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Resumo

Background: Como um disturbio neurodegenerativo progressivo caracterizado pela morte de
neuronios no sistema nervoso central com consequente deterioragdo funcional, a Doenca de
Alzheimer apresenta entre suas caracteristicas bioquimicas a presenca de depositos
extracelulares de proteinas B-amildides e o acimulo intracelular de filamentos de proteina Tau
hiperfosforilados. Recentemente, microRNAs (miRNAS) emergiram como novos elementos
reguladores, com até 70% de todos os miRNAs conhecidos rastredveis no tecido cerebral, e
cuja desregulacdo possui implicacBes patoldgicas. Objetivo: Realizamos uma ampla avaliagdo
dos niveis de expressao de miRNAs em amostras de cérebro post-mortem de pacientes falecidos
com e sem DA. Objetivamos identificar a expressdo diferencial de miRNAs em pacientes DA,
e assim, correlacionar com o processo fisiopatologico da neurodegeneracdo. Métodos: Por
meio de uma plataforma de expressdo de microarranjo, avaliamos o perfil cerebral de amostras
de cérebros de 8 pacientes com DA e 8 pacientes controle, pareados por idade do ébito e sexo,
obtidas do Biobanco Cerebral da Universidade de S&o Paulo. Identificamos 9 miRNAs
potencialmente associados a neuropatologia da DA. Validamos o estudo com uma amostra
independente de 18 pacientes controle e 16 pacientes DA com gRT-PCR e ensaios especificos
com sistema TagMan. Resultados: As analises resultaram em 6 miRNAs diferencialmente
expressos entre os grupos (MiR-30e_3p; miR-365b_5p; MiR-664_3p; miR-1202; miR-4286;
miR-4449). A interacdo desse conjunto de miRNAs com genes especificos bem como com as
vias de sinalizacéo relacionados a DA foi explorada utilizando a ferramenta DIANA (mirPath
v.3), resultando em 28 genes alvo possiveis e 11 vias de sinalizacdo apds analise via KEEG.
Conclusdo: Nossos resultados sugerem o envolvimento de miRNAs com uma gama de genes
(especialmente PTEN) e vias que promovem morte neuronal por sinalizacdo apoptotica, bem

como autofagia e dano oxidativo, com énfase nas vias PI3K-AKT, FoxO, MAPK e p53.
Palavras-chaves
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Abstract

Background: As a progressive neurodegenerative, age-related disorder characterized by
neuron death of at the central nervous system with functional deterioration, the Alzheimer’s
disease so far has extracellular amyloid-p deposits and the intracellular filaments of
hyperphosphorylated Tau as biochemical hallmarks. Recently, microRNAs (miRNAs) emerged
as novel regulatory elements, with up to 70% of all known miRNAs tracked in the brain, and
whose dysregulation have pathological implications. Objective: we performed a broad
assessment on the expression levels of miRNAs in post-mortem brain (PMB) samples of
patients deceased with or without AD. Methods: A high-throughput microarray expression
platform was employed for profiling brains of 8 AD patients and 8 control subjects matched for
age and sex, pulled from the University of Sdo Paulo’s Brain Biobank, by which 9 miRNAs
were identified as potentially associated with the AD-specific neuropathology. Validation gRT-
PCR used independent PMB samples from 18 control subjects and 16 AD patients, and specific
TagMan assays. Results: All together, these analyses yielded 6 miRNAs differentially
expressed between groups (miR-30e_3p; miR-365b_5p; miR-664_3p; miR-1202; miR-4286;
miR-4449). The interplay of this set of miRNAs with specific AD-related genes as well as
signaling pathways was explored using the DIANA Tools (mirPath v.3), resulting in possible
28 target genes and 11 pathways union among the KEGG analysis. Conclusion: Our results
suggest involvement of miRNAs with a range of genes (specially PTEN) and pathways that
promote neuronal death by apoptotic signaling, autophagy and oxidative damage as well, with
emphasis to the PI3BK-AKT, FoxO, MAPK and p53 pathways.

Key words

Alzheimer’s disease; microRNA; biomarker; DIANA miRPath;






1. Introducgéo

A Doenca de Alzheimer (DA) é uma das doengas mais comuns que atingem a
populacéo idosa, assim como €é o disturbio demencial de maior prevaléncia no mundo (1,
2). Estima-se que um novo caso de DA surja a cada 33 segundos, e que quase um milh&o
de novos casos sdo diagnosticados a cada ano (3). Atualmente afeta 35,6 milhGes de
individuos, e esse numero tende a crescer para 65,7 milhdes em 2030 e para 115,4 milhGes
em 2050, ou seja, acometera cerca de 11,8% da populacdo (4). Isso é extremamente
importante no contexto do Brasil, j& que 0 nosso pais segue o padrdo de envelhecimento
populacional e consequentemente de casos de deméncia, 0 que requer grandes

investimentos do governo no assunto.

Estudos investigaram a prevaléncia e incidéncia desta doenca no contexto
brasileiro, utilizando amostras de idosos de base comunitéria (5-7). A taxa de incidéncia
foi 7,7 por 1.000 pessoas-ano no estudo de S&o Paulo (6) e 14,8 por 1.000 pessoas-ano
no estudo do Rio Grande do Sul (7). ProjecGes indicam que a prevaléncia média no Brasil
apresenta-se mais alta que a mundial (8). Na populacdo com 65 anos ou mais, passara de

7,6% para 7,9% entre 2010 e 2020, ou seja, 55.000 novos casos por ano (9).

O custo anual estimado para a deméncia é de US$ 818 bilhdes, o equivalente a
mais de 1% do produto interno bruto global. Até 2030, espera-se que esse valor mais que
dobre, chegando a US$ 2 trilhdes (10), montante que pode prejudicar o desenvolvimento
social e econdmico e sobrecarregar 0s servigos sociais e de saude. O custo anual por
pessoa com deméncia é varidvel, entre US$ 1.521 nos paises de baixo rendimento, US$
4.588 nos paises de médio rendimento e US$ 17.964 em paises de elevado rendimento
(112).

A DA é uma pandemia relacionada ao processo de envelhecimento populacional.
Trata-se de uma doenca neurodegenerativa caracterizada pela morte de neurbnios no
sistema nervoso central (12), resultando em perdas funcionais (13). A progresséo clinica
da DA, marcada por perda progressiva da memaria recente e outros comprometimentos
cognitivos e comportamentais, culmina com incapacidade permanente para realizar
atividades basicas e instrumentais da vida diaria (14). Em seu processo patoldgico, a DA
usualmente caracteriza-se pela presenca no cortex cerebral de placas senis constituidas
por depositos extracelulares da proteina B-amildide assim como por emaranhados

neurofibrilares intraneuronais da proteina Tau hiperfosforilada (15-19).



Até o presente, a DA ndo pode ser diagnosticada enquanto o fenétipo de deméncia
ndo for clinicamente estabelecido (15), e ainda, ndo ha tratamentos para mudar o curso
progressivo desse distdrbio cerebral (15, 20, 21). Apesar disso, algumas mudancas
celulares possivelmente associadas a doenga podem ser identificadas anos, e até décadas,
antes da apresentagdo dos primeiros sinais de perda de memoria e/ou desvio de
comportamento (22-25). A partir desses achados, pesquisas tem intensificado a
investigacdo de novos biomarcadores para DA capazes de identificar alteracfes
fisioldgicas que possibilitem predizer risco de acometimento pela doenca, inclusive em
pessoas sem sintomas (26, 27). A deteccdo pré-sintomatica da DA é crucial e pode
facilitar a implementacdo de tratamentos eficientes, assim como, modificar o curso
natural da doenca. Além da importancia no diagnostico, novos biomarcadores tem sido
estudados para compreender melhor os aspectos fisiopatoldgicos relacionados a

desordem.

Diversos ensaios sobre biomarcadores estdo atualmente sendo conduzidos e, neste
contexto, destacam-se aqueles com foco sobre elementos de microRNAs (miRNAS).
MiRNAs tem emergido como uma nova classe de elementos de regulacdo génica, com

funcéo central no desenvolvimento fisiol6gico e de patologias (28, 29).

MiRNAs sdo caracterizados como um grupo de pequenos RNAs de cadeia simples
ndo codificadores de proteinas, com 20 a 22 nucleotideos de comprimento (12). Essa
variedade de RNA destaca-se pela grande habilidade de modular uma complexa rede
regulatoria de expressdo génica e desempenha papel importante na regulagéo a nivel pos-
transcricional do genoma (30-32). Atuam sobre genes-alvo usualmente por ligacdo a
regido 3’ ndo traduzida do RNA mensageiro e consequente inibicdo da sua tradugao ou a
degradacdo da regido alvo. Os miRNAs regulam mais de 50% de todos 0s genes
codificadores de proteinas implicando consequéncias em todos os processos bioldgicos,
incluindo inflamacéo, proliferacéo e apoptose (33-35).

Mais de 70% de todos os miRNAs conhecidos podem estar presentes nos tecidos
cerebrais, e evidéncias da literatura enfatizam que os miRNAs tem papel crucial na
regulacdo neuronal e nas funcdes da glia (36). MiRNAs tem sido descritos como 0s
principais reguladores da homeostase neuronal e a desregulacdo desses pode resultar em
condicBes patoldgicas cerebrais (31). Em geral, a maioria dos miRNAs expressos no

tecido cerebral tem se mostrado como chaves em processos de regulacdo das funcbes



bioldgicas neuronais, como plasticidade neuronal, neurogénese e diferenciacao neuronal
(12, 37).

Estudos tem demostrado que a desregulacdo da expressdo génica causada por
alteracdes na expressao de miRNAs tem implicacdes em doencas neurodegenerativas (38,
39). Evidéncias sugerem que até uma pequena alteracdo na atividade de miRNAs pode
causar detrimento na funcédo neuronal (36, 40, 41). MiRNAs s&o associados com doencas
neurodegenerativas como a DA e sdo reguladores de muitos aspectos relacionados a sua
patogénese (29, 38, 42). Alinhado a isso, muitos miRNAs tem sido identificados como
relevantes por alterar a expressao ou a funcéo de moléculas relevantes para a patogénese
da DA, como a proteina precursora amiloide (PPA) (43), a enzima de clivagem da
proteina B-amilGide (44) e a proteina Tau (45, 46).

Ha cerca de uma década foram iniciados estudos em pequena escala de perfis para
fornecer as primeiras pistas sobre mudancas de producdo cerebral de miRNA em DA
(47). Desde entdo, varios grupos tém realizado estudos genémicos em maior escala que
demonstram padrdes diferenciais de expressdao de miRNA ndo sé apenas no tecido
cerebral como também em biofluidos (12, 48-50).

No contexto patolégico da DA, tem sido demostrado que o perfil de expressao de
miRNAs em amostras de cérebro obtidos de substdncia branca de pacientes
diagnosticados com a patologia mostra-se diferente do encontrado em tecidos saudaveis
de pacientes controle (51). Dessa forma, ap0s realizarmos uma ampla avaliacao dos niveis
de expressdo desses miRNAs no tecido cerebral post-mortem de pacientes que vieram a
6bito com e sem DA, nos propusemos a identificar os mMIRNAS expressos
diferencialmente nos pacientes doentes. Ainda, pretendemos estabelecer a relacdo entre
os miRNAs desregulados com altera¢Ges na fisiologia cerebral relacionados a patologia.
E importante ressaltar que a fisiopatologia da DA ainda ndo foi completamente elucidada,
portanto, estudos que possibilitem um maior entendimento do processo
neurodegenerativo sdo informativos e podem permitir possibilidades de rastreio, de
diagnostico ou ainda terapéutico a longo prazo (52). Atualmente o diagnéstico com

precisdo da DA somente é feito apds exames post-mortem (53).
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Abstract

Background: As a progressive neurodegenerative disorder characterized by neuron dysfunction and death
at the central nervous system, Alzheimer’s disease (AD) has extracellular amyloid-p deposits and
intracellular hyperphosphorylated Tau as biochemical hallmarks. MicroRNAs (miRNAS) emerged as novel
regulatory elements, with up to 70% of all known miRNAs tracked in the brain, and whose dysregulation
have pathological implications. Objective: to perform a broad assessment on the expression levels of
miRNAs in post-mortem brain (PMB) samples of patients deceased with or without AD. Methods: A high-
throughput microarray expression platform was used to profiling brain samples of AD cases with senil
plaques confirmed by neuropathological examinations and compare to control samples matched for age and
sex, pulled from the University of Sdo Paulo’s Brain Biobank. The miRNAs identified as potentially
associated were subjected to validation with specific TagMan gRT-PCR assays employing independent
PMB samples. Results: All together, these analyses yielded 6 miRNAs differentially expressed (miR-
30e_3p; miR-365b_5p; miR-664 3p; miR-1202; miR-4286; miR-4449). The interplay of this set of
miRNAs with specific AD-related genes as well as signaling pathways was explored using bioinformatics
analyses (including the KEGG package, mirPath v.3), resulting in possible 28 target genes and 11 pathways.
Conclusion: Our results suggest involvement of this set of miRNAs with a range of genes (notably PTEN)
and pathways (emphasis to the PI3K-AKT) to explain neuronal death by apoptotic signaling, autophagy

and/or oxidative damage, among other potentially involved genes and signaling routes.

Key words: Alzheimer’s disease; microRNA,; array analysis; DIANA miRPath.



Introduction

Alzheimer's disease (AD) is one of the most common illnesses of later life as well as the first cause
of dementia worldwide [1] and currently affects 35.6 million individuals with such number expected to
increase to 65.7 million in 2030 and to 115.4 million in 2050 [2]. AD has become pandemic as the
population continues to age, with no known cure or widely effective prevention measures presently [3, 4].
As a multifactorial, age-related neurodegenerative disorder characterized by death of neurons at the central
nervous system that unfolds into functional deterioration [5], AD’s biochemical hallmarks are the
extracellular amyloid-p (AB) deposits (senile plaques) and the intracellular arousal of filaments of
hyperphosphorylated Tau (neurofibrillary tangles) [6, 7].

Recently, micro-RNAs (miRNAs) have emerged as a novel class of gene regulatory elements with
conserved roles in development and disease. Studies have shown dysregulation of gene expression due to
altered expression of miRNAs in the physiopathological context of neurodegenerative diseases [8-10].
MiRNAs are a class of small non-coding RNAs of 20-22 nucleotides in length that regulate the genome at
the posttranscriptional level [11, 12], affecting expression of more than 50% of all protein-coding genes
and implicated in all biological processes [13]. Regulation of gene expression by miRNA is usually
achieved by its binding to the 3’ untranslated region of target mRNA(s), with due cleaving or inhibition of
its translation [14, 15].

Up to 70% of all known miRNAs could be tracked in the brain and a growing body of evidence
emphasizes on miRNAs as crucial regulators of neuron and glial functions [16, 17], being described as
main regulators of neuronal differentiation, patterning, homeostasis and plasticity along with
synaptogenesis [18-21] and involved in the pathophysiology of different disorders in the brain [11, 22].
Evidence suggests that even slight aberrations in miRNA activities can be detrimental to neuronal function
[23-25]. In line, miRNAs are associated with the AD pathogenesis [11, 26, 27], with several miRNAs
affecting the expression of AD-relevant molecules such as the amyloid precursor protein (APP) [28], the
[-site amyloid precursor protein cleaving enzyme 1 (BACE1) [29] and the Tau protein [30]. Nonetheless,
the precise causative elements underlying the AD-related biochemical flaw are not completely known or
understood [3] and the pathophysiology of the condition is yet to be elucidated. At present, autopsy is still
necessary to diagnose AD accurately [31].

Understanding the main causes of cell dysfunction and death in many neurodegenerative diseases

is a challenging task that might also provide important insights into the mechanisms of neurodegeneration.



In this pathological context, it has been demonstrated that the miRNA expression profile in white matter-
enriched brain samples is altered from the pattern found in the normal tissue [32]. Herein, we propose to
perform a broad assessment on the expression levels of these miRNAs in the post-mortem brain (PMB) of
patients deceased with or without AD, and to establish relationships with the pathophysiology of the

disease.

Materials and methods
Study population

In the present study, 50 specimens collected at the Human Brain Bank of the Brazilian Aging Brain
Study Group (HBB-BABSG) of the University of Sdo Paulo Medical School, from 2005-2012, were
studied [33]. Tissue donations were obtained in the municipal Sdo Paulo Autopsy Service, in Brazil.
Exclusion criteria included age at death of less than 50 years, causes of death or tissue condition that
impeded neuropathological analysis, informants without knowledge on the functional status of subjects and
violent/criminal deaths. All tissue donations were necessarily made by a next-of-kin after providing
informed consent, and the study was approved by the institutional review boards of all participating

institutions.

Neuropathological assessment

The clinical diagnosis was made in a consensus meeting with the participation of gerontologists
and of one neurologist with expertise in dementia, using all of the available information. At the brain bank,
the diagnosis of dementia was based on DSM-1V criteria. Cognitive status was assessed post-mortem using
information provided during the clinical interview with the next-of-kin. The Clinical Dementia Rating
(CDR) scale was used to evaluate cognitive function [34]. In the control group, donation was done from
individuals to whom no signs of cognitive impairment (CDR 0) were described prior to death. The present
study included subjects with severe dementia (CDR > 2) summed to an equivalent number of paired control

cases, matched for age and sex.

Neuropathological procedures
Clinical and neuropathological examinations were performed in a blinded manner, and

neuropathological diagnoses were made by two experienced neuropathologists. Brains were inspected



macroscopically, and lesions of Alzheimer’s disease (senil plaques and neurofibrillary tangles) were scored
according to the accepted criteria [35]. Control cases enclosed only subjects lacking such neuropathological
findings. For this study, post-mortem tissues were typically harvested from superior and middle temporal
gyrus (Brodmann Areas 21/22), and archived and stored at — 80 °C, typically after being snap frozen in
cryogenic liquid. The mean timespan for post-mortem harvesting of the samples used was of 10.4 h (range

of 4-20h).

MicroRNA Isolation from post-mortem tissues

MiRNA was isolated from 100 mg samples of snap-frozen brain tissue using mirVana™ PARIS™
Kits (Life Technologies, Lithuania), used according to the manufacturer’s recommendations with one slight
modification in the protocol consisting of one additional step of organic extraction with Acid
Phenol:Chloroform after tissue lysis. MiRNA quality was confirmed using the Aazso/Azso ratio with
NanoDrop Lite Spectrophotometer (Thermo Scientific™, China). For further assays, only samples with

Aosol Azgo ratio within 1.9 — 2.1 were performed. Samples were stored at -20°C until further analysis.

Microarray methods

The microarray expression plataform chosen was the Applied Biosystems miRNA Array kit® by
Thermo Fisher Scientific. This high-density array provides a sensitive measurement of a wide range of
small non-coding RNA transcripts, including complete coverage of miRBase v20 encompassing 2,578
mature and 2,025 imature human miRNAs. For the direct labeling of the miRNAs, the FlashTag™ Biotin
HSR Labeling Kit (Thermo Fisher Scientific) was used for 16 samples (8 from AD and 8 from control
samples) following the manufacturer’s recommendations. To confirm whether biotinylation of microRNA
samples occurred properly, an Enzyme Linked Oligosorbent Assay (ELOSA) was used to specifically
detect the binding of biotinyled samples to spike, complementary control RNA oligos adsorbed to a Nunc®
plate.

Hybridization and capture of the fluorescence spots was performed with the GeneTitan™
instrument (Thermo Fisher Scientific), with the Array Strip Hybridization® (Thermo Fisher Scientific) kit
as support. To control the microarray procedure, the GeneChip® Expression 3'-Amplification Reagents
Hybridization Control ™ (Thermo Fisher Scientific) was used. The results obtained in GeneTitan™ were

analyzed for quality purposes using the Expression Console™ software, version 4.1 (Thermo Fisher



Scientific) (Figure 1). The standard data exported by Expression Console™ (CPH.) was processed in the
Transcriptome Analysis Console™ software version 3.1 (Thermo Fisher Scientific), which allows statistical
analysis to obtain a list of differentially expressed genes. This latter applied the unpaired Student’s t-test to
identify miRNAs differentially expressed between sample pairs and probes, set at p < 0.05 and fold-change
values > 65% as parameters to define miRNAs with different mean concentrations across samples, with the
requirement that the miRNA was expressed by a minimum of 75% of all participants of at least one of the

groups.

Validation of differential expression by RT-PCR

To validate the previous microarray results, we have performed quantitative RT-PCR with 16 DA
and 18 control independent samples. Specific quantitation of each microRNA indicated by the array
technique used commercial TagMan® gRT-PCR assays (Applied Biosystems, Foster City, CA, USA). The
TagMan® MicroRNA Reverse Transcription Kit was used to prepare complementary DNA (cDNA) with
each reaction containing 10 ng of total post-mortem brain RNA. Briefly, reactions were set up with 1 ng/pL
of RNA, 0,5X stem-loop RT primer, 3.33 U/uL reverse transcriptase, 0.25 U/uL RNase inhibitor, 0.25 mM
dNTPs, and 1X reaction buffer in a total reaction volume of 10 L, being incubated at 16°C for 30 min,
and 42°C for 30 min, and 85°C for 5 min in a thermocycler.

Following the RT step, 4 pL of the RT reaction was combined with 0.5 pL of a 20X TagMan
MicroRNA Assay (containing forward primer, reverse primer, and probe) and 5 pL of TagManR Universal
PCR Master Mix (without UNG for cycling) completed with ultra-pure water to another 10-uL final
volume. All reactions were performed on the QuantiStudio 3 Thermal Cycler (Applied Biosystems, CA,
USA) in its standard mode.

To evaluate the efficiency of each microRNA assay and the endogenous reference, standard curves
were developed with serial, 10-fold dilutions (from 1:10° to 1:10°) of known miRNA concentrations, with
reactions performed as described above. From each standard curve, a linear regression analysis was
performed to yield the correlation coefficient (R?) and the slope value. Efficiency (E) of each reaction was
assumed as = 10Cslore) _ 1 with values of 1 meaning efficiency of 100% [36].

The total tissue level of each miRNA was evaluated by normalization to levels of a small nucleolar
RNA (RNU43), member of a family that has been proven useful to normalize expression of miRNAs from

post-mortem brain tissue samples [37]. The relative quantification was determined by the 2-* method,



where ACt = (Ctmirna —Clendogenous) [36]. All reactions were performed in duplicate, determining the mean
value of the amplification threshold (CT) of each sample, with amplification of targets and internal control
run alongside to avoid inter-assay variation. The data from amplifications were obtained from

QuantStudio™ Design and Analysis Software v1.4.3.

Statistical analysis

Initial exploratory analyzes of the data evaluated the normality of distribution of the discrete
dependent variables, using the Kolmogorov-Smirnov test. Where appropriate, the data was expressed as
averages * standard deviation, medians (with interquartile range) or frequencies (%). The Student's t-test
was used for parametric data whereas for the non-parametric measures, the Mann-Whitney test was used.
Frequencies were tested with the chi-square test.

Beyond the statistical steps described to test the microarray and validation outputs, correction of
these latter analyses for the multiple investigations was done by determining p values in analyses adjusted
using the false discovery rate of each miRNA in univariate analysis of covariation [38]. All analyzes were
performed using the Statistical Package for Social Sciences (SPSS) for Windows (version 17.0). An

association was considered significant assuming p value <0.05.

Results

The present study used brain samples from subjects with post-mortem diagnosis for AD (including
senil plaques under neuropathological examinations) as well as from counterparts matched for age and sex
and rendered as control cases based on absence of AD-related neuropathological finding and devoid of
report of cognitive decline whilst alive. We identified specific miRNAs differentially expressed between
samples that conform into a signature of the disease stage. Our first analysis consisted in the miRNA
profiling phase by means of the hybridization procedure. Results from this microarray analysis appeared
robust due to expected levels and homogeneous pattern of expression signals in a sample-to-sample
comparison. In this context, we identified 9 miRNAs potentially associated with the AD-specific
neuropathology (Figure 2).

It is noteworthy that the miRNA expression pattern of two AD cases happened to cluster separately
from their mates in the heatmap. Even so, the Euclidean-based hierarchical clustering allowed

discriminating the miRNA repertoire expressed in the tissues of AD and non-demented subjects, mostly



relying on the relative underexpression observed within the pathological samples. To confirm the elements
with expression most different between groups, the miRNAs indicated by the array we validated using
specific qRT-PCR assays with independent, array-unrelated samples from other 18 control subjects and 16
AD patients, with results shown in Table 1. Six miRNAs proved themselves differentially expressed, with
five being importantly downregulated among AD patients (miR-30e_3p; miR-365b_5p; miR-664_3p; miR-
4286; miR-4449), whereas the miR-1202 alone was up-regulated in the pathological samples, in straight
agreement to each miRNA’s individual profile in the clustering map.

Since no prior reports support a relationship between this miRNA signature and AD, we sought to
understand this possible interplay by means of bioinformatics analyses. To evaluate whether the miRNAs
could play a role as regulators of AD-related genes, the search mode of the prediction tool www.mirdb.org
[39, 40] was used to yield all possible targets of those six microRNAs, and each list was checked across

AD-relevant genes derived from genomic wide association studies (www.alzgene.orqg) [41, 42]. Based on

this strategy, we unraveled a handful of AD-related gene candidates, as depicted in Table 2.

Subsequently, the whole set of differentially expressed miRNAs (not each individually) was taken
into account in another analysis to reveal signaling pathways possibly affected by this scenario of miRNA
deregulation. This was done using the TarBase v7.0 mode of the KEGG analysis package (DIANA Tools
(mirPath v.3) [43] set for human elements, what resulted in 28 target genes implicated and 11 pathways
affected. When using their likely target genes (from Table 2) as filters in the same analysis, associated
genes and pathways were narrowed down to an absolute count of 7 targets and 11 signaling routes, and
significantly implicating only three (miR-30e_3p; miR-365b_5p; miR-4286) out of the six deregulated

mMiRNAs, as depicted in Table 3.

Discussion

Our investigation scanned miRNAs from samples of post-mortem brain tissue employing a high-
throughput array technique in order to assess candidate signature(s) related to the Alzheimer’s Disease.
Despite being a technique that presents some limitations and raises questions regarding accuracy, precision
and specificity [44, 45], microarrays display importance as valuable informative strategy for understanding
diseases [46]. Furthermore, microarray technology has improved in the past 4 years, including the addition

of many newly annotated miRNAs [47].


http://www.mirdb.org/
http://www.alzgene.org/

From six differentially expressed miRNAs found by our study, five were shown down-regulated
(miR-30e_3p; miR-365h_5p; miR-664_3p; miR-4286; miR-4449) whereas one as up-regulated (miR-1202)
in AD samples. To our knowledge, this investigation is the first to implicate this set of miRNAs all together
with the disease, even though a few of these elements (miR-365b_5p [22]; miR-664_3p [48] and miR-4449
[49]) have been individually associated. We now discuss how these 6 miRNAs are linked to important
pathways that contribute to the disease pathophysiology. In general terms, this overall down-regulation of
miRNAs may lead to an overexpression of amyloidogenic and taupathic genes so to yield a pathological
status. From the miRNA set unveiled here, namely the miR-30e_3p, -365b_5p and -4286 have been
demonstrated to control genes whose dysregulation relates directly to the AD’s pathophysiology, boosting
precisely amyloidogenesis and taupathy. However, knowledge on the direct impact of these miRNA on the
regulation of AD-related genes remains to be extended.

First of all, it is important to considerer that the National Institute on Aging and Alzheimer's
Association (NIA-AA) in 2018 updated guidelines to define AD as a pathophysiologic construct by
establishing the proposed ATN classification that consider AR deposits (A), pathologic Tau (T) and
neurodegeneration (N) as hallmarks of the condition, with A+ statuses as pivotal grounds [6, 50].
Accordingly, the AD samples used herein derived exclusively from patients with confirmed amyloidosis in
histopathological examination, therefore consistent with the A+ phenotype of the new NIA-AA guideline.
Possibly due to this homogeneity in phenotype, it does not surprise that the miRNAs indicated by our
methods relate to pathways that contribute to the onset of amyloid  plaques and P-tau.

Out of the 6 miRNAs confirmed as differentially expressed, the 3 miRNAs most likely involved
as pointed out by bioinformatic analyses (mir-30e-3p, -365b-5p and -4286) relate with cell death
mechanisms (as the PI3K-AKT, FoxO, MAPK and p53 signaling pathways) that contribute to
neurodegeneration [51-54]. The literature indicates, for instance, the involvement of multiple miRNAs in
the regulation of genes as PTEN [55], INSR [56], PRKAAL [57], SOD2 [58] and MAPT [59], all genes
involved in neuronal death by apoptotic signaling, autophagy and/or oxidative damage, processes that
remarkably account to the AD-related neuropathy [60-62]..

In this complex scenario, the Phosphatase and Tensin Homolog on Chromosome 10 (PTEN)
gene, characterized as a ubiquitous modulator of cell growth and proliferation [63], stands out from the
analysis with the KEGG package by being implicated in 7 of the 11 AD-related pathways disclosed therein.

Due to its lipid phosphatase activity, PTEN produces lipid-signaling molecules whose dysregulation has



been implicated not only with cancer but with a wide variety of non-oncogenic illnesses, including
Alzheimer’s disease [64]. Deregulation of PTEN-AKT signaling pathway has been implicated with AD,
with prior report on mRNA and protein expression having demonstrated elevated PTEN levels in human
AD brains [62, 65].

Despite that the actual role of PTEN in AD pathogenesis was not fully elucidated, a hint raised
by Knafo et al. [64] shows that PTEN silencing reduces p-amyloid aggregation and prevents Alzheimer-
related cognitive decline in animals. PTEN regulates neuronal survival processes by arresting cell cycle
and triggering apoptosis by antagonizing the PI3K-AKT pathway in the CNS [66, 67]. Studies shown that
suppression of PTEN expression provides neuroprotection [68, 69], particularly of hippocampal cells
against apoptosis [70]. Among possible venues, attenuation of the PI3K-AKT signaling pathway seems the
most likely route [71], in line with our KEGG outputs and with evidence from which the PISK-AKT
signaling is suppressed in the brains of AD patients [52, 72]. To the author’s best knowledge, it is plausible
that the down-regulated miR30e-3p might allow an overexpression of the gene (see target prediction on
Table 2), yielding a state compatible with the onset of the disease. Therefore, we hypothesize that exuberant
PTEN action due to the suppressed miR30e-3p may contribute to a PI3K-AKT-deficiency-mediated process
of neurodegeneration in Alzheimer’s disease.

Apart from the PI3K-AKT signaling pathways, PTEN also interact with other important routes for
neurodegeneration, as the FoxO pathway for cell cycle arrestment [73] and p53 activation to induce ROS
generation [74], both pinpointed by our bioinformatics analyses. On what concerns the latter, PTEN and
p53 interact by mutual regulation at transcriptional and translational levels [75, 76]. Regardless of how
neuronal injury is triggered, p53 is highly elevated in a context of PTEN-enriched AD neurons [54], leading
to cell death [77]. Also, study in animals has demonstrated that PTEN knockdown leads to a pronounced
decrease in the cellular level of ROS and prevention of neuronal apoptosis [70]. All things considered, an
interplay between the mir-30e-3p and Alzheimer’s based on a PTEN-centered exacerbation of relevant
apoptotic, autophagic and/or oxidative pathways appear plausible based on the rationale above. Afterall,
the mir-30e-3p predominates in the output of our KEGG analyses, being implicated in 9 of the 11 pathways.
The relationship of the miR-30 family with neurodegeneration was already described elsewhere. Nunez-
Iglesias [78] pointed out that miR-30e-5p is down-regulated in lobe cortex of disease patients [10]. In line

with this body of evidence for a miR30e effect on neuropathological conditions, the miR30e-3p was shown



to be up-regulated in Parkinson’s Disease serum [49]. In brief, elements of the miR-30e family have been
related to neurodegenerative diseases so far, however by mechanisms not yet fully understood.

Another fact that relates PTEN to the neuropathology of AD is the finding that its suppression
markedly reduces AKT-GSK3-mediated Tau hyperphosphorylation yielding a pro-survival effect [65].
However, the literature is less abundant in evidence for a PTEN contribution to Tau phosphorylation
whereas dysregulation of the actual MAPT gene expression rate is more likely to affect Tau metabolism.
Some studies indicate that miRNA affect Tau production and processing, potentially contributing to several
neuropathological features of AD [79-82]. In regard to this, our study found out that the miR-365b-5p is
downregulated in AD brains and likely to regulate MAPT as indicated by the KEGG analyses. An overall
reduction in miRNA production in Dicer-knockout mouse brains induces a severe neurodegenerative
phenotype with altered Tau by either an alternative processing of the MAPT gene or an AD-resembled Tau
hyperphosphorylation phenotype [83, 84]. Another study with Dicer-knockout mice [81] found that MAPK
signaling pathways (ERK1/MAPK3 and ERK2/MAPK1) act as major regulators of neuronal Tau
phosphorylation in vivo, settling with our bioinformatics outputs in which the MAPT gene and the MAPK
routes interrelate.

The MAPT gene has a relatively large (4.2 Kb) 3' UTR with multiple conserved predicted miRNA
recognition sites [85], including for miR-365b-5p. Even though MAPT is regulated post-transcriptionally,
it is not known whether miRNA play a direct role, and we hypothesize that miR-365b-5p can regulate
human Tau via its 3'UTR so to prevent an overexpression of Tau under physiological conditions. In line,
down-regulation of some miRNA as the miR-9 and miR-124 have shown to contribute to an altered Tau
composition in AD brains [79]. But one should not ignore that a number of Tau kinases (including GSK3p
and JNK/MAPKS®) are targets for miRNA regulation as well, as demonstrated in various cell types [86, 87].

Also from our analysis, the miR-4286 was found down-regulated in AD samples, and implicated
the insulin receptor (INSR) gene. The involvement of INSR in AD has long been described [88-90], and
relates to the fact that AP, peptides directly compete with insulin for binding [91, 92], blocking the receptor
and provoking insulin resistance and glycemic unbalance that reduces efficiency in the CNS and impairs
cellular clearance of the neurotoxic ABs2 oligomers [93]. Compensatory upregulation of INSR expression
have been shown in cerebral regions as diverse as the hippocampus and the entorhinal cortex of AD patients
[94-96], having also been observed in peripheral samples of prodromal as well as of fully symptomatic AD

carriers [95, 97]. Also, significant alteration in MRNA expression of genes related to insulin signaling in



the cortex and hippocampus has been described [98]. Decreased insulin action leads to dephosphorylation
and activation of glycogen synthase kinase GSK3, the main responsible for Tau hyperphosphorilation, as
expected in a context of inhibition of the PI3K-AKT pathway [99]. This way, it is well known that altered
insulin signaling in the brain leads to appearance of classic AD hallmarks [92] and that some critical cell
survival pathways in neurons are regulated by the activity of INSR [100-102].

A recent meta-analysis implicated the miR-4286 with Parkinson’s neurodegeneration, but without
proposing a role in the pathophysiology [103]. In line, different reports describe age-related reduction of
miRNAs predicted to target INSR expression during the mouse brain aging [104, 105]. Therefore, a possible
causal effect of the under-expressed miR-4286 in the adaptative INSR overexpression in AD cannot be
discarded. Since this enhancement does not necessarily translate into efficient signaling due to INSR
blockage by AP oligomers, it is conceivable that such biochemical setting may account to inhibit the PI3K-
AKT pathway so to trigger neuronal death [92].

We should not ignore the other miRNAs revealed by our study, but much is yet to be unveiled
about their basic biology. To name a few of these candidates with solid grounds to play roles in the AD
onset, the miR-1202 (which is specific of primates, enriched in the human brain [106] and associated with
the pathophysiology of depression [107]) is known to regulate genes involved with glutamatergic,
dopaminergic, GABAergic and serotonergic neurotransmission [108, 109]. Also, this miRNA regulates the
ATP-binding cassette transporter A1 (ABCAL) gene, that encodes a pump of cholesterol and phospholipids
from cells to lipid-poor ApoE-containing lipoprotein particles, as to form HDL. ABCAL deficiency was
shown to increase amyloid deposition and memory deficits in different AD model mice, whereas transgenic
mice overexpressing ABCAL in brain have fewer amyloid plaques [110]. Up-regulation of miR-1202 (as
observed herein) could contribute to the scenario.

On its turn, the miR-4449 was also related with neurodegenerative conditions as Huntington’s
disease and Schizophrenia [4, 111]. In line, Denk et al. [22] identify miR-4449 as down-regulated in CSF
samples of AD patients, finding its level in correspondence to those of the APas, peptide, total Tau and
phospho-Tau, allowing to hypothesize the miR-4449 as candidate biomarker for AD. The gene TOMM40
(Translocase of the Outer Membrane of 40), which has been related to late-onset AD [112-114], is targeted
by the miR-4449. TOMMA40, adjacently-linked to ApoE in chromosome 19, is associated with the AD onset
and progression possibly by affecting vicinal transcription or by interacting in a complex way with apoE

isoforms [115, 116]. Also, TOMM40 codes for an essential mitochondrial protein, suggesting that



mitochondrial integrity and energy metabolism could play an important role in pathophysiology of AD
[117]. APOE and TOMM40 may interact to affect aspects of mitochondrial function although
mechanistically it is unclear.

Lastly, Burgos et al. [49] have profiled the miRNAs from CSF and serum of AD patients and
observed correlation of miR-664b-3p expression with aspects of disease severity such as Braak stage, but
not with plaque density or neurofibrillary tangle scores. MiR-664b-3p was associated with signaling
pathways related to FoxO, MAPK, and mTOR [118], implicating this miRNA with outcomes such as
apoptosis. Not surprisingly, one target of miR-664b-3p is CASP8, the apoptosis-related cysteine protease
and known genetic risk factor for AD [119, 120]. In addition to its role in amyloid processing [121],
caspase-8 and its downstream effector caspase-3 are involved in synaptic plasticity, learning, memory and
control of microglia pro-inflammatory activation, indicating additional mechanisms that might contribute
to AD [122].

Among the limitations of our study, we can cite the lack of assays to confirm the relationships
indicated herein between the miRNAs, target genes and signaling pathways, mostly interpreted out of the
operation of bioinformatic tools/databases and of the appropriate literature. In addition, no previous
calculation on sample size was performed to evaluate the statistical power of our analyses. A larger sample
in the microarray procedure could have evidenced miRNAs with smaller effect size but also relevant to the

AD pathogenic process.

Conclusion

Being abundant in brain and highly stable in biofluids as CSF, it is settled that the miRNA content
influences the onset and progression of neurodegenerative diseases. This exploratory investigation takes an
approach to detect miRNA differentially expressed in the typical A+ phenotype of the Alzheimer’s disease,
with six miRNAs identified as deregulated in the advanced stage of the disease. Based on the literature
available on these miRNAs and their known and possible target genes, our work point out to a number of
signaling pathways in the neuronal milieu (mainly the PI3K-AKT, FoxO, MAPK and p53 pathways) and
hypothesize on plausible avenues of dysfunction and neurotoxicity with connection to the entity’s
neurochemistry. But, the actual role of these miRNAs as players for the AD onset needs to be assessed by

well-controlled studies of experimental nature whereas the utility of these elements as disease markers



demand future, well-powered work with larger sample sizes to ensure detection of miRNAs with smaller

effect sizes.
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Figure 1. Result from Expression Console™ software version 4.1 analysis showing homogeneity from
samples in the microarray. AD, Alzheimer’s disease; C, control.
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Figure 2. Hierarchical clustering from microarray resulted from Transcriptome Analysis Console™
software version 3.1. hsa filter, fold-change [+ 1.65] and p < 0.05. Number 1 means Alzheimer’s disease
sample; number 2 refers to controls.



Table 1. Description of the clinical variables and relative quantification of miRs in the validation sample.

Control AD p

Variables (n=18) (n=16)

Age of death, years 779199 80.9+79 0.350
Male, % § 27.8 25.0 0.855
CDR=3,%¢ - 81.2 -
miR-30e_3p (.10?) 36.4 (24.5, 46.1) 21.2 (6.7, 32.8) 0.015
miR-365b_5p (.10?) 4.2 (2.6,24.4) 2.7 (1.3,3.4) 0.023
miR-664_3p (.10°) 30.1(26.0, 38.2) 1.2 (0.6, 22.6) <0.001
miR-767_5p (.10 8.6 (6.8, 14.8) 8.4 (4.2,13.0) 0.512
miR-1202 (.10%) 2.0(0.8,10.8) 15.0 (6.0, 45.4) 0.006
miR-3651 (.10°) 0.9 (0.5, 1.6) 1.0(0.4,1.3) 0.678
miR-4286 (.10) 42.3 (21.7,112.2) 18.0 (10.4, 47.4) 0.032
miR-4443 (.10°) 20.4 (12.6, 35.0) 12.8 (2.5, 32.5) 0.133
miR-4449 (.10°) 41.8 (18.9, 83.6) 10.4 (3.2, 40.1) 0.013

Data are expressed as average + standard deviation® for continuous parameters, as relative frequencies® for categorical
features, or as median and interquartile interval for continuous traits with non-Gaussian distribution. The Student’s t
test, the chi-square test or the Mann-Whitney test were used, respectively. AD = Alzheimer’s disease. MIiR =
microRNA.



Table 2. AD relevant genes targets prediction using microRNA.org and AlzGene.org for miRNAs,
ordered alphabetically.

miR-30e_3p miR-4286 miR-664b_3p miR-1202 miR-365b_5p miR-4449
ABCAl ABCG4 ARSB ABCA1l APOM TOMMA40
ADAM10 ADCYAP1R1 CASP8 ABCG4 BACE1
AKAP8 ADRA1A CD2AP APOB CELF2
APBB2 ATXN1 DKK1 CAND1 MAPT
APH1B CCR2 ERCC4 CCR5 NCOA2
AR CDX2 FOXO03 F11R
ARID4A CHRNA2 HECTD2 HNF4A
CAMK2G DLD; KIF11 SAR1A
CAST EGR2 KLF5 SH3PXD2A
CAV1 F11R LRAT SMAD3
DLST GAB2 LRP6 SOs1
DOPEY2 HK2 LRRK2 TAP2
GLO1 HSPAS LRRTM3 TNMD
GMEB1 INSR MARCH5 TRAK2
GOLM1 LDLR SIRT1
HSPA5 MME SMAD3
ILB1 NDUFB8 SRP72
LRP8 SEMA4D TANC2
LSS SERPINA3
NDUFC2 SH3PXD2A
NR3C1 SNCA
NTRK2 SYN3
NUMB TANC2
PCGF5 TGFB1
PICALM TMEM132C
PLCE1 TMEMG63C
POU2F1 TP73
PPP1R3A TREM2
PRKAA1 TRPC4AP
PTEN VDR
RUNX1 WNT8B
SLC6A3
SOD2
SORT1
S0OS2
TET1

ABCAL1 - ATP binding cassette subfamily A member 1; ABCG4 - ATP binding cassette subfamily G member 4;
ADAM10 - ADAM metallopeptidase domain 10; ADCYAP1R1- ADCY AP receptor type I; ADRA1A adrenoceptor
alpha 1A; AKAP8 — A-Kinase anchoring protein 8; APBB2 - Amyloid beta precursor protein binding family B member
2; APH1B - Aph-1 homolog B, gamma-secretase subunit; APOB - apolipoprotein B; APOM - apolipoprotein M; AR
— Androgen receptor; ARID4A - AT-rich interaction domain 4A; ARSB - arylsulfatase B; ATXNL1 - ataxin 1; BACE1
- beta-secretase 1; CAMK2G - calcium/calmodulin dependent protein kinase 11 gamma; CANDL1 - cullin associated
and neddylation dissociated 1; CASP8 - caspase 8; CAST - calpastatin; CAV1 - caveolin 1; CCR2 - C-C motif
chemokine receptor 2; CCR5 - C-C motif chemokine receptor 5; CD2AP - CD2 associated protein; CDX2 - caudal
type homeobox 2; CELF2 - CUGBP Elav-like family member 2; CHRNAZ - cholinergic receptor nicotinic alpha 2
subunit; DKK1 - dickkopf WNT signaling pathway inhibitor; DLD - dihydrolipoamide dehydrogenase; DLST -
dihydrolipoamide S-succinyltransferase; DOPEY?2 - dopey family member 2; EGR2 - early growth response 2;
ERCC4 - ERCC excision repair 4, endonuclease catalytic subunit; F11R - F11 receptor; FOXO3 - forkhead box O;
GAB2 - GRB2 associated binding protein 2; GLO1 - glyoxalase I; GMEBL - glucocorticoid modulatory element
binding protein 1; GOLM1 - golgi membrane protein 1; HECTD2 - HECT domain E3 ubiquitin protein ligase 2; HK2
— hexokinase 2; HNF4A - hepatocyte nuclear factor 4 alpha; HSPAS - heat shock protein family A (Hsp70) member
5; INSR - Insulin receptor; LDLR - low density lipoprotein receptor; LRAT - lecithin-retinol acyltransferase
(phosphatidylcholine-retinol-O-acyltransferase); LRP6 - LDL receptor related protein 6; LRP8 - low density
lipoprotein receptor-related protein 8, apolipoprotein e receptor; LRRK2 - leucine rich repeat kinase 2; LRRTMS3 -
leucine rich repeat transmembrane neuronal 3; LSS - lanosterol synthase; MAPT - microtubule associated protein tau;
MARCHS5 - membrane associated ring-CH-type finger 5; MME - membrane metalloendopeptidase; NCOAZ2 - nuclear
receptor coactivator; NDUFB8 - ubiquinone oxidoreductase subunit B8; NDUFC2 - NADH:ubiquinone
oxidoreductase subunit C2; NR3CL1 - nuclear receptor subfamily 3 group C member 1; NTRK?2 - neurotrophic receptor
tyrosine kinase 2; NUMB - NUMB endocytic adaptor protein; PCGF5 - polycomb group ring finger 5; PICALM -
phosphatidylinositol binding clathrin assembly protein; PLCEL - phospholipase C epsilon 1; POU2F1 - POU class 2
homeobox 1; PPP1R3A - protein phosphatase 1 regulatory subunit 3A; PRKAAL - protein kinase AMP-activated



catalytic subunit alpha 1; PTEN — phosphatase and tensin homolog; RUNX1 - RUNX family transcription factor 1;
SARI1A - secretion associated Ras related GTPase 1A; SEMA4D - semaphorin 4D; SERPINA3 - serpin family A
member 3; SH3PXD2A - SH3 and PX domains 2A; SH3PXD2A - SH3 and PX domains 2A; SIRT1 - sirtuin 1;
SLC6A3 - solute carrier family 6 member 3; SMAD3 - SMAD family member 3; SNCA - synuclein alpha; SOD2 -
superoxide dismutase 2; SORT1 - sortilin 1; SOS1 - SOS Ras/Rac guanine nucleotide exchange factor 1; SOS2 - SOS
Ras/Rho guanine nucleotide exchange factor 2; SRP72 - signal recognition particle 72; SYN3 - synapsin I11I; TANC2
- tetratricopeptide repeat, ankyrin repeat and coiled-coil containing 2; TAP2 - transporter 2, ATP binding cassette
subfamily B member; TET1 - tet methylcytosine dioxygenase 1; TGFB1 - transforming growth factor beta 1;
TMEM132C - transmembrane protein 132C; TMEM®63C - transmembrane protein 63C; TNMD — tenomodulin;
TOMMA4O0 - translocase of outer mitochondrial membrane 40; TP73 - tumor protein p73; TRAK?2 - trafficking kinesin
protein 2; TREMZ2 - triggering receptor expressed on myeloid cells 2; TRPC4AP - transient receptor potential cation
channel subfamily C member 4 associated protein; VDR - vitamin D receptor; WNT8B - Wnt family member 8B;



Table 3. AD’s relevant miRNAs, genes and pathways.

41

KEGG Pathways Code Genes MiRNA p-value
PI3K-Akt signaling pathway hsa04151  INSR miR-4286 3.6 x 102
PRKAAL miR-30e_3p
PTEN miR-30e_3p
FoxO signaling pathway hsa04068  INSR miR-4286 3.9x 102
PRKAAL miR-30e_3p
PTEN miR-30e_3p
SOD2 miR-30e_3p
MAPK signaling pathway hsa04010 MAPT miR-365b_5p 3.9x1072
p53 signaling pathway has04115 PTEN miR-30e_3p 6.0 x 104
Prion disease hsa05020  HSPA5 miR-30e_3p; 2.7x107%
miR-4286
Hepatitis B hsa05161 PTEN miR-30e_3p 6.8 x 10°
Steroid biosynthesis hsa00100 LSS miR-30e_3p 1.0x10°
Glioma hsa05214  PTEN miR-30e_3p 1.0x10°
Pathways in cancer hsa05200 PTEN miR-30e_3p 1.0x10°%
Small cell lung cancer hsa05222  PTEN miR-30e_3p 1.0x10°
Adherens junction hsa04520  INSR miR-4286 2.0x10°%

Data from DIANA (mirPath v.3) KEGG analysis with genes union mode, FDR correction on, p-value threshold =

0.05 and filtered genes from Table 2. HSPAS - heat shock protein family A (Hsp70) member 5; INSR - Insulin receptor;

LSS - lanosterol synthase; MAPT - microtubule associated protein tau; PRKAAL - protein kinase AMP-activated catalytic

subunit alpha 1; PTEN — phosphatase and tensin homolog; SOD?2 - superoxide dismutase 2;



3. Discusséo geral e conclusdes

Em nosso estudo, validamos seis miRNAs diferencialmente expressos no grupo doente.
Dentre eles, cinco mostraram-se hipo-expressos (miR-30e_3p; miR-365b_5p; miR-664_3p;
miR-4286; miR-4449), enquanto um mostrou-se super expresso (miR-1202) na DA. Sugerimos
que esses seis MiRNAs relatados estdo implicados em importantes rotas relacionadas a DA e
dessa forma contribuem para a fisiopatologia da doenca. Em geral, a hipo-expressdo desses
miRNAs pode culminar na super-expressao de genes que contribuem para a formacéo de placas
amiloidéticas e deposicdo de proteinas Tau, caracteristicas essenciais da DA.
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Figura 3. miRNAs desregulados na Doenca de Alzheimer. Figura desenvolvida pelo autor.

Os miRNAs -30e 3p, -365b 5p e -4286 tém sido relacionados a genes cuja
desregulacéo sabidamente tem relag&o com a fisiopatologia da DA, como os genes PTEN (54),
MAPT (55) e INSR (56), respectivamente, todos envolvidos com morte neuronal, seja por
atuarem sobre rotas de apoptose, autofagia ou danos oxidativos (57-59), figura 3. As rotas de

sinalizacdo apontadas pelo nosso trabalho estdo envolvidas com processo de morte celular,



como as vias PI3BK-AKT (incluindo a rota GS3Kp), FoxO, MAPK e p53, e séo fortemente
associadas a processos neurodegenerativos (60-63).

Ainda em relacdo aos miRNAs encontrados como relevantes na nossa amostra (miR-
1202; miR-4449 e miR-664_3p) é possivel observar que eles atuam em importantes processos
relacionados a fisiopatologia da DA, seja pelo envolvimento com a deposi¢ao da proteina -
amildide, por promover alteracdo na integridade e metabolismo mitocondrial, ou ainda, por
induzir processos apoptéticos, ja que atuam sobre genes relevantes para a DA, conforme

apresentado na figura 3.

Em 2018, o Instituto Nacional do Envelhecimento e Associacdo de Alzheimer (NIA-
AA) atualizou as diretrizes para definir a DA como um construto fisiopatoldgico estabelecendo
a classificagdo ATN. Essa proposta considera depésitos de B-amildide (A), proteina Tau
patoldgica (T) e neurodegeneracdo (N) como marcas condicionantes a patologia, com A+ como
pré-requisito essencial (64, 65). Por conseguinte, as amostras de DA utilizadas no nosso
trabalho derivaram exclusivamente de pacientes com amiloidose confirmada em exame
histopatoldgico, portanto consistentes com o fendtipo A+ da nova diretriz NIA-AA.
Possivelmente, devido a essa homogeneidade no fendtipo, ndo surpreende que 0s miRNAs
indicados por nossos métodos estejam relacionados a vias que contribuem para o surgimento

de placas de B-amilaide.

Sendo abundante no cérebro e altamente estavel em biofluidos, esta estabelecido que o
conteddo de miRNA tem influéncia no inicio e na progressao das doencas neurodegenerativas.
Esta investigacao exploratoria utilizou uma abordagem para detectar miRNASs diferencialmente
expressos de acordo com um fenotipo especifico da DA, onde seis miRNAs foram identificados
no estagio da doenca, conectando esses mMiRNAs com a neuroquimica da entidade, revelando
potenciais biomarcadores dessa patologia cerebral. Com base nas evidéncias disponiveis sobre
esses miRNAs e seus genes-alvo, nosso trabalho aponta para varias vias de sinalizagdo no meio
neuronal, especialmente as vias PISBK-AKT, FoxO, MAPK e p53, para hipotetizar possiveis

vias de disfuncéo e neurotoxicidade.

Ademais, devemos destacar a potencial importancia do miR-30e-3p de interferir na
neurodegeneracdo, ja que este parece estar implicado em nove das onze vias de sinalizacéo
apontadas. O gene-alvo destacado, PTEN, mostrou-se relevante em sete das onze vias de
sinalizacdo apos analise pelo KEEG. A centralidade de PTEN e MAPT pode ser observada por
meio da andlise realizada na plataforma String, v.11.0, figura 4. Nessa analise reiteramos a



convergéncia das rotas de sinalizacdo apontadas pela tabela 3 como possivelmente desreguladas

e implicadas com o processo fisiopatologico da DA.
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Figura 4. Rede e Analise de Enriguecimento. Vias metabolicas do termo KEGG detectadas como

reguladas pela plataforma String v11.0. As ligagdes entre as proteinas representam interagdes. p-value: 0.00547

O conhecimento de biomarcadores de processos neurodegenerativos ainda estdo em
processo de estudos, dessa forma, moléculas que participem do processo neurodegenerativo,
que tenham poder para orientar e predizer sobre os danos celulares ocorridos na DA, séo

atualmente de grande valia e contribuem para o entendimento da doenca.

Por isso, esse trabalho visou apontar miRNAs com potenciais de envolvimento com a
fisiopatologia da DA. E, apesar de alguns miRNAs apontados terem sido relatados de forma
escassa na literatura com relagdo a neurodegeneragdo, pudemos embasar nossos achados a partir
dos genes-alvo destacados pelas analises de bioinformatica, assim como com as vias de
sinalizacdo. Isso reforga que o painel de miRNAs pode realmente ter forte relagdo com o
processo neurodegenerativo provocado pela DA. O papel real desses miRNASs no inicio e
progressdo da DA ainda necessita ser avaliado por estudos controlados de natureza
experimental, enquanto a utilidade desses elementos como marcadores de doenca demanda
trabalho futuro e equiparado com amostras maiores para assegurar a deteccdo de miRNAs com

seus efeitos.



Dentre as limitacdes do nosso estudo, uma amostra mais ampla poderia ter evidenciado
outros miRNAs também importantes para a patologia da DA. Ainda ndo utilizamos célculos
amostrais prévios para avaliar o minimo de amostras necessarias para a analise ter poder
estatistico, trabalhamos com as amostras de conveniéncia cedidas pelo Biobanco. Podemos citar
ainda a falta de ensaios in vitro para testar a relacdo entre os miRNAs com o0s genes-alvo e suas
correspondentes vias de sinalizagéo, avaliando, por exemplo, o potencial desses miRNA em

induzir processos apoptoticos.
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Versionsj

Manuscripts with mathematical content can also be submitted in LaTeX.
LaTeX macro package (zip, 183 kB)

Heaadings

Please use no more than three levels of displayed headings.

Abbreviati
Abbreviaions should be defined at first mention and used consistently thereafter.
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Footmoies

Foomotes can be used o give additional information, which may include the citation of a
reference included in the reference list. They should not consist solely of a reference citation,
and they should never include the bibliographic details of a reference. They should also not
contain any figures or tables.

Foomaotes to the text are numbered consecutively; those to tables should be indicated by
superscript lower-case letters (or astersks for significance values and other statistical data).
Foomaotes to the Glle or the authors of the arficle are not given reference symbaols.

Always use foomotes instead of endnotes.

Acknowledrmenis

Acknowledgments of people, grants, funds, etc. should be placed in a separate section on the
tithe page. The names of funding organizations should be written in full.

REFEREMCES

Citati

Reference citations in the text should be identified by numbers in square brackets. Some
examples:

1. Negofiation research spans many disciplines [3]

2. This result was |ater contradicted by Becker and Seligman [3].

3. This effect has been widely studied [1-3, 7]

Peference list

The kst of references should only incdude works that are gited in the text and that have been
published or accepted for publication. Personal communications and unpublished works. should

only be mentioned in the text. Do not use footnotes or endnotes as a substitute for a reference
fist.

The entries in the list showld be numbered consecutively.

# Joumnal article
Gamelin FX. Baquet G, Berthoin 5, Thevenet D, Mowmy C, Motfin 5, Bosquet L
(2008) Effect of high intensity intermittent training on heart rate variability in
prepubescent chibdren. Euwr.J Appl Physiol 105:731-738.
https-ifdoi.org/1 0. 1007/s0042 1-D08-0955-8
Ideally, the names of all authors should be provided, but the usage of et al” i long
author lists will also be accepied:
Smith J, Jones M Jr, Houghton L et al (1888) Futwre of health insurance. N Engl J
Med BE5:325-328

i Article by DOI
Slifica ME, Whitton JL (2000) Clinical implications of dysregulated cytokine
production. . Mol Med. hitps:/dei orgl 10.1007/s001080000088

- Book
South J, Blass B (2001) The future of modemn genomics. Blackwel, London

i Book chapter
Brown B, Aaron M (2001) The politics of nature. In: Smith J (ed) The rise of modem
genomics, 3rd edn. Wiley, Mew York, pp 230-2567

z Online document
Cartwright J (2007) Big stars have weather too. 10P Publishing PhysicsWeb.
http:iphysicsweb. ongfarticles/news/11/8/16/1 . Accassad 26 June 2007

» Dissertation
Trent JW {1975) Experimental acute renal fadure. Dissertation, University of
Califomia
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Abwrays use the standard abbresiation of a joumal’'s name according to the 1S5M List of Tride

IS5 _ong LTWA

Iff you are unsure, please use the full joumnal title.

For authors using EndMote, Springer provides an output style that supports the formatting of n-
text citations and reference list

EndMuote style (zip, 2 kB)

Authors preparing their manuscript in LaTeX can use the bibtex file spbasic.bst which is moiuded
i Springer’s LaTeX macro package.

TABLES

- All tables are o be numbened using Arabic numerals.
ii- Tables should always be cited in text in consecutive memernical order.

For each table, please supply a table caption (tile) explaining the components of the
table.

i |dentify any previoushy published material by giving the original source in the form of
a reference at the end of the table caption.

++ Footnotes to tables showld be indicated by superscopt lower-case letters. {or
asterisks for significance values and other statistical data) and mcluded beneath the
table body.

ARTWORK AMD ILLUSTRATIONS GLIDELINES
H ic Fi Submissi

- Supply all figures electronically.
- Indicate what graphics program was used o create the arbwork.

- For wector graphics, the prefemed format is EPS; for halfiones, please use TIFF
format. MSOffice files are also acceplable.

-~ VWector graphics containing fonts mast have the fonts embedded in the files.
i Mame your figure files with "Fig™ and the figure member, e.g., Figl.eps.

Line Art
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- Definition: Black and white graphic with no shading.
- Do not use faint Ines andfor lettening and check that all Ines and lettering within the
figures are legible at final size.
¢ All lines should be at least 0.1 mm (0.3 pt) wide.
- Scanned line drawings and fine drawings m bitmap format should have a minimum
resolution of 1200 dpi.
¢ Vector graphics containing fonts must have the fonts embedded in the files.

Halftone Art

Definition: Photographs, drawings, or paintings with fine shading,
etc.

If any magnification is used in the photographs, indicate this by
using scale bars within the figures themselves.

Halftones should have a minimum resolution of 300 dpi.

Combination Art
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Drefinition: a combination of halfione and line art, e.g.. halftones containing Fne
drawing, extensive letiering, color diagrams, ete.
Combination arbwork should have a minimwm resolution of G00 dpi.

Calor Art

Color art is free of change for online publication.

If black and white will be shown in the print version, make sure that the main
informiation will still be visible. Many colors are not distinguishable from one another
when converted to black and white. A simple way to check this is o make a
xerographic copy to see if the necessary distinchions between the different colors ane
still apparent.

i the figures will be printed in black and white, do not refer te color in the captions.
Color illustrations should be submitted as RGE (8 bits per channed).

Figure Lettering

i To add lettering, it is best to use Helvetica or Arial {sans serif fonis).

» Keep letterng consistently sized throughout your final-sized artwork, usually about
2-3 mm (B-12 pt).

ii- \ariance of type size within an illustration should be minimal, e.g., do not use B-pt
type on an axis and 20-pt type fior the s Label.

- Awoid effects such as shading, outline letters, eie.

i Do not include tiles or captions within your illustrations.

Figure Mumbering

All figures are to be numbensd using Arabic numerals.

Figures should always be cited in text in consecutive nemerical order.

Figure parts should be denoted by lowerncase letters (3, b, ¢, etz )

If an appendix appears in your articke and it contains one or more figures, confinue
the consecutive numbaring of the main text. Do not nember the appendix figures,
A1, A2, A3, efe” Figures in online appendices {Electronic Supplementary Matenal)
shiould, however, be numbered separately.

Figure Capiions

hitps:/fwreen. springer.comiblomedin eunsciencejoumnal/ 2035 Tprint_view=trueddetalisPage=pite]_1713109



2TIDE2019 Molepular Neurobisiogy - Incl. option to pubilsh open access

- Each figure should have a concise caption describing accurately what the figure
depicts. Inclede the captions in the text file of the manuscript, not in the figure file.
= Figure captions begin with the term Fig. in bold type, followed by the figure number,
also in bold type.

i Mo punciuation is to be ncluded after the number, nor is any puncheation to be
placed at the end of the caption.

i |dentify all elements: fowund in the figure in the figure caption; and use boxes, cindes,
ete., as coordinate points in graphs.

- |dentify previously published material by giving the onginal source in the form of a
reference citation at the end of the figure caption.

Figure Placement and Size

Figures should be submitted separately from the texd, if possible.

When preparing your figures, size figures fo fit in the column wdth.

For large-sized joumals the figures should be B4 mm (for doubbe-colurmn text areas),
or 174 mm (for single-cohemn text areas) wide and not higher than 234 mm_

For small-sized joumals, the figures should be 119 mm wide and not higher than 185
M.

Permissi

I you include figures that hawe already been published elsewhere, you must obtain permission
from the copyright owner{s) for both the print and online format. Please be aware that some
publishers do not grant electnonic nghts for free and that Springer will not be able to refund any
costs that may have occurred to receive these permissions. In such cases, material from other
sounces should be used.

Accessihility

In crder to give people of all abiliSes and disabilites access to the content of wouwr figures,
please make sure that

All figures have descriptive captions (blind users could then use a text-to-speech
software or @ text-to-Braille hardware)

Pattems are used instead of or in addition to colors for conveying information
{colorblind users would then be able to distinguish the visual elements)

Any figure letiering has a contrast ratio of at least 4.5:1

ELECTROMIC SUPPLEMENTARY MATERLAL

Springer accepts elecironic mulimedia files (animations, mowies, audio, efc.) and other
supplementary fles to be published online along with an article or a book chapier. This feature
can add dimension to the author's article, as certain information cannot be printed or is more
coneenient in electronic fom.

Before submitting research datasets as electronic supplementary material, authors should read
the joumal’s Reseanch data poficy. We encourage research data to be archived in data

P

Supply all supplementary material in standard file formats.

Please include in each file the following information: arficle Stle, jounal name, author
names; affiliation and e-mail address of the comesponding author.

To accommiodate user downboads, please keep in mind that larger-sized files may
require very long download times. and that some users may expenence other
problems dunng downloading.
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Aspect ratio: 160 or4:3

Maximum file size: 25 GB

Minimum video duration: 1 sec

Supported file fommats: awi, wmw, mpd, moy, m2p, mp2, mpg, mpeg, fiv, maf, mis,
mv, 3gp

Text and Precentations

Submit your matenial in PDF format; doc or ppt fles are not switable for long-term
viability.
A collection of figures may also be combined in a POF file.

Spreadshests

Spreadsheets should be submitted as .csv or .xisx files (MS Excel).
Specialized Formats
Specialized format such as pdb [chemical), wi (VRML), .nb (Mathematica
notebook), and tex can also be supplied.
Collecting Multiple Files
It is possible to collect multiple files in a zip or gz file.
Humbering

If supplying any supplementary material, the text must make specific mention of the
material as a citation, simiar to that of figures and tables.
Rifer to the supplementary fles as "Online Resource”, e.g., ... as shown in the
animation (Online Resource 37, "... addibional data are given in Online Resource 47,
Mame the files consecutively, e.g. "ESM_3.mpg”, "ESM_4 pdi™.

Canti
For each supplementary matenial, please supply a concise caplion describing the
content of the fie.

Processing of supplementary files
Electronic supplementary matenial will be published as recaived from the author
without any conversion, editing, or reformatting.

Accessibili

In order to give people of all abilites and disabiliies access to the content of youwr

supplementary fles, please make sure that
The manuscript contains a descriptive caption for each supplementary material
Viden files do not contain anything that flashes more than three times per second (so
that users prone o seizuwes caused by such effects are not put at risk)

ENGLISH LANGUAGE EDITING

For editors and reviewers to accurately assess the work presented in your manuscript you need
o ensure the English language is of suficient quality to be understood. I you need help with
wiriting in English you should conssder:

Asking a colleague who is a native English speaker to review your manuscnpt for

clarity.
iting the English language tutorial which covers the commeon mistakes when
writing in English.
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Using a professional language editing senvice where editors will improve the English
to ensure that your meaning s dear and identify problems that require your revies.
Two such senices are provided by owr affiliates Mature Research Editing Senice
and American Joumal Experis. Springer authors are entiled to a 10% discount on
their first submission to either of these services, simply follow the links below.

English language tutorial
Mature Research Editing Senvice
Amenican Joumnal Experts.

Please note that the use of a language editing senice is not a requirement for publication in this

Joumal and does not mply or guarantee that the artice will be selected for peer review or

accepted.

If your manuscript s accepted it will be checked by our copyeditors for spelling and formal style

before publication.

HETREAFESERERTOEREFTEENFEL LE. ERERRENERETIRELS

ASH. mRERENTSEATAEE. SRR,

o W B R A R Y T B A A T e
o B S ERRESHEINLETHERAME.

« PHTLETEEES. @8\ RSHERITES. DREESNEDSENS. THEE
i E A E. B8 HE LS Mature Research Editing Service 14 E #% % American Joumnal

Experts BT 4Lt 21 5.

HE
Mature Research Editing Senvice
Amencan Journal Experts.

R HAETRRESFETRT EEETRNEERE. A G TERRRECESH

HAPMHTRT T iR .

MRENEGERE. EEEIN. BN REEn RN SETHEUETEEE

Ex.

IF+F—HRESPTTIoMTETEL < METECE. SN TLSEFoES T8
B LORBELEET, EETOoMTRECELTTT— F HEETRACE,. RKeT T

AR UET

B OEE T EEASC. DR RSN A RS R TE IR F I LTS

Pa

- MR THRTEROL B EMEGCHTEEROF—F VTR REITE,

- FoOoEIEET -t HATE, EEEYERoRskEERIC LY, RSN
L. Efo tmmEes=F 7, Namwre Research Editing Service = American Joumnal Experts @
2TEEIE LML TLET— 0T, Spinger OB ER, LTNeT—EIsR0THE

TERCERIEOMIANERTTE I LY DEET, BFoV o Bl TR E L,

EEoF=—FUTFnr
Mature Research Editing Senvice
American Journal Experts.

ErEFr—CroffE SfEoYr—FrclRs N -oo®foRTna k.

BTFECTETRETEE O TETL I EIEHEEL TS,

Initps: e SEEINGEr COMIbINMEnn sunsscen cefoumali 2035 Tpnnt_view=trueddetaiisPage=pitc]_ 1713109



27/D62019 Molaciiar Meurnbikology - Incl. oplion ta publlsh open access
FERIAEFBcNI L, HENCBEO S —IF+ S4B F v 7 2iT0E

-
T &

Wof g0el 32 olols ® 2ldoiol ool Mno] WY WS BHEH BAE S O
& I80 S5 0lHY = U@ TH =Ee = T Eojof BT B SRR B0 £
£§ WIIE RSO ohgol AREE TeiE0 R

- Fistel §mo) EE Wats HF ¥ol Hojol BRE S0l =B E Slsg

- @of BE=|Y Hol7lof $E0 Foi= F8 & 0 VFE Y= E BT

-2lpof u|3iel, T2 Sj0lE WA HED 2RolH 275 BPANES VA @

B +E& BYAFTE MR SR 3 Me|AE 08T Nature Research Editing Service
2 American Joumal Experts® | H 8|2 WOrE B4 My~ 8 H 2310 USUTh Springer H
HE0| # 2% MulA§ ¥ =8 S8 Y8 ASTAIE 32 10%2 00| HSIH, ol
Y3§ B30 R00| SR

Hof FE2E Hloix]
Mature Research Editing Service
Amencan Jounal Experis

HE 28 il HHE FE a7 AEE otUH, #E Hu22] ol &0 2o ElRd =80l
HEZ| A AT =S 2E 2olEHG 225 gy

10 5=Cd A% §0 T dEs @EA 25 @00 @1 ® 2HE Heohe 23 E AR
A |4

ETHICAL RESPONSIBILITIES OF AUTHORS

This journal is committed to upholding the integrity of the scientific record. As a member of the
Committee on Publication Ethics {COPE) the jounal will follow the COPE guidelines on how o
deal with poteniial acts of misconduct.

Authors should refrain from misrepresenting research results which could damage the trust in
the poumnial, the professionalism of sceentific authorship, and ultimately the entire scientific
endeavour. Maintaming integrity of the research and its presentation is helped by following the
nies of gond scienific practice, which include®:

ii- The manuscaipt should not be submitied o more than one journal for simulitanecus

-+ The submitted work should be onginal and should not have been published
elsewhere in any form or language (partially or in full), unless. the new work concems.
an expansion of previows work. (Please provide transparency on the re-use of
material to avoid the concems about text-recyciing ('seff-plagiarism’).

- A single study should not ke spdit wp into several parts to increase the guantity of
submissions and submitted to vanouws. joumals or bo one jowumal over ime (e
‘salami-slicing/publishing’).

- Concurment or secondary publication is sometimes justifiable, provided certain
conditions are met. Examples include: translations or a manuscript that s mtended
for a different group of readers.

i Results should be presented cleary, honestly, and without fabrication, falsification or
inappropriate data manipudation (incuding image based manipulaion). Authors
shiould adhere to discipline-specific nules for acguining, selecting and processing
data.

- Mo data, text, or theories by others are presented as if they were the author's own
('plagiarism’). Proper acknowledgements to other works masst be given {this indiudes
material that is closely copied (near verbatim), summarzed andior paraphrased),
quotation marks (io indicate words taken from another source) are used for verbatim
copying of material, and permissions secured for matenal that is copyrighted.
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Important note: the jowmal may use software to screen for plagiarism.

Authors should make sure they have permissions for the use of software,
questionnaires!|{web) surveys and scales in their studies (if appropriate).

Authors should awoid untrue statements about an entity (who can be an individual
person or a company) or descriptions of ther behawvior or actions that could
potentially be seen as personal attacks or allegations about that person.
Research that may be misapplied to pose a threat to public health or national
sacurity should be clearfy identified in the manuseript (e.g. dual use of research).
Examples incdude creation of harmful consequences of biclogical agents or toxins,
disruption of mmunity of vaccines, unusual hazards in the use of chemicals,
weaponization of reseanchitechnology (amongst others).

Authors are strongly advised to ensure the author group, the Comesponding Author,
and the order of authors are all comect at submission. Adding andior delefing authors
during the revision stages is generally not permitted, but n some cases may be
wamanted. Reasons for changes in authorship should be explained in detail. Please
note that changes to authorship cannot be made after acceptance of a manusonpt.

"All of the abowe are guidelines and authors need to make sure to respect third parties rghts
such as copyright andior moral righis.

Upon request authors should be prepared to send relevant documentation or data in onder io
verify the validity of the resulis presented. This could be in the form of raw data, samples,
records, etc. Sensitive information in the form of confidential or proprietary data is excluded.

If there is suspicion of misbehawor or alleged fraud the Joumnal andfor Publisher will camy out an
mwvestigation following COPE guidelines. If, after imvestigation, thers are valid concems, the
authons) concemed will be contacted under their given e-mail address and given an opportunity
to address the issue. Depending on the situation, this may result in the Joumnal's andior
Publisher's implementation of the following measwres, inchuding, but not Emited to:

I the manuseript is siill wnder consideration, it may be rejected and retumed to the

author.

I the article has already been published online, depending on the nature and

seyerty of the infraction:

- an ematumicomection may be placed with the article

- an expression of concem may be placed with the article

- or in severe cases retraction of the article may occur.
The reason will be given in the published eraumicomection, expression of concem or retracton
note. Please note that retraction means that the arficle is maintained on the platform,
watermarkad “refracted” and the explanation for the retraction is provided in a note nked to the
watermarked aricle.

The author's nsfituon may be infomed

A notice of suspecied transgression of ethical standards n the peer review system

may be included as part of the author's and article’s bibliographic recond.
Fundsmental errors

Authors have an obfigation to comect mistakes once they discover a significant ermor or
inacowracy in their published articde. The authons) isiare requested to contact the joumnal and
explain in what sense the emor is mpacting the article. A decision on how to comedt the
Fiterature will depend on the nabre of the emor. This may be a comection or retraction. The
refraction note should provide transparency which parts of the article are impacted by the amor.

Sugpesting / exchiding reviewers
Authors are welcome to suggest suitable reviewers andior request the exclusion of certain
individuals when they submit their manuscripts. ¥When supgesting reviewers, authors should

make sure they are totally independent and not connected to the work in any way It is strongly
recommended to suggest a mix of reviewers from different cowntries and different insStutons.
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When suggesting reviewers, the Comesponding Author must provide an institutional emal
address for each suggested rewewer, or, if this is not possible to include other means of
verifying the identity such as a ink to a personal homepage, a link to the publication record or a
researcher or author |0 in the submission letter. Please note that the Joumal may not use the
suggestions, but suggestions are appreciated and may help facilitate the peer review process.

AUTHORSHIP PRINCIPLES

Thiese guidelines describe authorship principles and good authorship practices to which
prospective authors should adhere to.

Anthorship clarified

The Joumnal and Publisher assume all authors agreed with the content and that all gave explicit
consent to submit and that they obtained consent from the responsible authorities at the
msitubelorganization where the work has been camed out. befiore the work is submitied.
Thie Publisher does not prescribe the kinds of contributions that wamant authorship. ft is
recommended that authors adhere to the guidelines for authorship that are applicable in their
specific research field. In absence of specific guidelines it is recommended to adhere to the
followng guidelines":

All authors whose names appear on the submission

1) made substantial contributions to the concaption or design of the work; or the acquisition,
analysis, or mterpretation of data; or the creation of new software used in the work;

2) drafted the work or revised it critically for important intellectual content;

3) approved the wersion to be published; and

4] agree fo be accountable for all aspects of the work in ensuring that questions related to the
acouracy or mbegrity of any part of the work are appropriately investigated and resolved.

" Based on/adapbed from:

ICMUE, Defining the Role of Authors and Contributors,
Transparency in authors’ contributions and responsibilities to promote mtegrity in scientfic
publication, Mchutt at all. PNAS February 27, 2018

Disclosures and declarations

All authors are requested o melude information regarding sources of funding, financial or non-
financial interests, study-specific approwal by the appropriate ethics committee for research
nwvolving humians and'or animals, mformed consent if the research involved human participants,
and a3 staternent on welfare of animals i the research involved animals (as appropriate).

The decision whether such information should be induded is not only dependent on the scope
of the joumnal, but also the scope of the article. Work submitted for publication may have
implications fior public health or general welfare and in those cases it is the responsibiity of all
authors to inchude the appropriate discosures and declarations.

Data transparency

All authors are requested to make sure that all data and materials as well as software
application or custom code support their published daims and comply with field standards.
Please note that joumnals may have individual policies on (sharing) research data in
concordance with disciplinary norms and expectations. Please check the Instructions for
Authors of the Joumal that you are submitting to for specific instructions.

Faole of the Comesponding Author

One author is assigned as Comesponding Author and acts on behalf of all co-authors and
ensures that quesbons related to the accuracy or integrity of any part of the work are
appropnately addressed.
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The Comesponding Author is responsible for the following requirements:

ensuring that all listed authors have approved the mamesonpt before submission,
including the names and order of authors;

managing all communication between the Jowmnal and all co-authors, before and
after publication;”

prowiding transparency on re-use of material and mention any unpublished material
(for example manuscripts in press) ncluded n the manuscript i a cover lefter to the
Editor;

making sure disciosures, declarations and transparency on data statements from all
authors are incheded in the manuscript as appropriate (see above).

" The reguirement of managng all communication between the journal and all co-authors during
submission and proofing may be delegated to a Contact or Submitting Author. In this case
please make sure the Comesponding Author is dearly indicated in the manusezript

Author confribations

Please check the Instructions for Authors of the Joumal that you are submitting to for specific
insinucSons regarding contribuion statements.

In absence of specific nstuchons and in research fields where it is possible to describe discrete
efforts, the Publisher recommends authors to nclude confribution staternents in the work that
specifies the contribuion of every author in order to promote transparency. These confributions
should be listed at the end of the submission.

Examples of such statement|s) are shown below:

= Free text:

Al authors confmibuted to the study conception and design. Material preparation, data collection
and analysis were performed by [full name], [full name] and [full name]. The first draft of the
manuscript was written by [full name] and all authors commented on previous versions of the
manuscript. ANl authors read and approved the final manuscript.

Example: CRediT taxonomy:

= Concepiualization: [full name]. ... Methodology: [full name], ...; Formal analysis and
mwvestigaion: [full name]. ...; Wiiting - original draft preparaion: [fll name, ...J; Witing - rewew
and editing: [full name], -..; Funding acquisition: [full name], ...; Resources: [full name], .. ;
Saspervision: [full name]....

For review articles where discrete statements are less applicable a statement should be

included whio had the idea for the article, who performed the literature search and data analysis,
and who drafted andfor criically revised the work.

For articles that are based primarily on the student’s dissertation or thesis, it is recommended
that the student is usually ksted as principal author:

A Graduate Student’s Guide to Determining Authorship Credit and Authorship Onder, APA
Scence Student Coumcil 006
AfRliats

Thee primary affiliation for each author showld be the insGtution wihere the majornity of their work
was done. i an author has subsequently mowed, the current address may additionally be stated.
Addresses will not be updated or changed after publication of the arficle.

Changes to suthorship

Authors are strongly advised to ensure the comect author group, the Comesponding Author, and
the crder of authors at submission. Changes of authorship by adding or deleting authors, andior
changes in Comesponding Author, and'or changes in the sequence of authors are not accepted
after acceptance of a manuscript.
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Please note that author names will be published exactly as they appear on the
accapted submission!
Please make sure that the names of all authors are present and comectly spelled, and that
addresses and affiliabons are cument.

Adding andlor delefing authors at revision stage are generally not permitted, but in some cases
it may be wamanted. Reasons for these changes in authorship should be explained. Approval of
the change during resision is at the discretion of the Editor-in-Chief. Please note that joumnals
may hawve individual polices on adding and/or deleting authors during revision stage.

\nthar identificat

Authors are recommended touse their ORCID I0 when submitting an article for consideration or
acquire an ORCID |D wia the submission process.

Deceased or meapacitated amthors

For cases in which a co-author dies or is incapacitated during the writing. submission, or peer-
review process, and the co-authors feel it is appropriate to include the author, co-authors should
obiain approval from a (kegal) representative which could be a direct relative.
Authorship izmes or disputes

In the case of an authorship dispute during peer review or after acceptance and publication, the
Joumal will not be in a position te mestigate or adjudicate. Authors will be asked fo resolve the
dispute themselves. If they are unable the Jounal reserves the right to withdraw a manuscript
from the editorial process or in case of a published paper raise the issue with the authors'
nsttuion(s) and abide by its guidelines.

C onfidentiali

Authors should treat all communication with the Journal as confidential which includes:
comespondence with direct representatives from the Joumal such as Editors-in-Chief and/for

Handling Editors and reviewers' reports unless explicit consent has been received to share

COMPLIANCE WITH ETHICAL STANDARDS

To ensure objectvity and ransparency in research and to ensure that accepted principles of
ethical and professional conduct have been followed, authors should incude information
reganding sources of funding, potential conflicts of interest (financial or non-financial), informed
consent if the research inwolved human participants, and a staternent on welfare of animals if
the research inwolved animals.
Authors should include the following staterments (if applicable) in a separate section entited
“Compliance with Ethical Standards™ when submitting a paper:

Disclosure of potential conflicts of interest

Research invodving Human Participants and’or Animals

Informed consent
Please note that standards could vary slightly per journal dependent on their peer review
pofiicies (i.e. single or double blind peer review) as well as per joumal subject discipline. Before
submitiing your arficle check the instnuctions following this section carefully.

The comesponding author showld be prepared to collect documentation of compliance with
ethical standards and send if requested during peer review or after publication.

Thee Editors reserve the nght to reject manuscrpts that do not comply with the above-mentioned
guidelines. The author will be held responsible for false statements or failure to fulfill the above-
mentoned guidelines.

DESCLOSURE OF POTENTIAL COMPLICTS OF INTEREST
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Authors masst disclose all relationships or interests that could have direct or potential influence
of impart bias on the work_ Although an author may not feel there is any conflict, disclosure of
redationships and interests provides a more complete and transparent process, leading fo an
accurate and objective assessment of the work. Awareness of a real or perceved conflicts of
interest is a perspecive to which the readers are enfitled. This is not meant to imply that a
financial relaonship with an organization that sponsored the research or compensation
recaived fior consultancy work s inappropriate. Examples of potential conflicts of imterests that
are directly or indirectly related to the research may include but are not limited to the
Tollowing:
= Research grants from funding agencies (please give the research funder and the
grant numkber)
i Honorana for speaking at symposia
= Financial support for attiending symposia
» Financial support for educational programs
- Employment or consultation
ii- Support from a project sponsor
= Position on advisory board or board of directors. or other type of management
relationships
it Multiple affiliations
= Financial relationiships, for example egquity cwnership or investment interest
» Intellectual property rights (e.g. patents, copyrights and royalties from such rights)
w Holdings of spouse andior children that may have financial interest in the work
In addition, interests that go beyond financial interests and compensation (non-financial
nteresis) that may be mportant to readers should be disdosed. These may include but are not
Imited fo personal relaionships or competing interests directly or indirectly tied to this research,
or profiessional interests or personal beliefs that may influence your research.
The comesponding author collects the conflict of interest disclosure forms from all authors. In
author collaborations where formal agreements for representation allow it, it is suficient for the
comesponding author to sign the discdosure form on behalf of all authors. Examples of forms can
e fioamnd

here:

The comesponding author will indude a summary statement in the text of the manuscriptina
separate section before the reference list, that reflects what is recorded in the potential confiict
of nterest dischosure formi{s).

See below examples of disclosures:

Funding: This study was funded by X (grant number X).

Conflict of Interest: Author A has received research grants from Company A Author B has
receivwed a speaker honorarium from Company X and owns stock in Company Y. Author Cis a
memiber of commities Z.

If no conflict exists, the authors should state:

Confiict of Interest: The authors dedare that they have no conflict of interest.

REZEARCH INWOLVING HUMAN PARTICIRANTS ANDFOR AMIMALS

1) Statement of loman righis

When reporting studies that involve human participants, authors should include a statement that
the shsdies have been approved by the appropriate institutional andior national research ethics.
committee and hawe been performed in accordance with the ethical standards as laid down in
the 1884 Declaration of Helsinki and its later amendments or comparable ethical standards.
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If doubt exists whether the reseanch was conducted in accordance with the 1984 Helsinki
Declaration or comparable standands, the authors must explain the reasons for their approach,
and demonsirate that the independent ethics committes or institutional review board explicitly
approved the doubtil aspects of the study.
If a shudy was granbed exempbon from requiring ethics approwal, this should also be detaled in
the manuscript (inchuding the name of the athics committes that granted the exemption and the
reasons for the exempiion).
Authors must - i all situations as deseribed above - include the name of the ethics commitiee
and the reference number where appropriate.
The following statements should be included in the text before the References section:
Ethical approval: "All procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional andfor national research committes
{nclude name of commitiee + reference number) and with the 1884 Helsinki declaration and its
Later amendments or comparable ethical standards.”

Ethical approval retrospective studies.

Although retrospective studies are conducted on already available data or bickogical matenal
{for which formal consent may not be needed or is difficult to obtain) ethical approval may be
required dependent on the law and the national ethical guidelines of a country. Authors should
chieck with ther institution to make sure they are complying with the specific requirements of
their country.

2) Statement on the welfare of animals

The welfare of animals used for research must be respected. When reporting experiments on
animals, authors should indicate whether the intemnational, national, andior instiutional
guidelines for the care and use of animals have been followed, and that the studies have been
approved by a research ethics commities at the institution or practice at which the studies were
conducted (where such a committee exists). Please provide the name of ethics committee and
redevant permit numbaer.

For studies with animals, the following staterment should be included in the text before the
References sechon:

Ethical approval: "All applicable intermational. national, and/or institutional guidelines for the
care and use of animals were followed.”

If applicable (where such a commitiee exists) "All procedures performed in studies invohing
animals were in accondance with the ethical standards of the institution or practice at which the
shudies were conducted (include name of committee + permit number)”

If arficles do not contain studies with human participants or animals by any of the authors,
please select one of the following statements:

“This arficle does not contain any studies with human participants performed by any of the
authors.”

“This arficle does not contain any studies with animals performed by any of the authors.”

“This arficle does not contain any studies with human participants or animals performed by any
of the authors.”

INFORMED COMSENT

Al individuals have individual nights that are not to be infringed. Individual participants in studies
hawe, for example, the right to decide what happens to the (identfiable) personal data gathered,
to what they have said during a study or an interview, as well as to any photograph that was
taken. Hence it is important that all participants gave their informed consent in writing poor to
inclusion in the study. ldentifying detaills (names, dates of birth, identity numbers and other
information) of the participants that were studied should not be published in written descriptions,
photographs, and genebc profiles unless the information is essential for scientific purposes and
the participant (or parent or guardian if the participant is incapable) gave written informed
consent for publicaion. Complete anonymity is difficult to achieve in some cases, and informed
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consent should b= obtained if there is any doubt. For example, masking the eye region in
photographs of paricipants s madequate protecton of anonymity. i identifying charactenistics
are altered to profect anonymity, such as in genetic profiles, authors should provide assurance
that alterations do not dishort scentific meaning.
The following statement should be included:
Informed consent: “Informed consent was obtained from all individual participants incuded in
the shsdy.”
If ideniifying informatiion about participants is available in the artide, the following statement
should be incheded:
“Additional mformed consent was oblained from all individual participants for whom identifyng
nformation is ncluded in this artice.”
AFTER ACCEPTANCE

Upon acceptance of your aricle you will receive a link to the special Author Query Application at
Springer's web page where you can sign the Copyright Transfier Statement online and indicate
whether you wish to order OpenChoice, offprints, or printing of figures in color.

Onee the Author Query Apphicabion has been completed, your article will be processed and you
will receive the proofs.

Copyright transfer

Authors will be asked to ransier copyright of the article to the Publisher (or grant the Publisher
exdusive publication and dissemination nghts). This will ensure the widest possible protection
and dissemination of information under copyright laws.

Offprinis

Offprints can be ordered by the comesponding author.

Calor illostraticms

Online publication of color Bustrations is free of charge. For color in the print wersion, authors
will b expected to make a contribution towards the exira costs.

Proof reading

The purpose of the proof is to check for typesatting or conversion emors and the completeness
and accuracy of the text, tables and figures. Substantial changes in content, e.g., new resulis,
comected values, tihe and authorship, are not allowed without the approval of the Editor.

After online publication, further changes can only be made in the form of an Eratum, which will
be hyperfinked to the artice.

Omline First

The articke will be published onfine after receipt of the comected proofs. This is the official first

publication citable with the DOI. After release of the printed version, the paper can also be cited
by issue and page numibers.

OPEN CHOICE
Open Choice allows you to publish open access in more than 1850 Springer Mature joumals,
making youwr reseanch more visibke and accessible immediately on publication.
Articke processing changes (APCs) vary by joumal — yiew the full list
Benefits:
Increased researcher engagement: Open Choice enables access by anyone with an
internet connection, immediately on publication.
Higher visibility and impact: In Springer hybeid joumnals, DA artices are accessed 4
times more often on average, and cited 1.7 more times on average”.
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Easy compliance with funder and instiutional mandates: Many funders require open
access publishing, and some take compliance into account when assessing future
grant applications.

It is easy to find funding to support open access — please see our funding and support pages for

miore informiation.

") Within the first three years of publication. Springer Mature hybrid journal OA impact analysis,

2018

Open Chaice
Funding and Support pages

Copyrieht and license term — CC BY

Open Choice artides do not require transfer of copyright as the copyright remains with the
author. In opting for open access, the authors) agree to publish the artide under the Creative

Commons Aftribution License.

Find more about the license agreement

READ THIS JOURMAL ON SPRIMGERLIMK
Cmlme First Articles
All Volumes & Issnes

FOR AUTHORS AND EDITORS

2018 Impact Factor 4586
Aims and Scope
Submat Online
Open Choice - Your Way to Open Access
Instructions for Authors

Author Academy: Traming for Authors

‘SERVICES FOR THE JOURMAL
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Download Product Flyer
Shipping Dates
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Comprovante de envio

0072019 Emall - Molecular Neunobiology - Submission MNodfication to co-author

M Gmail Adriane Dallanora Henriques <adrianedallanoraggmail coms>

Molecular Neurnhiology - Submission Motification to co-author
1 mensagem

Molecular Neurobiology <emifieditorialmanager. coms 1 de julho de 2010 08:16
Responder a- Molecular Neurchiology <zdavisiiisuhsc.edu=
Fara: "Adriane D. Henriques" <adrianedallanoraifgmail .coms

Re: "Genome-wide expression and predicted significance of post-mortemn brain microRMNA profiling in Alzheimer's
disease”

Full author kst Adriane D. Henriques; Wilcelly Machado-Silva; Renata E. P. Leite; Lea T. Grinberg; Claudia k.
Suemocto; Kafia R. M. Leite: Miguel Srougi; Wilson Jacob-Filho; Otavio T Mobrega

Dear Ms. Adriane Henriques,

We have received the submission entifed: "Genome-wide expression and predicied significance of post-mortem brain
microRNA profiling in Alzheimer’s disease™ for possible publication in Maolecular Meurobiology. and you are listed as
ane of the co-authors.

The manuscript has been submitted o the journal by Dr. Prof. Otéavio T Mobrega who will be able fo frack the staius of
the paper through hisiher login.

If you have any objections, please contact the editorial office as soon as possible. If we do not hear back from you,
we will assume you agree with your co-authorship.

Thank you very much.

With kind regards,

Springer Journals Editorial Office
Molecular Meurobiclogy

Recipients of this email are registered users within the Editornal Manager database for this joumnal. We will keep your
information on file fo use in the process. of submitting. evaluating and publishing a manusecript. For more information
on how we use your personal details please see our privacy policy at hitps:ffensns. springernature comdproduction-
privacy-policy. I you no longer wish fo receive messages from this journal or you have guestions regarding database
management, please contact the Publication Cffice at the ink below.

In compliance with data protection regulations, you may request that we remove your personal regisfration details at
any fime. (Use the following LURL: hitps:/feans editorialmanager. commaolnflogin.aspTa=rk Please contact the

publication office if you hawve any questions.
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