and €vav awva. Mapd tnv anodedeypévn agia Toug otn BlolaTpikn €peuva, dgv Unopouv va
unooTnpEIigouv TIG BLIAPOPOMNOINKEVEG AEITOUPYIEG TOU LOTOU and NoAAOUG TUMOUG KUTTAPWY N va
npoPAEYouV pe akpifela in vivo Aertoupyieg w0ToU kAt @appdkwv [3]. Méxpl ofjuepa, ot
NeEPLOCOTEPEG N Vvitro HEAETEG TWwv veupoloylkwv aoBevelwv Paocifovtar oe pebodoug
owdaotatng (2D) kKaANEpyelag, oL onoieg dev €XOUV €MAPEG KAl AAANAEMOPACEIS KUTTAPOU-

KUTTAPOU Nou anoTeAOUV BACIKA XapaKTNPLOTIKA Tou Tpiodidotatou (3D) eyke@aAikoU otou. Ot
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ENAPEG KUTTAPWY Kal oL oAANAENBPACELG €ival ONUAVTIKEG OXL HOVO YIa TN Hop@QoyEVEDH aANG
KOl yla TNV KUTTAPWKA onpatodoTtnon. MNMoANEG peNETEG €xouv OciEel OlOQOPEG PETAEU TwvV
kKaAAlepyewv 2D kat 3D, emonuaivovtag tn onuacia twv endpdcewv 3D KaAAEpyelag oe
Oldopa veuplkad KUTTapa @awvotunwv [4-7]. Aedopévou 6Tt Ta KUTTapa o€ pa 3D KaANEpyELa
olatnpolv ena@eg Kat AAANAENBPACEG KUTTAPOU-KUTTAPOU NPoG OAEG TIG KATEUBUVOELIG nou
HoUvTaL TNV in Vivo KUTTAPOAPXITEKTOVIKH, TO EEWKUTTAPIKO NEPIBAAOV QUTWY TWV KUTTAPWY
napéxel Tn OuvatoTNTA XWPOXPOVIKWY KUTTOAPIKWY €E€PEBICUATWY, MG KATACTAON OPKETA
Ola@OPETIKN and ekeivip Twv KUTTApwv Mou KaAAlepyoUvTtal xpnowonowvtag pebdédoug 2D
KOAALEPYELAG. OL 1BOTNTEG UNXAVIKAG ONUOTOdOTNONG KUTTAPWY, gival Bacikoi napdyovteg aTov
nPoadloplopd TNG Hop@oloyiag Kal Ttng dlagoponoinong - KO akOpn d@opd HETAEU Twv
KuTTtdpwyv og 3D- kat 2D-kaAAiEpyela- [8-12].

Autoi ol neploplopoi €xouv odnynoel otnv avdykn yia Onuoupyia nio ouvlstwv
povTéhwv 2D, Onwg autd MoU EVOWHATWVOUV MOAAMAOUG KUTTAPIKOUG TUnoug
nepthapBavouv tn SlOpopYwon KUTTdpwv kat oe Ttpwddotata (3D) povréda Ta onoia
avTINPoowneUoUV KOAUTEPA TNV XWPELKM KAl XNUKA NOAUNAOKOTNTA Twv {wvTavwyv woTtwyv. Ot 3D
KUTTOPOKOAAIEPYEIEG, MOu avantuxdnkav npwv and 50 xpoévia [3], BaciCovral ouvhbwg ot
udpoyEAeg, oL onoieg anoteAolvtal €ite and QuOkA eEwkutTapk uATtpa (ECM) popiwv A
OUVOETIKG NOAUPEPH, T onoia dleyeipouv Ta KUTTAPA WOTE VA NOAWVOVTAL KAl va aAAnAenidpouv
pe Ta yewrovikd. Ta towin pnopolv va AAGBouv MOANEC HLOPYEG, CUUNEPIANAUBAVOUEVWY TWV
KUTTApwv Tuxaia Olaokopniopevwy ce ECM | OUOOWUOTWHEVO OE QUTOOUVOPUOAOUUEVEG
KUTTOPIKEG MIKPOOOUEG YVWOTEG WG opyavoedn. Ta Tpiodidotata PovtEAa ATav NoAU Xpriowa
yla TN HEAETN TNG MOPLOKAG BAONG TNG AEITOUPYIAG TWV IOTWV KAl TNV KAGAUTEPN KATAYPAPH TwV
0dwv oNUAToddTNONG KAl TNG ANOKPLONG TOU QAPUAKOU OE OPLOUEVEG KOTAOTACELG aoBevEIWV OE
ouyKplon pe ta 2D povtéla [3].

H povtehlonoinon tng oAokAnpwpévng avlpwnwvng @uaooloyiag in vitro eivat évag
TEPAOTIOG OTOXOG e TN duvVaTOTNTA PETAOXNUATIONOU TNG BLOAOYIKAG £PEUVOG KAl TEAKA TNG
UYEIOVOUIKAG nepiBaAyng. Ou TpEXouoeG HEAETEG oTnpifovtal oc peydAo Pabpd oe anAég
avOpWNIVEG KUTTAPIKEG KAANEPYELEG ] MOVTEAA TPWKTIKWY. H avaywylki npoogyyilon yua tov
NPOoadIlOPIOUO TNG CUUNEPLPOPAS o€ €ninedo opydvou OTNV KUTTAPIKN KAAAEPYEWD gival Gueca
KAlpOKoOUpEvVn Kal oxupr.. Eniong, n npoBAenTik TNG WOXUG neplopifetal and Tnv €AAewn
Blohoyikwv Asttoupylwyv. AvtiBeTta, Ta Cwikd povTéEAa avanapdyouv Tn AELToupyia opyavou Kat
noAAanAWY opydvwyv aAld eival eyyevwg €0@AAPEVN Adyw dlagopwv HETAEU TNG QUGCLOAOYIaG
Twv Jwwv Kat tou avBpwnou. Ot nAat@oppeg opydvwv-ce-toin (OOC) emduwkouv va
ouvdudoouV To KAAUTEPO Kal and Ta dU0 HOVTEAD, KOAAEPYWVTAG avBpwniva KUTTAPA OE EBIKEG
Ola0TACEIG TPLOBIAOTATWY LOTWV, OXEOIAOUEVEG VO AVONOPAYOUV TA MNOAUNAEUPA KUTTAPIKA Kol
€CWKUTTAPIKA UnNodelypaTa - HOPLOKE, OOMIKA KAl QUOIKA in Vivo yla €va O€DOUEVO OUOTNUA
opydvou.

O otoxog Twv OOC dev cival va olkodopnBei €éva oAOKANpo Zwvtavo 6pyavo, oA pa
ENAXIOTA AEITOUPYIKA HOVADA IKOVA VO avanapayel OPOUPEVEG MTUXEG TNG avBpwnivng
@ualoloyiag pe eAeyxouevo kat anié tpono. Na napddeyua, Ta KUTTAPA Nou KAAALEpYOUVTaAL O
MEUBPAVEG HnopoUV va avadnuoupyroouv Sl0CUVOECEIG METAEU BIAQOPETIKWY LOTWY, 6NwG N
OlENPAVELD KUWENBWV-TPLXOEWOWY 1 alaToEYKEQPAAKOU @paypou (BBB), evw noAukuttapa

nPOTUNG HNOPOUV va OXEBIAOTOUV YId VA EATPEYOUV TNV EMNKOWWVIO HETAEU SLOPOPETIKWV
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TUNWV KUTTApwV. Na Toug neploadTtepoug oTtoug, Ta OOC npénel va EVOWHATWVOUV (PUOLKEG
OUVALELG- UOPOBUVARIKEG, UNXAVIKEG KAl NAEKTPIKEG - WOTE va enttpanei n €0KA ya Ta dpyava
AelToupyIKOTNTA Kal N enakoAoubn wpipavon nou eival avaykaia ya Tn QUOIOAOYIKA CUVAQELD
Twv MeTpOoUMevwy Oedopévwy. TMoAANG dpyava pnopolv va evOwPATwOOUV GuvdEovTag
pepovwpeva OOC péow dlaUuAwv HIKPOPEUOTOU HE avaAloyieg OyKOU KAl KATAVOWH PORG Mnou
HpoUvTal TN QUOLOAOYIKR 0UZeUEn in vivo yila dnuoupyia in vitro pOVTEAWY UNOCUCTNUATWY TOU

avBpwnivou cwuatog [3]

Organs-on-a-Chip: Avtiuet®nion avekKnARPWTWY avayKwv

2UVOAIKG, Ta KivnTpa yla Tn peiwon tou KivdUvou avantuéng @appaKwy Kal Tnv €E0TOUIKEUON
™G Bepanciog Twv acBevwv pnopolv va npaypatonomndolv péow tng xpnong OOC nou
Kataypd@ouv Tnv MOKIAOPOP®ia TNG avBpwnivng VYEVETIKAG, TNG @UOIOAOYIOG Kal TNng
naBoioyiag. Ot npwTeg NPoondbeleg EVOWUATWONG TNG KUTTAPOKOAAEPYELAG OE MIKPOPEUTTN
eMPAveLD, PE anoTEAECHA TN dnpoupyia twv npoédpopwv OOC, ewAxdBnoav 1o 2003 [13]. Ot
onuepweg  nAateoéppeg OOC, pe TN  XPAON  MKPOKUTTAPIKWY KAl  TPLOOIGOTATWY
KUTTOPOKOAAIEPYELWV YIa TNV AVANTUEN UKPOOKOMIKWY avOpwnivwy IOTWY Kal opyavwy, Pnopouv
va BonBnoouv otnv enttdyxuvon TnG avanTtugng @ApUAKWY KE TNV €NiAUon TwWV anokAioEwy otnv
QO@AAE0 KOl QMOTEAECHUATIKOTNTA TWV QAPUAKwY nou napatnpolvtal PETAEU Twv (WKW
HOVTEAWY, TNG KUTTAPIKAG KOANEPYELOG KAl TWV KAIVIKWV HEAETWV. T NOCOTIKA KAl LNXAVIOTIKA
oTolxeia nou cUAAEXONKav pe tn Xpnon tTwv povtédwv OOC Ba pnopolcav €niong va @EpPouv
€NavAoTAON OTIG KAWVIKEG OOKIIEG, TO No danavnpd Kat no enkivbuvo oTtddlo Katd To onoio
NOANG  @APHOKA anOTUYXAvouv. AVT( TNG QVTIHETWNIONG TwV MEAOVTIKWY a0Bevwyv wg
OUANOYIKAG opadag, n xpnon Kuttdpwv EBIKWV 0aoBevwv ENTPENEL TV KATAYPO®N Twv
ONUAVTIKWV Ola@OpWY Nou o@eilovTal 0Tn YEVETIKA NOWKIAOMOP®Ia, TNV €BVIKOTNTA, TO QUAO Kal
™V nAKKia Twv acBevwv. H dla npoogyyon @apudkwyv akpifeiag pnopei va entpeyel tnv
avAanTtuén KAWIKWV OBOKIHWV /n vifro yia NANBuopoUg aoBevwyv peE ONAVIEG KAl NABIATPIKEG
aoBEveleg ) va avantugouv BepaneuTIKA OXAHATA Nou BEATIOTOMOLOUVTAOL VIO OUYKEKPIUEVO
agBevr]. EninAéov, n uoBetnon twv OOCs and tn Plopnxavia 6a SlEUKOAUVEL TIG TPEXOUOEG
npoondBdeleg ya Tn Meiwon, Tnv TEAEONOINON KAl TEAKA TNV QVTIKATAOTAON Twv CWIKWV

HOVTEAWV PE NEPLOOOTEPEG DEOVTONOYIKEG ENNOYEG [13].

ZUOKEUEG KAANMEPYEIOG UKPOPEUCTWV

Ta 6pyava og TOWN €ival JIKPOPEUCTOL UNXAVIOUOL yIa TNV KAOAAEPYELD (WVTAVWV KUTTAPpWY O€
Baldpoug ouvexoUug dlaxuong, UE HMIKPOUETPNTEG, NPOKEUEVOU VA SLAUOPPWOOUV QUGIOAOYIKEG
Aettoupyieg WOTwv Kat opydvwv. To anAoloTtepo oUOTnUa eival €vag aAnAOG EYXEOUEVOG
HIKpOpEUOTOEWNG OAAOUOG O onoiog neplExel €va €idog KaAAepynuévou KuTtdpou (n.X.
NNATOKUTTAPA | CWANVWTA €NBNAOKA KUTTapa ve@pou) To onoio gu@avifel Asttoupyieg evog
TUNOU 10TOU. € Mo MOAUMAOKa Ox€Dla, U0 R MEPLOCOTEPOL UKPODdiauAol guvdEovTal LE
nopwdelg HePPpAveG, €nevdupévol O avTIBETEG NAEUPEG ANl BLAPOPETIKOUG KUTTAPIKOUG
TUNoug, Yy va avadnuoupyouv OlOCUVOEODELG HETOEU BIAQOPETIKWY OTWV (n.X. Oenm@avela
OABWOANG-NvVEUUOVA ]  CIMATOEYKEPAAIKOU @paypou). AuTd TA OUCTAUOTA MAOPOUV  va
EVOWUOATWOOUV QUOIKEG OUVAELG, CUMNEPINALBAVOUEVWV TWV QUOIOAOYIKWY OXETIKWY EMNEdWV

Tdong SLOTUACEWG PEUCTOU, KUKAIKNG PONG KAl UNXAVIKAG oupnieong, ENTPENOVTOG TNV avaAuon
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TWV ANOKPIoEwV €EEBIKEUPEVWV OpYAVWY, CUUNEPIAAUBAVOUEVNG TNG NPOCANYNG KUTTAPWY TOU
avogoonounNTKoU CUCTHUATOG, TNV avTidpaon ot @Apupaka, Togiveg A AAAEG NEPIPANNOVTIKEG
oatapaxeg. Mapdpoleg avaAloelg pnopouv va npaypatonotnolv e ToG Nou EPOoUV KUTTApa
and dlaPOPETIKA Opyava Ta onoia cuvdEovTal peuoTd pe dUo Tpodnoug site aneubeiag and Eva
Odpeco 0Ttd oe GANO, €ite dUVNTIKA PEOW €vOG OeUTEPOU OLAUNOU KOAUUUEVOU LIE QYYELAKO
€vOOBNAL0, va HIEITAL TIG QUOLOAOYIKEG OAANAENIOPACELG HETAEU BIAQOPETIKWY OPYAvVWY 1 va

MEAETA TNV KOTAVOMA TOU QApPUAKOU /in vitro [3].

Silicon wafer Photoresist Photomask Ultraviolet

_,%_,%_,

Spin-coating

PDMS stamp

A58

Kim CaesarMNature Publishing Group

Ewkéva 1: M£BoSoL KATtaokeUng UIKPodPEATIKWY TouT. (o) Anputoupyia avtypddwv amnd npotuna kahouria rupttiouv pe dwrtoAlboypadia. I
eva Aemto opoopopdo GAp éva dwtoevaiocdnTo UALKO EMLKAAUTITETOL TO TOUT, TO OTOLO OTN GUVEXELD ETUKOAUTITETAL LE GWTOKAOETA (TT.X.
Sadavr yudAwn mAdka pe adtadpavr otiBdda xpwpiou) mou GEPEL UKPOOTKOTILO TIOU TTOPAYETAL e AOYLOULKO OXESLAOUOU OTOV UTTOAOYLOTH.
To GwTOKUTTOPO TPOOTATEVEL UEPIKEG TIEPLOXEG TOU TOUT Kal €kOETel AANeg otnv umepwdn aktwoBoAia (UV) udnAng évtaong. To
ekteBelévo oty uTepLwdn aktvoBoAia UALkO StaAletal oe StaAupa, adrivovtag to potifo xapayuévo oto ¢wrtosuaiodnto Ao, Ta
ehaotopepn obpayiopata pe enupavelakn tormoypadio CUUTANPWHATIKA TTPOG TNV XOPaAYUEVN EMLGAVELX SNILOUPYOUVTOL HE Midt TEXVLKA
xUteuong pe avtypadr, omou to uypd TPOoToAUUEPEG PDMS xuteletal otnv Kopudn Tou pwtoavBektikol UAKOU Kot ToAupepiletat. H
odpayiba PDMS pumopel va xpnowomownBel yia ektOMWon MUIKPOCUGCTOXLWY ECM popiwv o€ omolodnmote UMOCTPpWHA,
CUMTEPANOUBAVOUEVWY QUTWV TIOU BplokovTal Héca O UIKPOPEVOTOELSE(G CUOKEVEG (Ttou Sev daivovtal). (B) Mikpo-peuoth Sidtaén evog
KaVaALoU KATaoKeUAleTal pEow pag PDMS odpayibag pe 600 €10660ug, €va KUpLo KavAAL Kat pia €6060¢ oteyavomotnuévn cUpudwva He
éva eninedo vuGAwvo umootpwua. Mo pwrtoypadia plag cuokeung UKPOKUPEASIKNAG KaAALEpyELlag SU0 BOAGUWY, UE KOKKLVA Kol UTTAE
XPWOTIKA, Slayéetal Héow TwV Avw Kol KAtw Kavohuwv, daivetal ota gfld. Ta Siauyn MAEUPIKA KOVAALQ XPNOLLOTIOLOUVTAL Lo ThV
edappoyn KUKALKAG avappodnong WoTe va MoPaUopdWVETAL PUBKLKA N EUKAUITTN KEVTPLKY LEMPBPAVN KaL T TPpookoAnpéva kuttapa [3].

Zntipata oxedlaopou
Katd 1o oxeduaopo twv OOC, t0 npwto BApa eivat va npoodloplotel TO OUVOAO Twv

AEITOUPYIKWV XOPAKTNPLIOTIKWY TOU TPOMNOMNOLNKEVOU OPYAVOU.

TOnotL avepwnivwv KUTTAPWV.
OL tunot avBpwnivwv KUTTdpwy nou Xpnowonotlouvtat ota OOC npoadlopifovtal oc PeYAAo
BaBud and tn dABeCIUOTNTA TWV KUTTAPWY KAl TNV IKAVOTNTA OXNHATIOMOU AEITOUPYIKWY LOTWV.
21NV 10avikr nepinTwaon, 6Aeg ol povadeg opydvwy peca oe eva OOC dnuoupyouvTal and tnv
idla nnyn Kuttdpwv. Ta NAEOVEKTAUATO KOl TA MEWOVEKTAUATA TNG XPAONG MNPWTOYEVWV
KUTTAPWY, KUTTOPIKWY YPOMUWY KOl NAapaywywv enayopevwy noAudUvapwy BAACTOKUTTAPWY
(iPSCs) pnopei va noikidouv nepatt€pw and 1o oxedaoUS evOg opyAvou aTo GAAO.

Ma ta neploodtepa avBpwniva Opyava, Ta NPWTOYEVR KUTTApa €ivalr dUCKOAO va

AN@Oouv kaBwg eival neploplopéva o€ noodTNTA KAl dev pnopouv va enektabouv o€

www.nuclmed.gr H Hell J Nucl Med Suppl, January-April 2019



KaAALEpyELeG, epnodiovTag Tnv avantugn OOC xpnoonowvtag KUTTapa and To id6lo ATopo yua
Va NOPEXOUV £VA YEVETIKA OUOLOHOP@PO unoBabpo. To NAEOVEKTNUO TWV NPWTOYEVWV KUTTAPWY
elvat 6Tl eivat @awvotunikd wpa kat Asttoupylkd. Evw n Aettoupylkdtntd TOUG OUVhBWG
MEWVETAL HE TNV NAPOd0 TOu XPOvou aTnv KaAAEpyela. ‘Opwg, oplopeveg HEBOdOL pnopouv va
BonbAocouv atn dlaTAPNON Tou @avoTunou (6nwg n ouv-kaAAEPYELD A N OLAXUON TWV KUTTAPWV.
AvTIBETA, Ol KUTTAPLKEG OEIPEG ival OXETIKA EUKOAO va KOAAEpYNBoUV Kal va enektaboulv, aAAG
TUNIKA OgvV €X0OUV TN XAPAKTNPIOTIKA QAIVOTUMIKA AElToupyia Tou opydvou nou npoTiBevrtal va
avTinpoownguoouv. Evw n BeAtiwon pnopei va entteuxBel xpnoonowvtag tn didyxuon Kat/ A Tn
ouv-kaAAiEpyela, Ta OOC yevikd Xpnowonolouv KUTTOPIKEG OeElpeEG Otav Oev undpyouv
KOAUTEPEG EMAOYEG.

Ta iPSCs 6a pnopoucav va givatl pia 1davikr Kat aneploplotn nnyr kKuttdpwyv yia OOCs
KaBwg NpoEpXoVTal anod €va HIKPO delypa KUTTApwWY I IoTWV (6nwg To aipa), eival e€eldikeupeva
yla Tov agBevr] kat pnopolv va €nektabouv kal va dla@oponoinfouv eMNAEKTIKA g€ NOANANAEG
veveeg. H xprion pag eviaiog ypappng iPSC yia tn dnuoupyia 0Awv Twv povadwv IOTWV o€ €va
OOC 6a enétpene Tov dlaxwplopd Twy endpdoewyv Tou yovoTUMNOU Kal ToU @atvotunou, Kabwg
Ol HETPOUEVEG NABOAOYIKEG / PUOIOAOYIKEG anokpioelg Ba eEapTwvTtal and Tn YEVETIKN olvBeon
TwV KUTTApWV. H yeVETIKN opoloyévela gival eniong eNw@EAAG yla TN povTeAonoinan Tou Tpoénou
pE Tov omnoio Ta @dappaka Ba enmdPACOUV, CUUNEPIAOUBAVOUEVWV EKEIVWV NOU  @QEPOUV
METAANAEELC oL onoieg ennpedlouv TNV anOTEAECUATIKOTNTA KAl TNV TOEIKOTNTA TOU QAPUAKOU.
Mepatépw, n Onuoupyia OoyoviKv eAEyXwv He enetepyacia yovidiwv Ttwv iPSC yia tnv
€10aywyn 1 TNV a@aipeon piag petaANaypevng and acBevela PETAANAENG ENTPENEL PNXAVIOTIKEG
MENETEG Kal €OIKOUG OTOXOUG Yo TNV avantuén @appakwv. Qotoéco, Oev UMNopouv va
NPOEPXOVTAL OAEG Ol KUTTAPIKEG OEIPEG and Thv idla ypappr iPSC kat n avantugn oxupwyv
NPWTOKOAWYV yla dlagoponoinon Kat wpipgavon iPSC napapével pa and TIG NPOKAACEIG Tou
TOMEQ. € VEVIKEG YPAUMEG, Ol IPSC KUTTOPIKEG OEIPEG XAVOUV TO EMYEVETIKO onudadl Toug Kal
dev €xouv unoatei Thv dladlkaoia TnG wpipavong. H wpidtnTa Kat n @avoTtunikn otabepdtnta
TWV KATOOKEUAOUEVWY LOTWV HNOPEl va auEAvETAl PE QUOIKA NPOETOACia KAl ThV €vTagn
KUTTApwWV Mou unooTnpifouv OUYKEKPEVA Opyava Onwg WOBAAOTEG, HECEYXUMOTIKA

BAaoTokUTTapa (MSCs) Kat evdoBnAlakda kutTapa [13].

BloppnTikég TYEG yia TN HNXAVIKA KOl TNV WPIHavon AEITOUPYIKWY HOVASWY IOTWV Kai Opyavwy.

MNa kédBe OOC, Ta XapaKTNPLOTIKA OAUOTA NOU UNAPXOUV in Vivo NPENEL va avanapaxBouv /n vitro
MEOW PNXOVIKWV HEBOOWvV nou KateuBuvouv TR dwag@oponoinon Twv  KUTTApwY, TN
OUVAPUOAOYNON TwV LOTWV KOl TNV AEITOUPYIKA wpipavorn. H noAunapapeTpIkr KUTTAPLK
KOAAEPYELD BEATIWVEL TIG QUOLIONOYIKEG anokpioelg . To pikponepBaiiov tou OOC pnopei va
oXedlaoTel yia va napEXel nabnTika ) SUVAUIKA ONPOTA TEVTWUATOG, NAEKTPIKA 1 ONTIKA,
Odtunon uypoU Kat BIOXNWKES KAl OPMOVIKEG avTdpdoelg. H oupnepiAnyn twv oTolXeiwv
nePBAANOVTIKOU EAEYXOU MOU aVIXVEUOUV Kal Napdyouv Ta BoQuOIKa epebiopata Ba enttpEyouv
TOV €AEYXO avaATPO@OOOTNONG TWV PBIOUUNTIKWY NAPAYOVTIWY Mou odnyolv TIG QUOLOAOYIKEG
anokpioelg. H KavoTNTa yia EKTETAPEVOUG XPOVoug KOAAEpYElaG KaBwotd duvath tn AQwn
ONUOVTIKWV OedOPEVWY, KABWG MNOANEG NAPEVEPYEIEG TWV QAPHAKwvY dev gival AUECEG.
Mapopoiwg, n oduvatdotnta Odletaywyng peAeTwy O60NG-anoOKPIONG WHNOopel va NApEXEL

NANPOYOPIEG YIa ToV aXedLAopd doToAoyLwY Tou pappdkou [13].
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HAEKTPOVIKEG avayVWOELG AEITOUPYLWV CUYKEKPLHEVWV KUTTAPWY, LOTWV KaL Opyavwy.

Ma duvapIKEG PEAETEG ANOKPLONG LOTWY OE NEPLBOANOVTIKA ONPATA, Ol SIASIKTUOKEG AVAYVWOELG
TNG QUOLKAG, METOROAIKAG KAl HOPIOKAG KATAOTOONG TwV KUTTAPWY KAl Ol OAOKANPWHEVEG
QMoKpIoEIS 1OTWV Napouctdlouv PEYAAO eVOLOPEPOV. TETOIEG M KOATAOTPENTIKEG HEBODOL
ENTPENOUV TN OLOXPOVIKI MEAETN TWV TAUTOXPOVWY ONOTEAECHATWY NOAAGNAWY HETAPRANTWYV,
TOV NEWPAUATIONO NOPOUETPWY OFE HEYAAOUG XWPEOUG KAl Tn OUVOAKA agloAdynon Twv
BepaneuTikwy napeppacewy [13]. H p€tpnon Twv AEITOUPYIKWY OEDOUEVWV LE ONTIKI ANEIKOVION
anattel ™ xprion ontik& Ol@AvWV UAIKG Kal AOYIOWKO enetepyaoiog €lkévag. 1davikd, ot
QVvIXVEUOELG answlkoviong Ba npénel va oxedldlovtal yla Aueon HETAQPOOn o pubuioelg
Blounxaviag uwnAng anédoang.

Awapdpowon kat evowpdtwon twv nAatgoppwv OOC.

To nio ouyxv@ XPNOWOMNOIOUUEVO UAIKO KOTAOKEUAG €ival To noAudipebuioohotdvio (PDMS),
napd Tn ONUAVTIKA N EKAEKTIKA anoppdenan udpo@ofwyv popiwv, cupunepAapBavopévou Tou
otuydbvou Kal MOAWYV @apudkwyv. Ta nAeovekthuata Ttou PDMS nepiapfdvouv TN
BloouppatdTNTA TOU, TNV EUKOAIO XPAONG Yla MNPOCEYYIOEIC HIKpoNnapaywyrng, TNV ONTIKA
dla@dvela Kal TNV autoékauoTn anooteipwan. MEBodol nou avantuxBnkav yua va guvexioouv tn
xprion tou PDMS neplhappdvouv kat Bewprioelg oxedlaopou nou glaxlotonowlv Tnv
anoppo®naon @apudkwy Kat Tnv akouola avapelgn toug. Ta evaAAOKTIKA UAIKA nepAapBavouv
YUOAL, noAuavBpakikd kat noAuoupeBdavn, KaBwg Kat NoAAG dAAa BlocupBatd noAupepn [13].

Ma tnv eueli&ia kat tnv uwnAfR anddoon Twv AVAAUTIKWY HETPAOEWV, TO EEWTEPIKO
anoTUNwpa Twv oAokAnpwpévwy nAat@opuwv OOC Ba npénel va gival cupBatd pe HOPPEG Nou
Xpnowonolouvtal CUVABwG otnv avanTtugn @appakwv (n.X. NAGKA NOANANAWY KOWOTATWY Kal
YUGAlVR OAioBnon) kaBwg o €0WTEPIKOG OXEOOONOG NPENEL va €ival CUYKEKPIUEVOG YO TOUG
1oToUg kGBe OOC. Kabwg peuatoloyikr) ohokAApwaon Twv noAAanAwv OOC eival kpiown yia va
KOTAOTEL OUVATHA N «EMKOWVWVIO» 0pyavwv-opydvwy, n avantugn pebodwy yua Tnv Ikavonoinon
QUTAG TNG anaitnong e€ivat anapaitnth, OTNPWVTAG NAPAAANAAG Th AEITOUPYIKOTNTA TwV
HEQOVWHEVWY OopYAvwyv nou etakolouBouv va avantuooovTal. M dnpo@IAAG Kal eudlaKpLTn
NPOCEyylon TNG XPAONG €vOG Kowou PECou IKavou va unootnpifel 6Aa ta OOC péoa oto
OAOKANPWUEVO cUoTnUa neplopileTal o€ 1OTOUG NOU €XOUV NON WPLHLACEL Kal €ival @AvoTuniké
otaBepoi. EVaANAKTIKA, KGBE SlapEPLOUa LIOTOU HNopel va dlaxwploTel and Tnv ayyelokr por and
€va evOoBNALOKO @PAyYHO Y va JnOel To SlaXwplopod 1.oTou-loTou 0To owpa. Me autdv Tov
TPOMNO, Ba pnopovcav va Owtnpenbolv edkd péoa WOTOU O KABE OOPEPIOHA YO VA
unooTnpEIigouv Kal va wpluAdoouV ToV KABE 10TO pe BEATIOTO TPONO, evw) NAapdAANAQ ENTPENOUV TN
olapifaon HETOEU TwV IOTIKWV HOVAdWY HEOW AYYEIOKWY OUVOECEWV (n.X. and KUTOKIVEG Kal
KUTTOPO-EKKPLVOUEVA KUOTIOLa Onwg eEwowpata) [13].

Eneidn o petafoAopdg Twy KUTTApwyY pnopei va aAAdgel and 6pyavo og Opyavo Kal He
TNV WPOTNTA KAl TOV XpOVo TNG KAAAEPYELAG, N BACN yla TOV NPOCdLOPIOUO TOU QUCLIOAOYIKOU
pubuou poRg KABe opydvou Kal LOToU Bev €ival anoAUTwG oo@ng. APKETOL NAPAYOVTEG
egetdlovTal, CUUNEPIAAUBAVOMEVNG TNG KATAVOUNAG TNG PONAG TOU QiHATOG, TWV OXETIKWV
MEYEBWV TWwV OpydAvwy Kal TwV HETAROAKWV MOCOCTWY OTO CWHA. H dapopewoudtnta tng
NAQTEOPUAG YO VO EMNTPENOVTAL HETABONEG OE OXETIKOUG OYKOUG Twv pepovwpevwy OOC, n

oelpd pe tnv onoia ocuvdEovTal Kat ol puBuoi porig OOC eival kpiowol yia Tov Npoadloplopd tTng

www.nuclmed.gr 201 Hell J Nucl Med Suppl, January-April 2019



dlapdépewaong tng pong oe OOC noAAanAwv opyavwy [13].

'Opyava og town Kat epappoyr Toug otn vogo Alizheimer

Mapd ta xpdévia peAETNG, NOANG napapévouv ayvwoTa yia To KNZ (kevtplkd veupiké cuoTnpa) -
onwg oxupicovtal ot Pamies & al. [14]- noAU neploadtepo and 6, TL yia dAAa dpyava egattiog
TNG KUTTAPIKAG opydvwong €OIKA yla ToV eyKEQANO. YNApXEL augavopevn avaykn yua in vitro
HOVTEND VEUPOEKQUAIOTIKWV aoBevewv onwg n véoog tou Alzheimer nou Ba enétpenav thv
KaAUTEPN KaTavonon Tng altiohoyiog kal tnv TaxUtepn avantugn oTpatnylkwv Bepaneiad.
QoTt600, n Kavonoinon autng TNG anaitnong €xel avacTolel and Tnv NEPIOPIOUEVN IKAvOTNTA
Hipnong Ttou in-vivo pikponepPBdANovTOog Ot €va in vitro cuotnua. 'ETol, oxedldotnke €va
HikpopeuaTd TOoN nou Pacifetalr oe tpwddotata (3D) veupooawidla To onoio ppeiTal
NEPLOCOTEPO TO in Vivo pikponePIBAAAOV TOU eyKEPAAOU NAPEXOVTAG M aTabepr) pon uypou n
onoianapatnpeital eUKOAQ 0ToV JIAUETO XWPO TOU eyKE@AAou. Ta evonolnuéva veupoopalpidla,
HE GAANAENOPACEIG KUTTAPOU-KUTTAPOU KAl ENAPEG OE OAEG TIG KATEUBUVOELG, OXNUATIOTNKAV
oc koiAeg ouoTolieG MIKpopeaTiwv Kal datnpndnke €va apyd OWapeco eninedo pPorg
XPNOWONOWwvVTag £va oUCTNUO OOUWTIKAG HIKPOKATAOKEUAG. 'Exovrag wg Bdon autd To
ouotnua cav NAATPOpUa, EPEUVABNKE N €nidpacn TG poAg oto péyebog veupoogalpldiou, To
VEUPIKO OIKTUO Kal TN VEUPLKN dlapoponoinan.

Ta veupoo@alpidla nou KaAAlepyouvtal pe por] ATav peyaAUTeEPa Kat axnuaTiav no
eUpWOTa Kal oUvBeTa veuplkd dikTua and ekeiva nou KaAAlepyoUvTtav und OTATIKEG CUVORKEG,
unodnAwvovtag €va anoTéEAEoUa Tou evOldpegou ennédou Bpadeiag kat KuplapxoUoag Porg
oldxuong otn ouvexn METAQOPd BPeENTIKWY, 0EUYOVOU KOl KUTOKWVWV OE OUVOUOOUO ME TNV
anoudkpuvaon Twv HETOBOAKWY anoPARTwyv. EkAEXOnkav eniong ot Toglkég emdpdoelg Tou
QUUAOEIBOUG-B, 0 ONUAVTIKOTEPOG NApAyovTog OThV €UPAvVIOn TNG vooou Tou Alzheimer. H
NPooBNKN ApUAOEIOOUG-B HEOW HIOG OOUWTIKAG UIKPO-AVTAIAG BPEBNKE OTL PHEIWVE CNUAVTIKA TN
BuwowdtnTa Twv veupoo@alpdiwv Kal NPOKAAECE PEYOAUTEPN KATAOTPOPH TWV VEUPWVIKWOV
OIKTUWV, 0g OUYKPWON ME TNV NPooBAKn apuloedolg-f und OTaTIKEG ouvBnkeg. 'Etol, To
TPLOBIACTATO QUTO HOVTENO HE TNV NPOCOAKN HKponePBAAAOVTOG TUNOU /17 Vivo, NPOTABNKE pE
Bdon TNV KaAAEPYED WG €va in Vitro HOVTENO EYKEPAAOU YIO VEUPOEKPUAIOTIKA a0BEvELa Kal
upnARG SlaAoyng apudkwy.

MExpL oAuEPA, OL NEPIOCOTEPEG /N Vitro HENETEG TWV VEUPOAOYIKWV aoBevelwy Baaifovtal
o€ peBodoug ddlaoTaTnG (2D) KAANEPYELDG, OL onoieg dev £XOUV eNAPEG KAl AAANAENIDBPACELG
KUTTAPOU-KUTTAPOU Mou anoTeAoUvV  BaciKG XOAPAKTNPIOTIKG Tou Tplodidotatou (3D)
EYKEQAAIKOU 10TOU. 'Evag dAog napdyovtag nou napafAENETAL OTA TPEXOVTA /1 Vitro JOVTEAA
€YKEPAAOU €ival n pon Tou evAIAUEOOU UYPOU. ZTOV EYKEPAAKO LOTO /n Vivo, To BIAPECO Uypo
etunnpeTel TNV Kpiown Asttoupyia TNG NApPoxXAG BPENTIKWY CUCTOTIKWY HECW TOU EYKEQAAIKOU
l0ToU Kal eKKaBdaplong Twv PeTaBoAkwy anoppiupatwy [15], [16]. H dwduean pon atov eykEQaio
elvat eniong yvwotd OTL ennpedlel TNV EMKOWVWVIO KUTTAPOU-KUTTAPOU METAEU Twv HN
ouvanTikwv veupwvwy [17]. MNa toug Adyoug autoug, /n Vitro POVTEAND EYKEPANOU OXEOLOOUEVA
yla va avTinpoownelouv KOAUTeEpa To /n vivo nNepBANNOV Tou eyke@dAou dev Ba npeEnel va
napapelouv tnv 3D KUTOAPXITEKTOVIKN Kat Tn Oudupeon por.. Ol €na@eC KUTTAPWY Kal Ol
OAANAEMIOPACELS €ival ONUAVTIKEG OXL MOVO yia TN HOP@OYEVESN AAAd KOl YO TNV KUTTOAPIKA
onuatodotnon. NMoAEG peENETEG €xouv Beitel dlaopPEG HETAEU Twv KaAAlepyewwv 2D kat 3D,
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enwonuaivovtag Tn onuacia twv endpdocswv 3D KaAMEpyeEaG o dlAQopa VEUPIKA KUTTAPA.
Aedopévou OTL Ta KUTTapa ot pa 3D koMAEpyewa dlatnpouv €na@eg Kat aAAnAenidpdoelg
KUTTAPOU-KUTTAPOU O€ OAEC TIC KATEUBUVOEIG NOU MIHOUVTAL TNV /7 ViVO KUTO-APXITEKTOVIKA, TO
ECWKUTTAPIKO NePIPBAANOV QUTWV TwV KUTTAPWYV MOPEXEL TN OUuVATOTNTA XWPOXPOVIKWY
KUTTAPIKWY OlEYEPOEWY, HIO KATAOTACN OPKETA OLOQOPETIKA and auTh Twv KUTTAPWV MNou
KOAAlEpyoUvTaL Xpnowonowvtag pebddoug kaMliEpyeag 2D. 'Evag dANog napdyovtag nou
napaBAENETAL OTA TPEXOVTA /N Vitro LOVTENG EYKEQAAOU gival n por| Tou evOIAPETOU UypoU. 2ZTOV
lOTO TOU EYKEPAAOU /n vivo, To dLAPeEco uypd egunnpetel TNV Kpiown Aettoupyia TNg napoxng
BpENTIKWV OUCIWV MECW TOU EYKEPAAIKOU 1OTOU Kal TNV QMNOMAKPUVON TWV HETAROAIKWY
anoBAfTwyv. H didpean por otov eyké@alo ival eniong yvwoTto OTL ennpeddel TNV eNKowvwvia
KUTTAPOU-KUTTAPOU HETAEU TWV M CUVANTIKWY veupwvwv. Na toug Adyoug autoulg, in vitro
MOVTEAD eYKEPAAOU OXEOIOTHEVA VIO VA AVTINPOCOWNEUOUV KAAUTEPA TO in vivo nepBAAAov Tou
eyke@alou dev Ba npénel va napapeAolv tnv 3D KUTOAPXITEKTOVIKN Kal TN didpeon pon [18].

Me tnv avdntuin Twv MKPOTEXVOAOYIWY, MIKPOCUCTAMOTO MOU MAPEXOUV in-vivo
HIKponepBAAAoOVTa, ONwg To OPYavo O€ TOUM KAl TG TOUN KUTTAPWY, £X0UV NPOTABEl KAl OPKETEQ
HEAETEC €Xouv napouatldoel pebBddoug TplodldoTaTng KaAAEpyelag. And Ta CUCTAUATA AUTd, Ol
KOIAEG OUOTOIXIEG HIKPOKUUATWY NPOCPEPOUV TA NMAEOVEKTHATA TOU OUOLOYEVOUG OXNHATIOUOU
o@apoeldoUG UIKPOOKONIOU Kal TOUu €AEyxou peyEBoug. Xpnowonowvtag autd 1o cUoTnua,
ava@epdnke n enidpaon ™G 3D KAANEPYEING OTOV VEUPIKO 10TO. [poo@aTeg HEAETEG £XOUV
avagepel TNV avantugn ouoTnudtwy nou Bacidovtal ge HIKPOPEUCTO TA OMNoia MAPEXOUV Eva
evoldpeoco eninedo poAg ata KUTTapa /n vitro. H dldueon por) oTtov EYKEPAAO €ival NOAU apyh, He
Taxutnteg nou Kupaivovtatr and nepinou 0,1 €wg 0,3 plL/min. Ot neplocdtepeg avTAieg nou
pnopouv va dlatnproouv autd To €UPOG PONRG eival nNepinAokeg Kat danavnpeg. Qotoéoo, pa
OOUWTIKY avTAia nou avantuxbnke anod toug Park et al. 2015, napéxel TETO apyn pon Xwpig TN
Xpron NePINAOKWY CUOKEUWV. AUTH N OXETIKA anAf GUOKEUNR UNopel EUKOAQ va xpnaolponoleitatl
yla Tov €AeyXo TNG ToXUTNTOG PONG KAl UMOPEL va AElToupynoel ot €vav enwaocTrhpa
KUTTOPOKOAAIEPYELAG VIO OPKETEG €POOUAdEG XWPIG €twTeplkA nnyn eveépyelag [18]. 'Etol
KOTAOKEUAOTNKE €va MIUNTIKO POVTEAO MIKpopeuoToU 3D eyke@dAou pe €va dldueco eninedo
porig ouvdualovtag Koileg ouotolkieg MKpoBuBlopdTWY pE €va  OUOTNUO  OCHWTIKAG
HIKPOKATAOKEUAG. XPNOLHOMNOWVTOG QUTO TO HOVTEAO EYKEPAAOU, EPEUVHBNKE N €Nidpacn pong
otov 3D pkpoo@alptdikd veuplkd ot (veupooalpidia). H por) nou napEXETAL and TO OCUWTIKO
ouotnua pIkphg avtiiag Atav nepinou 0,15 pL/min, cuykpiown pe to eninedo tng dldpeong
pong.

Ma va epeuvnBei 1o anotéleopa TNG PONAG, €TOAOTNKAV dUO TUMOL HOVTEAWV
EYKEPAAOU: €va OTATIKO HOVTENO (VEUPOO@ALPIOLO KOAAEPYNUEVA XWPIG por)) Kal éva SUVARIKO
MOVTENO (veupoo@alpoeldn kahlepynueva pe pon).Ol eTaBOAEG OTO HEYEBOG veupoo@alpldiou
KOl O OXNUOTIOROG VEUPWVIKOU OIKTUOU WETAEU TOUG €peuviBnkav TO0O OTATIKA 60O Kal
duvaukd. MNa va anodelkBouv ol duvaTdTNTEG AQUTOUWG €va in vitro HOVTEANO €YKEPAAOU VL0
HENETEG veupoloylkKwv aoBevelwv, npaypatonolibnke npwtn OOKWW Twv emdpdoswv Tou
apuAogdoug-B oe 3D veupoaalpidla KaAAEpynUEVaA e BIALIETN PO in vitro.

Eivat evtunwolokd 61l pe tnv KoAAEpyela veupoa@aipdiwv napdAAnAa pe Kal Xwpig
QUUAOEIBEG-B KaTEOTN duvATH N HIHNON Tou eyKE@AAOU TNG vOoou AATOXAUEP OFE MO eVIAiO

nAat@oépua. To npotewvépevo 3D brain-on-a-chip napéxel éva didueoco eninedo porig Nou HIpeiTal
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TO in-vivo KponepBAAANOV Kal ENTPENEL HAKPOXPOVN in Vitro napaTtApnon Xwpeig Thv avayknya
NEPLPEPEIOKEG OUOKEUEG. ZUVENWG, Ba pnopoloe va anoTeAETEL €va NOAUTIHO in vitro POVTENO
EYKEQPANOU yla PEAETEG NMou anookonoUv oTnv KOAUTEPn Katavonaon Ttng naboloyiag Ttwv
VEUPOAOYIKWY NaBnoewv f otV avantugn oTpaTnylkwy yia Bepaneia agbevelwv 6nwg n vocog
Tou Alzheimer. AuTté To TOWn pnopei va BonBAoel atnv KaAUTEPN Katavonaon f napakoAoudnon
OUYKEKPIUEVWY 0OWV OTIG VEUPOEKPUAIOTIKEG VOoOUG AOyw TNG anAOTNTAG O avTiBeon pe
ouvBeTa {wikd povteAa. EmnAéov, pe nepattépw avantugn, 6a pnopoUoe va UNOKATOOTHOEL TA

(WIKA HOVTENQ OE EQAPUOYES AVANTUENG QAPUAKWY.

2xe0laopoC Kat Aettoupyia

O oxedlaopodg kal n Asttoupyia Tou TOW €UNVEUOTNKE aNO TO MPONYOUUEVWG QVAPEPOUEVO
TEXVNTO nnatikd town - artificial lung on a chip-(ALC). H ewéva 1 anewoviel tnv nopeia
oxedlaopoU Twv Town. To Toln NEPLEXEL KoM HUIKPOQPEATIA Yia TO OXNUATIONG opoloyevwy 3D
VEUPOTQPALPBIWY IE OUOLOPOPPO HEYEDOG. TO WOUWTIKO OUCTNUG KPS avTAIaG ouvOEETAL TNV
€000 yla va napéxel ouvexn pon péoou pe pubpd 0.15 pl/min. H wopwon odnyeitalr andé Tn
Ola@opd OUYKEVTPWONG HETOEU KaBapoU aneotaypévou vepoU Kat OloAupatog 0,05 M noAu-
alBuievoyAukoAng (PEG) daxwpiopévou pe nudanepatd @R oelogdv. 'Eva owAnvaki
OlaPETPOU 3 cm, TUALYMEVO PE EUKAUNTO NOAUTETPaPBopo-albuAévio(ZwAfvag PTFE) (ecwtepikni
Olduetpog 1,0 mm, eEwtepikA dapeTpog 1,5 mm) cuvdEeTal otnv €000 TOU TOLN YIa VO evEPYEL
wg 0etapevh kKabBapoU aneoTaypévou vepoU NMPOKEIUEVOU va dlaTNPEL TN por] Ue TNV Napodo Tou
xpovou. AidAupa 0,05 M PEG,6ykou ~ 4 ml og tpupAio Petri Twv 35 mm napeixav tnv enidpaon
wopwaong. MNapExovrtag TpodlAoTaTn KUTTAPO-APXITEKTOVIKA Kal dldueon por, TO TO auTo
npooeyyifel 1o pkponepPBaAlov Kavovikwv Kat AD eyke@dAwv, dleuKkoAUvovTag Tn dlepelvnon

TwV ENBPACEWV TOU apUAOEIBOUG-B atov 3D veupikd 1oTo[18].

Kataokeun toun

H dladikaocia kataokeung Totn akohouBnoe ekeivn Tou ALC. MpwTtov, n kopuen BaAidpou (Uyog,
200 pm) Kol n KOiAn oTpwon HIKPOKUWEAWY NUBUEVA Xpnolwonoinoe Tnv enwpavelakn tédon tou
PDMS nponoAupepolqg oOnwg neplypaenke o€ nponyoupeveg peieteg [19], [20]. ‘Eva
nponoAupepEG NoAudipedbulo ailogaviou (PDMS) anotehoUpevo and €va piypa 10: 1 npodpduou
PDMS (Sylgard 184) kat napdyovta OKARpUvOnG anoxUBnke oTa KUALWVOPIKA HIKPOPPEATIA
WOomMNouU VA YEUOTOUV NAAPWG. XTn OUVEXEWM, TO MPOMOAUHUEPEG QMOUOKPUVONKE HE YUAALVN
oAioBnaon, pe e@apuoyn KPS nieong otn HaAakh NAdka pikpoinodoxwv PDMS. To evanopévov
PDMS nponoAupepeg oe KABE UIKPOPPEATIO OTN CUVEXELD OXNUATIOE £vav KOIAO UNVIOKO pEOW
ENPAVEIOKAG TAoONG. H TeAKA KoiAn dopr) oxnUoTIOTNKE peE OePUIK OKARpuvon Tou
nponoAupepoug ato @oupvo (80 ° C yia 2 wpeg), HETA TNV onoia oL onég €100d0uU kAL £5650U
otov avw BdaAapo dwtpAdnkav pe pa aunper BeAdva. TéAog, To dvw Kal To KATW OTPWHA
ouvdEbnkav pe engtepyaoia pe NAGopa ofuydévou ya 20 s. MNa TNV WORWTIKA KPO-avTAiQ,
KuBikoi BaAapot PDMS (1 x 1 x 1 ek.) oxeddotnkav pe pepppdvn kuttapivng (5 x 5 mm). H
MeEUBpPAvn KuTTapivng ouvdEbnke pe Tov BaAlapuo PDMS  yxpnowonowvtag to PDMS
NPOMNOAUMEPEG WG GUYKOAANTIKG, akoAouBwvTag pia npoavagepbeioa peBodo [21]. Ot veupwveg
ATaV MNPWTOYEVEIG @QAOWWOEIG VEUPWVEG OMOUOVWHEVOL aNd EYKEQAAKEG NEPIOXEG @QAOLOU

EUBPUWV apoupaiou. META TNV KATOAOKEUN €vOG eyKe@AAou o€ Toun, ol Park& al. npoodpuocav

www.nuclmed.gr 204 Hell J Nucl Med Suppl, January-April 2019



TO OUYKEKPLUEVO HOVTENO VIO VO NPOCOUOLWO0UY £vav eykE@aio AD [18].

To apuocldég-p eival €va nentidlo nou PpeBnke OTL EPNAEKETAL OTN VOO Tou Alzheimer
WG TO KUPIO OUCTATIKO MOU anavtdatal OTIC NAAKEG OUUAOEIOOUC OTOUG EYKEPAAOUG TWV
agBevwy. Na va dlepeuvioouv owaoTd Tn voago tou Alzheimer, oxnUATIoav TEGOEPIG OUADEG HE
OlAQOPETIKEG OUVOAKEG KOAMEPYEWAG: 1N NPWTH AVTIOTOLXOUOE O OpAda EAEyXOU HE
VEUPOOQALPIBIa XwpiG por, n deUTEPN aVTIOTOLKOUOE OTIG idleG OuvlrKeg aAAG pe npoaBnkn
QUUAOEIBOUG B KAl TEAIKA N TPt KAl TETAPTN opdda rfTtav KAAAEPYELEG veEupOoa@alpldiwy Pe pon
XWPIG Kal pe npoodnkn apuAoeldoug-B, avtiotolxa. AvdAoya pe tTnv opdda Toug, Ta KUTTAapa
KOAAlepyOnkav oe €va "kavovikd" veupootaBuikd péco (Gibco) yia 10 nuéEpeg R 7 nUEPEG
akoAouBoupeveg and 3 nUEPEG O€ €va HECO NOU NEPLEIXE AUUAOEIOEG-P.

Endpdaoeig TnG poAg oTa veupoogalpidla

Ma va npoodloplotolv Ol CUVENEIEC TNG NPOCBNKNG ouvexoUG pPoNG BpenTIKwV Oualwv,
KUTOKIVWV KOl OEuyOvou 0Ta KUTTAPA, CUYKPIBNKE n OTATIKA KE TN KN OTATIKA opdda. H npwtn
npo@avrg dla@opd ATAV TO OPAPIKO PEYEBOG. Tnv nuépa 0, Ta veupoopalpidla kat oTig dUo
OUAdEC gixav To 010 péyebog KaTtd HECO 6po. MeTA and OEKA NUEPEG, EYIVaV Ol IBIEC PHETPNOELG
Kal OlanioTwlnke OTL Ta veupoo@alpidla nou KaAAlepyoUvTal PE ouvexn por augnbnkav (ta
KUTTOpa €ywvav UIKPOTEPA NPog Tnv €£000), evwd Ta unolowna napgpewvav apetdpinta. M
0euTePN SLaPOPA HETAEU TWV dU0 Opddwy Nou QAvNKe va NPoKUNTEL AUECT aNd TNV NAPEVOETIKA
por] ATav TO HOTIBO OXNUATIOMOU OIKTUOU OTO TOWN. ZTNV MNPAYHOTIKOTNTA, N opdda nou
unékeltal oe por anokKAAuwe HEYOAUTEPN E€NEKTACN VEUPITWV OTA VEUPOO@AIPidla, Ta onoia
ouvenayovtal dueca €vav Mo .oXupd OXNHOTIONO VEUPIKOU BIKTUOU. AuTO eniBefawbnke and
TNV avoooxpwpatonoinon tng ouvawivng lla, pag npwteivng nou avAKel OTIG GUVAYELS,
OIKOYEVEID MNPWTEIVWV MNOU €UNAEKOVTAL OTNV aneAeuBEPWOn Twv VEUPOSIOPIBACTWY OTIG
ouvdayelg. H évtaon autou Tou ouvanTikou deikTn ATav NOAU UPNAOGTEPN OTO BUVALLKO HOVTENO,
npdypa nou onuaivel OTL n ouvexng pon evioxUel €niong TO OXNHUATIONO TNG CUVAYEWG.
Mpdyuaty, n xpnon d6uo GAwv deiktwv: B-IlII ToupnouAivn wg veupwvikog deiktng kal O€ikTng
VEUPIKWY PBAOOTOKUTTAPWY, £6€1EE OTL UNO cuveX por NPonRxdn n dlagoponoinon TwWv KUTTApWY
VEUPIKWY npoyoévwv oe veupwveg. Oi Parks et al. napatipnoav 6Tt n didpeon por eival
anapaitnTn yu va @EPeL BpeNTIKA OUOTATIKA, KUTOKIVEG Kal oEuyOvo OTa KUTTAPO KOl WG €K

TOUTOU VO CUUUETEXEL OTO OXNMATIONO TOU cuvanTikoU SikTuou [18].

Enidpaon Tou apuloedolug-p

H npooBikn apulocidoug-f OTIC WOEG KOAAMEPYEIEG €Owoe TNV duvOTOTNTA HEAETNG TNG
enidpaong Twv NPWTEIVWV OTa veupoo@alpida. Xpnowonowibnke Belo@AaBivn S, n onoia
deopelel NAouaoleg og B-QUAN BOPEG Kal £TOL KNABWVEL TO APUAOEIOEG-B, yia va onuavBouv ta
VEUPOOQALPIBLA KAl va PEAETNOEL N napouadia Kat n dlavopr Tou apuAoeldouc-B. Mpwta an '6Aaq,
napatnenbnke OTL N NOCOTNTA TOU GUUAOEBOUG-B NMOU MAPAUEVEL OTA VEUPOO@APIda ATav
MEYOAUTEPN OTO MOVTEAO OUVAMIKAG PONG. MeTA Tnv MOCOTIKOMOINON TWV VEKPWV KUTTAPWVY,
@AvVNKE, ONWG avapevoTav, OTL Ol KOAMEPYEIEG UE AUUAOEBEG-B napouciacav AlyoTeEpa BLwoLa
KUTTOPA, TA ONOid avTIoTOLKoUOoav OTA VEUPOTOEIKA KAl anonTwTIKA anoTEAECUATA AUTAHG TNG
npwteivng. H évtaon Ttou @Boplopol au€Rbnke PeTA Tnv enefepyacia e ARUAOEIOEG-P.
EninpoaBetwg, Bpednkav xapnAotepa enineda ouvaondivng, TOUMMOUAIVNG Kal veaTivng, Ta
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onoia eniong ouaxeTiovTtal PE TNV KATAOTPOPI TwV VEUPIKWY JIKTUWV [18].

2upnépacpa - 2ulnATnon

2uvoyifovtag oTIC NPOCPATEG NPOCEYYIOELG YIa TNV LEAETN TN NAaBo@UCIoAOYiag Tou EYKEQAAOU
@aiveTal OTL £X0UV KATOPBWOEL XPNOILONOWWVTAG A BIOMIUNTIKI NPOCEYYION va avantugouv Eva
«brain-on-a-chip» nou dnuioupyei 3D KUTTAPO-aPXITEKTOVIKH Kal SIApEDN pory. Ocwpeital 6TL dev
€XOUV UNap&eL NponyoUupEVEG AVAPOPEG NOU VA NEPLYPAPOUV £va oUCTNUA NoU cuvOUACZEL Kal TA
000 autd ONUAVTIKA XOPOAKTNPEIOTIKA TOU in vivo HpikponepBaAAovTog Tou egyke@dAou. H 3D
KoA\Epyela €ival  anapaitntn ywa TOV  KOBOPWOUO TWV  QUOIOAOYIKWY  EMAQWY  Kal
OAANAENOPACEWY HETAEU TWV KUTTAPWY Kal n evdldpeon por naifel onuavtikd poAo oxL povo
oTnV Napoxn BPENTIKWY CUCTATIKWY KAl TNV EKKABAPION Twv HETABOAKWY anoBAATWY aAAd Kat
OTN VEUPLKA dla@oponoinon Kal Lop@oyEVEDN NAPEXOVTAC £VO CUVEXEC CULNANPWHO TOU HECOU
Nnou nepPLEXEL BPENTIKA CUOTATIKA Kal ofuydvo. ZUUQWVO HE auTO, TA VEUPOOQALPIOla nou
KOAEpYHONKav und OUVOUIKEG COUVBAKEG ATav HEYOAUTEPO Kal dnuoUpynoav Mo oxupod
VEUPWVIKO OikTuOo and Ta veupoo@alpidla nou KaAllepyolUvTtal und OTATIKEG Ouvlnkeg. To
OUYKEKPIUEVO GUOTNHA XPNOLUonoenke yia tnv dlepelivnan TwWV VEUPOTOEIKWY eMdOPACEWV TOU
QUUAOEIBOUG-B, anodeKVUOVTAG HEWHEVN BoludTNTA TwV KUTTAPWY, AUENUEVN VEUPIKN
KOTAOTPOYN KAl guvanTikr OuCAELToupyia, Ta onoia gival NaBOQUGCIOAOYIKA XOPOAKTNPEIOTIKA TNG
véoou tou Alzheimer in vivo. To in vivo-opoldlov pikponeptBGAAOV Nou NapéExeTal and To HIKPO-
peuoTd pe Baon tnv KaAAEpyela 3D oe Ton €XEL LEYANEG BUVATOTNTEG WG €va in Vitro HovTENO
eYKe@AAou. QG €K TOUTOU, N OUYKEKPIIEVN NAATQOPpUA Ba HnopoUoe va YEQUPWOEL TO XATUA
METAEU TWV NapadoClaKWV in Vitro HOVTEAWV KOAAEPYELAG VEUPIKWY KUTTAPWY KAl TWV in vivo
EYKEPOAKWY PEAETWV, MOU XPNOLHEUOUV WG NLO agLONIOTO EPYOAEIO YO TN HEAETN VEUPOAOYIKWY
nabroewv NG véoou, OTPATNYIKEG Bepaneiog KOBWG KAl avanTugn VEWV QaPUAKWY.

>Tnv napouca epyacia, avaAuBnkav  dU0 ouvBnkeg eykepdlou - 3D kutTapo-
OPXITEKTOVIKN Kal dldpecn porp uypou-. Tautdxpova OlepeuviBnkav ol endpdoelg e€vog
evOldpecou €mnedou pong Kkal TOEKOTNTA OaUUAOEOOUG-B npwteivng OTa veupooalpidla,
anodelkvuovTag Th duvaTtdTNTa AuTtoU TOU in vitro povTéAOU eyke@AAOU WG PEOW €EETAONG
QPAPUAKWV KAl EPYOAEIO DOKILWV KUTTAPOTOEIKOTNTAG.

Alanotwonke g Npwtn @Acn OTL TO NAPEVOETIKO ninedo porg ENNPEACE TNV KATAVOUN
pey€Boug veupoo@alpdiwv. Katd tnv OldpKewd Twv 3 NPWTWV NUEPWV HUETA Thn onopd, TO
HEYEBOG TWV VEUPOOTPALPOELDWY MOU KAAALEPYHBNKaV TO00 UNd OTATIKEG OUVOAKEG (opdda ) 6oo
Kal OuVapIKA (opdda Il) pewbnke wG anNOTEAECUA TNG CUCCWHATWONG HECW AAANAENIOPACEWY
KuTTtapou-kutTdpou [18]. Qotdoo, napatnpndnkav dlaQopES OTIC KATAVOUEG HEYEBOUG Twv dUO
opaddwyv. Ta veupooaipidla TG opddag Il Atav peyaAltepa o€ OAa Ta onueia and Ta
VEUPOOQALPIBIa TNV opdda | Kal epgavwg augndnkav oe pEyebog peTagl tng 4ng Kat tng 10ng
NUEPAG, eV TO pEYEBOG otnv oudda | napgpeve ido and tnv nueEpa 3 €wg TNV nuEpPa. H dlagopd
authl unodnAwvel OTL €va OWAPECO €ninedo pPONAG EUNAEKETAL OTNV  EMTAXUVON TNG
dla@oponoinong Twv MPOYOVIKWYV KUTTAPWY TOU VEUPWVA OE WPLLOUG VEUPWVEG, Hia dladikaacia
ouvodeudEVn and VEUPITOYEVEDT, EKQUOT VEUPLTWY Kal guvantoyevean [22]. Anotéleoua ATav

N augnon Tou GyKOU TWV VEUPOTPALPIOiwV.
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Mapatnpnénke eniong n napoucia NEPLOCOTEPWY AUUAOEBWV- KAL VEKPWY KUTTAPWY O€
VEUPOOQALPIBLa Nou KAAAEpyoUvTal und oUuvOARKeg pong. YNd oTaTIKEG auvBnkeg, n Npdofaacn
TOU QMUAOEIOOUG-B OTO €0WTEPIKO TWV VEUPOOQAIPIOTWY, KAl CUVENWG N KAvOTNTA TOU va
NPOKAOAEl veupoo@alplk anokodopunon, neplopietal and anin didxuon. QoTto0o0, Pe Eva IAUECO
eninedo pong, To doAUTO apuAoeldEG-B punopei va dieloduoel no Pabd oTa veupooalpidla,
NPOKOAWVTAG O€ NEPLOCOTEPA VEUPIKA KUTTApa va unoBAnBolv oe anéntwon. Autd To glpnua
Qaivetal OTL €pxetal oe avtiBeon pe TIC NpPonyoUPEVEG QVOAPOPEG Mou dnAwvouv OTL N
NapevOETIKN Kivnon peucTtoU GUUBAAAEL OTNV ANOMAKPUVON TwV OIAUECWY OIOAUMATWY HECW
avToA\ayAG HE eykealovwTLaio uypo [23], [24]. Qotdoo, und Tnv cuvexn napoxr apuiloeldoug-
B oe veupoo@apidla Katd TIG TeAeuTaieg 3 NUEPEG KOANEPYELAG. QG €K TOUTOU, XWPIG Napoxn
QPECKOU HECOU YIO TN A€lToupyio TOU €yKE@AAOVWTIGIOU uypoU, Oev napatnpRbnke
QnouAKPUVON NACGKWY GUUAOEIOOUG-B. Zuvenwg, avTi va avTIKpouoBoUv LE TIG NPONYOUUEVEG
MEANETEG, TA anoTeAEOpATa aUTA evioxUouv Tn onuacia tng avtaAlayng didpecou uypol e
eyke@alovwTiaio uypo. MpdobeTeg PEAETEG, OTIG ONOIEG NAPEXETAL VEO HECO PONG HETA TNV

napoxn apuloedoug-B, anattolvTal yia TV eNPeRaiwon Tou anoTeAEOUATOG.
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Abstract

Neurovascular dysfunction is a central process in the pathogenesis of the stroke and most
neurodegenerative diseases, including Alzheimer's disease. The multi-cell neurovascular unit (NVU)
combines the components of the neural, vascular and extracellular matrix (ECM) into an important interface
whose proper function is critical to maintaining brain health. Tissue engineering now offers new tools and
information to promote understanding of NVU's operation.

A promising area for the development of NVU models is their bio-production through 3D bio-printing to
produce a multi-layered NVU in which the contribution of the different cell types to neurovascular function
and dysfunction can be studied at molecular and cellular levels. Nerve and vascular cells are encapsulated
in a construct suitable for their viability and growth. This construct, called «bioink», is a pre-gelled
biomaterial, usually with encapsulated cells, which can be bio-printed and gelled to successfully form a solid
construct.

Bio-printing allows accurate placement of the neural and vascular cells to form appropriate interactions
mimicking the in vivo state. Individual NVU cell types interact with the other cellular components of NVU
through biochemical and physical markers, with direct and indirect interactions between neural and vascular
components. The cell line sources, either derived from AD patients or healthy individuals, can be developed
with the IPSCs technology. IPSCs can be obtained by different somatic cells via reprogramming strategies
and further on differentiated into various cell lines that can be used to model disease, to discover new drugs
and to treat cell replacement. Last but not least, the availability of 3D NVU models can also facilitate

screening of drugs to correct neural dysfunction due to stroke, Alzheimer's disease and other dementia.

www.nuclmed.gr 209 Hell J Nucl Med Suppl, January-April 2019


mailto:natasa@chem.auth.gr

Ewcaywyn

OL ayyelakeg dlaTapaxeEG Hnopolv va NPOKaAECOUV pla oelpd and Poplokd CupBavta nou
0odnyolv 0g VEUPOEKPUAIOUO, YVWOTIKA €6acBEvnaon Kat avola. 'Exouv AdN Kataypagei kanotot
KUTTOPIKOL KOl HOPIOKOL HUNXAVIOUOL OTa EYKEQOAIKA alpo@opa ayyeia Kat Ta naBo@uaoloAoyiKa
yeyovoTa nou odnyouv Ot €YKEQOAIKNA OlaTapaxf TNG POMG TOU AipaTOC Kal dlatapaxrn Tng
VEUPOOAYYEIOKNG HOVABAG KOl TOU QIUATOSYKEQAAIKOU @paypoU, Ta onoia pnopolv OAG va
OUMBAAANOUV OTNV €pQAvIoN KAl €EEMEN TNG Avolag Kal Tng véoou tou Alzheimer (AD) [1].
ZUYKeEKPEVa, €EeTdoTnkav €niong n oxéon HETAEU VEUPOAYYELAKNG OUCAELTOUPYIOG Kal
VEUPOEKPUAIOHOU CUUNEPIAAUBAVOUEVWY TWV ENOPACEWY TWV YEVETIKWY NapayovTwy Kivouvou
yla AD oTIG ayyelokEG AelToupyieg Tou eyKe@AAou, TnG KABapaong NG ToEivng Tou apUAoELd0UG-
B nentdiou Tou Alzheimer kat Tng enidpaong NapayovTwy ayyeokou KivdUuvou, Nou Pe Tn aslpd
TOUG Mnopel va ennpedoouv TIG CUVANTIKEG, VEUPIKEG KAl YVWOTIKEG Asttoupyieg (Zxnpa 1).
TENOG, £xouv avapepbei ol NBavEG NEWPAUATIKEG Bepaneieg ya Tnv dvola kat To Alzheimer pe
Baon TO veupoayyelakd POVTEAO Kal oudnTABNKav pEPIKA KPIoWa €PWTHAMATA NOU MPENEL va
QVTILETWNOTOUV and HEANOVTIKEG PEAETEG [1].

Avénadn NVU
MNVWOoTIKA KAVOVIKOC

AyYELOKOL TOPAYOVTES
KwdUvou

{3 Kakég ouvrBeLeg Tou
% tpémov Iwnc

BeAtiwon tou tpoémnou {wng
AYYELOTIPOCTATEVUTIKES
OspamEUTIKEC

Neupoayyslakn SucAsttovpyia
‘Hra Avola

ZXAa 1: Zxéon peTagU veupoayyelaknG SUOAEITOUPYIAG KAl VEUPOEKPUAIGHOU CUUNEPINAUBAVOUEVWY TWV
€MNBPAcEWY TWV YEVETIKWY Napayovtwy Kivduvou yia AD oTIG ayyelokEG AEITOUPYIiEG TOU EYKEPAAOU Kal TNG
enidpaong napayoviwyv ayyelakou KivdUvou oAANG Kal TOu KaBnueptvou tponou {wnig, Mou PE Tn OElpd TOuG
HNopei va eNnPedoouV TIG GUVANTIKEG, VEUPIKEG KAl YVWOTIKEG AEITOUPYIEG.
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H veupoayyelakr povada givat Eva opyavwpevo NOAUKUTTAPLIKS Katl noAuduvapo &ikTuo nou givat
ONUAVTIKO Yyl Tnv uyeia tou eyke@dAou. AuTA n povada nou evtonieTal OTOV E€YKEQAAO
anoteAeital and veupikd KAl ayYEIQKA CUCTATIKG, PE TN dlena@r Kat TIG aAANAeMOPACcELG PETAEU
QUTWV TWV COUCTATIKWY Va gival KPIOWES yia Tn puUBMIon TNG PofG ToUu €YKEPOAIKOU aipaTtog
HEOW TNG VEUPOAYYELAKNG oUZEUENG, TNG AEITOUPYIaG TOU QLATOEYKEPAAIKOU @paypou (BBB),
NG VEUPOPAEYUOVAG KAl TNG VEUPWVIKAG Asttoupyiag. H BAGBN tng NVU pnopei va odnyAfoel oc
NEPLOPIOUEVN HETAPOPA OLUYOVOU Kal BPENTIKWY CUCTATIKWV OTOV EYKEPAAO, €EaaBevnuévn
IKavOTNTA KaBaplopoU TOEIKWY EVWOEWY and TOV EYKEPAAO Kal / A va emTpéyel tn Oleioduan
enPBAawWV popiwv Kal avoooloyIKWV KUTTApwv o€ 6Ao tov BBB, kabwg eniong tnv npdodo tng
VEUPOOAYVYEWOKNG OUOAEITOUPYIOG KOl TOU VEUPOEKQUAIOPOU. H onuacia Twv ayyelakwv
OUVEIOQOPWV OE HIa OElpd aoBEVEWWV TOU E€YKEQPAAOU, CUMNEPIAAUBAVOUEVNG TNG VOOOU TOU
Alzheimer, Tng ayyelokAg avolag, Tng vogou tou Parkinson Kal Tou eyke@aAikoU enelcodiou,
avayvwpifetat 6A0 KaL NEPLOTOTEPO.

>T¢ npoavagepbeioeg aobeéveleg, n  akepawdtnta ™G NVU dokuBevetal. H
anolkodéUNoN TwV CUUNAEYHATWY TwV NPWTEIVWV oUVOEDNG Kal N BAaCIKA HEUBPAVN ENTPENEL TN
Oleioduon OUOTEUIKWY £PUBPOKUTTAPWY, AEUKOKUTTAPWY KOl QVTIOWHATWY OTOV EYKEPOAO Kal
TNV €nakoAoubn OlEyepon NPOANMATIKA E€VEPYOMOOULEVNG ONOKPIONG TWV  HLIKPOYAOLOKWY
KUTTAPWY KOl AOTPOKUTTApwWY. H avTipAeypovwdng andkplon npokaAel nepartepw BAAGLN tou
BBB kat BavaTto VEUpWVWY WG AnNOoTEAECUA AnOpUEAivwong Kat dpeon PAGRN OTOUC VEUPWVEG.
AuTh n kataotpo®n tng NVU cupBAalAel oTn veupoeK@UAIOUS nou gival epgavig otn vooo Tou

Alzheimer kal o€ GAAEG HOPYEG AVOLOG.

AATOoXGipep

H AD (vooog Alzheimer) gival n nio kowr pop@r avolag. Ta naBoAoyIKG XapakTnploTika tng AD
nepAapBavouv  augnuévo NAPEyXUUOTIKO Kol ayyeldkd AB nentidlo oTov  e€YKEQAMO,
unEPPWOPOPUAWHEVA veupoividlokd tau nentidla, yAoiwaon Kal veEupwvikA anwAewa. EnnAéov, ol
NapAyovTEG ayyewKkou Kwvduvou (n.X. unéptacn, dapnTng) Kal oplopevol PEICOVEG YEVETIKOI
napdyovteg kwdlvou vya AD (n.x. anohnonpwteivn Ee4 (APOE4)) odnyolv o€

eyKe@aloayyelakn BAGBN Kal EYKEPAAOAYYEIOKEG dlATAPAXEG Nou oxeTifovTal pe Tnv AD [1].

H two-hit vascular hypothesis (ayyelakr) uné8eon dUo-XTUNnHATWY)

H ayyelakn unéBeon Ttwv dUo @acwv Tou AD dnAwvel 6TL n eykepaioayyelokn BAGRN (edon 1)
gival pua apyikr npooBoAn nou givatl Lkav va NPOKAAETEL VEUPWVIKN BAGBN Kal VEUPOEKPUALTHO,
aAAG pnopei eniong va npodyel Th cucowpeuon To&ivng AR tou Alzheimer otov eyképalo (paon
2). H eykepaloayyelaki anodlopyavwar, cupneptdapBavopevng tng didonaong tou BBB kat Tng
peiwong tTng porg tou aipatog atov eykepalo CBF (cerebral blood flow), pnopei va odnyAhoet
OThH CUCOWPEUON VEUPOTOEIKWY Hopiwv (n.X., Opoppivng, nAaouivoydvou, vwdoydvou) Kat oTnv
unodIibnon oTov EYKEPAAO, avTioTola, NoU PNopoUuV va NPOKAAETOUV AUECN VEUPWVIKI BAGRN.
H ayyelakr dughettoupyia pnopei eniong va ennpedoel TNV auUAOEIOOYOVO 000 LEWVOVTAG TNV
kKaBapon tou AP Katl augdvovTtag TNV Napaywyn Tou odnywvtag o auEnuéva enineda AR otov
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ZxfAua 2. To ayyelakd povtého dUo XTunnudtwy tTng vooou Tou Alzheimer (AD). Ot ayyelokoi napayovteg, 6nwg
n unéptaon Kat o dlapATNG, kaL / f oL YEVETIKOI napayovTteg Kwvduvou ywa AD, 6nwg n anoAnonpwteivn E4
(APOE4), unopouv va odnynoouv oe eyke@aAikiy BAGRN (edon 1, npdowva koutid). Evtog tng avetdptntng and
apuAoedég-B nentido (AB) odouU, n eykepahoayyelakr BAARN odnyei oe SUGAELITOUPYIO TOU ALLATOEYKEPAAIKOU
@paypou (BBB) kat ougowpeuon VEUPOTOEIKWY HOPIWV NPOEPXOUEVWY and TO Aija and aTnV Kia NEPINTWOoN Kat
OAlyauiaG 1 pEwpEVOU OYKOU €YKEQOAKOU aipatog otnv AGAAn. Emnpdéobeta, péca OT0 povondaTl
apuAosboyéveang tou AR, n duoAettoupyia Tou BBB pnopei va dwatapdgel tTnv kGBapon tou AB Katd prkog
Tou BBB kal n oAyaipia odnyei oe ungpék@paon Kat augnuévn enegepyaoia Tng npoédpoung npwrteivng tou AR
(APP), n onoia pnopei va npodyel tTnv cucgowpeuon AR otov eyké@aho. Ot ouykAivouoeg AB-aveEdpTnTeG Kal
AB-eLapTtwpeveg 0doi Pnopolv avetapTnTwG f / KAl GUVEPYIKA va 0ONynOOUV CGE CUVAMTIKA KAl VEUPWVIKA
SuoAeltoupyia, veupoek@UALOKS Kat dlaTapayr TnG OOUIKAG Kal AEITOUPYIKNAG OUVEKTIKOTNTAG TOU EYKEPAAOU
nou TeAka odnyei o€ avoua [1].

‘ETol, ol AB-aveEapTtnTeg Kat AB-eEaptwpeveg odoi aAAnAendpouv Kal pnopoulv avegaptnTa Kat /
Il CUVEPYIOTIKA va 0dnyfRoouv otnv €vapgn kKat eEENEN TNG dvolag Tou AD. Eival onpavtiké oTL
apeotepeg oL odoi ennpedlovtar and TOUG NAPAYOVTEG TOU OYYEWKOU, YEVETIKOU,

nepPaAAovTog Kat Tpénou {wAG (ZXAKa 2).
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Xprion oa@opwv KUTTApwvY, BOUAKWY Kal Bloektinwong ya tnv
Kataokeup g 3D veupoayyelakAG  HovAdac  nOAAANAWV
OUOTATIKWV.

H povtehonoinon tng Aettoupyiag kat tng duoAettoupyiag t™ng NVU eival kpiown yaa thv
Katavonaon Tng QuoloAoyiog KaBwg Kal yia TNV anokKGAuwn Twv HOPLOKWY KAl KUTTOPIKWY
MNXOVIOUWY NMOU UNOKPUNTOUV UG OEIPd VEUPOAYYEIOKWY KAl VEUPOEKQPUAIOTIKWV agBevewwy. H
aKpIBNG avanapaywyh Twv oAANAemdpdoewv PETAEU Twv Olo@opwy TUNwv KUTTapwy NVU Kkat
Twv otoleiwv ™ ECM evtdog tou eyke@dAlou egival OnUpavTIKE yla va Blao@OAOTEl N
QANOTEAECUATIKOTNTA £VOG povTEAOU NVU.

M eAndo@opa neploxn yia Tnv avantugn Twv povtéAwv NVU eival n Blonapaywyn Toug
péow tng 3D Bloektunwong ya tnv napaywyr pag noAucuotatng NVU otnv onoia n cupPoin
Twv OlPOpwV TUNWV KUTTAPWY OTN VEUPOAYYEIWOKA AElToupyia kat duoAsttoupyia pnopei va
HeAETNBEel o€ popLaKO Kal KUTTAPLIKG €ninedo. Z€ auTr Thv avaokoénnaon culntoUpe NWG YUnopei va
enteuxBel auTto pe To ouvOUAOUSd TWV JLAPOPETIKWY TUNWY KUTTAPWY HE Ta KATAAANAQ BloUAKA
yla va ppunbouv tnv ECM kat ta did@opa NAEOVEKTHMATA KOl PEIOVEKTAMATA TNG aglonoinong
Twv NPo6dwv TNG 3D BLOEKTUNWONG YIO TNV KATACGKEUN AEITOUPYIKWY povTEAwY 3D NVU.

Mpbéogata, anodeixBnke OTL N EKQUAIOUOG TWV NEPIKUTTAPWY OONYEL OE VEUPOQYYELAKN)
anocUleutn Kal VEUPOEKPUAIOTIKEG HETAROAEG. H piKpoayyeiwon dnUIOUpYED Hia NEPLOYYELQKN
Tdon, divovtag ota veuplkd BAACTOKUTTOPA Ta emTPENTd onueia ywa veupoyeveon [2]. Ou
NapAyovTeg Nou ekkpivovTal and ta evOoBnAlokd KUTTAPA, ONwG O AYYEOKOG €vO0ONAOKOG
QUENTIKOG NapdyovTag Kal oL XNHELOKiVEG, unooTtnpifouv Tn dldyKwon Katl dlagpoponoinon Twv
VEUPLIKWYV PAAOTIKWV KUTTAPWY, KABWG Kal Trn VEUPIKA ENOTPATEUON KAl HETAVAOTEUCN. 2TV
NVU, Ta aoTpokUTTapa €ival 0 BacikOG TUNOG KUTTAPWY Nou PECOAABOUV OTn VEUPOAYYELOKA
ouleutn. Ta aotpokUTTapa eivat Ta no d@bova veupoyAoldKA KUTTOPO OTOV EYKEQAAO.
AlBETOUV  NPOEKTACEIG NOU  OVOMAZOVTOL OAOTPOKUTTOPIKA nodla pECW Twv  onoiwv
aAANAendpolv Téoo0 pe Ta €vOOBNAIOKA KUTTAPO OCO KAl HE TIG OUVAWEIG OTOUG VEUPWVEG,
OUVOEOVTAG QUOLKA TOUG YELITOVIKOUG VEUPWVEG HE TA TPLXOEWN ayyeia Toug, avixvelovtag
aA\ay€G 01O nepBAAAov Kal npocappolovtag avaloya Tn HIKPoayyelakr Asttoupyia. Ta
QVOOOKUTTAPA, ONWG TA HIKPOVEUPOYAOLOKA KUTTAPA, av KAl Ogv anoTeAoUV dOUIKO CUOTATIKO
Tou BBB, nepinappdavovtal ouxvd oto NVU kaBwg ennpedlouv Tn AstToupyia Tou @paypol wg
anavtnon o€ TPAUMATIONO Kal agBEvela Kal €Xouv 1Blaitepn onuacia yia tn pgovreAonoinon tng
NVU oT1o eyke@aAlkd €negOdlO Kal TIG VEUPOEKPUAIOTIKEG vOOOUG Onou n @Aeypovr nailet
ONUAVTIKO pOAo OTNnV EvapeEn Kat Tnv Npoodo TOU VEUPOEKQOUALOUOU.

MoAAoi dlagpopeTikoi NapdyovTeG unNnayopeUouV TNV NNy GQUTWY TwV KUTTAPWY yia Xpron
oe povtéda NVU. Autd neplhappdvouv tn dlaBeciudTNTA, TO KOOTOG, TNV EUKOAIO Xprong Kat
TNV KavoétnTa avanapaywyng tng (ndBo)euoioloyiag nou anaiteita.. MExpt oAuepa ot
KUPLOTEPEG MNYEG KUTTAPWY Nou Xpnotponotouvtatl yua tnv €peuva NVU eival aBavatonolnpéveg
KUTTOPIKEG OEIPEG (M.X., HIKpoayyelaka evdoBnAlakad kuttapa bEnd.3 eyke@dAou novTtikou
KUTTapa SH-SYS5Y avBpwnivou veupoBAQOTWHATOG) KAl NPWTOYEVI KUTTAPA Nou €Af@Bnoav
and eyKEPOAO TPWKTIKWV (M.X. VEUPWVEG) 1 avBpwnivn op@oAiky QAERa (n.x. €vooONAKA
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KUTTOpa). Ot aBavaTonoUEVEG KUTTAPIKEG OELPEG NPOCPEPOUV NAEOVEKTHATA, ONWG Ypriyopn
avAanTuén, avBeKTIKOTNTA, LKAvOTNTA NOAAANAAG SIEAEUONG KAl OXETIKA XOUNAG KOOTOG yla Tnv
anoKTNOoN Kal CUVTAPNOoN Kal €ival €LaAlpeETIKA XPAOIO yia TNV apxlkn PeAtioTtonoinon evog
povtédou 3D NVU. Qotéoo, ta abBavaronounuéva KUTTapa ouxva Oivouv XapnAoTeEPEG
anod0oel; O€ AEITOUPYIKEG OoKIpaoieg kat dev ek@pdlouv navtote TG idleg npwteiveg
HETOQOPAG KAl NPWTEIVEG OTEVAG oUVOEDNG ONWG in Vivo Kal YEVIKG eppavifouv KakA Asttoupyia
@paypoU. e povtéda BBB, Ta npwtoyevh KUTTOpa €xouv anodelxBel 6Tl €xouv uwnAoTEPQ
AEITOUPYIKA anoTeAéopaTa and TIC aBavoTOMOINUEVEG KUTTAPIKEG OEIPEC KOl WMNopel va
avtavakAoUv KaAUTeEpa TNV Katdotaon in vivo. Qotdoo, Ta npwtoyevrh KUTTApa gival SUOKOAO
va kaBaplotouv, pnopel va avantuxBouv apyd kat / f va xdoouv Tov @QawvOTUNO TOUG OF
kKaAAEpyela. Ot dla@opeg Twy €WV Hnopolv eniong va ennpedoouv £va povteAo NVU edv, yia
napadetypa, avBpwniva evooBnAlakd KUTTapa cuvoualovTal UE VEUPWVEG TPWKTIKWYV.

H Bonapaywyry €vog 3D povtédou NVU pe tnv TEXVOAOYiO TNG LOTOMNXAVIKAG,
xpnowonowvtag bioinks pe Baon tnv UdPOYEAN HE OUYKEKPIMEVN XWPLKA KOATAVOMR Twv
OlA@OPETIKWY KUTTAPIKWY TUNWV KAl PE OlAQOPETIKOUG OUVOUAOHOUG TWV QUOIOAOYIKWYV Kal
voooUvTwy Kuttdpwv NVU, Ba entpéwel TNV aKpiB €peuva TNG CUVEICPOPAC KABe Tunou
KUTTApPOU OTn VvOOoOo €BIKAG OUuOAslToupyiag, Onwg n VEUPOAYYEWKH anoculeutn, Ta N
QUOLIOAOYIKA NPOTUNA, KABWG KAl N dleukdAuvon TnG SLlaAoyAG @apudkwy UWnAnG anédoaong yia
N O16PBwWON TNG VEUPOAYYELAKNG DUCAEITOUPYIOG NOU OQEINETAL OTO EYKEPAAIKO €MEITOOI0, TN

v6oo Tou Alzheimer kat GANeG pHop@EG Gvolag.

IPSCs: Enayépeva noAuduvapa BAactikd Kittapa atn vogo tou Alzheimer [3]
H dabeopdTnTa avBpwnivwy enayopevwy NoAUdUvauwy BAaoTIKWY KuTTdpwy (iPSCs, induced-
pluripotent stem cells) enavag@epel TNV NPOCEYYION TWV ENOTNUOVWY 0Ta povteAa NVU, divovTtdag

TOUG TNV €uKalpia va Xpnoonojoouv avBpwniva KUTTapa nou dev pnopodoav 0To NapeAbov

(ZXNHa 3).

www.nuclmed.gr 214 Hell J Nucl Med Suppl, January-April 2019



Somatic cell sources: / Integrative strategies: N\

* Fibroblasts * Retrovirus
* Adipose cells * Lentivirus
* Dental cells « Transposons
* MSCs < "
* Neural stem cells Reprogramming Strategies ————>| Non-integrative Strategies:

* Blood cells
* UCB Cells * Adenovirus

* Urine-derived cells 4 KLF4, SOX2, c-Myc, Nanog, Oct-3/4, LIN-28 P * Sendai virus

* Plasmids
* Episomal Plasmids
* Minicircles

— T — —> A3 o= * RNAs
m‘\—é’ - O’Q => = Proteins
\* Small molecules /
Adult Fibroblast Cell l Reprogram Cells
iPS cells = &

<
2 <

. s =
- s o © O S
\( \ Hematopoletic
Cardiomyocytes / \ Progenitor Cells
A g 1_1"‘_&:'(5_65 % Pancreatic [1-Cells

Applications

L S
I S o

for diagnosis X
Disease Modelling Drug discovery Cell replacement therapy

ZxApa 3. Mo enwokonnon tng texvoloyiag iPSC. Ta owpotikd kUTTapa pnopouv va AngBouv anod
Olapopeg NnNyég, ONWG TO OE€pUa, TO aipa Kalt Ta oupa. Yndpxouv MNOAMEG OTPATNYIKEG
€MavanPoypPapUOTIOHoU Kal Ol KAAUTEPEG €ival oL in OAOKANPWUEVEG OTPATNYIKEG. Ta iPSCs pnopoulv va
olapopornonBolv Ot JAPOPEG KUTTAPIKEG OEPEG MNOU  HUnopolv va xpnowonowmnBolv ya TN
povTeAonoinon Twv vOoowv, yla Tnv avokGAuwn @apudkwv kat yw tn Bepancia avrtikatdotaong
KUTTApwV (N €ova Afebnke and tnv Sharma[13]).

Ounpdéodol otnv TEXVOAOYia Twv PAACTOKUTTAPWY KaBloTouv duvatr Tn dnuoupyia iPSCs
and Toug eVvAAKEG kAL Tn O@oponoincri Toug OToug Old@opoug TUNOUG KUTTAPWY
(evooBNAIGKA, MEPKUTTOPA, QOTPOKUTTAPA, VEUPWVEG KAl MIKPOVEUPOYAOLAKA KUTTAPA) Mou
oxnuatiouv tnv NVU. H daBeopotnta Eedikeupévwy o aoBevela iPSCs nou @épouv tnv
akplB HETANAOEN DNA Kol GAAEG YEVETIKEG MANPOPOPIEG NOU UNAPXOUV OTOV acBevh dOTN
XWPIG UNEPEKPPACN ONOWVONNOTE HETOANAYHEVWY  YOVIOIOKWY MNPoidvVTWY, EMTPENEL VA
OlepeuvnBel pe akpB AentopEpela n €nidpacn TNG METAANAENG TNG vooou OTn dourf Kat
Aettoupyia Ttng NVU. Mnopouv va dnpioupynBouv L.o0YoVIKOL HAPTUPEG OTOUG OMNOIoUG N EBIKNA
yla Tn vooo PETAAAEN PETABAAAETAL OTNV aAAnAouxio Ayplou TUMOU OE €VA CUYKEKPLEVO
yovidlo (f avtioTpoga, 6nou n aAAnAouxia dyplou TUMoOU HETARBAAAETAL OTNV HETAAAAEN TNG
vOOO0U), EMTPENOVTAG TNV €NidPACcN TwV PETAAAEEWY OTO ATOMO TUNOUG KUTTAPWY NMou NpENEL
va a&loloynBouv. lMpdypaty, n nBavy XpnowoTnTta Twv KUTTOPKwY povTEAwv iPSC nou
oxedldotnkav yua va pipndouv tn NVU avayvwpiotnke npoo@ata wg €va VEO BACIKO EPEUVNTIKO
EPYOAEIO yIa TN HEAETN TNG VEUPOAYYEIOKAG DUCAEITOUPYIOG.

MoAAEG opadeg xpnoonoinoav kat OlEEyayav apKETEG UENETEG OE /n Vitro LOVTENQ HE
VEUPIKA KOl [N VEUPWVIKA KUTTApa nou npogpxovtal anod iPSCs. Ol enotrpoveg KatéAngav oto
oupnépaopa OTL oL veupwveg nou npogpyovtatl anod iPSCs andé acbeveig pe AD Ba pnopoucav va
elval anoteheopatikoi otn dlaAoy @apUdKwy, WOTE va avantuxbouv véeg Bepaneieg nou Oa
npootatelouv Ta KUTTApA and Tnv TOoEKOTNTa Twv AP nentdiwv otov eyké@olo AD [4].

Mapépolo anotéAeopa eNA@On pe veupwveg nou npogépyovtar and iPSC onopadikwv AD
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aoBevwv Kal pe agbevi nou @Epel TV naboyovo petdAragn APP-E693A. H perétn deixvel 6Tl
QUTEG Ol KUTTAPLKEG OELPEG Napdyouv evOOKUTTAPIKA AB OAlyopepr], KATOAAYOVTAG OE €va KAAO
KUTTOpPIKO povtéNo AD [5]. Ta iPSCs pnopouv va xpnowonoinbouv yia Tnv €loaywyrn vEwv
niBavwv BlodelkTwv TNG vooou, 6nNwg npoteivetal and Toug Shirotani kat cuvepydTeg. nou
aveéNTUEQV UIa KavOTOMO PEB0DO OTOUG VEUPWVEG Nou dlagoponolouvtatl and ta iPSCs [6].

Mw GAAN peAETN avEépepe TN Onuoupyia €vog OIKTUOU NpwTEivwv OUvOECONG Nou
oxetiCetal pe 1o AATOXAEp Xpnowonowvtag iPSCs, anodewkkviovtag OTL pnopouv va
XpnotwonoinBouv wg HovTEAO OlaAoyrC @apudkwy Kal va odnynoouv oe peiwaon tng npwteivng
tau petd and Bepancia pe avaoTtoAéa TNG y-oekpetdong [7]. MNa tn dokr @apudkwy, ival
ONUAVTIKO Ol VEUPWVEG Nou npogpxovtat and to iPSC va eival kaAd dagpoponotnpévol, newdn
napatneERonke 0TI HETOEU TwV OTAdIWY NPWIUNG Kal OYIUNG dlagoponoinong, Ta KUTTapa £XouV
OlaQOPETIKEG eualobnoieg €vavtt Twv @apudkwv [8]. H Texvoloyia enefepyaciag Tou
yoviduwpatog Ba pnopouce va xpnowonownBel kat yia tn 00pbwon Twv HETOAAGEEWV,
OnHoUPYWVTOG £va 1ooyovikd €Aeyxo. MNa napddelypa, ol Pires kat ouvepydTteg aveégepav OTL N
ypapun A79V-iPSC oe ouvduaoud tng oepdg A79V-GC-iPSC 6a pnopouce va XpnotponotnBei
yla TN HEAETN NABOAOYIKWY KUTTOPIKWY @avoTUnwy nou oxetidovtal pe PeTAAAEN A79V o€
PSEN [9]. Eival evdlagEpov 10 yeyovog O0TL 0 pohog Twv iPSCs atnv €pguva AD unootnpixbnke
eniong and Tnv avaluon Twv veupwvwyv nou npogpxovtal and iPSCs aagBevwv pe alvopopo
Down kat ol onoiot guvhBwg €xouv uwnAd kivdouvo avantuéng AD vwpig. Ou ouyypageic
olanioTwoav OTL TETOLA VEUPIKA KUTTAPA avanapdyouv TO apXIkO KUTTAPIKO EVOEIKTIKO GAUA yia
70 AD, TO onoio gival XpAaoLuo yia Ttn povteAonoinon authg tng napaiiaynig tou [10].

TENOG, KAl Ta PN VEUPWVIKA KUTTApA nou npogpxovtal and iPSCs Ba pnopouoav va gival
NoAU XpAola otnv povteAonoinon acBevewv Kal Tov €AeyXo @apudkwv. MoAA&G naboAoyikd
EVOEIKTIKA ONpaTa BpEBNKAV va NAapeKKAiVOUV 0TA a0TPOKUTTAPA nou npogpyovtal anod iPSCs
aoBevwv pe fAD kat sAD unodnAwvovTtag OTL N A0TPOKUTTAPIKN aTpo@ia Oa pnopouce va eival
€vag €UAOYOG PUNXAVIOUOG VIO NPWLUN YVWOTIKR €E00£vNon Kal KATd autdv Tov TPOMNO avoiyeTal
nedio veéwv BepaneuTIKwy oTpaTtnYIKwyY yia To AD [11]. Mia GAAN HEAETN avEPepE PETABOAEG OTa
aogTpokUTTapa nou npogpxovtal anod to iPSC nou petaAAdooovtal pe PSENT, anokaAuntovtag
Tov KUPLO POAO QUTWV TWV KUTTAPWV Kal enBefawdvovtag Tn onuacia tng €Qappoyng tng

TeXvoloyiag iPSC yia Tn HEAETN TwV VEUPOEKPUAIOTIKWY acgBevelwv [12].

Tonot kutt@dpwv nou xpnotonotouvtal yia NVU engineering in vitro.

M onpavTiK NOPAUETPOG KATA TO OXEOLOOUO £vOG povtélou NVU eival n enAoyr KUTTAPIKWY
oTolxeiwv. Ta evooBNAIOKG KUTTOPO Kal TA NEPKUTTAPA €ival Ta BAoiKA OOuKE OTolKElD TOU
ayyelakoU cuotatikoU otnv NVU. Ta evdoBnAlakd KUTTAPA OTNV EYKEQPAAIKN UKPOAYYEIWON
gival pop@oloyikd, BOXNMIKA Kol AEITOUPYIKA OLOKPITA and Ta N €YKEQPAAIKA €vOOBNALOKA
KUTTOPA. AV Kal EKPPAlouv CUPPBATIKEG OUVOETIKEG NpwTeiveg npéopuong énwg n VE-cadherin
Ta €vO0ONAIOKA KUTTOPA TOU EYKEQPAAOU OUVOEOVTAL EMIONG HETALU TOUG PE OQPIXTEG OUVOEDELG,
Ol OMnoieg MEWVOUV TNV MNOPOKUTTOPIKA HETAPOPE HETAEU YEITOVIKWYV KUTTAPWY. Ol OQIXTEG
ouvdEoelg oxnuatiovtal and aAAnAendpdoelg PETALU NPWTEIVWY ONwG Ol OKKAOUBIVEG, Ol
kAaudiveg Kal Ta OUVOETIKA popla npéoguong. Ta nepkUTTApPA, Padi pe Ta ayyewKka KUTTOpA
Aeiwv puwy, gival Ta TolwuaTa nou evronifovtal aneubeiog 0TO TOIXWHA TWV TPLXOEWDWV. ZTOV

EYKEQAAO, Ta neplkuTTApa dadpapatiouv (wtikd péAo oto nAaiolo tng NVU unootnpifovtag
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TNV ayyeloyevean, pubpiovtag Tnv TPLXOEWN ASITOUPYIO KAl CUPHETEXOVTAG OTO OXNHATIONO
Kal Tn ouvthpnon tou BBB. To €v0oBAAIO TOU €yKEPAAOU €XEL ONUAVTIKA UYnAOTEPN KAAUYN
NEPIKUTTAPWY and TOUG NEPLPEPIKOUG LOTOUG, YEYOVOG MOU UMOONAWVEL IO CUYKEKPIUEVN

EYKEQPOAAIKI AclTOUpYyia yia auTov ToV TUMNO KUTTAPOU.

BloUAka yia NVU ikpubpata: Bioinks kat pritpeg udpoy£EAng

‘Eva bioink eival éva BloUAikd To onoio €xel Nponyoupévwg nNnKTwpatonondei, cuvAbwg pe
evOuhokwpeEva KUTTApa, Ta onoia pnopoUv va unoBAnBolv oe bioprinting kat va
NNKTWHATONoNBouUv yla va OXNUATIOOUV ENTUXWG £va OTEPES KATAOKEUAOUA. YNApYXouv NoAAG
OlOQOPETIKA BlonoAupepr) nou pnopouv va avantuxbouv oe €va bionik ya va oxnuatioouv pia
MATPO UdPOYEANG Vo Ta KOTTapa. AUTA Kupaivovtal ond QUOIKEG MPWTEIVEG Kal
NOAUCOKXOPITEG, Ol onoiol eite anotelolv cuotatikd tng ECM eite ppolvtal TIC QUOIKEG
1010TNTEG TNG ECM, 0g ouvBeTikd BlonoAupepr| kat nentidla, Ta onoia HnopoUv va CUVTOVIOTOUV
WOTE VA JLOUVTAL TN QUOIKI EEWKUTTAPLO HATPA TNG VEUPOAYYELAKAG HOovAdag. 1davika n uAtpa
udpoyEANG Ba enttpeyel ota KUTTAPO va OUVBECOUV Kal va anoBEoouv Tn OIKM TOUG QUGIKA
ECM, pipolpeva €Tl TOUG QUOLOAOYIKOUG pdAoug TNG Quaolkhg ECM.

MNa éva povtého NVU, to bioink npénetl va €ivat ikave va BIEUKOAUVEL TNV KUTTOPIKI
METAVAOTEUON KAl NPOCKOAANGH, ayyeiwaon / ayyeloyEveon Kal VEUPOYEVEDN, KaBwG Kal
OAANAEMIOPACEIC HETAEU aAYYEWOKWY Kol VEUPlKWY Olena@wyv. OL @QuUOIKESG 1B0TNTEG (Nou
kaBopiCovtal and TN peoloyia) eival eniong €LAlPETIKA ONUAVTIKEG OTNV unayopeucn TngG
QANOTEAECUATIKOTNTAG Tou bioink yia tnv avantugn pag epapxikng NVU dopig, kabwg kat otnv
napoxn Twv KATAAANAWY QUOIKWY KAl PNXAVIOTIKWY XOPOAKTNPIOTIKWY MOU anartouvtal yia Ta
kKUuTTapa TG NVU. Katd tnv avantugn pag 3D Boektunwpévng NVU, ol peoAOYIKEG NAPANETPOL
npéneL va €gloopponouvTtal HE TN AEToupylkr dopr] nou anatteitat and 1o povTEAo. [MNa
napadetypa, bioinks pe uwnAdtepn tdon dlappong (kat Tunikd uwnAoTEPN akapyia) Teivouv va
EKTUNWVOVTAL PE KOAUTEPN avaAuon and auTtoUg pe xapnAdtepa wodn. ‘Ouwg n NVU undpxel
HEoa o€ €va HaAako /in vivo neplBaAdov Tou 1 kPa. H Bloektunwon Kal n NNKTopaTtwnoinon o
OTPWOELG NOPEXOUV ThV EUKALPiO Yyl TNV MNPOCAPHOYR TNG OlENPAVEIOKAG OAANAENidpaong
METAEU OLOQOPETIKWY AYYEIOKWV Kal VEUPIKWY ouoTatikwy otn NVU. Av kat €vag TaxuTtepog
PUBUOG NNKTOMOTWNOINONG OUoXeTi(eTal BeTIKA pPE TOV OPWOUPO KOl TNV avaAluon €vog
EKTUNWHEVOU bioink, oUCXETI(ETAL AVTIOTPOPWG UE TNV AYYELOYEVEDHN KOl TNV veupoyeveaon. Ot
BaOIKEG BOUIKEG BLOTNTEG YA bioinks KaTtdAAnAa yia NVU pnopouv va XwploTouv 0 TECOEPLG
UNoKaTnyopieg: Ol00TAUPOUMEVN OUVOEDN, MNXAVIKEG BIOTNTEG, MOPWOEG KAl KUTTAPLKA
NPOCKOAANGH.

Bioinks udpoy£Ang yia tnv avantugn NVU untpwv

®Ouoikd noAupepn

Mia kowr OTPaTNYIKN Yyia TN AETOUPYIKOTNTA Twv UDSPOYEAWV Yia TOUuG OKomnoug Tng
Bloektunwong thg NVU eival va ouvdudoel QuoIkad dUo BlonoAupepr] (avti va Ta TPOnonoljoel
XNHIKE) ya va napdyel Eva avapepypevo bioink pe Baon thv udpoyéAn, HE TIG MAEOVEKTIKEG
00TNTEG KABE NMOAUPEPOUG VO CUVEIOPEPOUV OTIC emBupntég BLOTNTEG TN NVU. Auti n

TEXVIKN €XEL Xpnowonolnbei ekteTapéva yia tn dnuoupyia bioinks pe Bdon to KoAAayovo.
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Mw GAAn otpatnyk ouvdudlel neploocdTepa and dUO NOAUPEPH Yyld va NAPAYEL A
USPOYEAN pE NOANANAEG NAEOVEKTIKEG WOIOTNTEG YlA UNXAVIKH 10TwV €vOg povtedou NVU. Eva
napdadelypa autoU €ivalt 0 ouvOuaouog IVWwdoUG, uaAhoupovavnG (UOAOUPOVIKOU 0EE0G) Kal
Aauwvivng yua tTnv nopaywyr] €vog TPLOOIAOTATOU HOVTEAOU VIO VEUPIKA KAl QyYyeELaKd
BAaocTokUTTOpPA. AUTH N UBPOYEAN XPNOonoinae TG WPEAEG IOIOTNTEG TOU IVWOOUG yla Ta
VEUPIKA PBAaoTOKUTTOPA, HE OlEOOUTIKA OikTtua uUaAoupovikoU 0EE0G yla evioxuon Tng
Ola0TaUPOUPEVG GUVOEDNG KAl YIa €vioXuon Twv OUOIOTHATWY TOU MNKTWHATOG HE TNV QUOLKA
ECM twv veupwvwyv. Ta BlonoAupepr] TNG uaAoupovavng Npodyouv Tn HETAVACTEUCN KOl TOV
NOAAANAQCIAOUO TWV KUTTAPWY Kal - (WTIKAG onuaciog ya thv avantugn evog povtéhou NVU -
npodyouv TNV QYyYEIOYEVEON Kal Tnv veupoyéveon. H npoaBikn Aauwvivng pe tn Ok TG
aAAnAouxia IKVAV napeixe ota KUTTOPA  AEITOUPYIKEG MNEPIOXEG NPOCKOAANONG. Av Kal n
udpoyEAn Oev Atav BeATioTononpévn yia BloeKTUNWON, Ol PEOAOYIKEG 1OOTNTEG TNG Oa
pnopoucav va npocapocTolV yia va napdyouv €va bioink Kat va Xpnoonotolv Ta EUVOIKA yia
NVU ocuoTtaTik@ evtog TnG udpoyEAnG.

AvTiBeTa, pEPIKEG UDPOYEAEG eival BIOEKTUNWOIUEG XwpPIG Tpononoinon f avauen, arla
otepolvTtal TNG €vOoyevoUG NEPOXAG KUTTOPIKAG-NPOCKOAANONG Mou anatteital yw tnv
avantuén anoteAeopatikwy povtéAwv NVU. To képu Gellan eivalr éva napddeiypa evog
NOAUCOKXOPITN NOU Xpnowonoleital ouvABwg yia Tnv napaywynn udponnkKTwy, Ta onoia dtav dev
g€xouv TpornonolnBei kat dev £€XoUvV TN AEITOUPYIKN NEPLOXN YIO KUTTOPIKA NPOCKOAANGH, aAAG
pnopouv va tunwbolv oe 3D pe éva otolxeio dlaotaupoupevng oUleugng ya va oxnuatioouv
oopég NVU. H xnukn tpononoinon Ttou KOppeog gellan yua va nepiEXel tnv enkpdTeLd
KUTTOPIKAG nNPooKOAAnong Ttou IKVAV en€tpeye Tn XpAon Tou noAucakxapitn yia

BlLOEKTUNWHEVA HOVTEAD VEUPIKWY KUTTAPWY TOU PAOLOU TOU EYKEPAAOU.

2UVOETIKA BlonoAupepn

OL ouvBEeTIKEG UBPOYEAEG emTPENOUV TOV NMAAPN €AEYXO TWV NAPAUETPWY NAPAYWYAG Kal
AEITOUPYIKWV MAPAUETPWY, KOBWG EMTPENOUV TOV OXEBIAOUO TNG AKPLPOUG SOUIKAG OoUvBeEoNnGg
KOl TwV AEITOUPYEWV TNG UBPOYEANG oTnv NpofAenopevn e@appoyrh. Autd napouctalel
gukalpieg ya tnv avdantugn bioinks kKaTtdAnAwv yia NVU, kabwg ol akplBeic ddtnTEG
BloekTUNWONG Kal Ol NEPLOXEG KUTTAPIKNAG NPOCKOAANCNG HnopoUv va aXedlaoTtolv aTh dour Tou
BlonoAupepoug. M kowvA TAEN ouvBeTIKwyv bioinks Paocilépevwv oe BlonoAupepr| gival  Ta
auToouvappoAoyoUpeva NeNTidla, Ta onoia oxnuati(ouv opyavwpeva vavoivwdn B-@UAAA nou
avanapayouv tn dopr TG Quotkig ECM. Ta ev Adyw nentidla pnopoulv va oxedlacTouv WOTE va
OuvappoAoyouUvTal YPHyopa Kol aUTOVOUO HECW AAANAENOPACEWY QUOIKAG OLOOTAUPOUUEVNG
ouleutng n, €VOANOKTIKA, HEOW €NOYWYNG QUOKWV A XNUKWV aAAnAendpdocwv. AuTh n
BlOMOPIOKA KOl KUTTAPIKI QUTOCUVAPUOAGYNON €ival ouvhdng /n7 vivo Kal pnopei va avanapaydei
0€ KATOOKEUEG UBPOYEANG, OMOU N UETAVACTEUCH KUTTAPWY HECW TwV NOpwv OTNV UOPOYEAN
emTpenel aAANAeM®PAoelG KUTTAPOU-KUTTAPOU. Adyw TOU OUVBETIKOU OxedlaopoU TOug, Ol
BLOEKTUNWTIKEG OOTNTEG HMOPOUV VA MNPOCAPHOCTOUV OTn OUVBETIKA UudpoyEAn yua va
avantuxBei €va nAApwg Aettoupyikd bioink kat TETola UAIKG €xouv Xpnaoluonotndel yia HeAETEG
Kuttdpwv NVU. Ta ouvBeTikd nentidla pnopouv €niong va avantuxbouv yia va avanapdyouv
Old@opeg NAEUPEG Twv OTwv, Pe noAunentidla nou npooopoldfouv aAUTA TNG €AaoTivng

OXedlaoPEVA VA EVOWHATWVOUV MEPLOXEG ayyeloyovou nentdiou ya xprion oe peléteg 3D
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KOAALEPYELAG ayYEiwy yia TNV Nnpowdnan NG ayyewokAGg avantugng.

Blokataokeur) Tng NVU

H NVU eivat noAUNAokn, pe noAAanAd KUTTapa Kat GAANAEMOPACEIS KUTTAPOU-KUTTAPOU Mou
napouatdlouv 1OITEPEG NPOKARCEIS Yo TNV /1 vitro povtelonoinon. MNa va anionoinBei €va
povtéAlo NVU - i yia va €0TI00TEL OTO ayyEWKO oUOTNUA - MOAAG povTEAA XwpiCouv T NVU
avantlooovtag €va PovTeAo pévo yia 1o BBB. AMeG npooeyyioelg €ival n xpAon Hepkou
ouoTtaTikoU Tou BBB, dnAadn, €vooBnAlaKwv KUTTAPWY Kal aoTPOKUTTApwY / nenTidiwv /
QYYEIOKWY A€WV UKWV KUTTAPWY, PE VEUPIKA KUTTAPA. AUTEG oL npooeyyioelg dgv divouv To
anoTtéAeoua TnNG povtehonoinong evog oAdkAnpou NVU, aAAd pnopoulv va gival oAU XpAGCLUES
yla tn diepelivnon tou BBB kat Tnv napdkapyn tTng OUGKOAIAG TNG OUV-KOAMEPYEIAG PEXPL NEVTE
TUNWV KUTTAPWY OE €Va HOVTEAO.

270 NAQIOIO0 TWV EQPAPHOYWY TNG LOTOUNXAVIKIAG KAl AQVAYEVVNTIKAG WATPIKAG, O OPIOUOG
™G Pokataockeung (biofabrication) wg epeuvnTikoU nediou €xel dlEUKPWVIOTEL WG  «n
QuUTOMOTONONMEVN NApaywyr PLOAOYIKA AEITOUPYIKWY MPOIOGVTWYV HE OOWKN opyavwan and
{wvtavd KUTtTapa, Bloevepyd popla, BoUAIKEA, CUCOWUATWHATA KUTTAPWY ONwG HIKPOIOTOUG A
KOTAOKEUEG URPLOIKOU KUTTAPIKOU UAIKOU, pEOw Bloektunwong rf BloouvappoAdynong Kait
€NakOAOUBwWV SLOBIKACWWY WPIHAVONG LOTWVY.

H BloouvappoAdynon xpnowonolel Tnv auToouvappoAdynon Twv KUTTAPWY Yyl TN
onuoupyia aAAnAenldpolviwy OWKTUWV Kal oTwv, Onou pnopei va Xpnowonowindei n 3D
BloekTUnwon vy Tnv TONoBETNON Twv KUTTAPpWY O KATAAANAN XWwPOXPOVIK 6&on vy
ouvappoAoynon. Auto pnopei va xpnowonotnBei yua tTnv avantuén evog ayyelokoU CUCTHUATOG
péow 3D Blosktnwong Ay TNV OavANTUEN LEPAPXIKWY BOHWY XPNOLOMNOLWVTAG €va
BepuonAaoTIKO UAKO WG Ooplkd unoOoTPpWHA HETOEU TNG OTpwpatonomnpévng andbeong
OXNMATIOMWY KUTTApwVY npogpxopevwy and €va bioink. H BlocuvappoAdynon €ivatl pa onpavTiki
OTPATNYIK 0XeOAOUOU yia TNV avantugn povtéAwv NVU, 6nou n autopatononuevn evandbean
KUTTAPWY MOU NEPLEXOUV HOVABEG (UE TN HOP®R UBPONNKTWV) UNOPEL va EeKVAOEL TN BloouvBeon
TWV VEUPWVIKWV AYYELOKWV BlEPYACLWV Kal TwV OAANAEMOPACEWY KUTTAPOU-KUTTAPOU, OL OMNOIEG
eival wTiKAG onuaciag ywa tnv avantugn epapxikwv povtéAwv NVU kat tnv napaywyr €vog
BBB pe Aettoupylko @aivoTtuno.

Yndpyouv NOAEG BLAPOPETIKEG TEXVIKEG bioprinting, oL onoieg €xouv neplypagei oagwg
oc GAM\a dpbpa. AUo KUpPlEG OTPATNYIKEG €xouv XpnowonownBesi ya tn Bloektinwon Twv
povtEAwv NVU:

e £UUECN NAPACKEUN IKPWHATOG, OnNou Xpnolonoleital Eva apvnTiké Kolount yla va
nepkAgiost kat va oxnuatioet bioinks pe evBuhakwpéva KUTTAPA
e dueon Ploektunwon (bioplotting), 6nou TO PloAoyikG oOTOKEID KAl Ta KUTTAPA

ekTunwvovTal aneubeiag oe dopn 3D.

Kat ot 800 auTtég npooeyyioelg oto bioprinting €xouv tn duvaToéTNTA Va NOPAyouv NOAUKUTTAPA

povtéha 3D NVU, pe kaBoplopéva KUTTOPIKA  OlOPEPIOPOTA, KPIOWEG KUTTAPIKEG
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aAANAeNBPAoELG Kal ayyeia.

H texviki TnG BloekTunwong NPoo@EPEL eniong Tn duVATOTNTA EL00YWYNG KAVAALWY HECT
oto povtédo NVU péow tng XpAong Buoialdpevwyv BlolAkwv oTnv aueon PBloektunwon -
EMTPENOVTOG TNV EVIOXUHEVN Oldxuon HECWV, BPENTIKWY OUCLWV KAl ofuyovou oe OAO TO
HOVTENO, UILUOUMEVO TO TPIXOEWDEG dikTUo TNG /n vivo NVU Kal ano@elyovtag tnv avantuén
VEKPWTIKWY MNEPIOXWY MNOU NAPATNPOUVTAL OE OPYAVOEWDEIG KOAMEPYEIEG KAl OF HEPIKEG
WIWITEPWS IVWOEIS KATAOKEUEG UDPOYEANG. AUTH N NPOCEYYIoN €l0ayel €niong OuvnTika
eMPBAABEIC 1 NPOCTATEUTIKEG EVWOELG KAl QAPHUAKA YIa TNV KATANOAEUNON TNG OUCAELTOUpYiag
™G NVU péow HIaG @UOIOAOYIKWG OXETIKAG «OUCTNUIKAG» Owadikaaiag, n onoia puueitat tnv
€10aywyn QapUAKWY HECW EVOOPAERLOG XOPYNONG f and TOU OTOUOTOG XOPARYNon.

AnoteAéopata yia povtéda 3D NVU

IMa tnv agloAéynon tng AsettoupylkoTnTag TwV povTéAwv 3D NVU pnopel va petpnBei pia osipd
ané anoteAéopata. H Aettoupyia tou BBB pnopei va petpndei pe nAektpikn avtiotaon trans-
endothelial (TEER), n onoia xpnowonolei peupa PETAEU OUO0 nAekTpodiwv WG HETPO
ownepatétntag BBB f pe kivnon xpwpoTiopévng f @Bopidoucag Bagng (n.x. @AOUOPECKETvVN
L00BEI0KUAVIKO-0eE TPAVIO). Av Kkal ol TInEG TEER petpnbnkav /in vivo og eyképahlo apoupaiou
petagu 1200 kat 1900 V cm?,0e KOAAlEPYNUEVA KUTTAPO TO QPAyHa dlanepaTtoTnTag Bewpeital
anoteAeopaTiko 6tav n T TEER sival ndvw and €va 6po (tunikd 250 V.cmz). H akepadtnta
Twv aAANAEMNOPACEWY KUTTAPOU-KUTTAPOU pnopei va PetpnBei pe pukpookonia avooo@Boplopou
XPNOLHOMOLWVTAG AVTIOWHATA EvavTl EI0IKWY NpwTeivwy, 6nwg Katd VE-kavtepivng, N-kavtepivn
kat Connexin 43. Edv anaiteital, ta Plokataokeuvaopéva povtéda 3D NVU pnopouv va
unoPAnBouv o QUOIOAOYIKEG NPoCeyYioelg WoToAoyiag, 6NwG n eVOwUATwWon napagivng Kat o
TEUAXIONOG OTOU, NPV and Tnv avoooioTtoxnueia. Ol CUYKEKPILEVEG NPWTEIVEG PNOPOUV va
nocoTIKononBouv pe Th XPAON MNOWKIANOG TEXVIKWY MOCOTIKOU MPOCdLOPIOHOU MNPWTEIVWY,
oupnephappavopévou tou Western blot kat ELISA, evw To mRNA pnopei va nogotikonoinOei pe
avaotpoen petaypaprn gPCR. MovokutTtapikEéG avaAlaelg pnopolv va Xpnoonownbouv ya va
XOPOKTNPIOOUV CUYKEKPIIEVOUG TUNOUG KUTTApwvY evtdg tng NVU, néntwvtag Tn UATPA Y
aneAeuBEPWON Twv KUTTAPWY, kaBapifovtag vav EEXwPLoTO TUNO KUTTAPOU and To undAotno pe
KUTTOPOMETPIO POAG Kal 0TN OUVEXELR xpnolonolwvtag aAAndouxia RNA r proteomics yia va
NPOCdLOPIOTOUV OANAYEG EVOLOPEPOVTOG UMO SLAPOPETIKEG OUVONKEG.

TeAkéG napatnPACELG KaL LEAAOVTIKEG NPOONTIKEG

H Blokataokeu €vog in vitro 3D povtéhou NVU péow bioinks kal otowxeiwv Ploektinwong
EMNTPENEL TNV AVANTUEN €vOG NOAUKUTTAPOU HOVTEAOU MOU HLUETAL NEPITOOTEPO TNV KATACTAON
in vivo, HE TNV €10aywynR TNG €KTUNWONG VA EMITPENEL TNV Napaywyr] OdpACTIKWY dlENaAPwY
HETAEU Twv Ol0@OPWV KUTTAPIKWY CUCTATIKWY. 'Eva HOVTEAO OTOUNXAVIKAG Mou Hnopei va
avanapdayet to 3D pwkponepiBdAlov Ttou wtou TNG NVU e€ival entakTiky avAaykn yua va
Olaca@nVioToUuVv ol AAANAEMIOPACEIS KUTTAPOU - KUTTAPOU KOl VEUPWVWY - ayyeiwv nou eival

ONUAVTIKEG YA TN QUOLOAOYIKN AstToupyia kat Tn vooo peca oe a /n vivo NVU. H duvatétnta
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onpoupyiag evég /n vitro veupikoU LoTou Ba avoigel noANG epeuvnTikd nedia nou chpepa dev
elval npooeyyiowa, aveEdptnta and thv eukapia va peAetnBei n 3D-xwpk olvdeon PETAEU
Ol1a@OPWY VEUPWVIKWY NANBUCUWY KAl TOU TPOMOU ENKOIVWVIOG HETAEU TOUG. Z€ OUVOUAOUO HE
TNV TeXvoAoyia iPSC, pnopei va dnuioupynBei €va puOIOAOYIKO HOVTENO yla TNV KATAvonon Twv
(PUCLOAOYIKWV Kal NABOAOYIKWY HNXOAVIOMWY KAl TNV KATAVONGCN TWV UNXAVIOUWY NOU NAATTOVTAL
and TIG VEUPOEKQUAIOTIKEG a0Béveleg. TENOG, O OuvdUAOUOG TnG Texvoloyiag tng 3D
BloekTUNwong Kat TnG texvoloyiag Twv iPSC Ba avoitel oxL povo veeg duvatdTNTEG O NOANG
nedia HEAETNG, EAEYXO QAPUAKWY, QVTIKATAOTAON OKpBwv in vivo nelpapdtwy aAAd Kal atnv
€LATOUKEUPEVN LOTPIKA, XApn 0T XPAoN KUTTAPWY NPOoEPXOUEVWY and acBeveig. Mo onpavTiko,
n énuwoupyia evog 3D veupikoU W0TOU nou anoteAeitalr and 1o KUTTApPO TOu aoBevolug Oa
EMTPEYPEL TN AEYOUEVN VEUPOAVAYEVVNON, avolyovTag Tn duvaTdTnTa AVTIKATAOTACONG €vOG

EKQUALOUEVOU LOTOU.
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