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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%).        
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                 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 

ρ2 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% Cl). This means that 

RMSEA should be considered as a model fit index, however, with caution [28]. Comparative Fit 

Index (CFI) 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: ρ2 (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 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

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 

  
 
 
 
 

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  

 
 
 
 
 

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 

 
 
 
 
 
 
 
 
 
 
 

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: ρ2 (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 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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.              
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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 

mailto:loukatha@outlook.com.gr
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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. MCI 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. Its 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
rd

 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 ρ
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 

N(%): 

54 (35.3%) 

 MCI              

N(%): 

44(28.8%) 

 AD 

N(%):  

55(35.9%) 

 Total 

N(%): 

153 (100%) 

 p 

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 

Driver 

NO 42 (77.8%)  34 (77.3%)  34(61.8%)  110(71.9%) 

 

 0.115 

 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 (11.77±5.26) (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 

p 
Diagnosis 

Professional Driver Total 
Λ(%):62 
(100%) 

NO Λ(%): 
31 (50 %) 

YES Λ(%): 
31 (50%) 

HealthyΛ(%): 
14 (22.6%) 

Age 

65-74 

 

5 5 10 .720 

(35.7%) (35.7%) (71.4%)  

75-84 
2 2 4  

(14.3%) (14.3%) (28.6%)  

Total 
7 7 14  

(50.0%) (50.0%) 
(100.0%

) 
 

MCI  
Λ(%): 18 
(29.00%) 

Age 

65-74 
5 5 10 .681 

(27.8%) (27.8%) (55.6%)  

75-84 
4 4 8  

(22.2%) (22.2%) (44.4%)  

Total 
9 9 18  

(50.0%) (50.0%) 
(100.0%

) 
 

ΑD 
Λ(%): 30 
(48.4%) 

Age 

65-74 
8 8 16 .642 

(26.7%) (26.7%) (53.3%)  

75-84 
7 7 14  

(23.3%) (23.3%) (46.7%)  

Total 
15 15 30  

(50.0%) (50.0%) 
(100.0%

) 
 

Total 
Λ(%): 

62 (100%) 

Age 

65-74 
18 18 36  

(29.0%) (29.0%) (58.1%)  

75-84 
13 13 26  

(21.0%) (21.0%) (41.9%)  

Total 
31 31 62  

(50.0%) (50.0%) 
(100.0%

) 
 

 
Table 2. Professional driver, diagnosis and age groups. 

 
Professional driver and gender 

p 
Diagnosis 

Professional Driver  
Total Λ(%): 
62 (100%) 

No Λ(%): 
31 (50 %) 

Yes Λ(%): 
31 (50 %) 

HealthyΛ(%)
: 14(22.6%) 

Gender Male 

 

7 7 14  

(50.0%) (50.0%) (100.0%)  

Total 
7 7 14  

(50.0%) (50.0%) (100.0%)  

MCI 
Λ(%): 18 
(29.00%) 

Gender 

Male 
8 8 16 1.000 

(44.4%) (44.4%) (88.9%)  

Female 
1 1 2  

(5.6%) (5.6%) (11.1%)  

Total 
9 9 18  

(50.0%) (50.0%) (100.0%)  

 
 

AD 
Λ(%): 30 
(48.4%) 

 
 

Gender 

 
Male 

 
14 

 
14 

 
28 

 
1.000 

(46.7%) (46.7%) (93.3%)  

Female 
1 1 2  

(3.3%) (3.3%) (6.7%)  

Total 
15 15 30  

(50.0%) (50.0%) (100.0%)  

Total 
Λ(%): 

62 (100%) 

Gender 

Male 
29 29 58  

(46.8%) (46.8%) (93.5%)  

Female 
2 2 4  

(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 

p 
Diagnosis 

Professional Driver Total 
Λ(%): 62 
(100%) 

 

NO 
Λ(%): 

31 (50 %) 

YES 
Λ(%): 

31 (50 %) 

Healthy 
Λ(%): 14 
(22.6%) 

Marital 
status 

Married 

 

6 6 12 .769 

(42.9%) (42.9%) (85.7%)  

Divorced 
1 1 2  

(7.1%) (7.1%) (14.3%)  

Total 
7 7 14  

(50.0%) (50.0%) (100.0%)  

MCI 
Λ(%): 18 
(29.00%) 

Marital 
status 

Married 
8 9 17 .500 

(44.4%) (50.0%) (94.4%)  

Divorced 
1 0 1  

(5.6%) (0.0%) (5.6%)  

Total 
9 9 18  

(50.0%) (50.0%) (100.0%)  

AD 
Λ(%): 30 
(48.4%) 

Marital 
status 

Married 
14 13 27 .500 

(46.7%) (43.3%) (90.0%)  

Widow/-er 
1 2 3  

(3.3%) (6.7%) (10.0%)  

Total 
15 15 30  

(50.0%) (50.0%) (100.0%)  

Total 
Λ(%): 

62 (100%) 

Marital 
status 

Married 
28 28 56  

(45.2%) (45.2%) (90.3%)  

Divorced 
2 1 3  

(3.2%) (1.6%) (4.8%)  

Widow/-er 
1 2 3  

(1.6%) (3.2%) (4.8%)  

Total 
31 31 62  

(50.0%) (50.0%) (100.0%)  

 
Table 4. Marital status 

 
 

RETIRED 

p 
Diagnosis 

Professional Driver 
Total 

Λ(%): 62 
(100%) 

No 
Λ(%): 

31 (50 %) 

Yes 
Λ(%): 

31 (50 %) 

Healthy 
Λ(%): 14 
(22.6%) 

Retired 

Yes 

 

7 6 13 .299 

(50.0%) (42.9%) (92.9%)  

No 
0 1 1  

(0.0%) (7.1%) (7.1%)  

Total 
7 7 14  

(50.0%) (50.0%) (100.0%)  

 
MCI 

Λ(%): 18 
(29.00%

) 

 
Retired 

 
Yes 

 
9 

 
9 

 
18 

 

(50.0%) (50.0%) (100.0%)  

Total 
9 9 18  

(50.0%) (50.0%) (100.0%)  

AD 
Λ(%): 30 
(48.4%) 

Retired Yes 
15 15 30  

(50.0%) (50.0%) (100.0%)  

Total 
15 15 30  

(50.0%) (50.0%) (100.0%)  

Total 
Λ(%): 

62 
(100%) 

Retired 

Yes 
31 30 61  

(50.0%) (48.4%) (98.4%)  

No 
0 1 1  

(0.0%) (1.6%) 1.6%  

Total 
31 31 62  

(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 

p 

Diagnosis Professional Driver 

Total 
Λ(%): 62 
(100%) 

 
 

NO 
Λ(%): 

31 (50 %) 

YES 
Λ(%): 
31 (50 

%) 

Healthy 
Λ(%): 14 
(22.6%) 

Avoid turning 
into difficult 

intersections 

Never 

 

1 7 8 .001 

(7.1%) (50.0%) (57.1%)  

Always 
6 0 6  

(42.9%) (0.0%) ( 42.9%)  

Total 
7 7 14  

(50.0%) (50.0%) (100.0%)  

MCI 
Λ(%): 18 
(29.00%) 

Avoid turning 
into difficult 

intersections 

Never 
6 8 14 .257 

(33.3%) (44.4%) (77.8%)  

Always 
3 1 4  

(16.7%) (5.6%) (22.2%)  

Total 

9 9 18  

(50.0%) (50.0%) (100.0%)  

 
AD 

Λ(%): 30 
(48.4%) 

 
 
    

Avoid turning 
into difficult 

intersections 

Never 
7 10 17 .269 

(23.3%) (33.3%) (56.7%)  

Always 
8 5 13  

(26.7%) (16.7%) (43.3%)  

Total 
15 15 30  

(50.0%) (50.0%) (100.0%)  
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Total 
Λ(%): 

62 
(100%) 

Avoid turning 
into difficult 

intersections 

 
Never 

14 25 39 

(22.6%) (40.3%) (62.9%)  

Always 
17 6 23  

(27.4%) (9.7%) (37.1%)  

Total 
31 31 62  

(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].  

Σhe 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 questionnaire 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 
 M  F 

Marital Status 

 Married 

 Divorced 

 Widow/-er 

 Single 

Which category is/was your driving license 
valid for? 

 A (Motorcycle) 

 B (4-wheel Motor Vehicle) 

 C (Truck) 

 D (Bus) 

 E (Special Trailer) 
Retired 

 YES  NO 

(Previous) Profession: 

 

Date of Birth: 

 

Age: 

 

Years of Education: 

Have you renewed your driving license? 

 YES  NO 

 

Do you travel the same kilometers as in the 
past and why? 

 YES  NO 
 

 

 

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. Is 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. Is 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 conflicts of interest. 
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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 Aβ 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 Aβ25-35 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 κM and 10 κM for NARPNPs and Aβ25–35, 

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 κM.  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 κM NAR pegylated nanoparticles and 15 

κM Aβ25-35 compared to the individual Aβ25-35 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, Aβ25–35 and NARPNPs+ Aβ25–35, 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 Aβ25-35 compared to the 

individual Aβ25-35 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 Aβ25-35 (15 κM) 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 Aβ25-35 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 Aβ, 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 Aβ 

peptides, which can be absorbed at the nanoparticle surface, and leads to fewer β-sheets and 

less aggregation [52,53]. This favorable interaction between PEG and Aβ peptides along with the 

antioxidant effect of the NAR-loaded NPs could help in delaying Alzheimer‘s 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 (Aβ 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 β-amyloid and tau accumulation. One of the hallmarks of amyloidogenesis, is the aggregation of amyloid 

proteins into a specific cross-β 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 β-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 (Aβ) 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, Aβ 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 β -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 (MChRPNPs) 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 FeCl2.4H2O and 0.5g FeCl3.6H2O 

as well as 0.5g PEG 3000 into 75mL ddH2O 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 NH4OH (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 ddH2O 

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 in 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 Aβ25–35 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 

Aβ25–35 were determined at 30 κM and 10 κM, 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 κM and 10 κΚ, accordingly.  The data are shown at figure 1. In details, survival rate of 

neuronal primary cell line was 89±1% (p>0.05), 64±4% (p<0.001) and 72±3% (p<0.05), in the 

presence of MChRPNPs, Aβ25–35 and MChRPNPs+Aβ25–35, 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, Aβ25–35 and MChRPNPs+Aβ25–35, 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, Aβ25–35 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, Aβ25–35 and 

MChRPNPs+ Aβ25–35, 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 Aβ 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 

https://www.sciencedirect.com/topics/medicine-and-dentistry/phenol-derivative
https://www.sciencedirect.com/topics/medicine-and-dentistry/phenol-derivative
https://www.sciencedirect.com/topics/medicine-and-dentistry/obstetric-delivery
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/electric-potential
https://www.sciencedirect.com/topics/medicine-and-dentistry/combination-therapy
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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 Aβ 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 Aβ 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: Aβ 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 (EI) and Callosal angle (CA). This study aims to investigate the correlation between EI, CA, Aβ 

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. Aβ and 

total tau levels in their CSF as well as CA and EI values from their MRIs were measured. Multiple regression 

was employed to predict Aβ and total tau values from EI 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 Aβ 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 Aβ and total tau. Conclusions: 

Collectively, these results support a significant correlation between EI and Aβ and CA, Aβ 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 Αβ, 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]. 

Αβ is produced by the cleavage of transmembrane Amyloid Precursor Protein (APP) with 

the intervention of the enzymes β and γ secretase [2, 11]. In AD, Αβ 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 Αβ aggregation, a 

number of which focus on a pathological clearance of Αβ peptide in the CSF [2, 11, 14, 15]. In 

addition to AD, low CSF concentrations of Aβ 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, Aβ 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 Aβ [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. 

EI is an indirect radiological marker of the lateral ventricles size [24] which is included in 

the diagnosis of iNPH, 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 = 

𝐴

𝐵
 

 

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, Αβ 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, 19 iNPH , 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 500κl of CSF) for future 

measurements, and stored in –80oC. Levels of CSF Aβ and whole Tau were measured by a solid-

phase enzyme immunoassay (ELISA) using the INNOTEST® β-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 

Aβ, CA, EI and total tau, CA, EI 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, EI 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), 

Aβ 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 Aβ 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, EI (p<0.05) and 

CA (p<0.05) added statistically significantly to the prediction of Aβ and total tau, respectively. 

Specifically, these results are interpreted as: for every 0.01 unit increase in EI a 18.74 unit 

decrease in Aβ values was predicted (p=0.016) and for 1 degree increase in CA values a 3.876 

unit increase in Aβ 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 EI. Based on our findings, there seems to be a notable correlation between CA 

and total tau, CA and Aβ and finally between EI and Αβ, although no such correlation was found 

between EI 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 Αβ levels in the CSF by CA, meaning 

that increased values of the angle is connected with higher values of Αβ 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 Aβ 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, Αβ clearance stays in pathological levels in any case, but relatively 

increased in higher angles as a result of periventricular decompression. 

The correlation between Αβ and EI validates previous hypothesis that ventriculomegaly 

influences Αβ 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 Αβ 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 Αβ 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 Αβ and total tau via the measurement of EI 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 

EI 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 Αβ, which raises multiple questions. On one hand, this correlation seems to have an easy 

and logical explanation in the case of Αβ 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 
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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 España). 

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                Mín.                 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, ε2 = 

15%, while people with diabetes had higher scores than those without diabetes, F (1,61) = 4.77, p 
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= .03, ε2 = 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, ε2 = 

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, ε2 = 28.6%). According to post-hoc, participants 

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

 

 

 

 

 

 

 

 

 

 

 

 

 

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, ε2 = 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). 

 

 

 

 

 

 

 

 

 

 

 

 

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, ε2 = 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). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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, ε2 = 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). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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, ε2 = 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
1 (M = 28.59). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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, ε2 = 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., ε2 = 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.  

 

                                        
1 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, ε2 = 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., ε2 = 9.5 %). 

 

 

 

 

 

 

 

 

 

 

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., ε2 = 10.4 %). However, there 

were important differences regarding the verbal fluency (F (3,58) = 2.94, p = .04, ε2 = 15 %). We 

see that from those who didn‘t have any disease, those who participated in outdoor activities had 



www.nuclmed.gr                                                                               Hell J Nucl Med Suppl, January-April 2019 69 

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).  

 

 

 

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., ε2 = 8.8 %, daily walks: F (3,65) = .70, p = n.s., 

ε2 = 3.6 %, daily movement: F (3,64) = .65, p = n.s., ε2 = 3.4%. COWAT-FAS: intense activity: F 

(3,63) = .43, p = n.s., ε2 = 2.3 %, daily walks: F (3,65) = 1.90, p = n.s., ε2 = 9.2 %, daily 

movement: F (3,64) = .48, p = n.s., ε2 = 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.  
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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 naming 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) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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) 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 

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) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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]. 

In 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. 
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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. Σhere 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 γ-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 II, and in three Phase III 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 ε4 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 Aβ 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 ε4 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 (Aβ) 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 Aβ 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 Aβ 

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.  

 

 

 

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 Aβ-induced neurotoxicity in neuronal and 

mouse organotypic hippocampal cultures, and reverses Aβ-induced long-term potentiation (LTP) 

inhibition in rat hippocampus, in part, through activation of β-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 Aβ-induced neurotoxicity in 

rodent neuronal and organotypic hippocampus cultures and to reverse Aβ-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) 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Gervais%20F%5BAuthor%5D&cauthor=true&cauthor_uid=16675063
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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 Aβ amyloid proteins 

are incubated in the presence of HT, amyloid fibrils formation is inhibited Demonstrating the anti-

fibrillogenic effect of HT [8].  

ΖΣ 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 Iodide (PI), 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 PI  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 Aβ  but in presence of HT. Figure 3. 

 

 

               

   

Propidium iodide staining 

(shows dead cells: red coloration) 

Figure 3: Homotaurine Protects Against A-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 

Control A 48 hours A + homotaurine 
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In Vivo Studies 

In vivo Tramiprosate (3-amino-1-propanesulfonic acid; 3APS; Alzhemedtrade mark) was found to 

maintain Aβ in a non-fibrillar form, to decrease Aβ (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 TgCRND8 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 Aβ (40) and Aβ (42) (approximately 20-30%). 

Tramiprosate produced dose-dependent reductions of Aβ in the brain of transgenic mice (hAPP-

TgCRND8). A dose-dependent reduction (up to 60%) of plasma Aβ levels was also observed, 

suggesting that Tramiprosate influences the central pool of Aβ, changing either its efflux or its 

metabolism in the brain [11].  

Homotaurine Reduces Amyloid Deposition 
in hAPP Transgenic Mouse Brain

RS

CC

Control (untreated)

RS

CC

Homotaurine (100 mg/kg/day)
(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 named 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 Aβ42  and Aβ40 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 I studies and  randomized, double blind, placebo-

controlled Phase II and III 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 I 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 GI 

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 I 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 II studies 

In a randomized, double-blind, placebo-controlled Phase II 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 Aβ-40 and Aβ-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 Aβ-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 Aβ-42 levels in patients with mild-

to-moderate Alzheimer disease [16]. 

A 5-center Phase II 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 III 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 III 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 III 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 Aβ, 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 Aβ 42 levels after 3 months of treatment 

(Figure 6, After permission).  

Mild AD subjects (MMSE 19-25 at entry) displayed greater reduction of CSF Aβ 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 Aβ 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 Aβ 42 

levels in mild-to-moderate AD subjects [16]. (Figure 6) 

 

Aisen PS et al. Neurology 2006; 67(10):1757-63.
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 Figure 6: Phase II: Dose-Dependent Decrease of A42 CSF Levels in AD Patients . (CSF Aβ 42 (pg/ml) 
changes from baseline after permission) Aisen PS, et al.  Neurology 2006; 67: 1757-63. 

 

 

 

 
The conclusions of phase III 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 Aβ1-42 or high positron emission tomography amyloid binding 

demonstrate disruption of functional networks [23] and decreased brain volume, consistent with 
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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 ε4 allele of the 

apolipoprotein E (APOE) gene, the strongest genetic risk factor for AD. Following homotaurine 

supplementation, patients carrying the APOE ε4 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 aMCI 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 MCI (aMCI). 

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 ε4 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 III North American (NA) trial, achieved brain concentrations associated with 

prevention of Aβ42 oligomer formation and clinical outcome benefit in patients with Alzheimer‘s 

disease carrying the ε4 allele of the apolipoprotein E gene. We hope that this drug, ΑLΕ-801, will 

be the first modifying drug for AD patients 

 

The authors declare that they have no conflicts 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 

mailto:geoprskvs44@gmail.com
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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 

13q34. 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 10q26.13 [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-β activity in the wall 

of small cerebral arteries, but also in skin and bone, resulting in dysregulation of TGF-β 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-

Goutières 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].       
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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 number 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.  
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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 Italy, 

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-Vθάικα! Γελ έρεη νξηζηεί 

ζειηδνδείθηεο. 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-Vθάικα! Γελ έρεη νξηζηεί 

ζειηδνδείθηεο. is derived from the MCI research as previously defined in the international 

literature. Similarly to DSM-Vθάικα! Γελ έρεη νξηζηεί ζειηδνδείθηεο., 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: 

 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. 

 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: 

 Lack of regulatory data and psychometric standards. 

 The low familiarity of the elderly with computers. 

 Professionals are not familiar with this type of tests. 

 Equipment / software costs. 

 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 (Β.Ζ.Α.- TAB-CAT) [31] is provided electronically via tablets 

and has an Ios 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 Ios 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 (HΑST) 

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 

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

and c) Demented. 

 Administration of  HAST in a sample population of 300 people 

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

 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 

 

 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 

 The requirement of elementary computer knowledge (mainly input-output devices) by the 

person who will provide the e-HAST 

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

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

 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 ΑΡΡ (amyloid precursor protein), a large 

interferon that transmits glucoprotein. This glucoprotein of APP is supposed to lead to dementia 

as it produces ΑΡΡ 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 number 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), 



www.nuclmed.gr                                                                               Hell J Nucl Med Suppl, January-April 2019 129 

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.  
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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 

mailto:aprintza@auth.gr
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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 LMNs, 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 years, 

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, Alzheimer‘s-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 

PNFA Slow and hesitant speech 

Apraxia of speech 

Grammatical errors 

Worsened understanding of 

complex sentences 

Finding the right word for objects 

Loss of literacy skills such as 

reading and writing 

Predominant left hemisphere 

cortical loss; pars 

opercularis atrophy in the inferior 

frontal gyrus extending to 

prefrontal and temporal cortices, 

caudate and putamen atrophy 

bilaterally 

LPA Word-finding pauses lead to 

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 

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 II (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 

Object Noun Processing  

Kissing and Dancing Test (Bak& Hodges 2003), Italian 

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. 
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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.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 

 

Variable Mean SD Range 

 

Age (years) 47.71 8.97 26 - 60 

Education (years) 11.76 3.09 6 - 18 

Gender  

           Males 5   

           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 
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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) IQ 

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 enrollment; (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/ 

domain assessed 

Neuropsychological test used 

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 speed Symbol 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 

HMPAO (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 128×128 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 
Area 

Left Right  

Frontal lobe 58.82 29.41 x
2
(1) =.160, P<.001 

Parietal lobe 29.41 23.52 ns 
Temporal lobe 35.29 23.52 x

2
(1) =.255, P<.05 

Occipital lobe 23.52 17.64 ns 
Brodmann Area (BA) 9 82.35 64.70 x

2
(1) =.345, P<.001 

Brodmann Area (BA)10 64.70 64.70 ns 
Brodmann Area (BA)12 41.17 52.94 x

2
(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 
severity 

BA 9 

L/R 

BA 10 

L/R 

BA 12 

L/R 

 Frontal 
lobe 

L/R 

Occipital 
lobe 

L/R 

Parietal 
lobe 

L/R 

Temporal 
lobe 

L/R 

Normal 
perfusion 

11.8 23.5 29.4 29.4 52.9 35.3  23.5 29.4 52.9 82.4 52.9 64.7 52.9 70.6 

Borderline 
hypoperfusion 

5.9 11.8 5.9 17.6 5.9 23.5  23.5 41.2 23.5 11.8 17.6 11.8 23.5 5.9 

Mild 
hypoperfusion 

35.3 17.6 29.4 23.5 17.6 17.6  23.5 5.9 11.8 - 11.8 - 11.8 11.8 

Medium 
hypoperfusion 

17.6 29.4 11.8 11.8 - -  11.8 5.9 - - 5.9 - - 5.9 

Severe 
hypoperfusion 

29.4 17.6 23.5 17.6 23.5 23.5  17.6 17.6 11.8 5.9 11.8 5.9 11.8 5.9 

 

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 (CI) 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 CI and RCI 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.  

 

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. 

 

 

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. 
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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 (aMCI) 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]. 

 

 
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-III) Logical Memory Immediate and Delayed Recall (see mean 

Neuropsychological tests First examination 
(baseline) 

Second examination 
(six months) 

Third examination 
(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) 
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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 

Spearman ξ 
LCPLTAS scores 
Kendall η 
 

Left angular gyrus  .716 (P=.013) .559 (P=.013) 
Right angular gyrus .730 (P=.011) .674 (P=.005) 
Right medial superior frontal 
cortex 

.749 (P=.008) .636 (P=.008) 

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 MRI 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 (rfirst-third time=.908, P=.000), and the left angular gyrus volume 

difference showed a similarly strong correlation with LCPLTAS (r 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 

aMCI 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 (cICA), 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].  

Σhe 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. 

 

 

 

 

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, O2, 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  
Vector Analysis  

(IVA) 

Independent Component 
Analysis (ICA) 

Canonical 
Component Analysis  

(CCA) 

    

Realistic 
Simulated 

Dataset 

Characteristic Value 

 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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4 

   

5 

 

 

  

  Number of samples  Normalized Frequency 

 
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 

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

 

 

 

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  
Vector Analysis  

(IVA) 

Independent Component 
Analysis (ICA) 

Canonical 
Component Analysis  

(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 III-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 I and crus II 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 III-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 I and crus II 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 I 

and II 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 90μm, and 85μm from cells soma in the Purkinje cells from the anterior cerebellar lobe 

and vermis respectively, whilst the dendritic peak for normal controls were at 120μm and 130μm 

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 

majority 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 ß-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. 
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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 
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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 



www.nuclmed.gr                                                                               Hell J Nucl Med Suppl, January-April 2019 183 

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 I get angry?‘ he had asked. When he was asked what he likes to do he stated that 

‗I have not done something that I like in such a long time that I have almost forgotten what I like to 

do‘, while the phrase ‗I 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 ‗I 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 I-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-β (Aβ)42 and of the ratio Aβ42/Aβ40 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]. 

VCI 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 (VASCOG) 

[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 

-1α 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 (WMHs), 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 β-amyloid Aβ40 and Aβ42. 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 (Aβ40) and with 42 amino acids (Aβ42) are the major components 

of extracellular amyloid plaques found in AD pathology. Decreased Aβ42 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 

[39,40].  

 

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 sensitive 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-α, TGF-β vascular endothelial growth factor (VEGF) and CSF α1-

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-β plate (Aβ) 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-β. At the end, it 

was observed that the deposition of amyloid-β 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. 

 
 

Ζ λφζνο Alzheimer 
 
 
Ο Παγθφζκηνο Οξγαληζκφο Τγείαο νξίδεη ηελ άλνηα σο ζχλδξνκν - ζπλήζσο ρξφληαο ή 

πξννδεπηηθήο θχζεσο - ζηελ νπνία παξαηεξείηαη επηδείλσζε ησλ γλσζηηθψλ ιεηηνπξγηψλ 

(δειαδή ηεο ηθαλφηεηαο επεμεξγαζίαο ησλ ζθέςεσλ) πάλσ απφ απηφ πνπ κπνξεί λα αλακέλεηαη 

απφ ηε θπζηνινγηθή δηαδηθαζία γήξαλζεο. Ζ γλσζηηθή εμαζζέλεζε ζπλήζσο ζπλνδεχεηαη απφ 
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ζπκπεξηθνξηθέο θαη ζπλαηζζεκαηηθέο αιινηψζεηο. Ζ ζνβαξφηεηα ησλ ζπκπησκάησλ απμάλεηαη 

ζηαδηαθά κε ηελ πάξνδν ηνπ ρξφλνπ. χκθσλα κε ηελ Alzheimer's Disease International, ε άλνηα 

έπιεμε 46,8 εθαηνκκχξηα αλζξψπνπο παγθνζκίσο ην 2015, φπνπ ε αζζέλεηα Alzheimer 

αληηπξνζψπεπε 60 έσο 80% ησλ πεξηπηψζεσλ άλνηαο. Δπηπιένλ, ν αξηζκφο ησλ αζζελψλ 

αλακέλεηαη λα δηπιαζηαζηεί ζε 20 ρξφληα, θζάλνληαο ηα 74,7 εθαηνκκχξηα ην 2030 θαη ηα 131,5 

εθαηνκκχξηα ην 2050. Ζ άλνηα αλακέλεηαη λα είλαη κία απφ ηηο πην πξνβιεκαηηθέο αζζέλεηεο ζηηο 

αλεπηπγκέλεο ρψξεο, πξνθαιψληαο ηεξάζηηεο θνηλσληθέο θαη νηθνλνκηθέο επηπηψζεηο. Σν 

ζπλνιηθφ θφζηνο ηεο άλνηαο ην 2015 εθηηκάηαη ζε 818 δηζεθαηνκκχξηα δνιάξηα ΖΠΑ. πλεπψο, 

ε απνηειεζκαηηθή ζεξαπεία ζα πξέπεη λα δηεξεπλεζεί θαη λα εθαξκνζηεί ην ζπληνκφηεξν 

δπλαηφ [1]. 

 

Παζνινγία ηεο λφζνπ 

Σα βαζηθά λεπξνπαζνινγηθά ζηνηρεία ηεο AD πεξηγξάθεθαλ απφ ηνλ Alois Alzheimer ην 1906 θαη 

ηνλ ίδην πεξίπνπ ρξφλν απφ ηνλ Oscar Fischer [2]. ε καθξνζθνπηθφ επίπεδν, ππάξρεη αηξνθία 

ηνπ εγθεθάινπ. ε κηθξνζθνπηθφ επίπεδν, ηα ραξαθηεξηζηηθά ηεο λφζνπ είλαη ε απφζεζε 

ακπινεηδψλ πιαθψλ ζε ζπλδπαζκφ κε λεπξντληδηαθά ηνιχπηα (tangles) θαη ε εθηεηακέλε απψιεηα 

λεπξψλσλ. Δίλαη γλσζηφ φηη παξαηεξείηαη απψιεηα ηνπ φγθνπ ηνπ εγθεθαιηθνχ θινηνχ, ην νπνίν 

είλαη πην έληνλν ζηνπο θξνηαθηθνχο θαη βξεγκαηηθνχο ινβνχο, θαζψο θαη ζηηο πεξηνξηζκέλεο 

πεξηνρέο ηνπ κεησπηαίνπ θινηνχ θαη ηεο θππαξνεηδνχο έιηθαο. Ο εθθπιηζκφο ησλ 

πξναλαθεξζέλησλ πεξηνρψλ κπνξεί λα εμεγήζεη ζπγθεθξηκέλεο πηπρέο ηεο άλνηαο πνπ 

ζρεηίδνληαη κε ηελ αλάπηπμε ηνπ AD [1]. 

 
Όξγαλα ζε ηζηπ 

Έλα φξγαλν ζε ηζηπ είλαη κηα ζπζθεπή κηθξνθπςειηθήο θπηηαξηθήο θαιιηέξγεηαο πνπ 

δεκηνπξγήζεθε κε κεζφδνπο θαηαζθεπήο κηθξνηζίπ ην νπνίν πεξηέρεη ζπλερψο δηάρπηνπο 

ζαιάκνπο απνηεινχκελνπο απφ δσληαλά θχηηαξα δηαηεηαγκέλα ψζηε λα πξνζνκνηάδνπλ ηε 

θπζηνινγία ηζηνχ θαη νξγάλσλ. Αλαθεθαιαηψλνληαο ηηο πνιπθπηηαξηθέο αξρηηεθηνληθέο, ηηο 

δηεπαθέο ηζηνχ-ηζηνχ, ηα θπζηθνρεκηθά κηθξνπεξηβάιινληα θαη ηελ αγγεηαθή αηκάησζε ηνπ 

ζψκαηνο, απηέο νη ζπζθεπέο παξάγνπλ επίπεδα ηζηνχ θαη ιεηηνπξγηθφηεηα νξγάλσλ πνπ δελ 

είλαη δπλαηή κε ζπκβαηηθά ζπζηήκαηα θαιιηέξγεηαο 2D ή 3D. Παξέρνπλ επίζεο δπλαηφηεηα 

απεηθφληζεο πςειήο αλάιπζεο, ζε πξαγκαηηθφ ρξφλν θαη in vitro αλάιπζε βηνρεκηθψλ, γελεηηθψλ, 

κεηαβνιηθψλ δξαζηεξηνηήησλ δσληαλψλ θπηηάξσλ ζε ιεηηνπξγηθφ ηζηφ θαη πιαίζην ησλ 

νξγάλσλ. Απηή ε ηερλνινγία έρεη πνιιέο δπλαηφηεηεο λα πξνσζήζεη ηε κειέηε αλάπηπμεο 

ηζηψλ, ηεο θπζηνινγίαο ησλ νξγάλσλ θαη ηεο αηηηνινγίαο ηεο λφζνπ. ην πιαίζην ηεο 

αλαθάιπςεο λέσλ θαξκάθσλ, απνηειεί ηδηαίηεξα ρξήζηκε κέζνδν γηα ηε κειέηε ησλ κνξηαθψλ 

κεραληζκψλ δξάζεο, ηε δνθηκή ηνμηθφηεηαο θαη ηελ αλαγλψξηζε ησλ βηνδεηθηψλ. 

Οη ζπκβαηηθέο δηζδηάζηαηεο (2D) θπηηαξηθέο θαιιηέξγεηεο αλαπηχρζεθαλ ζρεδφλ πξηλ 

απφ έλαλ αηψλα. Παξά ηελ απνδεδεηγκέλε αμία ηνπο ζηε βηνταηξηθή έξεπλα, δελ κπνξνχλ λα 

ππνζηεξίμνπλ ηηο δηαθνξνπνηεκέλεο ιεηηνπξγίεο ηνπ ηζηνχ απφ πνιινχο ηχπνπο θπηηάξσλ ή λα 

πξνβιέςνπλ κε αθξίβεηα in vivo ιεηηνπξγίεο ηζηνχ θαη θαξκάθσλ [3]. Κέρξη ζήκεξα, νη 

πεξηζζφηεξεο in vitro κειέηεο ησλ λεπξνινγηθψλ αζζελεηψλ βαζίδνληαη ζε κεζφδνπο 

δηδηάζηαηεο (2D) θαιιηέξγεηαο, νη νπνίεο δελ έρνπλ επαθέο θαη αιιειεπηδξάζεηο θπηηάξνπ-

θπηηάξνπ πνπ απνηεινχλ βαζηθά ραξαθηεξηζηηθά ηνπ ηξηζδηάζηαηνπ (3D) εγθεθαιηθνχ ηζηνχ. Οη 
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επαθέο θπηηάξσλ θαη νη αιιειεπηδξάζεηο είλαη ζεκαληηθέο φρη κφλν γηα ηε κνξθνγέλεζε αιιά 

θαη γηα ηελ θπηηαξηθή ζεκαηνδφηεζε. Πνιιέο κειέηεο έρνπλ δείμεη δηαθνξέο κεηαμχ ησλ 

θαιιηεξγεηψλ 2D θαη 3D, επηζεκαίλνληαο ηε ζεκαζία ησλ επηδξάζεσλ 3D θαιιηέξγεηαο ζε 

δηάθνξα λεπξηθά θχηηαξα θαηλνηχπσλ [4-7]. Γεδνκέλνπ φηη ηα θχηηαξα ζε κηα 3D θαιιηέξγεηα 

δηαηεξνχλ επαθέο θαη αιιειεπηδξάζεηο θπηηάξνπ-θπηηάξνπ πξνο φιεο ηηο θαηεπζχλζεηο πνπ 

κηκνχληαη ηελ in vivo θπηηαξναξρηηεθηνληθή, ην εμσθπηηαξηθφ πεξηβάιινλ απηψλ ησλ θπηηάξσλ 

παξέρεη ηε δπλαηφηεηα ρσξνρξνληθψλ θπηηαξηθψλ εξεζηζκάησλ, κηα θαηάζηαζε αξθεηά 

δηαθνξεηηθή απφ εθείλε ησλ θπηηάξσλ πνπ θαιιηεξγνχληαη ρξεζηκνπνηψληαο κεζφδνπο 2D 

θαιιηέξγεηαο. Οη ηδηφηεηεο κεραληθήο ζεκαηνδφηεζεο θπηηάξσλ, είλαη βαζηθνί παξάγνληεο ζηνλ 

πξνζδηνξηζκφ ηεο κνξθνινγίαο θαη ηεο δηαθνξνπνίεζεο – κηα αθφκε δηαθνξά κεηαμχ ησλ 

θπηηάξσλ ζε 3D- θαη 2D-θαιιηέξγεηα- [8-12]. 

Απηνί νη πεξηνξηζκνί έρνπλ νδεγήζεη ζηελ αλάγθε γηα δεκηνπξγία πην ζχλζεησλ 

κνληέισλ 2D, φπσο απηά πνπ ελζσκαηψλνπλ πνιιαπινχο θπηηαξηθνχο  ηχπνπο ή 

πεξηιακβάλνπλ ηε δηακφξθσζε θπηηάξσλ θαη ζε ηξηζδηάζηαηα (3D) κνληέια ηα νπνία 

αληηπξνζσπεχνπλ θαιχηεξα ηελ ρσξηθή θαη ρεκηθή πνιππινθφηεηα ησλ δσληαλψλ ηζηψλ. Οη 3D 

θπηηαξνθαιιηέξγεηεο, πνπ αλαπηχρζεθαλ πξηλ απφ 50 ρξφληα [3], βαζίδνληαη ζπλήζσο ζε 

πδξνγέιεο, νη νπνίεο απνηεινχληαη είηε απφ θπζηθή εμσθπηηαξηθή κήηξα (ECM) κνξίσλ ή 

ζπλζεηηθά πνιπκεξή, ηα νπνία δηεγείξνπλ ηα θχηηαξα ψζηε λα πνιψλνληαη θαη λα αιιειεπηδξνχλ 

κε ηα γεηηνληθά. Σα ηζηπ κπνξνχλ λα ιάβνπλ πνιιέο κνξθέο, ζπκπεξηιακβαλνκέλσλ ησλ 

θπηηάξσλ ηπραία δηαζθνξπηζκέλσλ ζε ECM ή ζπζζσκαησκέλα ζε απηνζπλαξκνινχκελεο 

θπηηαξηθέο κηθξνδνκέο γλσζηέο σο νξγαλνεηδή. Σα ηξηζδηάζηαηα κνληέια ήηαλ πνιχ ρξήζηκα 

γηα ηε κειέηε ηεο κνξηαθήο βάζεο ηεο ιεηηνπξγίαο ησλ ηζηψλ θαη ηελ θαιχηεξε θαηαγξαθή ησλ 

νδψλ ζεκαηνδφηεζεο θαη ηεο απφθξηζεο ηνπ θαξκάθνπ ζε νξηζκέλεο θαηαζηάζεηο αζζελεηψλ ζε 

ζχγθξηζε κε ηα 2D κνληέια [3]. 

Ζ κνληεινπνίεζε ηεο νινθιεξσκέλεο αλζξψπηλεο θπζηνινγίαο in vitro είλαη έλαο 

ηεξάζηηνο ζηφρνο κε ηε δπλαηφηεηα κεηαζρεκαηηζκνχ ηεο βηνινγηθήο έξεπλαο θαη ηειηθά ηεο 

πγεηνλνκηθήο πεξίζαιςεο. Οη ηξέρνπζεο κειέηεο ζηεξίδνληαη ζε κεγάιν βαζκφ ζε απιέο 

αλζξψπηλεο θπηηαξηθέο θαιιηέξγεηεο ή κνληέια ηξσθηηθψλ. Ζ αλαγσγηθή πξνζέγγηζε γηα ηνλ 

πξνζδηνξηζκφ ηεο ζπκπεξηθνξάο ζε επίπεδν νξγάλνπ ζηελ θπηηαξηθή θαιιηέξγεηα είλαη άκεζα 

θιηκαθνχκελε θαη ηζρπξή. Δπίζεο,  ε πξνβιεπηηθή ηεο ηζρχο πεξηνξίδεηαη απφ ηελ έιιεηςε 

βηνινγηθψλ ιεηηνπξγηψλ. Αληίζεηα, ηα δσηθά κνληέια αλαπαξάγνπλ ηε ιεηηνπξγία νξγάλνπ θαη 

πνιιαπιψλ νξγάλσλ αιιά είλαη εγγελψο εζθαικέλε ιφγσ δηαθνξψλ κεηαμχ ηεο θπζηνινγίαο 

ησλ δψσλ θαη ηνπ αλζξψπνπ. Οη πιαηθφξκεο νξγάλσλ-ζε-ηζηπ (OOC) επηδηψθνπλ λα 

ζπλδπάζνπλ ην θαιχηεξν θαη απφ ηα δχν κνληέια, θαιιηεξγψληαο αλζξψπηλα θχηηαξα ζε εηδηθέο 

δηαζηάζεηο ηξηζδηάζηαησλ ηζηψλ, ζρεδηαζκέλεο λα αλαπαξάγνπλ ηα πνιχπιεπξα θπηηαξηθά θαη 

εμσθπηηαξηθά ππνδείγκαηα - κνξηαθά, δνκηθά θαη θπζηθά in vivo γηα έλα δεδνκέλν ζχζηεκα 

νξγάλνπ. 

Ο ζηφρνο ησλ OOC δελ είλαη λα νηθνδνκεζεί έλα νιφθιεξν δσληαλφ φξγαλν, αιιά κηα 

ειάρηζηα ιεηηνπξγηθή κνλάδα ηθαλή λα αλαπαξάγεη νξηζκέλεο πηπρέο ηεο αλζξψπηλεο 

θπζηνινγίαο κε ειεγρφκελν θαη απιφ ηξφπν. Γηα παξάδεηγκα, ηα θχηηαξα πνπ θαιιηεξγνχληαη ζε 

κεκβξάλεο κπνξνχλ λα αλαδεκηνπξγήζνπλ δηαζπλδέζεηο κεηαμχ δηαθνξεηηθψλ ηζηψλ, φπσο ε 

δηεπηθάλεηα θπςειίδσλ-ηξηρνεηδψλ ή αηκαηνεγθεθαιηθνχ θξαγκνχ (BBB), ελψ πνιπθχηηαξα 

πξφηππα κπνξνχλ λα ζρεδηαζηνχλ γηα λα επηηξέςνπλ ηελ επηθνηλσλία κεηαμχ δηαθνξεηηθψλ 
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ηχπσλ θπηηάξσλ. Γηα ηνπο πεξηζζφηεξνπο ηζηνχο, ηα OOC πξέπεη λα ελζσκαηψλνπλ θπζηθέο 

δπλάκεηο- πδξνδπλακηθέο, κεραληθέο θαη ειεθηξηθέο – ψζηε λα επηηξαπεί ε εηδηθή γηα ηα φξγαλα 

ιεηηνπξγηθφηεηα θαη ε επαθφινπζε σξίκαλζε πνπ είλαη αλαγθαία γηα ηε θπζηνινγηθή ζπλάθεηα 

ησλ κεηξνχκελσλ δεδνκέλσλ. Πνιιά φξγαλα κπνξνχλ λα ελζσκαησζνχλ ζπλδένληαο 

κεκνλσκέλα OOC κέζσ δηαχισλ κηθξνξεπζηνχ κε αλαινγίεο φγθνπ θαη θαηαλνκή ξνήο πνπ 

κηκνχληαη ηε θπζηνινγηθή ζχδεπμε in vivo γηα δεκηνπξγία in vitro κνληέισλ ππνζπζηεκάησλ ηνπ 

αλζξψπηλνπ ζψκαηνο [3] 

 

 Organs-on-a-Chip: Αληηκεηψπηζε αλεθπιήξσησλ αλαγθψλ 

πλνιηθά, ηα θίλεηξα γηα ηε κείσζε ηνπ θηλδχλνπ αλάπηπμεο θαξκάθσλ θαη ηελ εμαηνκίθεπζε 

ηεο ζεξαπείαο ησλ αζζελψλ κπνξνχλ λα πξαγκαηνπνηεζνχλ κέζσ ηεο ρξήζεο ΟΟC πνπ 

θαηαγξάθνπλ ηελ πνηθηινκνξθία ηεο αλζξψπηλεο γελεηηθήο, ηεο θπζηνινγίαο θαη ηεο 

παζνινγίαο. Οη πξψηεο πξνζπάζεηεο ελζσκάησζεο ηεο θπηηαξνθαιιηέξγεηαο ζε κηθξφξεπζηε 

επηθάλεηα, κε απνηέιεζκα ηε δεκηνπξγία ησλ πξφδξνκσλ OOC, εηζήρζεζαλ ην 2003 [13]. Οη 

ζεκεξηλέο πιαηθφξκεο OOC, κε ηε ρξήζε κηθξνθπηηαξηθψλ θαη ηξηζδηάζηαησλ 

θπηηαξνθαιιηεξγεηψλ γηα ηελ αλάπηπμε κηθξνζθνπηθψλ αλζξψπηλσλ ηζηψλ θαη νξγάλσλ, κπνξνχλ 

λα βνεζήζνπλ ζηελ επηηάρπλζε ηεο αλάπηπμεο θαξκάθσλ κε ηελ επίιπζε ησλ απνθιίζεσλ ζηελ 

αζθάιεηα θαη απνηειεζκαηηθφηεηα ησλ θαξκάθσλ πνπ παξαηεξνχληαη κεηαμχ ησλ δσηθψλ 

κνληέισλ, ηεο θπηηαξηθήο θαιιηέξγεηαο θαη ησλ θιηληθψλ κειεηψλ. Σα πνζνηηθά θαη κεραληζηηθά 

ζηνηρεία πνπ ζπιιέρζεθαλ κε ηε ρξήζε ησλ κνληέισλ OOC ζα κπνξνχζαλ επίζεο λα θέξνπλ 

επαλάζηαζε ζηηο θιηληθέο δνθηκέο, ην πην δαπαλεξφ θαη πην επηθίλδπλν ζηάδην θαηά ην νπνίν 

πνιιά θάξκαθα απνηπγράλνπλ. Αληί ηεο αληηκεηψπηζεο ησλ κειινληηθψλ αζζελψλ σο 

ζπιινγηθήο νκάδαο, ε ρξήζε θπηηάξσλ εηδηθψλ αζζελψλ επηηξέπεη ηελ θαηαγξαθή ησλ 

ζεκαληηθψλ δηαθνξψλ πνπ νθείινληαη ζηε γελεηηθή πνηθηινκνξθία, ηελ εζληθφηεηα, ην θχιν θαη 

ηελ ειηθία ησλ αζζελψλ. Ζ ίδηα πξνζέγγηζε θαξκάθσλ αθξηβείαο κπνξεί λα επηηξέςεη ηελ 

αλάπηπμε θιηληθψλ δνθηκψλ in vitro γηα πιεζπζκνχο αζζελψλ κε ζπάληεο θαη παηδηαηξηθέο 

αζζέλεηεο ή λα αλαπηχμνπλ ζεξαπεπηηθά ζρήκαηα πνπ βειηηζηνπνηνχληαη γηα ζπγθεθξηκέλν 

αζζελή. Δπηπιένλ, ε πηνζέηεζε ησλ OOCs απφ ηε βηνκεραλία ζα δηεπθνιχλεη ηηο ηξέρνπζεο 

πξνζπάζεηεο γηα ηε κείσζε, ηελ ηειεηνπνίεζε θαη ηειηθά ηελ αληηθαηάζηαζε ησλ δσηθψλ 

κνληέισλ κε πεξηζζφηεξεο δενληνινγηθέο επηινγέο [13]. 

 
 πζθεπέο θαιιηέξγεηαο κηθξνξεπζηψλ 

Σα φξγαλα ζε ηζηπ είλαη κηθξνξεπζηνί κεραληζκνί γηα ηελ θαιιηέξγεηα δσληαλψλ θπηηάξσλ ζε 

ζαιάκνπο ζπλερνχο δηάρπζεο, κε κηθξνκεηξεηέο, πξνθεηκέλνπ λα δηακνξθσζνχλ θπζηνινγηθέο 

ιεηηνπξγίεο ηζηψλ θαη νξγάλσλ. Σν απινχζηεξν ζχζηεκα είλαη έλαο απιφο εγρεφκελνο 

κηθξνξεπζηνεηδήο ζάιακνο ν νπνίνο πεξηέρεη έλα είδνο θαιιηεξγεκέλνπ θπηηάξνπ (π.ρ. 

επαηνθχηηαξα ή ζσιελσηά επηζειηαθά θχηηαξα λεθξνχ) ην νπνίν εκθαλίδεη ιεηηνπξγίεο ελφο 

ηχπνπ ηζηνχ. ε πην πνιχπινθα ζρέδηα, δχν ή πεξηζζφηεξνη κηθξνδίαπινη ζπλδένληαη κε 

πνξψδεηο κεκβξάλεο, επελδπκέλνη ζε αληίζεηεο πιεπξέο απφ δηαθνξεηηθνχο θπηηαξηθνχο 

ηχπνπο, γηα λα αλαδεκηνπξγνχλ δηαζπλδέζεηο κεηαμχ δηαθνξεηηθψλ ηζηψλ (π.ρ. δηεπηθάλεηα 

αιβηφιεο-πλεχκνλα ή αηκαηνεγθεθαιηθνχ θξαγκνχ). Απηά ηα ζπζηήκαηα κπνξνχλ λα 

ελζσκαηψζνπλ θπζηθέο δπλάκεηο, ζπκπεξηιακβαλνκέλσλ ησλ θπζηνινγηθψλ ζρεηηθψλ επηπέδσλ 

ηάζεο δηαηκήζεσο ξεπζηνχ, θπθιηθήο ξνήο θαη κεραληθήο ζπκπίεζεο, επηηξέπνληαο ηελ αλάιπζε 
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ησλ απνθξίζεσλ εμεηδηθεπκέλσλ νξγάλσλ, ζπκπεξηιακβαλνκέλεο ηεο πξφζιεςεο θπηηάξσλ ηνπ 

αλνζνπνηεηηθνχ ζπζηήκαηνο, ηελ αληίδξαζε ζε θάξκαθα, ηνμίλεο ή άιιεο πεξηβαιινληηθέο 

δηαηαξαρέο. Παξφκνηεο αλαιχζεηο κπνξνχλ λα πξαγκαηνπνηεζνχλ κε ηζηπο πνπ θέξνπλ θχηηαξα 

απφ δηαθνξεηηθά φξγαλα ηα νπνία ζπλδένληαη ξεπζηά κε δχν ηξφπνπο είηε απεπζείαο απφ έλα 

δηάκεζν ηζηφ ζε άιιν, είηε δπλεηηθά κέζσ ελφο δεχηεξνπ δηαχινπ θαιπκκέλνπ κε αγγεηαθφ 

ελδνζήιην, λα κηκείηαη ηηο θπζηνινγηθέο αιιειεπηδξάζεηο κεηαμχ δηαθνξεηηθψλ νξγάλσλ ή λα 

κειεηά ηελ θαηαλνκή ηνπ θαξκάθνπ in vitro [3]. 

 

 
Εικόνα 1: Μζκοδοι καταςκευισ μικροφρεατικϊν τςιπ. (α) Δθμιουργία αντιγράφων από πρότυπα καλοφπια πυριτίου με φωτολικογραφία. Σε 
ενα λεπτό ομοιόμορφο φιλμ ζνα φωτοευαίςκθτο υλικό επικαλφπτεται το τςιπ, το οποίο ςτθ ςυνζχεια επικαλφπτεται με φωτοκαςζτα (π.χ. 
διαφανι γυάλινθ πλάκα με αδιαφανι ςτιβάδα χρωμίου) που φζρει μικροςκόπιο που παράγεται με λογιςμικό ςχεδιαςμοφ ςτον υπολογιςτι. 
Το φωτοκφτταρο προςτατεφει μερικζσ περιοχζσ του τςιπ και εκκζτει άλλεσ ςτθν υπεριϊδθ ακτινοβολία (UV) υψθλισ ζνταςθσ. Το 
εκτεκειμζνο ςτθν υπεριϊδθ ακτινοβολία υλικό διαλφεται ςε διάλυμα, αφινοντασ το μοτίβο χαραγμζνο ςτο φωτοευαίςκθτο υλικό. Τα 
ελαςτομερι ςφραγίςματα με επιφανειακι τοπογραφία ςυμπλθρωματικά προσ τθν χαραγμζνθ επιφάνεια δθμιουργοφνται με μία τεχνικι 
χφτευςθσ με αντιγραφι, όπου το υγρό προπολυμερζσ PDMS χυτεφεται ςτθν κορυφι του φωτοανκεκτικοφ υλικοφ και πολυμερίηεται. Η 
ςφραγίδα PDMS μπορεί να χρθςιμοποιθκεί για εκτφπωςθ μικροςυςτοιχιϊν  ECM μορίων ςε οποιοδιποτε υπόςτρωμα, 
ςυμπεριλαμβανομζνων αυτϊν που βρίςκονται μζςα ςε μικρορευςτοειδείσ ςυςκευζσ (που δεν φαίνονται). (β) Μικρο-ρευςτι διάταξθ ενόσ 
καναλιοφ καταςκευάηεται μζςω μιασ PDMS ςφραγίδασ με δφο ειςόδουσ, ζνα κφριο κανάλι και μία ζξοδοσ ςτεγανοποιθμζνθ ςφμφωνα με 
ζνα επίπεδο υάλινο υπόςτρωμα. Μια φωτογραφία μιασ ςυςκευισ μικροκυψελιδικισ καλλιζργειασ δφο καλάμων, με κόκκινθ και μπλε 
χρωςτικι, διαχζεται μζςω των άνω και κάτω καναλιϊν, φαίνεται ςτα δεξιά. Τα διαυγι πλευρικά κανάλια χρθςιμοποιοφνται για τθν 
εφαρμογι κυκλικισ αναρρόφθςθσ ϊςτε να παραμορφϊνεται ρυκμικά θ εφκαμπτθ κεντρικι μεμβράνθ και τα προςκολλθμζνα κφτταρα [3]. 

 

 Εεηήκαηα ζρεδηαζκνχ 

Θαηά ην ζρεδηαζκφ ησλ OOC, ην πξψην βήκα είλαη λα πξνζδηνξηζηεί ην ζχλνιν ησλ 

ιεηηνπξγηθψλ ραξαθηεξηζηηθψλ ηνπ ηξνπνπνηεκέλνπ νξγάλνπ.  

 

Σχπνη αλζξψπηλσλ θπηηάξσλ. 

 Οη ηχπνη αλζξψπηλσλ θπηηάξσλ πνπ ρξεζηκνπνηνχληαη ζηα OOC πξνζδηνξίδνληαη ζε κεγάιν 

βαζκφ απφ ηε δηαζεζηκφηεηα ησλ θπηηάξσλ θαη ηελ ηθαλφηεηα ζρεκαηηζκνχ ιεηηνπξγηθψλ ηζηψλ. 

ηελ ηδαληθή πεξίπησζε, φιεο νη κνλάδεο νξγάλσλ κέζα ζε έλα OOC δεκηνπξγνχληαη απφ ηελ 

ίδηα πεγή θπηηάξσλ. Σα πιενλεθηήκαηα θαη ηα κεηνλεθηήκαηα ηεο ρξήζεο πξσηνγελψλ 

θπηηάξσλ, θπηηαξηθψλ γξακκψλ θαη παξαγψγσλ επαγφκελσλ πνιπδχλακσλ βιαζηνθπηηάξσλ 

(iPSCs) κπνξεί λα πνηθίινπλ πεξαηηέξσ απφ ην ζρεδηαζκφ ελφο νξγάλνπ ζην άιιν. 

Γηα ηα πεξηζζφηεξα αλζξψπηλα φξγαλα, ηα πξσηνγελή θχηηαξα είλαη δχζθνιν λα 

ιεθζνχλ θαζψο είλαη πεξηνξηζκέλα ζε πνζφηεηα θαη δελ κπνξνχλ λα επεθηαζνχλ ζε 
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θαιιηέξγεηεο, εκπνδίδνληαο ηελ αλάπηπμε ΟΟC ρξεζηκνπνηψληαο θχηηαξα απφ ην ίδην άηνκν γηα 

λα παξέρνπλ έλα γελεηηθά νκνηφκνξθν ππφβαζξν. Σν πιενλέθηεκα ησλ πξσηνγελψλ θπηηάξσλ 

είλαη φηη είλαη θαηλνηππηθά ψξηκα θαη ιεηηνπξγηθά. Δλψ ε ιεηηνπξγηθφηεηά ηνπο ζπλήζσο 

κεηψλεηαη κε ηελ πάξνδν ηνπ ρξφλνπ ζηελ θαιιηέξγεηα. Όκσο, νξηζκέλεο κέζνδνη κπνξνχλ λα 

βνεζήζνπλ ζηε δηαηήξεζε ηνπ θαηλνηχπνπ (φπσο ε ζπλ-θαιιηέξγεηα ή ε δηάρπζε ησλ θπηηάξσλ. 

Αληίζεηα, νη θπηηαξηθέο ζεηξέο είλαη ζρεηηθά εχθνιν λα θαιιηεξγεζνχλ θαη λα επεθηαζνχλ, αιιά 

ηππηθά δελ έρνπλ ηε ραξαθηεξηζηηθή θαηλνηππηθή ιεηηνπξγία ηνπ νξγάλνπ πνπ πξνηίζεληαη λα 

αληηπξνζσπεχζνπλ. Δλψ ε βειηίσζε κπνξεί λα επηηεπρζεί ρξεζηκνπνηψληαο ηε δηάρπζε θαη / ή ηε 

ζπλ-θαιιηέξγεηα, ηα OOC γεληθά ρξεζηκνπνηνχλ θπηηαξηθέο ζεηξέο φηαλ δελ ππάξρνπλ 

θαιχηεξεο επηινγέο. 

Σα iPSCs ζα κπνξνχζαλ λα είλαη κηα ηδαληθή θαη απεξηφξηζηε πεγή θπηηάξσλ γηα OOCs 

θαζψο πξνέξρνληαη απφ έλα κηθξφ δείγκα θπηηάξσλ ή ηζηψλ (φπσο ην αίκα), είλαη εμεηδηθεπκέλα 

γηα ηνλ αζζελή θαη κπνξνχλ λα επεθηαζνχλ θαη λα δηαθνξνπνηεζνχλ επηιεθηηθά ζε πνιιαπιέο 

γελεέο. Ζ ρξήζε κηαο εληαίαο γξακκήο iPSC γηα ηε δεκηνπξγία φισλ ησλ κνλάδσλ ηζηψλ ζε έλα 

OOC ζα επέηξεπε ηνλ δηαρσξηζκφ ησλ επηδξάζεσλ ηνπ γνλφηππνπ θαη ηνπ θαηλνηχπνπ, θαζψο 

νη κεηξνχκελεο παζνινγηθέο / θπζηνινγηθέο απνθξίζεηο ζα εμαξηψληαη απφ ηε γελεηηθή ζχλζεζε 

ησλ θπηηάξσλ. Ζ γελεηηθή νκνηνγέλεηα είλαη επίζεο επσθειήο γηα ηε κνληεινπνίεζε ηνπ ηξφπνπ 

κε ηνλ νπνίν ηα θάξκαθα ζα επηδξάζνπλ, ζπκπεξηιακβαλνκέλσλ εθείλσλ πνπ θέξνπλ 

κεηαιιάμεηο νη νπνίεο επεξεάδνπλ ηελ απνηειεζκαηηθφηεηα θαη ηελ ηνμηθφηεηα ηνπ θαξκάθνπ. 

Πεξαηηέξσ, ε δεκηνπξγία ηζνγνληθψλ ειέγρσλ κε επεμεξγαζία γνληδίσλ ησλ iPSC γηα ηελ 

εηζαγσγή ή ηελ αθαίξεζε κίαο κεηαιιαγκέλεο απφ αζζέλεηα κεηάιιαμεο επηηξέπεη κεραληζηηθέο 

κειέηεο θαη εηδηθνχο ζηφρνπο γηα ηελ αλάπηπμε θαξκάθσλ. Ωζηφζν, δελ κπνξνχλ λα 

πξνέξρνληαη φιεο νη θπηηαξηθέο ζεηξέο απφ ηελ ίδηα γξακκή iPSC θαη ε αλάπηπμε ηζρπξψλ 

πξσηνθφιισλ γηα δηαθνξνπνίεζε θαη σξίκαλζε iPSC παξακέλεη κηα απφ ηηο πξνθιήζεηο ηνπ 

ηνκέα. ε γεληθέο γξακκέο, νη iPSC θπηηαξηθέο ζεηξέο ράλνπλ ην επηγελεηηθφ ζεκάδη ηνπο θαη 

δελ έρνπλ ππνζηεί ηελ δηαδηθαζία ηεο σξίκαλζεο. Ζ σξηκφηεηα θαη ε θαηλνηππηθή ζηαζεξφηεηα 

ησλ θαηαζθεπαζκέλσλ ηζηψλ κπνξεί λα απμάλεηαη κε θπζηθή πξνεηνηκαζία θαη ηελ έληαμε 

θπηηάξσλ πνπ ππνζηεξίδνπλ ζπγθεθξηκέλα φξγαλα φπσο ηλνβιάζηεο, κεζεγρπκαηηθά 

βιαζηνθχηηαξα (MSCs) θαη ελδνζειηαθά θχηηαξα [13]. 

 

Βηνκηκεηηθέο ηηκέο γηα ηε κεραληθή θαη ηελ σξίκαλζε ιεηηνπξγηθψλ κνλάδσλ ηζηψλ θαη νξγάλσλ. 

Γηα θάζε OOC, ηα ραξαθηεξηζηηθά ζήκαηα πνπ ππάξρνπλ in vivo πξέπεη λα αλαπαξαρζνχλ in vitro 

κέζσ κεραληθψλ κεζφδσλ πνπ θαηεπζχλνπλ ηε δηαθνξνπνίεζε ησλ θπηηάξσλ, ηε 

ζπλαξκνιφγεζε ησλ ηζηψλ θαη ηελ ιεηηνπξγηθή σξίκαλζε. Ζ πνιππαξακεηξηθή θπηηαξηθή 

θαιιηέξγεηα βειηηψλεη ηηο θπζηνινγηθέο απνθξίζεηο . Σν κηθξνπεξηβάιινλ ηνπ OOC κπνξεί λα 

ζρεδηαζηεί γηα λα παξέρεη παζεηηθά ή δπλακηθά ζήκαηα ηεληψκαηνο, ειεθηξηθά ή νπηηθά, 

δηάηκεζε πγξνχ θαη βηνρεκηθέο θαη νξκνληθέο αληηδξάζεηο. Ζ ζπκπεξίιεςε ησλ ζηνηρείσλ 

πεξηβαιινληηθνχ ειέγρνπ πνπ αληρλεχνπλ θαη παξάγνπλ ηα βηνθπζηθά εξεζίζκαηα ζα επηηξέςνπλ 

ηνλ έιεγρν αλαηξνθνδφηεζεο ησλ βηνκηκεηηθψλ παξαγφλησλ πνπ νδεγνχλ ηηο θπζηνινγηθέο 

απνθξίζεηο. Ζ ηθαλφηεηα γηα εθηεηακέλνπο ρξφλνπο θαιιηέξγεηαο θαζηζηά δπλαηή ηε ιήςε 

ζεκαληηθψλ δεδνκέλσλ, θαζψο πνιιέο παξελέξγεηεο ησλ θαξκάθσλ δελ είλαη άκεζεο. 

Παξνκνίσο, ε δπλαηφηεηα δηεμαγσγήο κειεηψλ δφζεο-απφθξηζεο κπνξεί λα παξέρεη 

πιεξνθνξίεο γηα ηνλ ζρεδηαζκφ δνζνινγηψλ ηνπ θαξκάθνπ [13]. 
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Ζιεθηξνληθέο αλαγλψζεηο ιεηηνπξγηψλ ζπγθεθξηκέλσλ θπηηάξσλ, ηζηψλ θαη νξγάλσλ. 

Γηα δπλακηθέο κειέηεο απφθξηζεο ηζηψλ ζε πεξηβαιινληηθά ζήκαηα, νη δηαδηθηπαθέο αλαγλψζεηο 

ηεο θπζηθήο, κεηαβνιηθήο θαη κνξηαθήο θαηάζηαζεο ησλ θπηηάξσλ θαη νη νινθιεξσκέλεο 

απνθξίζεηο ηζηψλ παξνπζηάδνπλ κεγάιν ελδηαθέξνλ. Σέηνηεο κε θαηαζηξεπηηθέο κέζνδνη 

επηηξέπνπλ ηε δηαρξνληθή κειέηε ησλ ηαπηφρξνλσλ απνηειεζκάησλ πνιιαπιψλ κεηαβιεηψλ, 

ηνλ πεηξακαηηζκφ παξακέηξσλ ζε κεγάινπο ρψξνπο θαη ηε ζπλνιηθή αμηνιφγεζε ησλ 

ζεξαπεπηηθψλ παξεκβάζεσλ [13]. Ζ κέηξεζε ησλ ιεηηνπξγηθψλ δεδνκέλσλ κε νπηηθή απεηθφληζε 

απαηηεί ηε ρξήζε νπηηθά δηαθαλψλ πιηθά θαη ινγηζκηθφ επεμεξγαζίαο εηθφλαο. Ηδαληθά, νη 

αληρλεχζεηο απεηθφληζεο ζα πξέπεη λα ζρεδηάδνληαη γηα άκεζε κεηάθξαζε ζε ξπζκίζεηο 

βηνκεραλίαο πςειήο απφδνζεο.  

 

Γηακφξθσζε θαη ελζσκάησζε ησλ πιαηθνξκψλ OOC. 

Σν πην ζπρλά ρξεζηκνπνηνχκελν πιηθφ θαηαζθεπήο είλαη ην πνιπδηκεζπινζηινμάλην (PDMS), 

παξά ηε ζεκαληηθή κε εθιεθηηθή απνξξφθεζε πδξφθνβσλ κνξίσλ, ζπκπεξηιακβαλνκέλνπ ηνπ 

νμπγφλνπ θαη πνιιψλ θαξκάθσλ. Σα πιενλεθηήκαηα ηνπ PDMS πεξηιακβάλνπλ ηε 

βηνζπκβαηφηεηά ηνπ, ηελ επθνιία ρξήζεο γηα πξνζεγγίζεηο κηθξνπαξαγσγήο, ηελ νπηηθή 

δηαθάλεηα θαη ηελ απηφθαπζηε απνζηείξσζε. Κέζνδνη πνπ αλαπηχρζεθαλ γηα λα ζπλερίζνπλ ηε 

ρξήζε ηνπ PDMS πεξηιακβάλνπλ θαη ζεσξήζεηο ζρεδηαζκνχ πνπ ειαρηζηνπνηνχλ ηελ 

απνξξφθεζε θαξκάθσλ θαη ηελ αθνχζηα αλάκεημε ηνπο. Σα ελαιιαθηηθά πιηθά πεξηιακβάλνπλ 

γπαιί, πνιπαλζξαθηθφ θαη πνιπνπξεζάλε, θαζψο θαη πνιιά άιια βηνζπκβαηά πνιπκεξή [13]. 

Γηα ηελ επειημία θαη ηελ πςειή απφδνζε ησλ αλαιπηηθψλ κεηξήζεσλ, ην εμσηεξηθφ 

απνηχπσκα ησλ νινθιεξσκέλσλ πιαηθνξκψλ OOC ζα πξέπεη λα είλαη ζπκβαηφ κε κνξθέο πνπ 

ρξεζηκνπνηνχληαη ζπλήζσο ζηελ αλάπηπμε θαξκάθσλ (π.ρ. πιάθα πνιιαπιψλ θνηινηήησλ θαη 

γπάιηλε νιίζζεζε) θαζψο ν εζσηεξηθφο ζρεδηαζκφο πξέπεη λα είλαη ζπγθεθξηκέλνο γηα ηνπο 

ηζηνχο θάζε OOC. Θαζψο ξεπζηνινγηθή νινθιήξσζε ησλ πνιιαπιψλ OOC είλαη θξίζηκε γηα λα 

θαηαζηεί δπλαηή ε «επηθνηλσλία» νξγάλσλ-νξγάλσλ, ε αλάπηπμε κεζφδσλ γηα ηελ ηθαλνπνίεζε 

απηήο ηεο απαίηεζεο είλαη απαξαίηεηε, δηαηεξψληαο παξάιιεια ηε ιεηηνπξγηθφηεηα ησλ 

κεκνλσκέλσλ νξγάλσλ πνπ εμαθνινπζνχλ λα αλαπηχζζνληαη. Κηα δεκνθηιήο θαη επδηάθξηηε 

πξνζέγγηζε ηεο ρξήζεο ελφο θνηλνχ κέζνπ ηθαλνχ λα ππνζηεξίδεη φια ηα OOC κέζα ζην 

νινθιεξσκέλν ζχζηεκα πεξηνξίδεηαη ζε ηζηνχο πνπ έρνπλ ήδε σξηκάζεη θαη είλαη θαηλνηππηθά 

ζηαζεξνί. Δλαιιαθηηθά, θάζε δηακέξηζκα ηζηνχ κπνξεί λα δηαρσξηζηεί απφ ηελ αγγεηαθή ξνή απφ 

έλα ελδνζειηαθφ θξαγκφ γηα λα κηκεζεί ην δηαρσξηζκφ ηζηνχ-ηζηνχ ζην ζψκα. Κε απηφλ ηνλ 

ηξφπν, ζα κπνξνχζαλ λα δηαηεξεζνχλ εηδηθά κέζα ηζηνχ ζε θάζε δηακέξηζκα γηα λα 

ππνζηεξίμνπλ θαη λα σξηκάζνπλ ηνλ θάζε ηζηφ κε βέιηηζην ηξφπν, ελψ παξάιιεια επηηξέπνπλ ηε 

δηαβίβαζε κεηαμχ ησλ ηζηηθψλ κνλάδσλ κέζσ αγγεηαθψλ ζπλδέζεσλ (π.ρ. απφ θπηνθίλεο θαη 

θπηηαξν-εθθξηλφκελα θπζηίδηα φπσο εμσζψκαηα) [13]. 

Δπεηδή ν κεηαβνιηζκφο ησλ θπηηάξσλ κπνξεί λα αιιάμεη απφ φξγαλν ζε φξγαλν θαη κε 

ηελ σξηκφηεηα θαη ηνλ ρξφλν ηεο θαιιηέξγεηαο, ε βάζε γηα ηνλ πξνζδηνξηζκφ ηνπ θπζηνινγηθνχ 

ξπζκνχ ξνήο  θάζε νξγάλνπ θαη ηζηνχ δελ είλαη απνιχησο ζαθήο. Αξθεηνί παξάγνληεο 

εμεηάδνληαη, ζπκπεξηιακβαλνκέλεο ηεο θαηαλνκήο ηεο ξνήο ηνπ αίκαηνο, ησλ ζρεηηθψλ 

κεγεζψλ ησλ νξγάλσλ θαη ησλ κεηαβνιηθψλ πνζνζηψλ ζην ζψκα. Ζ δηακνξθσζηκφηεηα ηεο 

πιαηθφξκαο γηα λα επηηξέπνληαη κεηαβνιέο ζε ζρεηηθνχο φγθνπο ησλ κεκνλσκέλσλ OOC, ε 

ζεηξά κε ηελ νπνία ζπλδένληαη θαη νη ξπζκνί ξνήο OOC είλαη θξίζηκνη γηα ηνλ πξνζδηνξηζκφ ηεο 
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δηακφξθσζεο ηεο ξνήο ζε OOC πνιιαπιψλ νξγάλσλ [13]. 

 
 Όξγαλα ζε ηζηπ θαη εθαξκνγή ηνπο ζηε λφζν Altzheimer 

Παξά ηα ρξφληα κειέηεο, πνιιά παξακέλνπλ άγλσζηα γηα ην ΘΛ (θεληξηθφ λεπξηθφ ζχζηεκα) - 

φπσο ηζρπξίδνληαη νη Pamies & al. [14]- πνιχ πεξηζζφηεξν απφ φ, ηη γηα άιια φξγαλα εμαηηίαο 

ηεο θπηηαξηθήο νξγάλσζεο εηδηθά γηα ηνλ εγθέθαιν. Τπάξρεη απμαλφκελε αλάγθε γηα in vitro 

κνληέια λεπξνεθθπιηζηηθψλ αζζελεηψλ φπσο ε λφζνο ηνπ Alzheimer πνπ ζα επέηξεπαλ ηελ 

θαιχηεξε θαηαλφεζε ηεο αηηηνινγίαο θαη ηελ ηαρχηεξε αλάπηπμε ζηξαηεγηθψλ ζεξαπείαο. 

Ωζηφζν, ε ηθαλνπνίεζε απηήο ηεο απαίηεζεο έρεη αλαζηαιεί απφ ηελ πεξηνξηζκέλε ηθαλφηεηα 

κίκεζεο ηνπ in-vivo κηθξνπεξηβάιινληνο ζε έλα in vitro ζχζηεκα. Έηζη, ζρεδηάζηεθε έλα 

κηθξνξεπζηφ ηζηπ πνπ βαζίδεηαη ζε ηξηζδηάζηαηα (3D) λεπξνζθαηξίδηα ην νπνίν κηκείηαη 

πεξηζζφηεξν ην in vivo κηθξνπεξηβάιινλ ηνπ εγθεθάινπ παξέρνληαο κηα ζηαζεξή ξνή πγξνχ ε 

νπνίαπαξαηεξείηαη εχθνια ζηνλ δηάκεζν ρψξν ηνπ εγθεθάινπ. Σα ελνπνηεκέλα λεπξνζθαηξίδηα, 

κε αιιειεπηδξάζεηο θπηηάξνπ-θπηηάξνπ θαη επαθέο ζε φιεο ηηο θαηεπζχλζεηο, ζρεκαηίζηεθαλ 

ζε θνίιεο ζπζηνηρίεο κηθξνθξεαηίσλ θαη δηαηεξήζεθε έλα αξγφ δηάκεζν επίπεδν ξνήο 

ρξεζηκνπνηψληαο έλα ζχζηεκα νζκσηηθήο κηθξνθαηαζθεπήο. Έρνληαο σο βάζε απηφ ην 

ζχζηεκα ζαλ πιαηθφξκα, εξεπλήζεθε ε επίδξαζε ηεο ξνήο ζην κέγεζνο λεπξνζθαηξηδίνπ, ην 

λεπξηθφ δίθηπν θαη ηε λεπξηθή δηαθνξνπνίεζε. 

Σα λεπξνζθαηξίδηα πνπ θαιιηεξγνχληαη κε ξνή ήηαλ κεγαιχηεξα θαη ζρεκάηηδαλ πην 

εχξσζηα θαη ζχλζεηα λεπξηθά δίθηπα απφ εθείλα πνπ θαιιηεξγνχληαλ ππφ ζηαηηθέο ζπλζήθεο, 

ππνδειψλνληαο έλα απνηέιεζκα ηνπ ελδηάκεζνπ επηπέδνπ βξαδείαο θαη θπξηαξρνχζαο ξνήο 

δηάρπζεο ζηε ζπλερή κεηαθνξά ζξεπηηθψλ, νμπγφλνπ θαη θπηνθηλψλ ζε ζπλδπαζκφ κε ηελ 

απνκάθξπλζε ησλ κεηαβνιηθψλ απνβιήησλ. Δθιέρζεθαλ  επίζεο νη ηνμηθέο επηδξάζεηο ηνπ 

ακπινεηδνχο-β, ν ζεκαληηθφηεξνο παξάγνληαο ζηελ εκθάληζε ηεο  λφζνπ ηνπ Alzheimer. Ζ 

πξνζζήθε ακπινεηδνχο-β κέζσ κηαο νζκσηηθήο κηθξν-αληιίαο βξέζεθε φηη κείσλε ζεκαληηθά ηε 

βησζηκφηεηα ησλ λεπξνζθαηξηδίσλ θαη πξνθάιεζε κεγαιχηεξε θαηαζηξνθή ησλ λεπξσληθψλ 

δηθηχσλ, ζε ζχγθξηζε κε ηελ πξνζζήθε ακπινεηδνχο-β ππφ ζηαηηθέο ζπλζήθεο.  Έηζη, ην 

ηξηζδηάζηαην απηφ κνληέιν  κε ηελ πξνζζήθε κηθξνπεξηβάιινληνο ηχπνπ in vivo, πξνηάζεθε κε 

βάζε ηελ θαιιηέξγεηα σο έλα in vitro κνληέιν εγθεθάινπ γηα λεπξνεθθπιηζηηθή αζζέλεηα θαη 

πςειήο δηαινγήο θαξκάθσλ. 

Κέρξη ζήκεξα, νη πεξηζζφηεξεο in vitro κειέηεο ησλ λεπξνινγηθψλ αζζελεηψλ βαζίδνληαη 

ζε κεζφδνπο δηδηάζηαηεο (2D) θαιιηέξγεηαο, νη νπνίεο δελ έρνπλ επαθέο θαη αιιειεπηδξάζεηο 

θπηηάξνπ-θπηηάξνπ πνπ απνηεινχλ βαζηθά ραξαθηεξηζηηθά ηνπ ηξηζδηάζηαηνπ (3D) 

εγθεθαιηθνχ ηζηνχ. Έλαο άιινο παξάγνληαο πνπ παξαβιέπεηαη ζηα ηξέρνληα in vitro κνληέια 

εγθεθάινπ είλαη ε ξνή ηνπ ελδηάκεζνπ πγξνχ. ηνλ εγθεθαιηθφ ηζηφ in vivo, ην δηάκεζν πγξφ 

εμππεξεηεί ηελ θξίζηκε ιεηηνπξγία ηεο παξνρήο ζξεπηηθψλ ζπζηαηηθψλ κέζσ ηνπ εγθεθαιηθνχ 

ηζηνχ θαη εθθαζάξηζεο ησλ κεηαβνιηθψλ απνξξηκκάησλ [15], [16].  Ζ δηάκεζε ξνή ζηνλ εγθέθαιν 

είλαη επίζεο γλσζηφ φηη επεξεάδεη ηελ επηθνηλσλία θπηηάξνπ-θπηηάξνπ κεηαμχ ησλ κε 

ζπλαπηηθψλ λεπξψλσλ [17]. Γηα ηνπο ιφγνπο απηνχο, in vitro κνληέια εγθεθάινπ ζρεδηαζκέλα 

γηα λα αληηπξνζσπεχνπλ θαιχηεξα ην in vivo πεξηβάιινλ ηνπ εγθεθάινπ δελ ζα πξέπεη λα 

παξακεινχλ ηελ 3D θπηναξρηηεθηνληθή θαη ηε δηάκεζε ξνή. Οη επαθέο θπηηάξσλ θαη νη 

αιιειεπηδξάζεηο είλαη ζεκαληηθέο φρη κφλν γηα ηε κνξθνγέλεζε αιιά θαη γηα ηελ θπηηαξηθή 

ζεκαηνδφηεζε. Πνιιέο κειέηεο έρνπλ δείμεη δηαθνξέο κεηαμχ ησλ θαιιηεξγεηψλ 2D θαη 3D, 
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επηζεκαίλνληαο ηε ζεκαζία ησλ επηδξάζεσλ 3D θαιιηέξγεηαο ζε δηάθνξα λεπξηθά θχηηαξα. 

Γεδνκέλνπ φηη ηα θχηηαξα ζε κηα 3D θαιιηέξγεηα δηαηεξνχλ επαθέο θαη αιιειεπηδξάζεηο 

θπηηάξνπ-θπηηάξνπ ζε φιεο ηηο θαηεπζχλζεηο πνπ κηκνχληαη ηελ in vivo θπην-αξρηηεθηνληθή, ην 

εμσθπηηαξηθφ πεξηβάιινλ απηψλ ησλ θπηηάξσλ παξέρεη ηε δπλαηφηεηα ρσξνρξνληθψλ 

θπηηαξηθψλ δηεγέξζεσλ, κηα θαηάζηαζε αξθεηά δηαθνξεηηθή απφ απηή ησλ θπηηάξσλ πνπ 

θαιιηεξγνχληαη ρξεζηκνπνηψληαο κεζφδνπο θαιιηέξγεηαο 2D. Έλαο άιινο παξάγνληαο πνπ 

παξαβιέπεηαη ζηα ηξέρνληα in vitro κνληέια εγθεθάινπ είλαη ε ξνή ηνπ ελδηάκεζνπ πγξνχ. ηνλ 

ηζηφ ηνπ εγθεθάινπ in vivo, ην δηάκεζν πγξφ εμππεξεηεί ηελ θξίζηκε ιεηηνπξγία ηεο παξνρήο 

ζξεπηηθψλ νπζηψλ κέζσ ηνπ εγθεθαιηθνχ ηζηνχ θαη ηελ απνκάθξπλζε ησλ κεηαβνιηθψλ 

απνβιήησλ.  Ζ δηάκεζε ξνή ζηνλ εγθέθαιν είλαη επίζεο γλσζηφ φηη επεξεάδεη ηελ επηθνηλσλία 

θπηηάξνπ-θπηηάξνπ κεηαμχ ησλ κε ζπλαπηηθψλ λεπξψλσλ. Γηα ηνπο ιφγνπο απηνχο, in vitro 

κνληέια εγθεθάινπ ζρεδηαζκέλα γηα λα αληηπξνζσπεχνπλ θαιχηεξα ην in vivo πεξηβάιινλ ηνπ 

εγθεθάινπ δελ ζα πξέπεη λα παξακεινχλ ηελ 3D θπηναξρηηεθηνληθή θαη ηε δηάκεζε ξνή [18]. 

Κε ηελ αλάπηπμε ησλ κηθξνηερλνινγηψλ, κηθξνζπζηήκαηα πνπ παξέρνπλ in-vivo 

κηθξνπεξηβάιινληα, φπσο ην φξγαλν ζε ηζηπ θαη ηα ηζηπ θπηηάξσλ, έρνπλ πξνηαζεί θαη αξθεηέο 

κειέηεο έρνπλ παξνπζηάζεη κεζφδνπο ηξηζδηάζηαηεο θαιιηέξγεηαο. Απφ ηα ζπζηήκαηα απηά, νη 

θνίιεο ζπζηνηρίεο κηθξνθπκάησλ πξνζθέξνπλ ηα πιενλεθηήκαηα ηνπ νκνηνγελνχο ζρεκαηηζκνχ 

ζθαηξνεηδνχο κηθξνζθνπίνπ θαη ηνπ ειέγρνπ κεγέζνπο. Υξεζηκνπνηψληαο απηφ ην ζχζηεκα, 

αλαθέξζεθε ε επίδξαζε ηεο 3D θαιιηέξγεηαο ζηνλ λεπξηθφ ηζηφ. Πξφζθαηεο κειέηεο έρνπλ 

αλαθέξεη ηελ αλάπηπμε ζπζηεκάησλ πνπ βαζίδνληαη ζε κηθξνξεπζηφ ηα νπνία παξέρνπλ έλα 

ελδηάκεζν επίπεδν ξνήο ζηα θχηηαξα in vitrν. Ζ δηάκεζε ξνή ζηνλ εγθέθαιν είλαη πνιχ αξγή, κε 

ηαρχηεηεο πνπ θπκαίλνληαη απφ πεξίπνπ 0,1 έσο 0,3 κL/min. Οη πεξηζζφηεξεο αληιίεο πνπ 

κπνξνχλ λα δηαηεξήζνπλ απηφ ην εχξνο ξνήο είλαη πεξίπινθεο θαη δαπαλεξέο. Ωζηφζν, κηα 

νζκσηηθή αληιία πνπ αλαπηχρζεθε απφ ηνπο Park et al. 2015, παξέρεη ηέηνηα αξγή ξνή ρσξίο ηε 

ρξήζε πεξίπινθσλ ζπζθεπψλ. Απηή ε ζρεηηθά απιή ζπζθεπή κπνξεί εχθνια λα ρξεζηκνπνηείηαη 

γηα ηνλ έιεγρν ηεο ηαρχηεηαο ξνήο θαη κπνξεί λα ιεηηνπξγήζεη ζε έλαλ επσαζηήξα 

θπηηαξνθαιιηέξγεηαο γηα αξθεηέο εβδνκάδεο ρσξίο εμσηεξηθή πεγή ελέξγεηαο [18]. Έηζη 

θαηαζθεπάζηεθε έλα κηκεηηθφ κνληέιν κηθξνξεπζηνχ 3D εγθεθάινπ κε έλα δηάκεζν επίπεδν 

ξνήο ζπλδπάδνληαο θνίιεο ζπζηνηρίεο κηθξνβπζηζκάησλ κε έλα ζχζηεκα νζκσηηθήο 

κηθξνθαηαζθεπήο. Υξεζηκνπνηψληαο απηφ ην κνληέιν εγθεθάινπ, εξεπλήζεθε ε επίδξαζε  ξνήο 

ζηνλ 3D κηθξνζθαηξηδηθφ λεπξηθφ ηζηφ (λεπξνζθαηξίδηα). Ζ ξνή πνπ παξέρεηαη απφ ην νζκσηηθφ 

ζχζηεκα κηθξήο αληιίαο ήηαλ πεξίπνπ 0,15 κL/min, ζπγθξίζηκε κε ην επίπεδν ηεο δηάκεζεο 

ξνήο. 

Γηα λα εξεπλεζεί ην απνηέιεζκα ηεο ξνήο, εηνηκάζηεθαλ δχν ηχπνη κνληέισλ 

εγθεθάινπ: έλα ζηαηηθφ κνληέιν (λεπξνζθαηξίδηα θαιιηεξγεκέλα ρσξίο ξνή) θαη έλα δπλακηθφ 

κνληέιν (λεπξνζθαηξνεηδή θαιιηεξγεκέλα κε ξνή).Οη κεηαβνιέο ζην κέγεζνο λεπξνζθαηξηδίνπ 

θαη ν ζρεκαηηζκφο λεπξσληθνχ δηθηχνπ κεηαμχ ηνπο εξεπλήζεθαλ ηφζν ζηαηηθά φζν θαη 

δπλακηθά. Γηα λα απνδεηρζνχλ νη δπλαηφηεηεο απηνχσο έλα in vitro κνληέιν εγθεθάινπ γηα 

κειέηεο λεπξνινγηθψλ αζζελεηψλ, πξαγκαηνπνηήζεθε πξψηε δνθηκή ησλ επηδξάζεσλ ηνπ 

ακπινεηδνχο-β ζε 3D λεπξνζθαηξίδηα θαιιηεξγεκέλα κε δηάκεζε ξνή in vitro. 

Δίλαη εληππσζηαθφ φηη κε ηελ θαιιηέξγεηα λεπξνζθαηξηδίσλ παξάιιεια κε θαη ρσξίο 

ακπινεηδέο-β θαηέζηε δπλαηή ε κίκεζε ηνπ εγθεθάινπ ηεο λφζνπ Αιηζράηκεξ ζε κηα εληαία 

πιαηθφξκα. Σν πξνηεηλφκελν 3D brain-on-a-chip παξέρεη έλα δηάκεζν επίπεδν ξνήο πνπ κηκείηαη 
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ην in-vivo κηθξνπεξηβάιινλ θαη επηηξέπεη καθξφρξνλε in vitro παξαηήξεζε ρσξίο ηελ αλάγθεγηα 

πεξηθεξεηαθέο ζπζθεπέο. πλεπψο, ζα κπνξνχζε λα απνηειέζεη έλα πνιχηηκν in vitro κνληέιν 

εγθεθάινπ γηα κειέηεο πνπ απνζθνπνχλ ζηελ θαιχηεξε θαηαλφεζε ηεο παζνινγίαο ησλ 

λεπξνινγηθψλ παζήζεσλ ή ζηελ αλάπηπμε ζηξαηεγηθψλ γηα ζεξαπεία αζζελεηψλ φπσο ε λφζνο 

ηνπ Alzheimer. Απηφ ην ηζηπ κπνξεί λα βνεζήζεη ζηελ θαιχηεξε θαηαλφεζε ή παξαθνινχζεζε 

ζπγθεθξηκέλσλ νδψλ ζηηο λεπξνεθθπιηζηηθέο λφζνπο ιφγσ ηεο απιφηεηαο ζε αληίζεζε κε 

ζχλζεηα δσηθά κνληέια. Δπηπιένλ, κε πεξαηηέξσ αλάπηπμε, ζα κπνξνχζε λα ππνθαηαζηήζεη ηα 

δσηθά κνληέια ζε εθαξκνγέο αλάπηπμεο θαξκάθσλ. 

 

 ρεδηαζκφο θαη ιεηηνπξγία 

Ο ζρεδηαζκφο θαη ε ιεηηνπξγία ηνπ ηζηπ εκπλεχζηεθε απφ ην πξνεγνπκέλσο αλαθεξφκελν 

ηερλεηφ επαηηθφ ηζηπ – artificial lung on a chip-(ALC). Ζ εηθφλα 1 απεηθνλίδεη ηελ πνξεία 

ζρεδηαζκνχ ησλ ηζηπ. Σν ηζηπ πεξηέρεη θνίια κηθξνθξεάηηα γηα ην ζρεκαηηζκφ νκνηνγελψλ 3D 

λεπξνζθαηξηδίσλ κε νκνηφκνξθν κέγεζνο. Σν σζκσηηθφ ζχζηεκα κηθξήο αληιίαο ζπλδέεηαη ζηελ 

έμνδν γηα λα παξέρεη ζπλερή ξνή κέζνπ κε ξπζκφ 0.15 κL/min. Ζ ψζκσζε νδεγείηαη απφ ηε 

δηαθνξά ζπγθέληξσζεο κεηαμχ θαζαξνχ απεζηαγκέλνπ λεξνχ θαη δηαιχκαηνο 0,05 Κ πνιπ-

αηζπιελνγιπθφιεο (PEG) δηαρσξηζκέλνπ κε εκηδηαπεξαηφ θηικ ζεινθάλ. Έλα ζσιελάθη 

δηακέηξνπ 3 cm, ηπιηγκέλν κε εχθακπην πνιπηεηξαθζνξν-αηζπιέλην(σιήλαο PTFE) (εζσηεξηθή 

δηάκεηξνο 1,0 mm, εμσηεξηθή δηάκεηξνο 1,5 mm) ζπλδέεηαη ζηελ έμνδν ηνπ ηζηπ γηα λα ελεξγεί 

σο δεμακελή θαζαξνχ απεζηαγκέλνπ λεξνχ πξνθεηκέλνπ λα δηαηεξεί ηε ξνή κε ηελ πάξνδν ηνπ 

ρξφλνπ. Γηάιπκα 0,05 Κ PEG,φγθνπ ~ 4 ml ζε ηξπβιίν Petri ησλ 35 mm παξείραλ ηελ επίδξαζε 

ψζκσζεο. Παξέρνληαο ηξηζδηάζηαηε θπηηαξν-αξρηηεθηνληθή θαη δηάκεζε ξνή, ην ηζηπ απηφ 

πξνζεγγίδεη ην κηθξνπεξηβάιινλ θαλνληθψλ θαη AD εγθεθάισλ, δηεπθνιχλνληαο ηε δηεξεχλεζε 

ησλ επηδξάζεσλ ηνπ ακπινεηδνχο-β ζηνλ 3D λεπξηθφ ηζηφ[18]. 

 

 Θαηαζθεπή ηζηπ 

Ζ δηαδηθαζία θαηαζθεπήο ηζηπ αθνινχζεζε εθείλε ηνπ ALC. Πξψηνλ, ε θνξπθή ζαιάκνπ (χςνο, 

200 κm) θαη ε θνίιε ζηξψζε κηθξνθπςειψλ ππζκέλα ρξεζηκνπνίεζε ηελ επηθαλεηαθή ηάζε ηνπ 

PDMS πξνπνιπκεξνχο φπσο πεξηγξάθεθε ζε πξνεγνχκελεο κειέηεο [19], [20]. Έλα 

πξνπνιπκεξέο πνιπδηκεζπιν ζηινμαλίνπ (PDMS) απνηεινχκελν απφ έλα κίγκα 10: 1 πξνδξφκνπ 

PDMS (Sylgard 184) θαη παξάγνληα ζθιήξπλζεο απνρχζεθε ζηα θπιηλδξηθά κηθξνθξεάηηα 

ψζπνπ λα γεκηζηνχλ πιήξσο. ηε ζπλέρεηα, ην πξνπνιπκεξέο απνκαθξχλζεθε κε γπάιηλε 

νιίζζεζε, κε εθαξκνγή κηθξήο πίεζεο ζηε καιαθή πιάθα κηθξνυπνδνρψλ PDMS. Σν ελαπνκέλνλ 

PDMS πξνπνιπκεξέο ζε θάζε κηθξνθξεάηην ζηε ζπλέρεηα ζρεκάηηζε έλαλ θνίιν κελίζθν κέζσ 

επηθαλεηαθήο ηάζεο. Ζ ηειηθή θνίιε δνκή ζρεκαηίζηεθε κε ζεξκηθή ζθιήξπλζε ηνπ 

πξνπνιπκεξνχο ζην θνχξλν (80 ° C γηα 2 ψξεο), κεηά ηελ νπνία νη νπέο εηζφδνπ θαη εμφδνπ 

ζηνλ άλσ ζάιακν δηαηξήζεθαλ κε κηα αηρκεξή βειφλα. Σέινο, ην άλσ θαη ην θάησ ζηξψκα 

ζπλδέζεθαλ κε επεμεξγαζία κε πιάζκα νμπγφλνπ γηα 20 s. Γηα ηελ σζκσηηθή κηθξν-αληιία, 

θπβηθνί ζάιακνη PDMS (1 x 1 x 1 εθ.) ζρεδηάζηεθαλ κε κεκβξάλε θπηηαξίλεο (5 × 5 mm). Ζ 

κεκβξάλε θπηηαξίλεο ζπλδέζεθε κε ηνλ ζάιακν PDMS ρξεζηκνπνηψληαο ην PDMS 

πξνπνιπκεξέο σο ζπγθνιιεηηθφ, αθνινπζψληαο κία πξναλαθεξζείζα κέζνδν [21]. Οη λεπξψλεο 

ήηαλ πξσηνγελείο θινηψδεηο λεπξψλεο απνκνλσκέλνη απφ εγθεθαιηθέο πεξηνρέο θινηνχ 

εκβξχσλ αξνπξαίνπ. Κεηά ηελ θαηαζθεπή ελφο εγθεθάινπ ζε ηζηπ, νη  Park& al. πξνζάξκνζαλ 
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ην ζπγθεθξηκέλν κνληέιν γηα λα πξνζνκνηψζνπλ έλαλ εγθέθαιν AD [18]. 

Σν ακπινεηδέο-β είλαη έλα πεπηίδην πνπ βξέζεθε φηη εκπιέθεηαη ζηε λφζν ηνπ Alzheimer 

σο ην θχξην ζπζηαηηθφ πνπ απαληάηαη ζηηο πιάθεο ακπινεηδνχο ζηνπο εγθεθάινπο ησλ 

αζζελψλ. Γηα λα δηεξεπλήζνπλ ζσζηά ηε λφζν ηνπ Alzheimer, ζρεκάηηζαλ ηέζζεξηο νκάδεο κε 

δηαθνξεηηθέο ζπλζήθεο θαιιηέξγεηαο: ε πξψηε αληηζηνηρνχζε ζε νκάδα ειέγρνπ κε 

λεπξνζθαηξίδηα ρσξίο ξνή, ε δεχηεξε αληηζηνηρνχζε ζηηο ίδηεο ζπλζήθεο αιιά κε πξνζζήθε 

ακπινεηδνχο β θαη ηειηθά ε ηξίηε θαη ηέηαξηε νκάδα ήηαλ θαιιηέξγεηεο λεπξνζθαηξηδίσλ κε ξνή  

ρσξίο θαη κε πξνζζήθε ακπινεηδνχο-β, αληίζηνηρα. Αλάινγα κε ηελ νκάδα ηνπο, ηα θχηηαξα 

θαιιηεξγήζεθαλ ζε έλα "θαλνληθφ" λεπξνζηαζκηθφ κέζν (Gibco) γηα 10 εκέξεο ή 7 εκέξεο 

αθνινπζνχκελεο απφ 3 εκέξεο ζε έλα κέζν πνπ πεξηείρε ακπινεηδέο-β. 

 
 Δπηδξάζεηο ηεο ξνήο ζηα λεπξνζθαηξίδηα 

Γηα λα πξνζδηνξηζηνχλ νη ζπλέπεηεο ηεο πξνζζήθεο ζπλερνχο ξνήο ζξεπηηθψλ νπζηψλ, 

θπηνθηλψλ θαη νμπγφλνπ ζηα θχηηαξα, ζπγθξίζεθε ε ζηαηηθή κε ηε κε ζηαηηθή νκάδα. Ζ πξψηε 

πξνθαλήο δηαθνξά ήηαλ ην ζθαηξηθφ κέγεζνο. Σελ εκέξα 0, ηα λεπξνζθαηξίδηα θαη ζηηο δχν 

νκάδεο είραλ ην ίδην κέγεζνο θαηά κέζν φξν. Κεηά απφ δέθα εκέξεο, έγηλαλ νη ίδηεο κεηξήζεηο 

θαη δηαπηζηψζεθε φηη ηα λεπξνζθαηξίδηα πνπ θαιιηεξγνχληαη κε ζπλερή ξνή απμήζεθαλ (ηα 

θχηηαξα έγηλαλ κηθξφηεξα πξνο ηελ έμνδν), ελψ ηα ππφινηπα παξέκεηλαλ ακεηάβιεηα. Κηα 

δεχηεξε δηαθνξά κεηαμχ ησλ δχν νκάδσλ πνπ θάλεθε λα πξνθχπηεη άκεζα απφ ηελ παξελζεηηθή 

ξνή ήηαλ ην κνηίβν ζρεκαηηζκνχ δηθηχνπ ζην ηζηπ. ηελ πξαγκαηηθφηεηα, ε νκάδα πνπ 

ππφθεηηαη ζε ξνή απνθάιπςε κεγαιχηεξε επέθηαζε λεπξηηψλ ζηα λεπξνζθαηξίδηα, ηα νπνία 

ζπλεπάγνληαη άκεζα έλαλ πην ηζρπξφ ζρεκαηηζκφ λεπξηθνχ δηθηχνπ. Απηφ επηβεβαηψζεθε απφ 

ηελ αλνζνρξσκαηνπνίεζε ηεο ζπλαςίλεο IIa, κηαο πξσηεΐλεο πνπ αλήθεη ζηηο ζπλάςεηο, 

νηθνγέλεηα πξσηετλψλ πνπ εκπιέθνληαη ζηελ απειεπζέξσζε ησλ λεπξνδηαβηβαζηψλ ζηηο 

ζπλάςεηο. Ζ έληαζε απηνχ ηνπ ζπλαπηηθνχ δείθηε ήηαλ πνιχ πςειφηεξε ζην δπλακηθφ κνληέιν, 

πξάγκα πνπ ζεκαίλεη φηη ε ζπλερήο ξνή εληζρχεη επίζεο ην ζρεκαηηζκφ ηεο ζπλάςεσο. 

Πξάγκαηη, ε ρξήζε δχν άιισλ δεηθηψλ: Β-ΗΗΗ ηνπκπνπιίλε σο λεπξσληθφο δείθηεο θαη δείθηεο 

λεπξηθψλ βιαζηνθπηηάξσλ, έδεημε φηη ππφ ζπλερή ξνή πξνήρζε ε δηαθνξνπνίεζε ησλ θπηηάξσλ 

λεπξηθψλ πξνγφλσλ ζε λεπξψλεο. Οη Parks et al. παξαηήξεζαλ φηη ε δηάκεζε ξνή είλαη 

απαξαίηεηε γηα λα θέξεη ζξεπηηθά ζπζηαηηθά, θπηνθίλεο θαη νμπγφλν ζηα θχηηαξα θαη σο εθ 

ηνχηνπ λα ζπκκεηέρεη ζην ζρεκαηηζκφ ηνπ ζπλαπηηθνχ δηθηχνπ [18]. 

 
 Δπίδξαζε ηνπ ακπινεηδνχο-β 

Ζ πξνζζήθε ακπινεηδνχο-β ζηηο κηζέο θαιιηέξγεηεο έδσζε ηελ δπλαηφηεηα κειέηεο ηεο 

επίδξαζεο  ησλ πξσηετλψλ ζηα λεπξνζθαηξίδηα. Υξεζηκνπνηήζεθε ζεηνθιαβίλε S, ε νπνία 

δεζκεχεη πινχζηεο ζε β-θχιια δνκέο θαη έηζη θειηδψλεη ην ακπινεηδέο-β, γηα λα ζεκαλζνχλ ηα 

λεπξνζθαηξίδηα θαη λα κειεηεζεί ε παξνπζία θαη ε δηαλνκή ηνπ ακπινεηδνχο-β. Πξψηα απ 'φια, 

παξαηεξήζεθε φηη ε πνζφηεηα ηνπ ακπινεηδνχο-β πνπ παξακέλεη ζηα λεπξνζθαηξίδηα ήηαλ 

κεγαιχηεξε ζην κνληέιν δπλακηθήο ξνήο. Κεηά ηελ πνζνηηθνπνίεζε ησλ λεθξψλ θπηηάξσλ, 

θάλεθε, φπσο αλακελφηαλ, φηη νη θαιιηέξγεηεο κε ακπινεηδέο-β παξνπζίαζαλ ιηγφηεξα βηψζηκα 

θχηηαξα, ηα νπνία αληηζηνηρνχζαλ ζηα λεπξνηνμηθά θαη απνπησηηθά απνηειέζκαηα απηήο ηεο 

πξσηεΐλεο. Ζ έληαζε ηνπ θζνξηζκνχ απμήζεθε κεηά ηελ επεμεξγαζία κε ακπινεηδέο-β. 

Δπηπξνζζέησο, βξέζεθαλ ρακειφηεξα επίπεδα ζπλαζπηδίλεο, ηνπκπνπιίλεο θαη λεζηίλεο, ηα 
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νπνία επίζεο ζπζρεηίδνληαη κε ηελ θαηαζηξνθή ησλ λεπξηθψλ δηθηχσλ [18]. 

 
 

πκπέξαζκα - πδήηεζε 
 
 

 
πλνςίδνληαο ζηηο πξφζθαηεο πξνζεγγίζεηο γηα ηελ κειέηε ηε παζνθπζηνινγίαο ηνπ εγθεθάινπ 

θαίλεηαη φηη έρνπλ θαηνξζψζεη ρξεζηκνπνηψληαο κηα βηνκηκεηηθή πξνζέγγηζε λα αλαπηχμνπλ έλα 

«brain-on-a-chip» πνπ δεκηνπξγεί 3D θπηηαξν-αξρηηεθηνληθή θαη δηάκεζε ξνή. Θεσξείηαη φηη δελ 

έρνπλ ππάξμεη πξνεγνχκελεο αλαθνξέο πνπ λα πεξηγξάθνπλ έλα ζχζηεκα πνπ ζπλδπάδεη θαη ηα 

δχν απηά ζεκαληηθά ραξαθηεξηζηηθά ηνπ in vivo κηθξνπεξηβάιινληνο ηνπ εγθεθάινπ. Ζ 3D 

θαιιηέξγεηα είλαη απαξαίηεηε γηα ηνλ θαζνξηζκφ ησλ θπζηνινγηθψλ επαθψλ θαη 

αιιειεπηδξάζεσλ κεηαμχ ησλ θπηηάξσλ θαη ε ελδηάκεζε ξνή παίδεη ζεκαληηθφ ξφιν φρη κφλν 

ζηελ παξνρή ζξεπηηθψλ ζπζηαηηθψλ θαη ηελ εθθαζάξηζε ησλ κεηαβνιηθψλ απνβιήησλ αιιά θαη 

ζηε λεπξηθή δηαθνξνπνίεζε θαη κνξθνγέλεζε παξέρνληαο έλα ζπλερέο ζπκπιήξσκα ηνπ κέζνπ 

πνπ πεξηέρεη ζξεπηηθά ζπζηαηηθά θαη νμπγφλν. χκθσλα κε απηφ, ηα λεπξνζθαηξίδηα πνπ 

θαιιηεξγήζεθαλ ππφ δπλακηθέο ζπλζήθεο ήηαλ κεγαιχηεξα θαη δεκηνχξγεζαλ πην ηζρπξφ 

λεπξσληθφ δίθηπν απφ ηα λεπξνζθαηξίδηα πνπ θαιιηεξγνχληαη ππφ ζηαηηθέο ζπλζήθεο. Σν 

ζπγθεθξηκέλν ζχζηεκα ρξεζηκνπνηήζεθε  γηα ηελ δηεξεχλεζε ησλ λεπξνηνμηθψλ επηδξάζεσλ ηνπ 

ακπινεηδνχο-β, απνδεηθλχνληαο κεησκέλε βησζηκφηεηα ησλ θπηηάξσλ, απμεκέλε λεπξηθή 

θαηαζηξνθή θαη ζπλαπηηθή δπζιεηηνπξγία, ηα νπνία είλαη παζνθπζηνινγηθά ραξαθηεξηζηηθά ηεο 

λφζνπ ηνπ Alzheimer in vivo. Σν in vivo-νκνηάδνλ κηθξνπεξηβάιινλ πνπ παξέρεηαη απφ ην κηθξν-

ξεπζηφ κε βάζε ηελ θαιιηέξγεηα 3D ζε ηζηπ έρεη κεγάιεο δπλαηφηεηεο σο έλα in vitro κνληέιν 

εγθεθάινπ. Ωο εθ ηνχηνπ, ε ζπγθεθξηκέλε πιαηθφξκα ζα  κπνξνχζε λα γεθπξψζεη ην ράζκα 

κεηαμχ ησλ παξαδνζηαθψλ in vitro κνληέισλ θαιιηέξγεηαο λεπξηθψλ θπηηάξσλ θαη ησλ in vivo 

εγθεθαιηθψλ κειεηψλ, πνπ ρξεζηκεχνπλ σο πην αμηφπηζην εξγαιείν γηα ηε κειέηε λεπξνινγηθψλ 

παζήζεσλ ηεο λφζνπ, ζηξαηεγηθέο ζεξαπείαο θαζψο θαη αλάπηπμε λέσλ θαξκάθσλ. 

ηελ παξνχζα εξγαζία, αλαιχζεθαλ  δχν ζπλζήθεο εγθεθάινπ - 3D θπηηαξν-

αξρηηεθηνληθή θαη δηάκεζε ξνή πγξνχ-. Σαπηφρξνλα δηεξεπλήζεθαλ νη επηδξάζεηο ελφο 

ελδηάκεζνπ επηπέδνπ ξνήο θαη ηνμηθφηεηα ακπινεηδνχο-β πξσηεΐλεο ζηα λεπξνζθαηξίδηα, 

απνδεηθλχνληαο ηε δπλαηφηεηα απηνχ ηνπ in vitro κνληέινπ εγθεθάινπ σο κέζσ εμέηαζεο 

θαξκάθσλ θαη εξγαιείν δνθηκψλ θπηηαξνηνμηθφηεηαο. 

Γηαπηζηψζεθε ζε πξψηε θάζε φηη ην παξελζεηηθφ επίπεδν ξνήο επεξέαζε ηελ θαηαλνκή 

κεγέζνπο λεπξνζθαηξηδίσλ. Θαηά ηελ δηάξθεηα ησλ 3 πξψησλ εκεξψλ κεηά ηε ζπνξά, ην 

κέγεζνο ησλ λεπξνζθαηξνεηδψλ πνπ θαιιηεξγήζεθαλ ηφζν ππφ ζηαηηθέο ζπλζήθεο (νκάδα Η) φζν 

θαη δπλακηθά (νκάδα II) κεηψζεθε σο απνηέιεζκα ηεο ζπζζσκάησζεο κέζσ αιιειεπηδξάζεσλ 

θπηηάξνπ-θπηηάξνπ [18]. Ωζηφζν, παξαηεξήζεθαλ δηαθνξέο ζηηο θαηαλνκέο κεγέζνπο ησλ δχν 

νκάδσλ. Σα λεπξνζθαηξίδηα ηεο νκάδαο II ήηαλ κεγαιχηεξα ζε φια ηα ζεκεία απφ ηα 

λεπξνζθαηξίδηα ζηελ νκάδα Η θαη εκθαλψο απμήζεθαλ ζε κέγεζνο κεηαμχ ηεο 4εο θαη ηεο 10εο 

εκέξαο, ελψ ην κέγεζνο ζηελ νκάδα Η παξέκεηλε ίδην απφ ηελ εκέξα 3 έσο ηελ εκέξα. Ζ δηαθνξά 

απηή ππνδειψλεη φηη έλα δηάκεζν επίπεδν ξνήο εκπιέθεηαη ζηελ επηηάρπλζε ηεο 

δηαθνξνπνίεζεο ησλ πξνγνληθψλ θπηηάξσλ ηνπ λεπξψλα ζε ψξηκνπο λεπξψλεο, κηα δηαδηθαζία 

ζπλνδεπφκελε απφ λεπξηηνγέλεζε, έθθπζε λεπξηηψλ θαη ζπλαπηνγέλεζε [22]. Απνηέιεζκα ήηαλ 

ε αχμεζε ηνπ φγθνπ ησλ λεπξνζθαηξηδίσλ. 
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Παξαηεξήζεθε επίζεο ε παξνπζία πεξηζζφηεξσλ ακπινεηδψλ-β θαη λεθξψλ θπηηάξσλ ζε 

λεπξνζθαηξίδηα πνπ θαιιηεξγνχληαη ππφ ζπλζήθεο ξνήο. Τπφ ζηαηηθέο ζπλζήθεο, ε πξφζβαζε 

ηνπ ακπινεηδνχο-β ζην εζσηεξηθφ ησλ λεπξνζθαηξηζηψλ, θαη ζπλεπψο ε ηθαλφηεηά ηνπ λα 

πξνθαιεί λεπξνζθαηξηθή απνηθνδφκεζε, πεξηνξίδεηαη απφ απιή δηάρπζε. Ωζηφζν, κε έλα δηάκεζν 

επίπεδν ξνήο, ην δηαιπηφ ακπινεηδέο-β κπνξεί λα δηεηζδχζεη πην βαζηά ζηα λεπξνζθαηξίδηα, 

πξνθαιψληαο ζε πεξηζζφηεξα λεπξηθά θχηηαξα λα ππνβιεζνχλ ζε απφπησζε. Απηφ ην εχξεκα 

θαίλεηαη φηη έξρεηαη ζε αληίζεζε κε ηηο πξνεγνχκελεο αλαθνξέο πνπ δειψλνπλ φηη ε 

παξελζεηηθή θίλεζε ξεπζηνχ ζπκβάιιεη ζηελ απνκάθξπλζε ησλ δηάκεζσλ δηαιπκάησλ κέζσ 

αληαιιαγήο κε εγθεθαινλσηηαίν πγξφ [23], [24].  Ωζηφζν, ππφ ηελ ζπλερή παξνρή ακπινεηδνχο-

β ζε λεπξνζθαηξίδηα θαηά ηηο ηειεπηαίεο 3 εκέξεο θαιιηέξγεηαο. Ωο εθ ηνχηνπ, ρσξίο παξνρή 

θξέζθνπ κέζνπ γηα ηε ιεηηνπξγία ηνπ εγθεθαινλσηηαίνπ πγξνχ, δελ παξαηεξήζεθε 

απνκάθξπλζε πιαθψλ ακπινεηδνχο-β. πλεπψο, αληί λα αληηθξνπζζνχλ κε ηηο πξνεγνχκελεο 

κειέηεο, ηα απνηειέζκαηα απηά εληζρχνπλ ηε ζεκαζία ηεο αληαιιαγήο δηάκεζνπ πγξνχ κε 

εγθεθαινλσηηαίν πγξφ. Πξφζζεηεο κειέηεο, ζηηο νπνίεο παξέρεηαη λέν κέζν ξνήο κεηά ηελ 

παξνρή ακπινεηδνχο-β, απαηηνχληαη γηα ηελ επηβεβαίσζε ηνπ απνηειέζκαηνο.  
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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. 
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Δηζαγσγή  

 
 

Οη αγγεηαθέο δηαηαξαρέο κπνξνχλ λα πξνθαιέζνπλ κηα ζεηξά απφ κνξηαθά ζπκβάληα πνπ 

νδεγνχλ ζε λεπξνεθθπιηζκφ, γλσζηηθή εμαζζέλεζε θαη άλνηα. Έρνπλ ήδε θαηαγξαθεί θάπνηνη 

θπηηαξηθνί θαη κνξηαθνί κεραληζκνί ζηα εγθεθαιηθά αηκνθφξα αγγεία θαη ηα παζνθπζηνινγηθά 

γεγνλφηα πνπ νδεγνχλ ζε εγθεθαιηθή δηαηαξαρή ηεο ξνήο ηνπ αίκαηνο θαη δηαηαξαρή ηεο 

λεπξναγγεηαθήο κνλάδαο θαη ηνπ αηκαηνεγθεθαιηθνχ θξαγκνχ, ηα νπνία κπνξνχλ φια λα 

ζπκβάιινπλ ζηελ εκθάληζε θαη εμέιημε ηεο άλνηαο θαη ηεο λφζνπ ηνπ Alzheimer (AD) [1]. 

πγθεθξηκέλα, εμεηάζηεθαλ επίζεο ε ζρέζε κεηαμχ λεπξναγγεηαθήο δπζιεηηνπξγίαο θαη 

λεπξνεθθπιηζκνχ ζπκπεξηιακβαλνκέλσλ ησλ επηδξάζεσλ ησλ γελεηηθψλ παξαγφλησλ θηλδχλνπ 

γηα AD ζηηο αγγεηαθέο ιεηηνπξγίεο ηνπ εγθεθάινπ, ηεο θάζαξζεο ηεο ηνμίλεο ηνπ ακπινεηδνχο-

β πεπηηδίνπ ηνπ Alzheimer θαη ηεο επίδξαζεο παξαγφλησλ αγγεηαθνχ θηλδχλνπ, πνπ κε ηε ζεηξά 

ηνπο κπνξεί λα επεξεάζνπλ ηηο ζπλαπηηθέο, λεπξηθέο θαη γλσζηηθέο ιεηηνπξγίεο (ρήκα 1). 

Σέινο, έρνπλ αλαθεξζεί νη πηζαλέο πεηξακαηηθέο ζεξαπείεο γηα ηελ άλνηα θαη ην Alzheimer κε 

βάζε ην λεπξναγγεηαθφ κνληέιν θαη ζπδεηήζεθαλ  κεξηθά θξίζηκα εξσηήκαηα πνπ πξέπεη λα 

αληηκεησπηζηνχλ απφ κειινληηθέο κειέηεο [1]. 

 

 
 
 
ρήκα 1: ρέζε κεηαμχ λεπξναγγεηαθήο δπζιεηηνπξγίαο θαη λεπξνεθθπιηζκνχ ζπκπεξηιακβαλνκέλσλ ησλ 
επηδξάζεσλ ησλ γελεηηθψλ παξαγφλησλ θηλδχλνπ γηα AD ζηηο αγγεηαθέο ιεηηνπξγίεο ηνπ εγθεθάινπ θαη ηεο 
επίδξαζεο παξαγφλησλ αγγεηαθνχ θηλδχλνπ αιιά θαη ηνπ θαζεκεξηλνχ ηξφπνπ δσήο, πνπ κε ηε ζεηξά ηνπο 
κπνξεί λα επεξεάζνπλ ηηο ζπλαπηηθέο, λεπξηθέο θαη γλσζηηθέο ιεηηνπξγίεο.  
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Ζ λεπξναγγεηαθή κνλάδα είλαη έλα νξγαλσκέλν πνιπθπηηαξηθφ θαη πνιπδχλακν δίθηπν πνπ είλαη 

ζεκαληηθφ γηα ηελ πγεία ηνπ εγθεθάινπ. Απηή ε κνλάδα πνπ εληνπίδεηαη ζηνλ εγθέθαιν 

απνηειείηαη απφ λεπξηθά θαη αγγεηαθά ζπζηαηηθά, κε ηε δηεπαθή θαη ηηο αιιειεπηδξάζεηο κεηαμχ 

απηψλ ησλ ζπζηαηηθψλ λα είλαη θξίζηκεο γηα ηε ξχζκηζε ηεο ξνήο ηνπ εγθεθαιηθνχ αίκαηνο 

κέζσ ηεο λεπξναγγεηαθήο ζχδεπμεο, ηεο ιεηηνπξγίαο ηνπ αηκαηνεγθεθαιηθνχ θξαγκνχ (BBB), 

ηεο λεπξνθιεγκνλήο θαη ηεο λεπξσληθήο ιεηηνπξγίαο. Ζ βιάβε ηεο NVU κπνξεί λα νδεγήζεη ζε 

πεξηνξηζκέλε κεηαθνξά νμπγφλνπ θαη ζξεπηηθψλ ζπζηαηηθψλ ζηνλ εγθέθαιν, εμαζζελεκέλε 

ηθαλφηεηα θαζαξηζκνχ ηνμηθψλ ελψζεσλ απφ ηνλ εγθέθαιν θαη / ή λα επηηξέςεη ηε δηείζδπζε 

επηβιαβψλ κνξίσλ θαη αλνζνινγηθψλ θπηηάξσλ ζε φιν ηνλ BBB, θαζψο επίζεο ηελ πξφνδν ηεο 

λεπξναγγεηαθήο δπζιεηηνπξγίαο θαη ηνπ λεπξνεθθπιηζκνχ. Ζ ζεκαζία ησλ αγγεηαθψλ 

ζπλεηζθνξψλ ζε κηα ζεηξά αζζελεηψλ ηνπ εγθεθάινπ, ζπκπεξηιακβαλνκέλεο ηεο λφζνπ ηνπ 

Alzheimer, ηεο αγγεηαθήο άλνηαο, ηεο λφζνπ ηνπ Parkinson θαη ηνπ εγθεθαιηθνχ επεηζνδίνπ, 

αλαγλσξίδεηαη φιν θαη πεξηζζφηεξν.  

ηηο πξναλαθεξζείζεο αζζέλεηεο, ε αθεξαηφηεηα ηεο NVU δηαθπβεχεηαη. Ζ 

απνηθνδφκεζε ησλ ζπκπιεγκάησλ ησλ πξσηετλψλ ζχλδεζεο θαη ε βαζηθή κεκβξάλε  επηηξέπεη ηε 

δηείζδπζε ζπζηεκηθψλ εξπζξνθπηηάξσλ, ιεπθνθπηηάξσλ θαη αληηζσκάησλ ζηνλ εγθέθαιν θαη 

ηελ επαθφινπζε δηέγεξζε πξνιεπηηθά ελεξγνπνηνχκελεο απφθξηζεο ησλ κηθξνγινηαθψλ 

θπηηάξσλ θαη αζηξνθπηηάξσλ. Ζ αληηθιεγκνλψδεο απφθξηζε πξνθαιεί πεξαηηέξσ βιάβε ηνπ 

BBB θαη ζάλαην λεπξψλσλ σο απνηέιεζκα απνκπειίλσζεο θαη άκεζε βιάβε ζηνπο λεπξψλεο. 

Απηή ε θαηαζηξνθή ηεο NVU ζπκβάιιεη ζηε λεπξνεθθπιηζκφ πνπ είλαη εκθαλήο ζηε λφζν ηνπ 

Alzheimer θαη ζε άιιεο κνξθέο άλνηαο.  

 
 

 

Αιηζράτκεξ 
 

 

Ζ AD (λφζνο Alzheimer) είλαη ε πην θνηλή κνξθή άλνηαο. Σα παζνινγηθά ραξαθηεξηζηηθά ηεο AD 

πεξηιακβάλνπλ απμεκέλν παξεγρπκαηηθφ θαη αγγεηαθφ Αβ πεπηίδην ζηνλ εγθέθαιν, 

ππεξθσζθνξπιησκέλα  λεπξντληδηαθά tau πεπηίδηα, γινίσζε θαη λεπξσληθή απψιεηα. Δπηπιένλ, νη 

παξάγνληεο αγγεηαθνχ θηλδχλνπ (π.ρ. ππέξηαζε, δηαβήηεο) θαη νξηζκέλνη κείδνλεο γελεηηθνί 

παξάγνληεο θηλδχλνπ γηα AD (π.ρ. απνιηπνπξσηεΐλε Δε4 (ΑΡΟΔ4)) νδεγνχλ ζε 

εγθεθαιναγγεηαθή βιάβε  θαη εγθεθαιναγγεηαθέο δηαηαξαρέο πνπ ζρεηίδνληαη κε ηελ AD [1]. 

 

Ζ two-hit vascular hypothesis (αγγεηαθή ππφζεζε δχν-ρηππεκάησλ) 

Ζ αγγεηαθή ππφζεζε  ησλ δχν θάζσλ ηνπ AD δειψλεη φηη ε εγθεθαιναγγεηαθή βιάβε (θάζε 1) 

είλαη κηα αξρηθή πξνζβνιή πνπ είλαη ηθαλή  λα πξνθαιέζεη λεπξσληθή βιάβε θαη λεπξνεθθπιηζκφ, 

αιιά κπνξεί επίζεο λα πξνάγεη ηε ζπζζψξεπζε ηνμίλεο Αβ ηνπ Alzheimer ζηνλ εγθέθαιν (θάζε 

2). Ζ εγθεθαιναγγεηαθή απνδηνξγάλσζε, ζπκπεξηιακβαλνκέλεο ηεο δηάζπαζεο ηνπ BBB θαη ηεο  

κείσζεο ηεο ξνήο ηνπ αίκαηνο ζηνλ εγθέθαιν CBF (cerebral blood flow), κπνξεί λα νδεγήζεη 

ζηε ζπζζψξεπζε λεπξνηνμηθψλ κνξίσλ (π.ρ., ζξνκβίλεο, πιαζκηλνγφλνπ, ηλσδνγφλνπ) θαη ζηελ 

ππνδηήζεζε ζηνλ εγθέθαιν, αληίζηνηρα, πνπ κπνξνχλ λα πξνθαιέζνπλ άκεζε λεπξσληθή βιάβε. 

Ζ αγγεηαθή δπζιεηηνπξγία κπνξεί επίζεο λα επεξεάζεη ηελ ακπινεηδνγφλν νδφ κεηψλνληαο ηελ 

θάζαξζε ηνπ Αβ θαη απμάλνληαο ηελ παξαγσγή ηνπ νδεγψληαο ζε απμεκέλα επίπεδα Αβ ζηνλ 
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εγθέθαιν.  

 

 
ρήκα 2. Σν αγγεηαθφ κνληέιν δχν ρηππεκάησλ ηεο λφζνπ ηνπ Alzheimer (AD). Οη αγγεηαθνί παξάγνληεο, φπσο 
ε ππέξηαζε θαη ν δηαβήηεο, θαη / ή νη γελεηηθνί παξάγνληεο θηλδχλνπ γηα AD, φπσο ε απνιηπνπξσηεΐλε E4 
(APOE4), κπνξνχλ λα νδεγήζνπλ ζε εγθεθαιηθή βιάβε (θάζε 1, πξάζηλα θνπηηά). Δληφο ηεο αλεμάξηεηεο απφ 
ακπινεηδέο-β πεπηίδην (Αβ) νδνχ, ε εγθεθαιναγγεηαθή βιάβε νδεγεί ζε δπζιεηηνπξγία ηνπ αηκαηνεγθεθαιηθνχ 
θξαγκνχ (ΒΒΒ) θαη ζπζζψξεπζε λεπξνηνμηθψλ κνξίσλ πξνεξρφκελσλ απφ ην αίκα απφ ζηελ κηα πεξίπησζε θαη 
νιηγαηκίαο ή κεησκέλνπ φγθνπ εγθεθαιηθνχ αίκαηνο ζηελ άιιε. Δπηπξφζζεηα, κέζα ζην κνλνπάηη 
ακπινεηδνγέλεζεο ηνπ Αβ, ε δπζιεηηνπξγία ηνπ ΒΒΒ κπνξεί λα δηαηαξάμεη ηελ θάζαξζε ηνπ Αβ θαηά κήθνο 
ηνπ ΒΒΒ θαη ε νιηγαηκία νδεγεί ζε ππεξέθθξαζε θαη απμεκέλε επεμεξγαζία ηεο πξφδξνκεο πξσηεΐλεο ηνπ Αβ 
(APP), ε νπνία κπνξεί λα πξνάγεη ηελ ζπζζψξεπζε Αβ ζηνλ εγθέθαιν. Οη ζπγθιίλνπζεο Αβ-αλεμάξηεηεο θαη 
Αβ-εμαξηψκελεο νδνί κπνξνχλ αλεμαξηήησο ή / θαη ζπλεξγηθά λα νδεγήζνπλ ζε ζπλαπηηθή θαη λεπξσληθή 
δπζιεηηνπξγία, λεπξνεθθπιηζκφ θαη δηαηαξαρή ηεο δνκηθήο θαη ιεηηνπξγηθήο ζπλεθηηθφηεηαο ηνπ εγθεθάινπ 
πνπ ηειηθά νδεγεί ζε άλνηα [1]. 

 

Έηζη, νη Αβ-αλεμάξηεηεο θαη Αβ-εμαξηψκελεο νδνί αιιειεπηδξνχλ θαη κπνξνχλ αλεμάξηεηα θαη / 

ή ζπλεξγηζηηθά λα νδεγήζνπλ ζηελ έλαξμε θαη εμέιημε ηεο άλνηαο ηνπ AD. Δίλαη ζεκαληηθφ φηη 

ακθφηεξεο νη νδνί επεξεάδνληαη απφ ηνπο παξάγνληεο ηνπ αγγεηαθνχ, γελεηηθνχ, 

πεξηβάιινληνο θαη ηξφπνπ δσήο (ρήκα 2). 
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Υξήζε δηαθφξσλ θπηηάξσλ, βηνυιηθψλ θαη βηνεθηχπσζεο γηα ηελ 

θαηαζθεπή κηαο 3D λεπξναγγεηαθήο κνλάδαο πνιιαπιψλ 

ζπζηαηηθψλ. 

 

 

Ζ κνληεινπνίεζε ηεο ιεηηνπξγίαο θαη ηεο δπζιεηηνπξγίαο ηεο NVU είλαη θξίζηκε γηα ηελ 

θαηαλφεζε ηεο θπζηνινγίαο θαζψο θαη γηα ηελ απνθάιπςε ησλ κνξηαθψλ θαη θπηηαξηθψλ 

κεραληζκψλ πνπ ππνθξχπηνπλ κηα ζεηξά λεπξναγγεηαθψλ θαη λεπξνεθθπιηζηηθψλ αζζελεηψλ. Ζ 

αθξηβήο αλαπαξαγσγή ησλ αιιειεπηδξάζεσλ κεηαμχ ησλ δηαθφξσλ ηχπσλ θπηηάξσλ NVU θαη 

ησλ ζηνηρείσλ ηεο ECM εληφο ηνπ εγθεθάινπ είλαη ζεκαληηθή γηα λα δηαζθαιηζηεί ε 

απνηειεζκαηηθφηεηα ελφο κνληέινπ NVU. 

Κηα ειπηδνθφξα πεξηνρή γηα ηελ αλάπηπμε ησλ κνληέισλ NVU είλαη ε βηνπαξαγσγή ηνπο 

κέζσ ηεο 3D βηνεθηχπσζεο γηα ηελ παξαγσγή κηαο πνιπζχζηαηεο NVU ζηελ νπνία ε ζπκβνιή 

ησλ δηαθφξσλ ηχπσλ θπηηάξσλ ζηε λεπξναγγεηαθή ιεηηνπξγία θαη δπζιεηηνπξγία κπνξεί λα 

κειεηεζεί ζε κνξηαθφ θαη θπηηαξηθφ επίπεδν. ε απηή ηελ αλαζθφπεζε ζπδεηνχκε πψο κπνξεί λα 

επηηεπρζεί απηφ κε ην ζπλδπαζκφ ησλ δηαθνξεηηθψλ ηχπσλ θπηηάξσλ κε ηα θαηάιιεια βηνυιηθά 

γηα λα κηκεζνχλ ηελ ECM θαη ηα δηάθνξα πιενλεθηήκαηα θαη κεηνλεθηήκαηα ηεο αμηνπνίεζεο 

ησλ πξνφδσλ ηεο 3D βηνεθηχπσζεο γηα ηελ θαηαζθεπή ιεηηνπξγηθψλ κνληέισλ 3D NVU. 

Πξφζθαηα, απνδείρζεθε φηη ε εθθπιηζκφο ησλ πεξηθπηηάξσλ νδεγεί ζε λεπξναγγεηαθή 

απνζχδεπμε θαη λεπξνεθθπιηζηηθέο κεηαβνιέο. Ζ κηθξναγγείσζε δεκηνπξγεί κηα πεξηαγγεηαθή 

ηάζε, δίλνληαο ζηα λεπξηθά βιαζηνθχηηαξα ηα επηηξεπηά ζεκεία γηα λεπξνγέλεζε [2]. Οη 

παξάγνληεο πνπ εθθξίλνληαη απφ ηα ελδνζειηαθά θχηηαξα, φπσο ν αγγεηαθφο ελδνζειηαθφο 

απμεηηθφο παξάγνληαο θαη νη ρεκεηνθίλεο, ππνζηεξίδνπλ ηε δηφγθσζε θαη δηαθνξνπνίεζε ησλ 

λεπξηθψλ βιαζηηθψλ θπηηάξσλ, θαζψο θαη ηε λεπξηθή επηζηξάηεπζε θαη κεηαλάζηεπζε. ηελ 

NVU, ηα αζηξνθχηηαξα είλαη ν βαζηθφο ηχπνο θπηηάξσλ πνπ κεζνιαβνχλ ζηε λεπξναγγεηαθή 

ζχδεπμε. Σα αζηξνθχηηαξα είλαη ηα πην άθζνλα λεπξνγινηαθά θχηηαξα ζηνλ εγθέθαιν. 

Γηαζέηνπλ πξνεθηάζεηο πνπ νλνκάδνληαη αζηξνθπηηαξηθά πφδηα κέζσ ησλ νπνίσλ 

αιιειεπηδξνχλ ηφζν κε ηα ελδνζειηαθά θχηηαξα φζν θαη κε ηηο ζπλάςεηο ζηνπο λεπξψλεο, 

ζπλδένληαο θπζηθά ηνπο γεηηνληθνχο λεπξψλεο κε ηα ηξηρνεηδή αγγεία ηνπο, αληρλεχνληαο 

αιιαγέο ζην πεξηβάιινλ θαη πξνζαξκφδνληαο αλάινγα ηε κηθξναγγεηαθή ιεηηνπξγία. Σα 

αλνζνθχηηαξα, φπσο ηα κηθξνλεπξνγινηαθά θχηηαξα, αλ θαη δελ απνηεινχλ δνκηθφ ζπζηαηηθφ 

ηνπ ΒΒΒ, πεξηιακβάλνληαη ζπρλά ζην NVU θαζψο επεξεάδνπλ ηε ιεηηνπξγία ηνπ θξαγκνχ σο 

απάληεζε ζε ηξαπκαηηζκφ θαη αζζέλεηα θαη έρνπλ ηδηαίηεξε ζεκαζία γηα ηε κνληεινπνίεζε ηεο 

NVU ζην εγθεθαιηθφ επεηζφδην θαη ηηο λεπξνεθθπιηζηηθέο λφζνπο φπνπ ε θιεγκνλή παίδεη 

ζεκαληηθφ ξφιν ζηελ έλαξμε θαη  ηελ πξφνδν ηνπ λεπξνεθθπιηζκνχ.  

Πνιινί δηαθνξεηηθνί παξάγνληεο ππαγνξεχνπλ ηελ πεγή απηψλ ησλ θπηηάξσλ γηα ρξήζε 

ζε κνληέια NVU. Απηά πεξηιακβάλνπλ ηε δηαζεζηκφηεηα, ην θφζηνο, ηελ επθνιία ρξήζεο θαη 

ηελ ηθαλφηεηα αλαπαξαγσγήο ηεο (πάζν)θπζηνινγίαο πνπ απαηηείηαη. Κέρξη ζήκεξα νη 

θπξηφηεξεο πεγέο θπηηάξσλ πνπ ρξεζηκνπνηνχληαη γηα ηελ έξεπλα NVU είλαη αζαλαηνπνηεκέλεο 

θπηηαξηθέο ζεηξέο (π.ρ., κηθξναγγεηαθά ελδνζειηαθά θχηηαξα bEnd.3 εγθεθάινπ πνληηθνχ ή 

θχηηαξα SH-SY5Y αλζξψπηλνπ λεπξνβιαζηψκαηνο) θαη πξσηνγελή θχηηαξα πνπ ειήθζεζαλ 

απφ εγθέθαιν ηξσθηηθψλ (π.ρ. λεπξψλεο) ή αλζξψπηλε νκθαιηθή θιέβα (π.ρ. ελδνζειηαθά 
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θχηηαξα). Οη αζαλαηνπνηεκέλεο θπηηαξηθέο ζεηξέο πξνζθέξνπλ πιενλεθηήκαηα, φπσο γξήγνξε 

αλάπηπμε, αλζεθηηθφηεηα, ηθαλφηεηα πνιιαπιήο δηέιεπζεο θαη ζρεηηθά ρακειφ θφζηνο γηα ηελ 

απφθηεζε θαη ζπληήξεζε θαη είλαη εμαηξεηηθά ρξήζηκα γηα ηελ αξρηθή βειηηζηνπνίεζε ελφο 

κνληέινπ 3D NVU. Ωζηφζν, ηα αζαλαηνπνηεκέλα θχηηαξα ζπρλά δίλνπλ ρακειφηεξεο 

απνδφζεηο ζε ιεηηνπξγηθέο δνθηκαζίεο θαη δελ εθθξάδνπλ πάληνηε ηηο ίδηεο πξσηεΐλεο 

κεηαθνξάο θαη πξσηεΐλεο ζηελήο ζχλδεζεο φπσο in vivo θαη γεληθά εκθαλίδνπλ θαθή ιεηηνπξγία 

θξαγκνχ. ε κνληέια ΒΒΒ, ηα πξσηνγελή θχηηαξα έρνπλ απνδεηρζεί φηη έρνπλ πςειφηεξα 

ιεηηνπξγηθά απνηειέζκαηα απφ ηηο αζαλαηνπνηεκέλεο θπηηαξηθέο ζεηξέο θαη κπνξεί λα 

αληαλαθινχλ θαιχηεξα ηελ θαηάζηαζε in vivo. Ωζηφζν, ηα πξσηνγελή θχηηαξα είλαη δχζθνιν 

λα θαζαξηζηνχλ, κπνξεί λα αλαπηπρζνχλ αξγά θαη / ή λα ράζνπλ ηνλ θαηλφηππν ηνπο ζε 

θαιιηέξγεηα. Οη δηαθνξέο ησλ εηδψλ κπνξνχλ επίζεο λα επεξεάζνπλ έλα κνληέιν NVU εάλ, γηα 

παξάδεηγκα, αλζξψπηλα ελδνζειηαθά θχηηαξα ζπλδπάδνληαη κε λεπξψλεο ηξσθηηθψλ. 

Ζ βηνπαξαγσγή ελφο 3D κνληέινπ NVU κε ηελ ηερλνινγία ηεο ηζηνκεραληθήο, 

ρξεζηκνπνηψληαο bioinks κε βάζε ηελ πδξνγέιε κε ζπγθεθξηκέλε ρσξηθή θαηαλνκή ησλ 

δηαθνξεηηθψλ θπηηαξηθψλ ηχπσλ θαη κε δηαθνξεηηθνχο ζπλδπαζκνχο ησλ θπζηνινγηθψλ θαη 

λνζνχλησλ θπηηάξσλ NVU, ζα επηηξέςεη ηελ αθξηβή έξεπλα ηεο ζπλεηζθνξάο θάζε ηχπνπ 

θπηηάξνπ ζηε λφζν εηδηθήο δπζιεηηνπξγίαο, φπσο ε λεπξναγγεηαθή απνζχδεπμε, ηα κε 

θπζηνινγηθά πξφηππα, θαζψο θαη ε δηεπθφιπλζε ηεο δηαινγήο θαξκάθσλ πςειήο απφδνζεο γηα 

ηε δηφξζσζε ηεο λεπξναγγεηαθήο δπζιεηηνπξγίαο πνπ νθείιεηαη ζην εγθεθαιηθφ επεηζφδην, ηε 

λφζν ηνπ Alzheimer θαη άιιεο κνξθέο άλνηαο.  

 

IPSCs: Δπαγφκελα πνιπδχλακα βιαζηηθά θχηηαξα ζηε λφζν ηνπ Alzheimer [3] 

Ζ δηαζεζηκφηεηα αλζξψπηλσλ επαγφκελσλ πνιπδχλακσλ βιαζηηθψλ θπηηάξσλ (iPSCs, induced-

pluripotent stem cells) επαλαθέξεη ηελ πξνζέγγηζε ησλ επηζηεκφλσλ ζηα κνληέια NVU, δίλνληάο 

ηνπο ηελ επθαηξία λα ρξεζηκνπνηήζνπλ αλζξψπηλα θχηηαξα πνπ δελ κπνξνχζαλ ζην παξειζφλ 

(ρήκα 3).  
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ρήκα 3. Κηα επηζθφπεζε ηεο ηερλνινγίαο iPSC. Σα ζσκαηηθά θχηηαξα κπνξνχλ λα ιεθζνχλ απφ 
δηάθνξεο πεγέο, φπσο ην δέξκα, ην αίκα θαη ηα νχξα. Τπάξρνπλ πνιιέο ζηξαηεγηθέο 
επαλαπξνγξακκαηηζκνχ θαη νη θαιχηεξεο είλαη νη κε νινθιεξσκέλεο ζηξαηεγηθέο. Σα iPSCs κπνξνχλ λα 
δηαθνξνπνηεζνχλ ζε δηάθνξεο θπηηαξηθέο ζεηξέο πνπ κπνξνχλ λα ρξεζηκνπνηεζνχλ γηα ηε 
κνληεινπνίεζε ησλ λφζσλ, γηα ηελ αλαθάιπςε θαξκάθσλ θαη γηα ηε ζεξαπεία αληηθαηάζηαζεο 
θπηηάξσλ (ε εηθφλα ιήθζεθε απφ ηελ Sharma

 
[13]). 

 
 

Οη πξφνδνη ζηελ ηερλνινγία ησλ βιαζηνθπηηάξσλ θαζηζηνχλ δπλαηή ηε δεκηνπξγία iPSCs 

απφ ηνπο ελήιηθεο θαη ηε δηαθνξνπνίεζή ηνπο ζηνπο δηάθνξνπο ηχπνπο θπηηάξσλ 

(ελδνζειηαθά, πεξηθχηηαξα, αζηξνθχηηαξα, λεπξψλεο θαη κηθξνλεπξνγινηαθά θχηηαξα) πνπ 

ζρεκαηίδνπλ ηελ NVU. Ζ δηαζεζηκφηεηα εμεηδηθεπκέλσλ ζε αζζέλεηα iPSCs πνπ θέξνπλ ηελ 

αθξηβή κεηάιιαμε DNA θαη άιιεο γελεηηθέο πιεξνθνξίεο πνπ ππάξρνπλ ζηνλ αζζελή δφηε 

ρσξίο ππεξέθθξαζε νπνησλδήπνηε κεηαιιαγκέλσλ γνληδηαθψλ πξντφλησλ, επηηξέπεη λα 

δηεξεπλεζεί κε αθξηβή ιεπηνκέξεηα ε επίδξαζε ηεο κεηάιιαμεο ηεο λφζνπ ζηε δνκή θαη 

ιεηηνπξγία ηεο NVU. Κπνξνχλ λα δεκηνπξγεζνχλ ηζνγνληθνί κάξηπξεο ζηνπο νπνίνπο ε εηδηθή 

γηα ηε λφζν κεηάιιαμε κεηαβάιιεηαη ζηελ αιιεινπρία άγξηνπ ηχπνπ ζε έλα ζπγθεθξηκέλν 

γνλίδην (ή αληίζηξνθα, φπνπ ε αιιεινπρία άγξηνπ ηχπνπ κεηαβάιιεηαη ζηελ κεηάιιαμε ηεο 

λφζνπ), επηηξέπνληαο ηελ επίδξαζε ησλ κεηαιιάμεσλ ζην άηνκν ηχπνπο θπηηάξσλ πνπ πξέπεη 

λα αμηνινγεζνχλ. Πξάγκαηη, ε πηζαλή ρξεζηκφηεηα ησλ θπηηαξηθψλ κνληέισλ iPSC πνπ 

ζρεδηάζηεθαλ γηα λα κηκεζνχλ ηε NVU αλαγλσξίζηεθε πξφζθαηα σο έλα λέν βαζηθφ εξεπλεηηθφ 

εξγαιείν γηα ηε κειέηε ηεο λεπξναγγεηαθήο δπζιεηηνπξγίαο. 

Πνιιέο νκάδεο ρξεζηκνπνίεζαλ θαη δηεμήγαγαλ αξθεηέο κειέηεο ζε in vitro κνληέια κε 

λεπξηθά θαη κε λεπξσληθά θχηηαξα πνπ πξνέξρνληαη απφ iPSCs. Οη επηζηήκνλεο θαηέιεμαλ ζην 

ζπκπέξαζκα φηη νη λεπξψλεο πνπ πξνέξρνληαη απφ iPSCs απφ  αζζελείο κε AD ζα κπνξνχζαλ λα 

είλαη απνηειεζκαηηθνί ζηε δηαινγή θαξκάθσλ, ψζηε λα αλαπηπρζνχλ λέεο ζεξαπείεο πνπ ζα 

πξνζηαηεχνπλ ηα θχηηαξα απφ ηελ ηνμηθφηεηα ησλ Αβ πεπηηδίσλ ζηνλ εγθέθαιν AD [4]. 

Παξφκνην απνηέιεζκα ειήθζε κε λεπξψλεο πνπ πξνέξρνληαη απφ iPSC ζπνξαδηθψλ AD 
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αζζελψλ θαη κε αζζελή πνπ θέξεη ηελ παζνγφλν κεηάιιαμε ΑΡΡ-Δ693Γ. Ζ κειέηε δείρλεη φηη 

απηέο νη θπηηαξηθέο ζεηξέο παξάγνπλ ελδνθπηηαξηθά Αβ νιηγνκεξή, θαηαιήγνληαο ζε έλα θαιφ 

θπηηαξηθφ κνληέιν AD [5]. Σα iPSCs κπνξνχλ λα ρξεζηκνπνηεζνχλ γηα ηελ εηζαγσγή λέσλ 

πηζαλψλ βηνδεηθηψλ ηεο λφζνπ, φπσο πξνηείλεηαη απφ ηνπο Shirotani θαη ζπλεξγάηεο. πνπ 

αλέπηπμαλ κηα θαηλνηφκν κέζνδν ζηνπο λεπξψλεο πνπ δηαθνξνπνηνχληαη απφ ηα iPSCs [6].  

Κηα άιιε κειέηε αλέθεξε ηε δεκηνπξγία ελφο δηθηχνπ πξσηετλψλ ζχλδεζεο πνπ 

ζρεηίδεηαη κε ην Αιηζράηκεξ ρξεζηκνπνηψληαο iPSCs, απνδεηθλχνληαο φηη κπνξνχλ λα 

ρξεζηκνπνηεζνχλ σο κνληέιν δηαινγήο θαξκάθσλ θαη λα νδεγήζνπλ ζε κείσζε ηεο πξσηεΐλεο 

tau κεηά απφ ζεξαπεία κε αλαζηνιέα ηεο γ-ζεθξεηάζεο [7]. Γηα ηε δνθηκή θαξκάθσλ, είλαη 

ζεκαληηθφ νη λεπξψλεο πνπ πξνέξρνληαη απφ ην iPSC λα είλαη θαιά δηαθνξνπνηεκέλνη, επεηδή 

παξαηεξήζεθε φηη κεηαμχ ησλ ζηαδίσλ πξψηκεο θαη φςηκεο δηαθνξνπνίεζεο, ηα θχηηαξα έρνπλ 

δηαθνξεηηθέο επαηζζεζίεο έλαληη ησλ θαξκάθσλ [8]. Ζ ηερλνινγία επεμεξγαζίαο ηνπ 

γνληδηψκαηνο ζα κπνξνχζε λα ρξεζηκνπνηεζεί θαη γηα ηε δηφξζσζε ησλ κεηαιιάμεσλ, 

δεκηνπξγψληαο έλα ηζνγνληθφ έιεγρν. Γηα παξάδεηγκα, νη Pires θαη ζπλεξγάηεο αλέθεξαλ φηη ε 

γξακκή A79V-iPSC ζε ζπλδπαζκφ ηεο ζεηξάο A79V-GC-iPSC ζα κπνξνχζε λα ρξεζηκνπνηεζεί 

γηα ηε κειέηε παζνινγηθψλ θπηηαξηθψλ θαηλνηχπσλ πνπ ζρεηίδνληαη κε κεηάιιαμε A79V ζε 

PSEN [9]. Δίλαη ελδηαθέξνλ ην γεγνλφο φηη ν ξφινο ησλ iPSCs ζηελ έξεπλα AD ππνζηεξίρζεθε 

επίζεο απφ ηελ αλάιπζε ησλ λεπξψλσλ πνπ πξνέξρνληαη απφ iPSCs αζζελψλ κε ζχλδξνκν 

Down θαη νη νπνίνη ζπλήζσο έρνπλ πςειφ θίλδπλν αλάπηπμεο AD λσξίο. Οη ζπγγξαθείο 

δηαπίζησζαλ φηη ηέηνηα λεπξηθά θχηηαξα αλαπαξάγνπλ ην αξρηθφ θπηηαξηθφ ελδεηθηηθφ ζήκα γηα 

ην AD, ην νπνίν είλαη ρξήζηκν γηα ηε κνληεινπνίεζε απηήο ηεο παξαιιαγήο ηνπ [10].  

Σέινο, θαη ηα κε λεπξσληθά θχηηαξα πνπ πξνέξρνληαη απφ iPSCs ζα κπνξνχζαλ λα είλαη 

πνιχ ρξήζηκα ζηελ κνληεινπνίεζε αζζελεηψλ θαη ηνλ έιεγρν θαξκάθσλ. Πνιιά παζνινγηθά 

ελδεηθηηθά ζήκαηα βξέζεθαλ λα παξεθθιίλνπλ ζηα αζηξνθχηηαξα πνπ πξνέξρνληαη απφ iPSCs 

αζζελψλ κε fAD θαη sAD ππνδειψλνληαο φηη ε αζηξνθπηηαξηθή αηξνθία ζα κπνξνχζε λα είλαη 

έλαο εχινγνο κεραληζκφο γηα πξψηκε γλσζηηθή εμαζζέλεζε θαη θαηά απηφλ ηνλ ηξφπν αλνίγεηαη 

πεδίν λέσλ ζεξαπεπηηθψλ ζηξαηεγηθψλ γηα ην AD [11]. Κηα άιιε κειέηε αλέθεξε κεηαβνιέο ζηα 

αζηξνθχηηαξα πνπ πξνέξρνληαη απφ ην iPSC πνπ κεηαιιάζζνληαη κε PSEN1, απνθαιχπηνληαο 

ηνλ θχξην ξφιν απηψλ ησλ θπηηάξσλ θαη επηβεβαηψλνληαο ηε ζεκαζία ηεο εθαξκνγήο ηεο 

ηερλνινγίαο iPSC γηα ηε κειέηε ησλ λεπξνεθθπιηζηηθψλ αζζελεηψλ [12]. 

 

Σχπνη θπηηάξσλ πνπ ρξεζηκνπνηνχληαη γηα NVU engineering in vitro. 

Κηα ζεκαληηθή παξάκεηξνο θαηά ην ζρεδηαζκφ ελφο κνληέινπ NVU είλαη ε επηινγή θπηηαξηθψλ 

ζηνηρείσλ. Σα ελδνζειηαθά θχηηαξα θαη ηα πεξηθχηηαξα είλαη ηα βαζηθά δνκηθά ζηνηρεία ηνπ 

αγγεηαθνχ ζπζηαηηθνχ ζηελ NVU. Σα ελδνζειηαθά θχηηαξα ζηελ εγθεθαιηθή κηθξναγγείσζε 

είλαη κνξθνινγηθά, βηνρεκηθά θαη ιεηηνπξγηθά δηαθξηηά απφ ηα κε εγθεθαιηθά ελδνζειηαθά 

θχηηαξα. Αλ θαη εθθξάδνπλ ζπκβαηηθέο ζπλδεηηθέο πξσηεΐλεο πξφζθπζεο φπσο ε VE-cadherin 

ηα ελδνζειηαθά θχηηαξα ηνπ εγθεθάινπ ζπλδένληαη επίζεο κεηαμχ ηνπο κε ζθηρηέο ζπλδέζεηο, 

νη νπνίεο κεηψλνπλ ηελ παξαθπηηαξηθή κεηαθνξά κεηαμχ γεηηνληθψλ θπηηάξσλ. Οη ζθηρηέο 

ζπλδέζεηο ζρεκαηίδνληαη απφ αιιειεπηδξάζεηο κεηαμχ πξσηετλψλ φπσο νη νθθινπδίλεο, νη 

θιαπδίλεο θαη ηα ζπλδεηηθά κφξηα πξφζθπζεο. Σα πεξηθχηηαξα, καδί κε ηα αγγεηαθά θχηηαξα 

ιείσλ κπψλ, είλαη ηα ηνηρψκαηα πνπ εληνπίδνληαη απεπζείαο ζην ηνίρσκα ησλ  ηξηρνεηδψλ. ηνλ 

εγθέθαιν, ηα πεξηθχηηαξα δηαδξακαηίδνπλ δσηηθφ ξφιν ζην πιαίζην ηεο NVU ππνζηεξίδνληαο 
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ηελ αγγεηνγέλεζε, ξπζκίδνληαο ηελ ηξηρνεηδή ιεηηνπξγία θαη ζπκκεηέρνληαο ζην ζρεκαηηζκφ 

θαη ηε ζπληήξεζε ηνπ ΒΒΒ. Σν ελδνζήιην ηνπ εγθεθάινπ έρεη ζεκαληηθά πςειφηεξε θάιπςε 

πεξηθπηηάξσλ απφ ηνπο πεξηθεξηθνχο ηζηνχο, γεγνλφο πνπ ππνδειψλεη κηα ζπγθεθξηκέλε 

εγθεθαιηθή ιεηηνπξγία γηα απηφλ ηνλ ηχπν θπηηάξνπ.  

 

Βηνυιηθά γηα NVU ηθξηψκαηα: Bioinks θαη κήηξεο πδξνγέιεο 

Έλα bioink είλαη έλα  βηνυιηθφ ην νπνίν έρεη πξνεγνπκέλσο πεθησκαηνπνηεζεί, ζπλήζσο κε 

ελζπιαθσκέλα θχηηαξα, ηα νπνία κπνξνχλ λα ππνβιεζνχλ ζε bioprinting θαη λα 

πεθησκαηνπνηεζνχλ γηα λα ζρεκαηίζνπλ επηηπρψο έλα ζηεξεφ θαηαζθεχαζκα. Τπάξρνπλ πνιιά 

δηαθνξεηηθά βηνπνιπκεξή πνπ κπνξνχλ λα αλαπηπρζνχλ ζε έλα bionik γηα λα ζρεκαηίζνπλ κηα 

κήηξα πδξνγέιεο γηα ηα θχηηαξα. Απηά θπκαίλνληαη απφ θπζηθέο πξσηεΐλεο θαη 

πνιπζαθραξίηεο, νη νπνίνη είηε απνηεινχλ ζπζηαηηθά ηεο ECM είηε κηκνχληαη ηηο θπζηθέο 

ηδηφηεηεο ηεο ECM, ζε ζπλζεηηθά βηνπνιπκεξή θαη πεπηίδηα, ηα νπνία κπνξνχλ λα ζπληνληζηνχλ 

ψζηε λα κηκνχληαη ηε θπζηθή εμσθπηηάξηα κήηξα ηεο λεπξναγγεηαθήο κνλάδαο. Ηδαληθά ε κήηξα 

πδξνγέιεο ζα επηηξέςεη ζηα θχηηαξα λα ζπλζέζνπλ θαη λα απνζέζνπλ ηε δηθή ηνπο θπζηθή 

ECM, κηκνχκελα έηζη ηνπο θπζηνινγηθνχο ξφινπο ηεο θπζηθήο ECM.  

Γηα έλα κνληέιν NVU, ην bioink πξέπεη λα είλαη ηθαλφ λα δηεπθνιχλεη ηελ θπηηαξηθή 

κεηαλάζηεπζε θαη πξνζθφιιεζε, αγγείσζε / αγγεηνγέλεζε θαη λεπξνγέλεζε, θαζψο θαη 

αιιειεπηδξάζεηο κεηαμχ αγγεηαθψλ θαη λεπξηθψλ δηεπαθψλ. Οη θπζηθέο ηδηφηεηεο (πνπ 

θαζνξίδνληαη απφ ηε ξενινγία) είλαη επίζεο εμαηξεηηθά ζεκαληηθέο ζηελ ππαγφξεπζε ηεο 

απνηειεζκαηηθφηεηαο ηνπ bioink γηα ηελ αλάπηπμε κηαο ηεξαξρηθήο NVU δνκήο, θαζψο θαη ζηελ 

παξνρή ησλ θαηάιιεισλ θπζηθψλ θαη κεραληζηηθψλ ραξαθηεξηζηηθψλ πνπ απαηηνχληαη γηα ηα 

θχηηαξα ηεο NVU. Θαηά ηελ αλάπηπμε κηαο 3D βηνεθηππσκέλεο NVU, νη ξενινγηθέο παξάκεηξνη 

πξέπεη λα εμηζνξξνπνχληαη κε ηε ιεηηνπξγηθή δνκή πνπ απαηηείηαη απφ ην κνληέιν. Γηα 

παξάδεηγκα, bioinks κε πςειφηεξε ηάζε δηαξξνήο (θαη ηππηθά πςειφηεξε αθακςία) ηείλνπλ λα 

εθηππψλνληαη κε θαιχηεξε αλάιπζε απφ απηνχο κε ρακειφηεξα ημψδε. Όκσο ε NVU ππάξρεη 

κέζα ζε έλα καιαθφ in vivo πεξηβάιινλ ηνπ 1 kPa. Ζ βηνεθηχπσζε θαη ε πεθηνκαησπνίεζε ζε 

ζηξψζεηο παξέρνπλ ηελ επθαηξία γηα ηελ πξνζαξκνγή ηεο δηεπηθαλεηαθήο αιιειεπίδξαζεο 

κεηαμχ δηαθνξεηηθψλ αγγεηαθψλ θαη λεπξηθψλ ζπζηαηηθψλ ζηε NVU. Αλ θαη έλαο ηαρχηεξνο 

ξπζκφο πεθηνκαησπνίεζεο ζπζρεηίδεηαη ζεηηθά κε ηνλ νξηζκφ θαη ηελ αλάιπζε ελφο 

εθηππσκέλνπ bioink, ζπζρεηίδεηαη αληηζηξφθσο κε ηελ αγγεηνγέλεζε θαη ηελ λεπξνγέλεζε. Οη 

βαζηθέο δνκηθέο ηδηφηεηεο γηα bioinks θαηάιιεια γηα NVU κπνξνχλ λα ρσξηζηνχλ ζε ηέζζεξηο 

ππνθαηεγνξίεο: δηαζηαπξνχκελε ζχλδεζε, κεραληθέο ηδηφηεηεο, πνξψδεο θαη θπηηαξηθή 

πξνζθφιιεζε. 

 

Bioinks πδξνγέιεο γηα ηελ αλάπηπμε NVU κεηξψλ 

 

Φπζηθά πνιπκεξή 

Κία θνηλή ζηξαηεγηθή γηα ηε ιεηηνπξγηθφηεηα ησλ πδξνγειψλ γηα ηνπο ζθνπνχο ηεο 

βηνεθηχπσζεο ηεο NVU είλαη λα ζπλδπάζεη θπζηθά δχν βηνπνιπκεξή (αληί λα ηα ηξνπνπνηήζεη 

ρεκηθά) γηα λα παξάγεη έλα αλακεκηγκέλν bioink κε βάζε ηελ πδξνγέιε, κε ηηο πιενλεθηηθέο 

ηδηφηεηεο θάζε πνιπκεξνχο λα ζπλεηζθέξνπλ ζηηο επηζπκεηέο ηδηφηεηεο ηεο NVU. Απηή ε 

ηερληθή έρεη ρξεζηκνπνηεζεί εθηεηακέλα γηα ηε δεκηνπξγία bioinks κε βάζε ην θνιιαγφλν. 
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Κηα άιιε ζηξαηεγηθή ζπλδπάδεη πεξηζζφηεξα απφ δχν πνιπκεξή γηα λα παξάγεη κηα 

πδξνγέιε κε πνιιαπιέο πιενλεθηηθέο ηδηφηεηεο γηα κεραληθή ηζηψλ ελφο κνληέινπ NVU. Έλα 

παξάδεηγκα απηνχ είλαη ν ζπλδπαζκφο ηλψδνπο, παινπξνλάλεο (παινπξνληθνχ νμένο) θαη 

ιακηλίλεο γηα ηελ παξαγσγή ελφο ηξηζδηάζηαηνπ κνληέινπ γηα λεπξηθά θαη αγγεηαθά 

βιαζηνθχηηαξα. Απηή ε πδξνγέιε ρξεζηκνπνίεζε ηηο σθέιηκεο ηδηφηεηεο ηνπ ηλψδνπο γηα ηα 

λεπξηθά βιαζηνθχηηαξα, κε δηεηζδπηηθά δίθηπα παινπξνληθνχ νμένο γηα ελίζρπζε ηεο 

δηαζηαπξνχκελο ζχλδεζεο θαη γηα ελίζρπζε ησλ νκνηνηήησλ ηνπ πεθηψκαηνο κε ηελ θπζηθή 

ECM ησλ λεπξψλσλ. Σα βηνπνιπκεξή ηεο παινπξνλάλεο πξνάγνπλ ηε κεηαλάζηεπζε θαη ηνλ 

πνιιαπιαζηαζκφ ησλ θπηηάξσλ θαη - δσηηθήο ζεκαζίαο γηα ηελ αλάπηπμε ελφο κνληέινπ NVU - 

πξνάγνπλ ηελ αγγεηνγέλεζε θαη ηελ λεπξνγέλεζε. Ζ πξνζζήθε ιακηλίλεο κε ηε δηθή ηεο 

αιιεινπρία IKVAV παξείρε ζηα θχηηαξα  ιεηηνπξγηθέο πεξηνρέο πξνζθφιιεζεο. Αλ θαη ε 

πδξνγέιε δελ ήηαλ βειηηζηνπνηεκέλε γηα βηνεθηχπσζε, νη ξενινγηθέο ηδηφηεηέο ηεο ζα 

κπνξνχζαλ λα πξνζαξκνζηνχλ γηα λα παξάγνπλ έλα bioink θαη λα ρξεζηκνπνηνχλ ηα επλντθά γηα 

NVU ζπζηαηηθά εληφο ηεο πδξνγέιεο. 

Αληίζεηα, κεξηθέο πδξνγέιεο είλαη βηoεθηππψζηκεο ρσξίο ηξνπνπνίεζε ή αλάκημε, αιιά 

ζηεξνχληαη ηεο ελδνγελνχο πεξηνρήο θπηηαξηθήο-πξνζθφιιεζεο πνπ απαηηείηαη γηα ηελ 

αλάπηπμε απνηειεζκαηηθψλ κνληέισλ NVU. Σν θφκκη Gellan είλαη έλα παξάδεηγκα ελφο 

πνιπζαθραξίηε πνπ ρξεζηκνπνηείηαη ζπλήζσο γηα ηελ παξαγσγή πδξνπεθηψλ, ηα νπνία φηαλ δελ 

έρνπλ ηξνπνπνηεζεί θαη δελ έρνπλ ηε ιεηηνπξγηθή πεξηνρή γηα θπηηαξηθή πξνζθφιιεζε, αιιά 

κπνξνχλ λα ηππσζνχλ ζε 3D κε έλα ζηνηρείν δηαζηαπξνχκελεο ζχδεπμεο γηα λα ζρεκαηίζνπλ 

δνκέο NVU. Ζ ρεκηθή ηξνπνπνίεζε ηνπ θφκκενο gellan γηα λα πεξηέρεη ηελ επηθξάηεηα 

θπηηαξηθήο πξνζθφιιεζεο ηνπ IKVAV επέηξεςε ηε ρξήζε ηνπ πνιπζαθραξίηε γηα 

βηνεθηππσκέλα κνληέια λεπξηθψλ θπηηάξσλ ηνπ θινηνχ ηνπ εγθεθάινπ. 

 

πλζεηηθά βηνπνιπκεξή 

Οη ζπλζεηηθέο πδξνγέιεο επηηξέπνπλ ηνλ πιήξε έιεγρν ησλ παξακέηξσλ παξαγσγήο θαη 

ιεηηνπξγηθψλ παξακέηξσλ, θαζψο επηηξέπνπλ ηνλ ζρεδηαζκφ ηεο αθξηβνχο δνκηθήο ζχλζεζεο 

θαη ησλ ιεηηνπξγεηψλ ηεο πδξνγέιεο ζηελ πξνβιεπφκελε εθαξκνγή. Απηφ παξνπζηάδεη 

επθαηξίεο γηα ηελ αλάπηπμε bioinks θαηάιιεισλ γηα NVU, θαζψο νη αθξηβείο ηδηφηεηεο 

βηνεθηχπσζεο θαη νη πεξηνρέο θπηηαξηθήο πξνζθφιιεζεο κπνξνχλ λα ζρεδηαζηνχλ ζηε δνκή ηνπ 

βηνπνιπκεξνχο. Κηα θνηλή ηάμε ζπλζεηηθψλ bioinks βαζηδφκελσλ ζε βηνπνιπκεξή είλαη  ηα 

απηνζπλαξκνινγνχκελα πεπηίδηα, ηα νπνία ζρεκαηίδνπλ νξγαλσκέλα λαλντλψδε β-θχιια πνπ 

αλαπαξάγνπλ ηε δνκή ηεο θπζηθήο ECM. Σα ελ ιφγσ πεπηίδηα κπνξνχλ λα ζρεδηαζηνχλ ψζηε λα 

ζπλαξκνινγνχληαη γξήγνξα θαη απηφλνκα κέζσ αιιειεπηδξάζεσλ θπζηθήο δηαζηαπξνχκελεο 

ζχδεπμεο ή, ελαιιαθηηθά, κέζσ επαγσγήο θπζηθψλ ή ρεκηθψλ αιιειεπηδξάζεσλ. Απηή ε 

βηνκνξηαθή θαη θπηηαξηθή απηνζπλαξκνιφγεζε είλαη ζπλήζεο in vivo θαη κπνξεί λα αλαπαξαρζεί 

ζε θαηαζθεπέο πδξνγέιεο, φπνπ ε κεηαλάζηεπζε θπηηάξσλ κέζσ ησλ πφξσλ ζηελ πδξνγέιε 

επηηξέπεη αιιειεπηδξάζεηο θπηηάξνπ-θπηηάξνπ. Ιφγσ ηνπ ζπλζεηηθνχ ζρεδηαζκνχ ηνπο, νη 

βηνεθηππσηηθέο ηδηφηεηεο κπνξνχλ λα πξνζαξκνζηνχλ ζηε ζπλζεηηθή πδξνγέιε γηα λα 

αλαπηπρζεί έλα πιήξσο ιεηηνπξγηθφ bioink θαη ηέηνηα πιηθά έρνπλ ρξεζηκνπνηεζεί γηα κειέηεο 

θπηηάξσλ NVU. Σα ζπλζεηηθά πεπηίδηα κπνξνχλ επίζεο λα αλαπηπρζνχλ γηα λα αλαπαξάγνπλ 

δηάθνξεο πιεπξέο ησλ ηζηψλ, κε πνιππεπηίδηα πνπ πξνζνκνηάδνπλ απηά ηεο ειαζηίλεο 

ζρεδηαζκέλα λα ελζσκαηψλνπλ πεξηνρέο αγγεηνγφλνπ πεπηηδίνπ γηα ρξήζε ζε κειέηεο 3D 
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θαιιηέξγεηαο αγγείσλ γηα ηελ πξνψζεζε ηεο αγγεηαθήο αλάπηπμεο. 

 

 

Βηνθαηαζθεπή ηεο NVU 

 

 

Ζ NVU είλαη πνιχπινθε, κε πνιιαπιά θχηηαξα θαη αιιειεπηδξάζεηο θπηηάξνπ-θπηηάξνπ πνπ 

παξνπζηάδνπλ ηδηαίηεξεο πξνθιήζεηο γηα ηελ in vitro κνληεινπνίεζε. Γηα λα απινπνηεζεί έλα 

κνληέιν NVU - ή γηα λα εζηηαζηεί ζην αγγεηαθφ ζχζηεκα - πνιιά κνληέια ρσξίδνπλ ηε NVU 

αλαπηχζζνληαο έλα κνληέιν κφλν γηα ην BBB. Άιιεο πξνζεγγίζεηο είλαη ε ρξήζε κεξηθνχ 

ζπζηαηηθνχ ηνπ ΒΒΒ, δειαδή, ελδνζειηαθψλ θπηηάξσλ θαη αζηξνθπηηάξσλ / πεπηηδίσλ / 

αγγεηαθψλ ιείσλ κπτθψλ θπηηάξσλ, κε λεπξηθά θχηηαξα. Απηέο νη πξνζεγγίζεηο δελ δίλνπλ ην 

απνηέιεζκα ηεο κνληεινπνίεζεο ελφο νιφθιεξνπ NVU, αιιά κπνξνχλ λα είλαη πνιχ ρξήζηκεο 

γηα ηε δηεξεχλεζε ηνπ ΒΒΒ θαη ηελ παξάθακςε ηεο δπζθνιίαο ηεο ζπλ-θαιιηέξγεηαο κέρξη πέληε 

ηχπσλ θπηηάξσλ ζε έλα κνληέιν. 

ην πιαίζην ησλ εθαξκνγψλ ηεο ηζηνκεραληθήο θαη αλαγελλεηηθήο ηαηξηθήο, ν νξηζκφο 

ηεο βηνθαηαζθεπήο (biofabrication) σο εξεπλεηηθνχ πεδίνπ έρεη δηεπθξηληζηεί σο «ε 

απηνκαηνπνηεκέλε παξαγσγή βηνινγηθά ιεηηνπξγηθψλ πξντφλησλ κε δνκηθή νξγάλσζε απφ 

δσληαλά θχηηαξα, βηνελεξγά κφξηα, βηνυιηθά, ζπζζσκαηψκαηα θπηηάξσλ φπσο κηθξνηζηνχο ή 

θαηαζθεπέο πβξηδηθνχ θπηηαξηθνχ πιηθνχ, κέζσ βηνεθηχπσζεο ή βηνζπλαξκνιφγεζεο θαη 

επαθφινπζσλ δηαδηθαζηψλ σξίκαλζεο ηζηψλ». 

Ζ βηνζπλαξκνιφγεζε ρξεζηκνπνηεί ηελ απηνζπλαξκνιφγεζε ησλ θπηηάξσλ γηα ηε 

δεκηνπξγία αιιειεπηδξνχλησλ δηθηχσλ θαη ηζηψλ, φπνπ κπνξεί λα ρξεζηκνπνηεζεί ε 3D 

βηνεθηχπσζε γηα ηελ ηνπνζέηεζε ησλ θπηηάξσλ ζε θαηάιιειε ρσξνρξνληθή ζέζε γηα 

ζπλαξκνιφγεζε. Απηφ κπνξεί λα ρξεζηκνπνηεζεί γηα ηελ αλάπηπμε ελφο αγγεηαθνχ ζπζηήκαηνο 

κέζσ 3D βηνεθηχπσζεο ή γηα ηελ αλάπηπμε ηεξαξρηθψλ δνκψλ ρξεζηκνπνηψληαο έλα 

ζεξκνπιαζηηθφ πιηθφ σο δνκηθφ ππφζηξσκα κεηαμχ ηεο ζηξσκαηνπνηεκέλεο απφζεζεο 

ζρεκαηηζκψλ θπηηάξσλ πξνεξρφκελσλ απφ έλα bioink. Ζ βηνζπλαξκνιφγεζε είλαη κηα ζεκαληηθή 

ζηξαηεγηθή ζρεδηαζκνχ γηα ηελ αλάπηπμε κνληέισλ NVU, φπνπ ε απηνκαηνπνηεκέλε ελαπφζεζε 

θπηηάξσλ πνπ πεξηέρνπλ κνλάδεο (κε ηε κνξθή πδξνπεθηψλ) κπνξεί λα μεθηλήζεη ηε βηνζχλζεζε 

ησλ λεπξσληθψλ αγγεηαθψλ δηεξγαζηψλ θαη ησλ αιιειεπηδξάζεσλ θπηηάξνπ-θπηηάξνπ, νη νπνίεο 

είλαη δσηηθήο ζεκαζίαο γηα ηελ αλάπηπμε ηεξαξρηθψλ κνληέισλ NVU θαη ηελ παξαγσγή ελφο 

BBB κε ιεηηνπξγηθφ θαηλφηππν. 

Τπάξρνπλ πνιιέο δηαθνξεηηθέο ηερληθέο bioprinting, νη νπνίεο έρνπλ πεξηγξαθεί ζαθψο 

ζε άιια άξζξα. Γχν θχξηεο ζηξαηεγηθέο έρνπλ ρξεζηκνπνηεζεί γηα ηε βηνεθηχπσζε ησλ 

κνληέισλ NVU:  

 έκκεζε παξαζθεπή ηθξηψκαηνο, φπνπ ρξεζηκνπνηείηαη έλα αξλεηηθφ θαινχπη γηα λα 

πεξηθιείζεη θαη λα ζρεκαηίζεη bioinks κε ελζπιαθσκέλα θχηηαξα 

 άκεζε βηνεθηχπσζε (bioplotting), φπνπ ην βηνινγηθφ ζηνηρείν θαη ηα θχηηαξα 

εθηππψλνληαη απεπζείαο ζε δνκή 3D. 

 

Θαη νη δχν απηέο πξνζεγγίζεηο ζην bioprinting έρνπλ ηε δπλαηφηεηα λα παξάγνπλ πνιπθχηηαξα 

κνληέια 3D NVU, κε θαζνξηζκέλα θπηηαξηθά δηακεξίζκαηα, θξίζηκεο θπηηαξηθέο 
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αιιειεπηδξάζεηο θαη αγγεία. 

Ζ ηερληθή ηεο βηνεθηχπσζεο πξνζθέξεη επίζεο ηε δπλαηφηεηα εηζαγσγήο θαλαιηψλ κέζα 

ζην κνληέιν NVU κέζσ ηεο ρξήζεο ζπζηαδφκελσλ βηνυιηθψλ ζηελ άκεζε βηνεθηχπσζε - 

επηηξέπνληαο ηελ εληζρπκέλε δηάρπζε κέζσλ, ζξεπηηθψλ νπζηψλ θαη νμπγφλνπ ζε φιν ην 

κνληέιν, κηκνχκελν ην ηξηρνεηδέο δίθηπν ηεο in vivo NVU θαη απνθεχγνληαο ηελ αλάπηπμε 

λεθξσηηθψλ πεξηνρψλ πνπ παξαηεξνχληαη ζε νξγαλνεηδείο θαιιηέξγεηεο θαη ζε κεξηθέο 

ηδηαηηέξσο ηλψδεηο θαηαζθεπέο πδξνγέιεο. Απηή ε πξνζέγγηζε εηζάγεη επίζεο δπλεηηθά 

επηβιαβείο ή πξνζηαηεπηηθέο ελψζεηο θαη θάξκαθα γηα ηελ θαηαπνιέκεζε ηεο δπζιεηηνπξγίαο 

ηεο NVU κέζσ κηαο θπζηνινγηθψο ζρεηηθήο «ζπζηεκηθήο» δηαδηθαζίαο, ε νπνία κηκείηαη ηελ 

εηζαγσγή θαξκάθσλ κέζσ ελδνθιέβηαο ρνξήγεζεο ή απφ ηνπ ζηφκαηνο ρνξήγεζε. 

 
 

Απνηειέζκαηα γηα κνληέια 3D NVU 
 
 
 
Γηα ηελ αμηνιφγεζε ηεο ιεηηνπξγηθφηεηαο ησλ κνληέισλ 3D NVU κπνξεί λα κεηξεζεί κηα ζεηξά 

απφ απνηειέζκαηα. Ζ ιεηηνπξγία ηνπ BBB κπνξεί λα κεηξεζεί κε ειεθηξηθή αληίζηαζε trans-

endothelial (TEER), ε νπνία ρξεζηκνπνηεί ξεχκα κεηαμχ δχν ειεθηξνδίσλ σο κέηξν 

δηαπεξαηφηεηαο BBB ή κε θίλεζε ρξσκαηηζκέλεο ή θζνξίδνπζαο βαθήο (π.ρ. θινπνξεζθεΐλε 

ηζνζεηνθπαληθφ-δεμηξάλην). Αλ θαη νη ηηκέο TEER κεηξήζεθαλ in vivo ζε εγθέθαιν αξνπξαίνπ 

κεηαμχ 1200 θαη 1900 V cm
2
,ζε θαιιηεξγεκέλα θχηηαξα ην θξάγκα δηαπεξαηφηεηαο ζεσξείηαη 

απνηειεζκαηηθφ φηαλ ε ηηκή TEER είλαη πάλσ απφ έλα φξην (ηππηθά 250 V.cm
2
). Ζ αθεξαηφηεηα 

ησλ αιιειεπηδξάζεσλ θπηηάξνπ-θπηηάξνπ κπνξεί λα κεηξεζεί κε κηθξνζθνπία αλνζνθζνξηζκνχ 

ρξεζηκνπνηψληαο αληηζψκαηα έλαληη εηδηθψλ πξσηετλψλ, φπσο θαηά VE-θαληεξίλεο, Λ-θαληεξίλε 

θαη Connexin 43. Δάλ απαηηείηαη, ηα βηνθαηαζθεπαζκέλα κνληέια 3D NVU κπνξνχλ λα 

ππνβιεζνχλ ζε θπζηνινγηθέο πξνζεγγίζεηο ηζηνινγίαο, φπσο ε ελζσκάησζε παξαθίλεο θαη ν 

ηεκαρηζκφο ηζηνχ, πξηλ απφ ηελ αλνζντζηνρεκεία. Οη ζπγθεθξηκέλεο πξσηεΐλεο κπνξνχλ λα 

πνζνηηθνπνηεζνχλ κε ηε ρξήζε πνηθηιίαο ηερληθψλ πνζνηηθνχ πξνζδηνξηζκνχ πξσηετλψλ, 

ζπκπεξηιακβαλνκέλνπ ηνπ Western blot θαη ELISA, ελψ ην mRNA κπνξεί λα πνζνηηθνπνηεζεί κε 

αλάζηξνθε κεηαγξαθή qPCR. Κνλνθπηηαξηθέο αλαιχζεηο κπνξνχλ λα ρξεζηκνπνηεζνχλ γηα λα 

ραξαθηεξίζνπλ ζπγθεθξηκέλνπο ηχπνπο θπηηάξσλ εληφο ηεο NVU, πέπησληαο ηε κήηξα γηα 

απειεπζέξσζε ησλ θπηηάξσλ, θαζαξίδνληαο έλαλ μερσξηζηφ ηχπν θπηηάξνπ απφ ην ππφινηπν κε 

θπηηαξνκεηξία ξνήο θαη ζηε ζπλέρεηα ρξεζηκνπνηψληαο αιιεινπρία RNA ή proteomics γηα λα 

πξνζδηνξηζηνχλ αιιαγέο ελδηαθέξνληνο ππφ δηαθνξεηηθέο ζπλζήθεο.  

 

Σειηθέο παξαηεξήζεηο θαη κειινληηθέο πξννπηηθέο 

Ζ βηνθαηαζθεπή ελφο in vitro 3D κνληέινπ NVU κέζσ bioinks θαη ζηνηρείσλ βηνεθηχπσζεο 

επηηξέπεη ηελ αλάπηπμε ελφο πνιπθχηηαξνπ κνληέινπ πνπ κηκείηαη πεξηζζφηεξν ηελ θαηάζηαζε 

in vivo, κε ηελ εηζαγσγή ηεο εθηχπσζεο λα επηηξέπεη ηελ παξαγσγή δηαδξαζηηθψλ δηεπαθψλ 

κεηαμχ ησλ δηαθφξσλ θπηηαξηθψλ ζπζηαηηθψλ. Έλα κνληέιν ηζηνκεραληθήο πνπ κπνξεί λα 

αλαπαξάγεη ην 3D κηθξνπεξηβάιινλ ηνπ ηζηνχ ηεο NVU είλαη επηηαθηηθή αλάγθε γηα λα 

δηαζαθεληζηνχλ νη αιιειεπηδξάζεηο θπηηάξνπ – θπηηάξνπ θαη λεπξψλσλ - αγγείσλ πνπ είλαη 

ζεκαληηθέο γηα ηε θπζηνινγηθή ιεηηνπξγία θαη ηε λφζν κέζα ζε κηα in vivo NVU. H δπλαηφηεηα 
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δεκηνπξγίαο ελφο in vitro λεπξηθνχ ηζηνχ ζα αλνίμεη πνιιά εξεπλεηηθά πεδία πνπ ζήκεξα δελ 

είλαη πξνζεγγίζηκα, αλεμάξηεηα απφ ηελ επθαηξία λα κειεηεζεί ε 3D-ρσξηθή ζχλδεζε κεηαμχ 

δηαθφξσλ λεπξσληθψλ πιεζπζκψλ θαη ηνπ ηξφπνπ επηθνηλσλίαο κεηαμχ ηνπο. ε ζπλδπαζκφ κε 

ηελ ηερλνινγία iPSC, κπνξεί λα δεκηνπξγεζεί έλα θπζηνινγηθφ κνληέιν γηα ηελ θαηαλφεζε ησλ 

θπζηνινγηθψλ θαη παζνινγηθψλ κεραληζκψλ θαη ηελ θαηαλφεζε ησλ κεραληζκψλ πνπ πιήηηνληαη 

απφ ηηο λεπξνεθθπιηζηηθέο αζζέλεηεο. Σέινο, ν ζπλδπαζκφο ηεο ηερλνινγίαο ηεο 3D 

βηνεθηχπσζεο θαη ηεο ηερλνινγίαο ησλ iPSC ζα αλνίμεη φρη κφλν λέεο δπλαηφηεηεο ζε πνιιά 

πεδία κειέηεο, έιεγρν θαξκάθσλ, αληηθαηάζηαζε αθξηβψλ in vivo πεηξακάησλ αιιά θαη ζηελ 

εμαηνκηθεπκέλε ηαηξηθή, ράξε ζηε ρξήζε θπηηάξσλ πξνεξρφκελσλ απφ αζζελείο. Πην ζεκαληηθφ, 

ε δεκηνπξγία ελφο 3D λεπξηθνχ ηζηνχ πνπ απνηειείηαη απφ ην θχηηαξν ηνπ αζζελνχο ζα 

επηηξέςεη ηε ιεγφκελε λεπξναλαγέλλεζε, αλνίγνληαο ηε δπλαηφηεηα αληηθαηάζηαζεο ελφο 

εθθπιηζκέλνπ ηζηνχ. 
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