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Abstract

Aim: Late-onset Alzheimer's disease (LOAD) is a neurodegenerative disorder of growing
relevance in aging societies for which predictive biomarkers are needed. Many genes involved
in LOAD are tightly controlled by microRNAs (miRNAs), which can be modulated by Single
Nucleotide Polymorphisms (SNPs). Our aim was to determine the association between SNPs in
miRNAs and LOAD.

Methods: We selected all SNPs in pre-miRNAs with a minor allele frequency (MAF)>1% and
genotyped them in a cohort of 229 individuals diagnosed with LOAD and 237 unrelated healthy
controls. In silico analyses were performed to predict the effect of SNPs on miRNA stability and
detect downstream pathways.

Results: Four SNPs were associated with LOAD risk with a p-value < 0.01 (rs74704964 in hsa-
miR-518d, rs71363366 in hsa-miR-1283-2, rs11983381 in hsa-miR-4653, and rs10934682 in hsa-
miR-544b). In silico analyses support a possible functional effect of those SNPs in miRNA levels
and in the regulation of pathways of relevance for the development of LOAD.

Conclusion: Although the results are promising, additional studies are needed to validate the
association between SNPs in miRNAs and the risk of developing LOAD.
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1. Introduction

Alzheimer’s disease (AD) is an irreversible progressive neurodegenerative disease that affects
the central nervous system and encompasses > 80 % of dementia cases in people older than 65
[1] , harming more than 25 million people around the world [2].

Since AD has a preclinical stage that starts 15 to 20 years prior to diagnosis [3] and postmortem
studies have revealed that the brains of people without diagnosis of cognitive impairment or
with mild cognitive impairment often present similar histopathological hallmarks to AD patients
[4-8], developing biomarkers to predict the disease in the earliest phases is very important [3].

Two types of AD can be distinguished with regard to patients’ age: Early-Onset Alzheimer
Disease (EOAD) and Late-Onset Alzheimer Disease (LOAD) [9, 10]. The former appears in people
younger than 65 and LOAD is diagnosed in older people [9]. Regarding EOAD, several genetic
markers have been established, this type of AD being a rare, autosomal, dominant, familial
disease [11]. Conversely, diagnosis of LOAD is more difficult because of its complex pattern [11]
and identifying biomarkers has proven to be much harder [12].

In order to identify genetic biomarkers in LOAD, most studies have focused on genetic variants
located in coding regions [13-15]. However, in the last years, non-coding variants have also been
related to this disease [1, 16]. One of the best known non-coding RNAs are microRNAs (miRNAs).
MiRNAs are small molecules of single-stranded RNA of 21-25 nucleotides which are produced
from hairpin-shaped precursors [17] . MiRNAs have the ability to regulate gene expression at
post- transcriptional level through the binding of miRNA seed region to the 3’-untranslated
region (3’-UTR) of their target mRNAs [18]. This way, they regulate more than 60 % of human
genes, including those involved in each of the cellular changes that take place in LOAD. Thus,
deregulation of miRNAs could be directly or indirectly involved in the pathogenesis of LOAD [19].

Single nucleotide polymorphisms (SNPs) are loci with alleles that differ in a single base, which
are distributed in both coding and non-coding regions[20]. SNPs in miRNAs can modify their
structure and stability, leading to alterations in miRNA levels if they are located in the precursor
region, or changing their target mRNAs if they are located in the miRNA-mRNA binding region
[21]. As a result, SNPs can interfere with miRNA function, which could be of relevance for the
development of LOAD [22, 23].

So far, only a few studies have explored the effect of SNPs in miRNAs on the development of
LOAD [10, 24-26]. In those studies, eight SNPs were associated with an increased risk of
developing the disease, while 14 SNPs were described to have a protective effect against LOAD.
However, none of those associations with LOAD were confirmed in other populations, pointing
to a potential effect of miRNA-related SNPs in LOAD but warranting further research.

Therefore, the aim of this study was to analyze the association between SNPs located in miRNAs
and the risk of developing LOAD in a Spanish cohort.

2. Materials and methods
2.1. Patients

A total of 433 individuals of European ancestry, including 229 individuals diagnosed with Late
Onset Alzheimer Disease (LOAD) and 237 unrelated healthy controls from the collection



C.0001171 registered in the Institute of Health Carlos Ill, were included in this study (Table 1).
LOAD patients were prospectively recruited by the Spanish National DNA Bank. The diagnosis of
LOAD was based on a broad battery of neuropsychological tests: Minimental State Examination
(MMSE), Clinical Dementia Rating scale (CDR), Consortium to Establish a Registry for Alzheimer’s
Disease (CERAD) protocol, Stroop test, unilateral and bilateral motor praxis, 7-minute test, trial
making part A and B; and Neuropsychiatric Inventory (NPI). Clinical criteria for dementia and AD
(Diagnostic and Statistical Manual of Mental Disorders, DSM-IV [27] and National Institute of
Neurological and Communicative Disorders and the Alzheimer's Disease and Related Disorders
Association, NINCDS-ADRDA) [28] were used. Patients with a total score of less than 3 (1 and 2)
on the CDR scale (mild to moderate dementia) were included. The exclusion criteria were the
presence of previous cerebrovascular disorders (transient ischemic attacks, stroke or
intracranial hemorrhage), other neurodegenerative diseases, severe comorbidity that made
patient monitoring unlikely, manifestations of acute psychiatric disorders and the absence of a
reliable informant. The figures obtained were corrected for age and education level. Sex and age
data were systematically recorded blinded to genotypes from the patients’ clinical records.
Written informed consent was obtained from patients and/or their legally authorized
representatives, as appropriate, and from healthy controls prior to sample collection. The study
was approved by the Ethics Committee at the Spanish National DNA Bank (FO-24.01.1,
2012.07.02) and was carried out according to the Declaration of Helsinki.

2.2. Selection of miRNAs and polymorphisms

Since miRNAs are able to regulate a wide range of genes, which at present are not entirely
defined, we selected all the SNPs described in pre-miRNAs with a MAF >0.01 in
European/Caucasian populations until May 2014. SNP selection was performed using miRNA
SNiPer (www.integratomics-time.com/miRNA-SNiPer/) . Of a total of 1910 SNPs that were
identified in 969 miRNAs, we selected 213 SNPs in 201 pre-miRNAs which met the requirement
of MAF >0.01 (Supplementary Table 1).

2.3. Genotyping

Genomic DNA was extracted from patients’ and healthy controls’ peripheral blood using
standard phenol/chloroform extraction method. DNA was quantified using PicoGreen
(Invitrogen Corp., Carlsbad, California, USA). For each sample, 400 ng of DNA were genotyped
using the GoldenGate Genotyping Assay (lllumina Inc., San Diego, California, USA) with Veracode
technology according to the published lllumina protocol. Data were analyzed using
GenomeStudio (lllumina Inc.) software for genotype clustering and calling. Duplicate samples
and CEPH trios (Coriell Cell Repository, Camden, New Jersey, USA) were genotyped across the
plates. SNPs showing Mendelian allele transmission errors, discordant genotypes, or
genotyping failure (no Polymerase Chain Reaction amplification, insufficient intensity for cluster
separation, poor or no cluster definition, or genotyping obtention in <80 % of samples) were
excluded from further analyses.

2.4. Statistical analysis

In order to detect any deviation from Hardy-Weinberg equilibrium, a chi-square test was carried
out in the control population. To account for the possible confounding effect of age and sex, a
t-test and a chi-square test were performed, respectively, to account for differences between
patients and controls using GraphPad® Prism version 7.00 for Windows (GraphPad Software, La
Jolla, California USA, www.graphpad.com). Association between LOAD and genetic
polymorphisms was evaluated by logistic regression models and the effect sizes of the
associations were estimated by the odds ratios (OR) with a 95 % confidence interval (95 % Cl).


http://www.integratomics-time.com/miRNA-SNiPer/)
http://www.integratomics-time.com/miRNA-SNiPer/)

For each SNP, the most significant test among codominant (major allele homozygotes vs.
heterozygotes and major allele homozygotes vs. minor allele homozygotes), dominant (major
allele homozygotes vs. heterozygotes + minor allele homozygotes), recessive (major allele
homozygotes + heterozygotes vs. minor allele homozygotes), and additive (doses-dependent
effect: major allele homozygotes vs. heterozygotes vs. minor allele homozygotes) genetic
models was selected. In all cases, the significance level was set at 5 %. The results were adjusted
for multiple comparisons using the false discovery rate (FDR) correction, assuming 5 % level of
significance for all tests [22]. Analyses were performed using the R 3.4.3 software [29] with the
SNPassoc library [30].

2.5. Bioinformatics analysis

2.5.1. Prediction of miRNAs secondary structures

RNAfold web tool (http://rna.tbi.univie.ac.at/cgi-bin/RNAWebSuite/RNAfold.cgi) [31] was used
to estimate the impact of SNPs associated with LOAD on minimum free energy secondary
structures and energy change (AAG) of the hairpin structure of the miRNA.

2.5.2. Selection of target genes and pathways analysis

Predicted target genes for each of the miRNAs associated with LOAD were identified based on
the miRWalk database (http://zmf.umm.uniheidelberg.de/apps/zmf/mirwalk2/index.html)
[32]. Only those genes confirmed by six or more of the 12 prediction algorithms available in
miRWalk were included.

Pathway enrichment analyses were performed with the over-representation analysis module of
the ConsensusPathDB web tool (CPdB) [33, 34], assuming a conservative p-value cutoff of
0.0001.

3. Results

3.1. Genotyping results

Successful genotyping was achieved for 433 of 466 DNA samples (92.9 %), 212 out of 229 LOAD
patients and 221 out of 237 controls (Table 1). A total of 130 out of 213 SNPs (61.03 %) were
successfully genotyped and included in the association study after eliminating 60 SNPs showing
genotyping failure, 11 SNPs that were monomorphic in our population, and 12 SNPs with
deviations from HWE in the subsample of healthy controls (Supplementary Table 1).

3.2. Association study

To investigate whether genetic variation in miRNAs was linked to LOAD risk, the association
between 130 SNPs in 126 miRNAs and this disease was analyzed. Since there were not
statistically significant differences in age or sex distribution between LOAD patients and healthy
controls in the study group (Table 1), these variables were not included as covariates. A total of
16 SNPs were associated with LOAD with a p-value < 0.05 (Supplementary Table 2). However,
none of the SNPs reached statistical significance when FDR correction was applied. Thus, we
focused on the four SNPs showing a p-value < 0.01 (Table 2).

The most significant result was found for rs74704964 in hsa-miR-518d (Table 2). CT genotype
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displayed a 2.78-fold increased risk of LOAD (95 % Cl: 1.30-5.95; p= 0.0056), in comparison with
CC genotype, under the codominant model. No individual with the TT genotype was detected.

The second most significant result was found for rs71363366 in hsa-miR-1283-2. CG genotype
was associated with a 2.64-fold increased risk of LOAD (95 % Cl: 1.27 — 5.5; p = 0.0066), in
comparison with CC genotype, under the codominant model. No individual with the GG
genotype was detected.

The third most significant polymorphism was rs11983381 in hsa-miR-4653. The G allele was
associated with a 1.66-fold increased risk of LOAD (95 % Cl: 1.15 — 2.4; p = 0.0066) under the
Log-additive model.

Finally, for rs10934682 located in hsa-miR-544b, the G allele presented a 1.64-fold increased risk
of LOAD (95 % Cl: 1.14 — 2.37; p = 0.007399) under the Log-additive model.

3.3. Bioinformatics analysis

3.3.1. Effect of genetic variants on the secondary structure of the pre-miRNAs

We analyzed in silico the energy changes (| AAG|) and the modifications in secondary structures
occurring as a consequence of the four SNPs most significantly associated with LOAD (p<0.01).

The four SNPs were located in the pre-miRNA sequences of their corresponding miRNAs.
Although none of them produced major modifications in the secondary structure of the pre-
miRNAs, all of them were associated with modest energy changes of the hairpin structure
(Figure 1). Regarding rs74704964 in hsa-miR-518d, the change from the reference C alleleto T
allele caused a positive energy change (AAG) of 2.5 kcal/mol (from -41.4 kcal/mol to -38.9
kcal/mol). Considering rs71363366 in hsa-miR-1283-2, the substitution of the C allele for a G
allele induced a AAG of 4 kcal/mol (from -37.7 kcal/mol to -33.7 kcal/mol). In rs11983381 in hsa-
miR-4653, the substitution of the A allele for G allele induced an energy change of -4.7 kcal/mol
(from -38.2 kcal/mol to -42.9 kcal/mol). Finally, in rs10934682 in hsa-miR-544b the change of
the T allele for a G allele caused a AAG of -3.3 kcal/mol (from -22.8 kcal/mol to -26.1 kcal/mol).

3.3.2. Target prediction and pathway analysis

We identified the predicted target genes for the miRNAs harboring the four most significant
SNPs and, within those targets, we evaluated the overrepresented pathways with a plausible
role in LOAD.

Regarding the predicted target genes of hsa-miR-518d, we found that axon guidance (Reactome;
p =3.86 - 10%) (Supplementary Table 3) was the most statistically significantly overrepresented
pathway.

In the case of hsa-miR-1283, we identified FoxO signaling pathway (KEGG; p =9.51 - 10"%) among
the ten most significant pathways (Supplementary Table 4).

Regarding hsa-miR-4653, we found that Axon guidance (Reactome; p = 6.13 - 10"%), BDNF
signaling pathway (Wikipathways; p = 1.33 - 10°) and Axon guidance (KEGG; p = 2.48 - 10°%)
were among the five most significant pathways (Supplementary Table 5).



Finally, concerning hsa-miR-544b, apoptotic signaling pathway (Wikipathways; p = 3.51 - 10%)
and apoptosis (Wikipathways; p = 5.34 - 10%7) were among the five most significant pathways

(Supplementary Table 6).
4. Discussion

In this study, we evaluated the role of SNPs in miRNAs in the risk of developing LOAD. In order
to achieve this aim, we analyzed 130 SNPs in 129 miRNAs in a population of 212 LOAD patients
and 221 healthy controls. Four SNPs were associated with the risk of developing LOAD with a p-
value < 0.01. Although none of them remained statistically significant after FDR correction, in
silico analyses support a plausible functional effect of those SNPs in miRNA levels and the
regulation of pathways of relevance in the development of LOAD.

The SNP that showed the most significant association with LOAD was rs74704964, located in the
pre-miRNA of hsa-miR-518d. For this SNP, CT genotype presented a 2.78-fold increased risk of
developing LOAD under a codominant model. This SNP had not been previously studied in LOAD.
Interestingly, the presence of the T allele in rs74704964 is predicted to induce an energy change
of 2.50 kcal/mol in the secondary structure of the pre-miRNA. Positive energy changes have
been associated with decreased stability and, therefore, the presence of the T allele could lead
to a decrease in mature hsa-miR-518d levels [18] which would result in overexpression of its
target genes (Figure 2a). Therefore, we performed a deep analysis of the target genes of this
miRNA in order to search for enriched pathways with a plausible role in Alzheimer development,
which would explain a possible role of hsa-miR-518d depletion in LOAD risk.

On the one hand, hsa-miR-518d has been previously shown to target peroxisome
proliferator-activated receptor-a (PPARa), PPARs being decisive in AD related processes, such
as inflammation and diabetic phenotype [35, 36].This could be pointing to a relevant role of this
miRNA in the disease. On the other hand, axon guidance pathway is overrepresented among the
predicted target genes of hsa-miR- 518d (Supplementary Fig. 1). Among the seven processes
controlled by this pathway, the predicted targets of hsa-miR-518d are mainly involved in L1 cell
adhesion molecule (LLCAM) interactions and ephrin-ephrin (EPH-EPHRIN) signaling. On the one
hand, L1ICAM, is implicated in cell adhesion in the central nervous system [37], being involved in
neuronal growth [38] and stimulating neuronal survival [39]. Therefore, a deregulation genes in
this sub-pathway could imply an increase in apoptosis or aberrant neural development. On the
other hand, EPH-EPHRIN signaling is involved in synaptic development [40] and in inflammatory
and apoptotic processes [41]. Thus, the deregulation of target genes in this sub- pathway could
interfere with the number and/or quality of synapses and neurons. As a result, all of this could
help understand a putative role of changes in hsa-miR-518d levels in the development of LOAD.

Rs71363366 CG genotype in hsa-miR-1283-2 was paired with a 2.64-fold increase in the risk of
LOAD development under a codominant model. This SNP, which had not been previously studied
in LOAD, is located in the pre-miRNA sequence and, when the G allele is present, an energy
change of the hairpin structure of the pre-miRNA of 4 kcal/mol is predicted. As mentioned
above, such positive energy changes have been associated with decreased stability in the pre-
miRNA structure and, therefore, the mature miRNA product would be diminished [21], which
could result in an overexpression of its target genes (Figure 2b).

Inhibition of hsa-miR-1283 has been previously shown to promote endoplasmic reticulum stress
and apoptosis through its role in the regulation of Activating Transcription Factor 4 (ATF4)
expression in endothelial cells. This low expression of hsa-miR-1283 produces an overexpression
of ATF4 which lead to vascular damage [42, 43]. Thus, depletion in hsa-miR-1283 expression
associated with the presence of the G allele in rs7163366 could promote vascular damage, which



could explain its role in LOAD risk. In addition, the analysis in silico showed that Forkhead box O
(FOXO) signaling pathway is overrepresented among target genes of hsa-miR-1283-2
(Supplementary Figure 2). Thus, genes such as FOX0O1 and FOX03 could be upregulated due to
the presence of rs71363366 G allele in hsa-miR-1283. Although FOXO family has been related
with a protective role in the age of AD development [44], once the disease has initiated its
development, those genes have been shown to have an apoptotic function [45, 46]. Therefore,
an upregulation of the FOXO family genes could trigger neuronal death and loss of neurons,
some of the common signs of AD [47], which could be an alternative mechanism of action.

Regarding rs11983381, located in hsa-miR-4653, which presented the third most significant
association with LOAD, the G allele showed a 1.64-fold increased risk of LOAD under a log-
additive model. However, this SNP was not associated with LOAD in a previous study [25]. In this
case, there is a predicted negative energy change in the pre-miRNA structure (AAG = -4.7
kcal/mol), which would lead to a higher stability of hsa-miR-4653. Thus, there could be higher
levels of mature miRNA [21] and its target genes could present a decreased expression (Figure
2c). Axon guidance pathway is overrepresented among the predicted target genes of hsa-miR-
4653 (Supplementary Figure 3). The main function of this pathway is the regulation of three
basic processes: axonal growth, axonal repulsion and axonal attraction. Therefore, upregulated
hsa-miR-4653 could inhibit axonal growth or promote the presence of axons in inaccurate
places. This could be linked to the existence of degenerated dendrites and axons in the AP
plaques [48], a key characteristic of AD affected neurons [49].

Furthermore, in silico analysis determined that hsa-miR-4653 also targeted 27 genes located in
the Brain-Derived Neurotrophic Factor (BDNF) signaling pathway (Supplementary Figure 4),
which could be downregulated when the rs11983381 G allele is present. Among them,
Neurotrophic Receptor Tyrosine Kinase 2 (NTRK2) gene plays an important role in the
development of disease-controlling neuronal apoptosis [50]. In addition, downregulation of
NTRK2 and NTRK3 expression has been observed in the neurons of the Nucleus Basalis during
the progression of AD [51, 52]. Moreover, there is a selective loss of catalytic NTRKB
immunoreactivity in both the temporal and frontal cortex of AD patients when compared to
normal brains [53]. Therefore, the inhibition of this pathway could be a plausible mechanism
linking rs11983381 and LOAD development.

Finally, rs10934682 was located in hsa-miR-544b and the G allele showed a 1.64-fold increased
risk of LOAD according to a log-additive model. However, this SNP was not associated with LOAD
in a previous study [25]. This allele induced an energy change of (AAG) of -3.3 kcal/mol, in the
pre-miRNA hairpin structure. This means that the pre-miRNA could be more stable, as
mentioned above (Figure 2d). Consequently, mature miRNA product of hsa-miR-544b could be
increased and the expression of its target genes would be decreased. Interestingly, hsa-miR-544
has been associated with the inhibition of tumor proliferation in breast cancer and glioma
through the targeting of apoptosis-related proteins [54, 55]. In fact, hsa-miR-544b has numerous
predicted target genes located in the apoptosis pathway (Supplementary Figure 5). Among
them, B-cell lymphoma 2 (BCL2), which has an anti-apoptotic function [56], has been shown to
be downregulated in brains with AD [57], which would match an upregulation of hsa-miR-544b.
Likewise, BCL2L1 induces apoptosis when it is underexpressed [58]. Additionally, the X-linked
inhibitor of apoptosis protein (XIAP) has also been described as an antiapoptotic protein [59, 60]
that suppresses the neuronal cell death process [61]. Therefore, overexpression of hsa-miR-
544b seems to have a relevant role in apoptosis promotion, which could be a plausible
explanation for the involvement of rs10934682 in LOAD risk.

Previously, a total of only five studies had been performed analyzing the role of SNPs in miRNAs
in LOAD risk [10, 24-26, 62]. A total of 22 SNPs were associated with the development of LOAD.



Two of them were identified in specific studies on those SNPs in particular [24, 62] while the
remaining 20 were identified in a more comprehensive study in which 237 SNPs were studied
obtaining data from a large meta-analysis [25]. Thus, we present a review of the most significant
results of those studies below.

The first of them, rs2910164, is a polymorphism located in hsa-miR-146a precursor in which the
minor allele was associated with an increased risk of developing LOAD, performing both allelic
and codominant inheritance genotypic analyses [62]. Supporting this association, functional
studies revealed that the presence of the C risk allele led to a decreased expression of hsa-miR-
146a in vitro and in vivo. Furthermore, Toll Like Receptor 2 (TLR2), a gene involved in
neuroinflammatory activation and AD pathogenesis, was identified as a target of hsa-miR-146a
in vitro providing a plausible functional explanation for the role of the miRNA in LOAD [62].
However, the association between rs2019164 and LOAD was not replicated in other two studies
in which it was analyzed [10, 25] and it was not significantly associated with LOAD in the present
study either. As a result, the implication of rs2910164 in the development of the disease cannot
be confirmed.

Rs11014002 is a SNP located in the hsa-miR-603 precursor. It has been published that carriers
of the T allele present a decreased risk of developing LOAD [24]. In addition, the T protective
allele was shown to increase the expression of mature hsa-miR-603 in vitro, which could be an
explanation for a possible role on LOAD. In fact, hsa-miR-603 has been shown to regulate genes
of relevance for LOAD development, such as Low density lipoprotein Receptor-related Protein-
Associated Protein 1 (LRPAP1), Low density lipoprotein Receptor-related Protein 1 (LRP1) and
E2 Promoter Binding Factor 1 (E2F1) [24]. However, once again, the association of the SNP with
LOAD was not replicated in the other study in which it was evaluated [25]. In this case, it should
be noted that different inheritance models were analyzed, dominant and additive respectively,
which may be contributing to the discrepancies in results. In our study, this SNP was not analyzed
due to genotyping failure,.

Finally, the study performed by Ghanbari et al is the largest study on genetic variants in miRNAs,
studying 237 SNPs in using data from a genome-wide meta-analysis of 37,154 controls and
17,008 LOAD patients [25]. Among them, 20 SNPs were found to be significantly associated with
the development of LOAD. Rs2291418, in hsa-miR-1229, was the most relevant, remaining
significantly associated with LOAD after Bonferroni correction, and the G allele being associated
with an increased risk of developing the disease. In fact, the presence of the G allele was shown
to increase the levels of mature hsa-miR-1229 in vitro. Several predicted hsa-miR-1229 target
genes were reported to be involved in neurological pathways and disease. Among them, Sortilin
Related Receptor 1 (SORL1) was demonstrated to be directly regulated by hsa-miR-1229- 3p in
vitro [22]. Since both SORL1 and hsa-miR-1229-3p are highly expressed in the brain, that
regulatory effect is also expected in that tissue in vivo. Interestingly, decreased SORL1 expression
has been reported to be mechanistically involved in AD [63]. Therefore, increased levels of hsa-
miR-1229-3p in rs2291418 G allele carriers could decrease SORL1 levels and thus explain an
increased risk of developing LOAD [25]. Nevertheless, this SNP had not been included in
additional studies to further confirm this result and it is not associated with LOAD in the present
study.

All of these results together warrant the need for additional studies regarding the role of miRNA-
related SNPs in LOAD.

The current study presents some limitations that have to be addressed. For example, the
relatively high failure rate of the genotyping technique. Nevertheless, this chance of failure was
assumed from the beginning of the study because there was a low predicted score for



genotyping a number of the SNPs but no other design option to amplify the polymorphisms was
possible using the GoldenGate Genotyping Assay. Another possible limitation is that these
results did not reach a significant p-value when FDR correction was applied and further
replication in additional populations would be required. This could be due to the low frequency
of SNPs in miRNAs, because of their location in conserved regions [64]. In order to mitigate this,
only those SNPs that showed the strongest association with the disease were selected (p<0.01)
and we would like to emphasize that in silico analyses and previous literature provided plausible
functional mechanisms through which those SNPs may be involved in LOAD development. In
addition, we have to keep in mind the inaccuracy of the prediction algorithms of the databases
used to define miRNA target genes [65, 66], but, unfortunately, nowadays this constraint has to
be assumed. Finally, it is also important to highlight that it is possible that the association of the
SNPs with LOAD might be independent of their possible role on the miRNAs and may be
mediated by other cis or trans-regulatory mechanisms.

In spite of these limitations, our results, in combination with those of the other few studies
performed so far, are very interesting since they open a new field of study with implications in
the establishment of new biomarkers for LOAD. It would be of great interest to perform
additional studies to validate these results and search for additional SNPs in miRNAs involved in
LOAD. Besides, deep molecular studies would be of interest in order to demonstrate the
biological effect of these SNPs in LOAD with the final aim to use these SNPs as high-fidelity
biological identifiers of LOAD.

5. Conclusions

In conclusion, in this study we found four SNPs rs74704964, rs71363366, rs11983381 and
rs10934682 located in the pre-miRNA structure of hsa-miR-518d, hsa-miR-1283-2, hsa-miR-
4653 and hsa-miR-544b respectively, which could be associated with the risk of developing
LOAD. These SNPs could change the expression levels of the miRNAs and, consequently, affect
the expression of genes implicated in several biological processes associated with LOAD, as
shown by in silico analyses. These results could indicate a potential involvement of these four
SNPs in miRNAs with the development of LOAD. It would be interesting to further explore these
results in other populations of LOAD patients.
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9. Figure legends

Fig. 1 Energy changes (AAG) and minimum free-energy structures of the four most significant
miRNA SNPs. a. hsa-miR-518d, b. hsa-miR-1283, c.hsa-miR-4653 and d. hsa-miR-544b. For each
miRNA, the SNP alleles are marked with a circle and the arrow points out the variant allele. miRNA
structure bordered with a rectangle was the most stable

Fig. 2 Proposed mechanism for LOAD risk for each of the SNPs in miRNAs. a. rs74704964, b.
rs71363366, c. rs11983381, d. rs10934682



10. Table legends

Table 1. Characteristics of the study population.

Table 2. SNPs in miRNAs significantly associated with LOAD.
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Tables
Table 1. Characteristics of the study population.

LOAD patients Healthy controls p-value
N 212 221
Sex (Male / Female) 67 (31,61 %)/ 145 (68,39 %) 89 (40,27 %) / 132 (59,73 %) 0.0603
Age (mean % SD) 78,99 £ 6,40 78,21 + 18,49 0.5611




Table 2. SNPs in miRNAs significantly associated with LOAD (p<0.01)

N (%) N (%)
SNP Location Genotype Controls Cases OR (IC 95 %) P-value
(N=221) (N=212)
rs74704964 hsa-miR-518d
c/C 207 (95,4) 186 (88,2) Codominant
19913.42 0,005584
pre-miRNA Cc/T 10 (4,6) 25 (11,8) 2,78 (1,30-5,95)
rs71363366 hsa-miR-1283-2
c/c 207 (95,0) 185 (87,7) Codominant
19q13.42 0,006592
pre-miRNA C/G 11 (5,0) 26 (12,3) 2,64 (1,27-5,5)
rs11983381 hsa-miR-4653 A/A 163 (73,8) 132 (63,5) Log-additive
pre-miRNA G/G 2(0,9) 9 (4,3)
rs10934682  hsa-miR-544b T/T 162(73,3) 130 (62,2) Log-additive
3g21.2 G/T 56 (25,3) 71 (34) 0,007399

1,64 (1,14 - 2,37
pre-miRNA G/G 3(1,4) 8(3,8) B4l A7)




