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Abstract: Alzheimer disease (AD) is a complex neurodegenerative pathology that is characterized by a cognitive decline. Its causes 
and mechanisms are still largely unknown. It has been suggested that both genetic and life exposure factors can contribute to AD 
development. There are also evidences that chromosomal alterations can be related to this disease. So far, there is not a precise 
diagnosis for AD, which is given only after the exclusion of other dementia by clinical and neurological examination. The possible 
association of AD with chromosomal alterations and the easy access of classical cytogenetics analysis are important aspects to consider, 
given the difficulties in diagnosis. Due to the lack of similar studies in Brazil and the increasing number of AD cases in the state of 
Amazonas, the aim of this study was to investigate the presence of chromosomal alterations in patients diagnosed with AD in Manaus, 
Amazonas, Brazil. Peripheral blood lymphocytes of twelve patients and twelve healthy individuals with the same age were analyzed 
using conventional karyotyping. All AD patients presented cells with autosomal aneuploidy, while no chromosomal alterations were 
found in the age-matched controls. Also, rare events of double and multiple aneuploidies are being reported in association with AD for 
the first time. Our results corroborate that the increase in the frequencies of aneuploidies is not related to the aging process itself, but it 
might be associated to the disease development. However, no chromosomes were preferentially affected in all AD patients, and no 
consistent karyotype pattern for AD lymphocytes was found. Therefore, our results do not support the use of standard cytogenetics as a 
tool for AD diagnosis. Future studies are necessary to understand better the association between chromosomal alterations and AD. 
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1. Introduction 

Alzheimer disease (AD) is a complex 
neurodegenerative pathology that is characterized by a 
cognitive decline, with neuropsychological symptoms 
such as amnesia, deficits in language abilities and 
executive dysfunction [1]. There are two major AD 
types: early onset or familial, the rarer form, which 
occurs in people roughly from 30 to 65 years old, and it 
is usually inherited; and late-onset or sporadic, the 
most common form, which affects people over 65 years 
old [2, 3]. There are two neuropathological features 
that have been considered as the hallmarks of this 
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disease, which are the extracellular plaques formed by 
beta-amyloid peptides, and the intracellular tangles of 
hyperphosphorylated microtubule-associated protein 
tau (MAPT) [4]. However, these features can only be 
confirmed postmortem. Thus, the diagnosis of probable 
AD is made only by clinical and neurological 
examination after the exclusion of other 
neurodegenerative disorders [5]. 

Several studies have been made in order to elucidate 
the causes and mechanisms of AD. It has been 
suggested that genetic variants and life exposure 
factors, such as obesity, diabetes, cardiovascular 
diseases, infectious agents and chronic inflammations 
can contribute to AD development [2, 4, 6, 7]. Genetic 
risk factors are considered preponderant in AD 
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etiology. At first, genetic linkage and positional 
cloning studies lead to the discovery of three genes that 
encode proteins involved in beta-amyloid production: 
the amyloid precursor protein (APP) and the 
presenilins (PSEN1 and PSEN2). Autosomal dominant 
inheritance of early-onset AD is linked to highly 
penetrant mutations in these genes [2, 5]. However, 
variations in these genes can explain only a small 
percentage of cases, even in familial AD [4]. For 
late-onset AD, the apolipoprotein E (APOE) gene was 
the first one that was associated with an increased risk 
of the disease [3]. More recently, genome-wide 
association studies were able to identify eleven risk 
genes, which are involved in pathways such as lipid 
metabolism, immune system and synaptic functioning 
mechanisms [3, 4]. 

Besides the risk genes, there are evidences that 
chromosomal alterations can play a role in AD 
development. Cytogenetic studies performed in AD 
patients revealed an increased occurrence of 
aneuploidies involving sexual (X chromosome) and 
autosomal chromosomes in different cell types [8-15]. 
Specific types of aneuploidies have also been reported 
in AD patients, especially for chromosome 21 [16]. 
Due to neuropathologic parallels between AD and 
Down syndrome (DS), it has been proposed that 
neuronal trisomy 21 mosaicism could be a mechanism 
of AD pathogenesis [17, 18]. These reports of 
aneuploidies associated with AD raised the possibility 
of using karyotype analysis as a tool for helping 
diagnose [19]. However, there have been controversies 
over this issue. Some authors contested the strength of 
that association and stated that the observed 
aneuploidies could be related to other factors, such as 
aging [8, 9]. Furthermore, the link between 
chromosome alterations and AD pathogenesis is still 
not well defined [17]. 

Therefore, the aim of this study was to analyze 
cytogenetically patients diagnosed with AD in Manaus, 
Amazonas, Brazil. We investigated the presence of 
chromosomal alterations in peripheral blood 

lymphocytes of AD patients and compared with 
age-matched controls. Moreover, we discussed if 
aneuploidies could be associated with disease traits 
observed in the patients, and if there was a consistent 
pattern of chromosomal alterations detected in AD 
patients that could be used to help diagnose AD in the 
hospitals of Manaus. 

2. Material and Methods 

This study was approved by the Research Ethics 
Committee of the Amazonas State University under 
authorization number 2.456.885 (CAAE: 
66630616.6.0000.5016). Patients were indicated by Dr. 
Talísia Vianez from the Department of Neurology at 
the University Hospital Getúlio Vargas and the 
Outpatient Clinic Araújo Lima. Twelve individuals 
(four men and eight women) clinically diagnosed with 
AD for at least three years were chosen for this study. 
Twelve healthy individuals of the same age range were 
selected as the control group. The research purpose 
was explained to all participants and they voluntarily 
agreed to sign an informed consent form, as required by 
the National Health Council. AD patients were 
submitted to the mini-mental state examination 
(MMSE) to evaluate their cognitive function [20]. 
MMSE scores were used to classify the cognitive 
impairment of the patients in three levels: 24-30 = no 
cognitive impairment; 18-23 = mild cognitive 
impairment; and 0-17 = severe cognitive impairment 
[21]. 

Cytogenetic analyses were carried out at the 
Laboratory of Cytogenetics of the Amazonas State 
University. Metaphase chromosomes were obtained 
from the culture of peripheral blood lymphocytes [22]. 
G-banding was performed using trypsin solution [23]. 
The best metaphases were selected and photographed 
using the optical microscope Nikon Eclipse 2000 with 
a field camera, light field, and a 100× objective lens. 
One hundred cells were analyzed for each patient and 
control subject. Metaphases were karyotyped using 
the GeneAll software. Chromosomal alterations were 
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classified according to the international system for 
human cytogenetic nomenclature (ISCN). 

3. Results 

A brief clinical description of the AD patients 
analyzed in this study is provided in Table 1. They 
were aged between 62-85 years and had been 
diagnosed with the disease for 3-7 years. According to 
their scores in MMSE, ten patients were in the category 
of severe cognitive impairment (0-15 points), among 
which four did not score any point; and two patients 
were in the category of mild cognitive impairment 
(18-21 points). 

We analyzed one hundred metaphase cells of each 
individual. All AD patients presented cells with 
numeric chromosomal alterations, which can be 
classified as autosomal aneuploidy, with loss of one 
chromosome, found in all twelve patients (Fig. 1a); 
double aneuploidy, with loss of one sexual and one 
autosomal chromosome or two autosomal 
chromosomes, found in five patients (Fig. 1b); and 
multiple aneuploidy, with the loss of three autosomal 
chromosomes, found in one patient (Fig. 1c). These 
results are summarized in Table 2. No chromosomal 
alterations were observed in the karyotypes of 
individuals from the control group. 

4. Discussion 

AD is a complex brain disorder and many 
environmental, genetic or epigenetic factors can be 
associated with its development [24]. Cytogenetic 
analyses have demonstrated that chromosomal 
instability events, including aneuploidy, could be one 
of these factors [10, 25]. 

The occurrence of aneuploidies in AD patients has 
been investigated for different cell types. An increase 
in aneuploidy (loss and gain) for distinct chromosomes 
was reported in lymphocytes of AD patients [10, 26, 
27]. Aneuploidy of specific chromosomes was also 
reported in AD lymphocytes [24]. Moreover, high 
levels of aneuploidy were observed also in fibroblasts 
and buccal cells of AD patients [28, 29]. Also, Iourov 
et al. [16] found a significant increase of monosomy 
and trisomy for chromosome 21 in brain cells of AD 
patients. Interestingly, there is a parallel between DS 
and AD, since DS patients over 40 years old develop a 
brain pathology indistinguishable from AD [30]. It has 
been proposed that aneuploidy of chromosome 21 
could be one of the mechanisms of AD 
neuropathogenesis [18, 30, 31]. 

Evidence of the occurrence of aneuploidies in 
distinct cell types suggested that there is a systemic 
chromosome instability in AD patients. This led to the  

 
Table 1  Description of the AD patients chosen for this study: age, time since diagnosis and MMSE scores are shown. The 
symbol “-” was used for unavailable data. 
Patient Age (years) Diagnosis time (years) MMSE scores 
C-01 71 6 6 
C-02 79 4 0 
C-03 79 7 15 
C-04 79 - 0 
C-05 86 5 8 
C-06 81 - 9 
C-07 79 4 5 
C-08 62 - 21 
C-09 74 5 12 
C-10 81 3 0 
C-11 77 3 0 
C-12 85 - 18 
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Fig. 1  Karyotypes of patients diagnosed with Alzheimer disease: (a) loss of one homolog of the chromosomal pair 22; (b) loss 
of one homolog of the chromosomal pair 22 and the sexual chromosome X; (c) loss of one homolog of the chromosomal pairs 7, 
9 and 18. 
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Table 2  Chromosomal alterations found in peripheral blood cells of the AD patients analyzed in this study. N = number of 
cells found in the total of 100 analyzed cells. The symbol “-” was used for unavailable data. 

Patient 
Aneuploidy  

Aneuploidy of autosomal chromosomes Double aneuploidies Multiple aneuploidies N 

C-01 

45,XX,-6 
45,XX,-9 
45,XX,-18 
45,XX,-22 

- 
- 
- 
- 

- 
- 
- 
- 

1 
1 
1 
1 

C-02 45,XY,-18 
45,XY,-19 

- 
- - 1 

1 

C-03 
45,XY,-5 
45,XY,-17 
45,XY,-18 

- 
- 
- 

- 
- 
- 

1 
2 
2 

C-04 
45,XX,-9 
45,XX,-18 
45,XX,-22 

- 
- 
- 

- 
- 
- 

1 
1 
1 

C-05 
45,XX,-9 
45,XX,-18 
- 

- 
- 
44,X,-X,-10 

- 
- 
- 

1 
1 
1 

C-06 

45,XY,-9 
45,XY,-12 
45,XY,-18 
45,XY,-21 
- 

- 
- 
- 
- 
44,XY,-3,-18 

- 
- 
- 
- 
 

2 
1 
1 
1 
1 

C-07 

45,XX,-9 
45,XX,-12 
45,XX,-13 
45,XX,-15 
45,XX,-21 
- 

- 
- 
- 
- 
- 
44,X,-X,-21 

- 
- 
- 
- 
- 
- 

3 
2 
1 
2 
1 
1 

C-08 

45,XX,-4 
45,XX,-19 
- 
- 

- 
- 
44,X,-X,-13  
- 

- 
- 
- 
43,XX,-7,-9,-18 

1 
1 
1 
1 

C-09 

45,XX,-19 
45,XX,-21 
45,XX,-22 
- 

- 
- 
- 
44,XX,-16,-20 

- 
- 
- 
- 

2 
1 
1 
1 

C-10 
45,XX,-8 
45,XX,-18 
45,XX,-20 

- 
- 
- 

- 
- 
- 

1 
2 
1 

C-11 45,XX,-14 - - 1 

C-12 45,XY,-13 
45,XY,-21 

- 
- 

- 
- 

1 
1 

 

proposal that aneuploidy frequency could be used as an 
AD biomarker and could contribute to the diagnosis of 
this complex disease [19, 27, 32]. However, there has 
been a debate about whether aneuploidies are 
associated with AD pathogenesis itself or if they are a 
consequence of other related factors. Some authors 
suggested that the increased aneuploidy in AD patients 
is a consequence of normal aging [8, 9, 33]. This is 
supported by the fact that loss of sexual and autosomal 
chromosomes is common in the cellular aging process, 

and AD is considered a systematic disease that 
accelerates aging [34]. 

Here we found that all AD patients presented 
peripheral blood lymphocytes with aneuploidies, while 
no chromosomal losses or gains were observed in 
healthy individuals within the same age range. More 
remarkably, double and multiple aneuploidies are 
being reported for the first time in AD patients. Three 
double aneuploidy cases involved the loss of one of the 
sexual chromosomes (X chromosome) and autosomal 
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chromosomes (one homolog of pairs 10, 13 and 21), 
while two cases involved the loss of two autosomal 
chromosomes (one homolog of pairs 3, 16, 18 and 20). 
The case of multiple aneuploidies involved the loss of 
three autosomal chromosomes (one homolog of pairs 7, 
9 and 18). The occurrence of double and multiple 
aneuploidies in humans is a relatively rare event. Most 
cases reported are sexual chromosomal aneuploidies 
combined with trisomy 21 [35, 36]. The mechanism 
that originates these types of aneuploidies is unclear. It 
has been hypothesized that double and multiple 
aneuploidy results either from two or more 
nondisjunction events in gametogenesis or from a 
single nondisjunction event in a trisomic zygote [37]. 
Therefore, our results corroborate that aneuploidies are 
associated to AD development.  

Aneuploidy observed in the patients studied here 
involved the loss of different chromosomes (one 
homolog of pairs 3, 4, 5, 6, 7, 8, 9, 10, 12, 13, 14, 15, 16, 
17, 18, 19, 20, 21 and 22). At the intraindividual level, 
preferential chromosome loss was not observed. At the 
interindividual level, the loss of some chromosomes 
was observed in a higher frequency: 18 (eight patients), 
9 (six patients), 21 (four patients), 13 (three patients) 
and 19 (three patients). Migliore et al. [25] observed a 
particularly higher frequency in aneuploidy of 
chromosomes 13 and 21 in lymphocytes of AD patients. 
Also, Geller and Potter [28] reported an increased 
aneuploidy of chromosomes 18 and 21 in fibroblasts, 
and Thomas and Fenech [29], a higher aneuploidy of 
chromosomes 17 and 21 in buccal cells of AD patients. 
In this study, however, there was no preferentially 
affected chromosome in all cases. Also, we could not 
detect a consistent chromosomal pattern that could be 
used as indicative of an AD-specific type of aneuploidy. 
Thus, even though we found a strong association of 
aneuploidies with AD, our results do not support the 
use of standard cytogenetic analysis as a way to 
contribute to AD diagnosis in patients. 

Furthermore, we checked if chromosomal loss could 
be related to age, diagnosis time and cognitive function 

of AD patients. However, we did not find evidence for 
that. Still, chromosome loss, even in low level, might 
lead to phenotypic changes [31]. Genes that have been 
implicated in AD development are located in 
chromosomes that were lost in AD patients analyzed 
here. The genes APP, (chromosome 21q21.3), PSEN-1 
(chromosome 14q24.2) and APOE (chromosome 
19q13.2) encode major proteins involved in the 
beta-amyloid pathway. APP is the precursor of the 
primary component of the beta-amyloid plaques; 
PSEN-1 plays a role in the proteolytic cleavage of APP; 
and APOE is involved in the clearance of beta-amyloid 
from the AD brain [2, 3]. Also, the gene MAPT 
(chromosome 17q21.1) encodes a Tau protein that is 
the main component of the neurofibrillary tangles in its 
hyperphosphorylated form. Moreover, risk genes 
identified recently by genome-wide analysis are also 
found in such chromosomes. These genes have a 
function in cellular signaling (CD2AP, chromosome 
6p12.3), innate immunity (EPHA1, chromosome 7q34; 
and CLU, chromosome 8p21.1) and lipid metabolism 
(ABCA7, chromosome 19p13.3) [3-4]. Given that 
most AD patients analyzed in this study had severe 
cognitive impairment, systemic aneuploidy might be 
contributing to the disease pathology. 

5. Conclusions 

In summary, our karyotypic analyses of 
lymphocytes of patients from Manaus/Amazonas 
revealed the occurrence of a high frequency of 
aneuploidies in AD patients. Also, rare events of 
double and multiple aneuploidies are being reported in 
association with AD for the first time. Our results 
corroborate that the increase in the frequencies of 
aneuploidies is not related to the aging process itself, 
but that it is part of the disease development. However, 
we did not find any association between chromosomal 
losses and age, diagnosis time or MMSE scores. Also, 
no chromosomes were preferentially affected in all AD 
patients, and, thus, no consistent karyotype pattern for 
AD lymphocytes was found. Therefore, our results do 
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not support the use of standard cytogenetics as a tool 
for AD diagnosis. Further studies with more patients 
and other cytogenetics tools are necessary to 
understand better the association between 
chromosomal alterations and AD. 
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