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Abstract

We aim to examine if circulating micro-RNA and cytokine levels associate with dementia
diagnosis and cognitive scores. To test our hypothesis, we use plasma donated from 48
monozygotic twin pairs in 1997 and 46 micro-RNAs and 10 cytokines were quantified using
microfluidic RT-gPCR and multiplex solid-phase immunoassays, respectively. Micro-RNA and
cytokine profiling were examined for associations with dementia diagnoses in a longitudinal
registry study or with cognitive scores at baseline. Thirty-six micro-RNAs and all cytokines were
detected consistently. Micro-RNA profiles associate with diagnoses and cognitive scores at
statistically significant levels while cytokine only showed trends pointing at chronic inflammation
in twins having or developing dementia. The most notable findings were decreased miR-106a and
miR-210, and increased miR-106b expression in twins with a dementia diagnosis. This pioneering
evaluation of micro-RNA and cytokine and dementia diagnosis suggests micro-RNA targets in
vasculogenesis, lipoprotein transport, and amyloid precursor protein genes.
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INTRODUCTION

Numerous studies suggest that inflammatory mechanisms are involved in the development
and propagation of Alzheimer’s disease (AD) [1]. Inflammation in AD is reflected by
increased subpopulations of pro-inflammatory cytokines, cellular activation markers,
activated complement, acute-phase proteins, and findings of activated microglia and plaque-
associated inflammatory proteins by brain tissue immunohistochemistry as well as evidence
of astrocytic inflammasome activation in animal studies [2-5]. Also, epidemiological studies
suggest that chronic use of non-steroid antiinflammatory drugs is associated with a
decreased risk of developing AD [6]. It is not settled, however, if /n situ signs of
inflammation are reflected by peripheral, circulating inflammatory markers [7, 8]. Peripheral
markers may be of diagnostic and predictive value and informative regarding disease
mechanisms. In that regard micro-RNAs (miRNAs) are emerging as interesting regulatory
molecules. MiRNAs are significantly altered in inflammation including the chronic
inflammatory state associated with various autoimmune diseases [9]. The miRNAs exert
gene regulatory functions intracellularly, but are also released in a protected yet accessible
form to the extracellular environment and thus are measurable in plasma [10]. The challenge
of inflammatory biomarker studies in AD in general is the large interindividual variation of
inflammatory marker (e.g., cytokines) levels in healthy people and the diversity of the
genetically determined inflammatory response susceptibility [11, 12]. Also, the lack of
longitudinal cohorts for establishing early and prognostic markers is a challenge.

Using the Danish aging twin cohort [13] we are here able to minimize the contribution of
genetic variation by studying monozygotic twins and correlate baseline (the year 1997)
miRNA and cytokine profiling with differences or similarities in cognitive performance.
Cognition was evaluated over time based on composite cognitive scores at the time of blood
sampling (1997) and at every second year until 2005 [14]. We hypothesize that plasma
miRNA and cytokine profiles are associated with clinical diagnoses of unspecified dementia,
vascular dementia, or AD from the nationwide patient registry. Additionally, we hypothesize
that these profiles associate with cross-sectional and longitudinal cognitive abilities in
elderly individuals. The hypotheses were tested by quantitative analysis of a panel of 46
miRNAs in samples from 48 pairs of monozygotic twins with differences or similarities in
cognitive scores. The specific miRNAs were chosen based on previous work implicating
them in AD, neurodegeneration or other brain functions, a subset of miRNAs were
implicated in neuroinflammation or other chronic inflammatory diseases. All were
previously demonstrated to be detectable in plasma samples. Additionally, a multiplex assay
for cytokines in the same samples included the acute-phase marker C-reactive protein (CRP)
as well as proinflammatory (TNF, IL-18), TNF-inducers (IL-12), T-cell regulators (IL-2),
neuroprotective and putative plasma AD markers (MMP-9, BDNF), and anti-inflammatory
(TGF-B, IL-4, IL-10) cytokines and proteins.

MATERIALS AND METHODS

Twin groups and samples

Monozygotic twin pairs eligible for the present study were identified from the Longitudinal
Study of Aging Danish Twins (LSADT) of which 698 twins (126 MZ twin pairs) donated
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blood in 1997 [15].Twin zygosity was classified using questionnaire-based zygosity
assessment [16]. Whole blood samples were drawn in 1997 into K,-EDTA tubes (BD
Bioscience). All participants had scores from a five-component cognitive score (CCS)
performed in 1997 [14]. CCS is an in-house assembly of representative tasks that are
sensitive to normative age changes and are reliably and quickly assessed by lay interviewers.
The specific tasks included a fluency test, which involved the number of animals an
individual could name in a 1-min interval, forward and backward digit span, and immediate
and delayed recall of a 12-item list. The CCS was computed by taking the sum of the five
standardized measures [14]. Diagnoses were extracted from The Danish National Patient
Registry, which contains essentially all discharges from Danish hospitals since 1977.
Diagnoses from 1997 until October 2010 were classified according to the International
Classification of Diseases (ICD-10). Relevant diagnoses were; AD (F00.0-9 and G30.0-9),
vascular dementia (VaD) (F01.0-9), frontotemporal dementia (FTD) (F02.0), dementia with
Lewy bodies (DLB) (G31.8 and F00.2), and unspecified dementia (F03.9) [17]. All
diagnoses were registered after bloodwas donated except for one twin in a concordant twin
pair, with a diagnosis approx. 1.5 years before. The LSADT study was approved by the
Regional Committees on Health Research Ethics for Southern Denmark (S-VF-20040241).
Data access: according to Danish legislation, transfer and sharing of individual-level data
requires prior approval from the Danish Data Protection Agency and requires that data
sharing requests be dealt with on a case-by-case basis. For this reason, the data cannot be
deposited in a public database. However, we welcome any enquiries regarding collaboration
and individual requests for data sharing.

In total 48 twin pairs were included in this study. One group of twin pairs (discordant twin
pairs, n= 22) represented cases where one twin had a dementia diagnosis. For another group
(concordant twin pairs, 7=5) both twins had a dementia diagnosis. In addition, twin pairs
where none of the twins had a diagnosis were selected (n7=21). These 21 pairs included the
following groups: 1) n7=8 pairs with a difference in cognitive score of more than 5 points in
1997 equivalent to 1.5 SD; 2, n=5 pairs with a difference in cognitive score between 3.5
and 5 points equivalent to 1.1-1.5 SD; and 3) /7=8 pairs with a cognitive difference of less
than 2 points equivalent to 0.6 SD. The direction of the difference in cognitive score between
the twins in the pairs was consistent throughout the testing period in groups 1-3. Plasma
samples were obtained and prepared in 1997 from EDTA blood by centrifugation at 1000 x
g for 10 min within 12 h after sampling. Plasma was stored at —80°C until used.

Multiplex cytokine immunoassays

Quantitative multiplex immunoassays were carried out using the Meso Scale (MSD)
platform (Meso Scale Diagnostics, Rockville, MD, USA). The samples (/7= 96) were
analyzed using in-house multiplex sandwich immunoassays based on U-plex Meso-Scale
technology. We analyzed the levels of Interleukin-2 (IL-2), -4, —10, —12, —18, brain-derived
neurotropic factor (BDNF), C-reactive protein (CRP), and matrix-metalloproteinase
(MMP-9). In short, the different capture antibodies were first biotinylated using EZ-Link
Sulfo-NHS-LC-Biotin (ThermoFisher, 21327), then bound to different linkers 1-10, mixed
together at final concentrations of 10 pug/ml per antibody, added to each U-plex plate (MSD,
K15235) well (50 pl/well) for all plates, and incubated for 1 h. After washing with washing
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buffer (PBS containing 0.05% Tween 20), the plates were stored at 4°C until use. Detection
antibodies were sulfo-tagged using MSD Gold Sulfo-tag NHS-Ester (MSD, R91A0-2). All
antibodies were purchased from R& D Systems (Abingdon,UK).

Samples (25 pl), calibration curves and high and low controls were pipetted to each plate.
The samples were diluted 1:10 in diluent 8 (MSD, R54BA). Calibrators and controls were
prepared by recombinant antigens diluted in diluent 8. The plates were sealed and incubated
shaking for 2 h, washed 3 times, the corresponding detection antibodies were added (25 pl to
each well, conc. 0.1 pg/ml), and incubated shaking for 2 h. Finally, the plates were washed,
150 pl 2xRead buffer T (MSD R92TC) were added per well, and the plates immediately read
using the QuickPlex reader. The calibration curves were fitted with 4PL logistic regression
using the MSD Discovery Workbench.

Plasma micro-RNA extraction and RT-qPCR measurement

Samples (n = 96) were thawed on ice and centrifuged at 3000 x g/10 min before total RNA
extraction from 100 pL plasma aliquots according to the instructions of the manufacturer
(Norgen Biotek Corp., Ontario, Canada) except for a number of small modifications listed
here. Dithiothreitol (DTT, 10 mM) (Sigma-Aldrich Co. LLC, Germany) and 1.7 pM
synthetic C. elegans miR-54 and -238 (Tag Copenhagen A/S, Denmark) were added into the
lysis buffer. One uL of RNase inhibitor (20 U/uL) (Applied Biosystems (ABI), Foster city,
CA, USA) was added to every elution tube before elution of RNA. Purified RNA samples
were kept at —20°C until being used. The panel of 48 miRNAs (46 human and 2 from C.
elegans for technical normalization) (Supplementary Table 1) was analyzed after reverse
transcription (TagMan microRNA Reverse Transcription Kit), preamplification (TagMan
PreAmp master mix), and quantitative PCR (gPCR) using TagMan miRNA assays from
Applied Biosystems (Applied Biosystems (ABI), Foster city, CA, USA). For the gPCR, a
Fluidigm BioMark microfluidic chip system (Fluidigm Corp. USA) allowing duplicate
assays for 48 miRNAs in 96 samples in one operation was used. For more technical details
please refer to [18].

Data handling and analysis

In the array data analysis, the auto detectors setting (threshold cycle was set automatically)
was chosen for data from chip run. All raw Cq data were exported into Excel. Average Cq
values above 35 were excluded from data sets. Each remaining average Cq value was
normalized with the average Cq of cel-miR-54 and cel-miR-238 for that particular sample
yielding the —ACq (=[average Cq of cel-miR-54 and cel-miR-238] — [average Cq of hsa-
miR]) values. The —ACq values were further normalized with the average —ACq of miRNAs
that were detectable in all samples to further correct the variations in total input RNA. We
used the average —ACq of 19 miRNAs (let-7b-5p, miRs-101, —106a-5p, 106b-5p, 132-3p,
146a-5p, —146b-5p, —155-5p, —16-5p, —17-5p, —191-5p, —20a-5p, — 223-3p, —24-3p,
—-34a-5p, —320a, —92a-3p, —93-5p, — 451a), which were detected in all samples to subtract
from all mMiRNA -ACq values in each sample. These twice normalized expression values,
where larger values reflect higher abundance, were used for the statistical analysis.
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Statistical analysis

Cytokine data were power-transformed in an operation in the statistical computational
environment R (https://www.r-project.org) followed by statistical testing for significance.
For the paired analysis a factor of 20.000 was added to avoid negative values. Un-
transformed data was used to estimate differences in mean values. Power analysis was
performed with the R-package sizepower (Bioconductor) allowing for one false positive.
With 36 miRNAs sample size a power of 81% was provided to detect expression differences
of 1.25-fold for miRNA with no missing readings (Npajrs = 22).

Twin-pair level analyses

In a subset of analyses the co-twin design [19] was used to detect the association of miRNAs
with dementia and CCS, respectively, in two distinct groups of twins. The co-twin design
has two advantages, firstly, it controls for genetic influence on the phenotype variation and,
secondly, shared family environment is controlled for by the design. The analysis fits a linear
regression model that regresses the intra-pair difference in miRNA expression on the intra-
pair difference in either dementia or CCS, with intra-pair differences calculated between the
twin with the higher phenotype value to the twin with the lower phenotype value, i.e., we
fitted AMIRNA= Bg+p1~ Aphenotype+p,+ age+pa+ sex. In this model, Bg captures the overall
difference in miRNA level between the twin diagnosed with dementia and the twin without
diagnosis, age was centered around its median and the phenotype differences were centered
at the median of the absolute differences. In the analysis of CCS B stands for the
association of miRNA that is dependent on the level of phenotype difference (quantitative
association). When miRNA expression is log transformed, the antilog of B is the fold
change in miRNA expression for one unit increase in intra-pair phenotype difference. The
effects of age and sex (women coded as 0 and men coded as 1) on intra-pair difference in
miRNA expression were adjusted by including them as pair-specific variables in the
regression model. MicroRNAs expressed in both twins in less than five pairs were excluded
from the intra-pair analyses. The intra-pair analysis was performed using linear regression
with the /m() function in R (https://www.r-project.org/). Identical models were used for the
transformed cytokine data. Presented p-values were uncorrected for multiple testing.

Individual level analysis

An overall individual level analysis was performed by defining twin pairing as clusters to
control for twin correlation in a linear mixed model with random intercept. The fitting was
done with the /mer() function from the R-package Ime4 [20]. The models detect associations
between candidate miRNA and dementia by regressing miRNA expression on present/absent
diagnosis. Similar to the intra-pair analysis models also were adjusted for age and sex by
including them as covariates. Both regression models were fitted in R. Presented p-values
were uncorrected for multiple testing.
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Circulating miRNA and diagnoses

Circulating miRNA was profiled in plasma from 48 pairs of monozygotic twins. In 22 pairs
one of the twins had a diagnosis of unspecified dementia, vascular dementia, or AD while in
5 pairs both twins had one of these diagnoses. On average the diagnoses were registered 7.5
(3.1 SD) years after blood was donated. In the remaining pairs (n= 21) none of the twins
had any of these diagnoses. Of these 21 pairs, 13 were selected on the basis of a difference
in CCS of more than 3.5 while other 8 pairs were selected on the basis of being cognitively
similar (ACCS<2). As displayed in Fig. 1, for half (7= 7) of the 13 twin pairs with large
CCS differences, twin 2 who scored best on the CCS, performed particularly well on the
cognitive scale (CCS>4) equivalent to +1.2 SD. Unexpectedly, the average CCS was similar
at baseline for twin pairs with and without a dementia diagnosis (Table 1).

Data show that the quantitative miRNA profiles correlated with diagnoses as well as with
inter- and intra-pair differences in cognitive scores. We excluded sample miRNA data where
Cq > 35 and then excluded the specific miRNAs that were only detected in a third or less of
the samples (see Supplementary Table 1). Thereafter, a total of 36 miRNAs remained for
analysis. Additionally, one sample was inadvertently lost because of a microfluidic chip
loading problem.

Twin-pair dementia discordance and miRNA

In the discordant twin analysis three miRNAs were significant associated with dementia. For
miR-106a/b that belongs to paralogous miRNA gene clusters (the miR-17-92,
miR-106a-363, and miR-106b-25 microRNA precursor families) [21], the two mature
miRNAs were associated with dementia, i.e., miR-106b-5p was upregulated in participants
who developed dementia, while miR-106a-5p was downregulated (borderline associated, o~
value = 0.1). Another interesting finding was that miR-146b-5p was downregulated in twins
who were diagnosed with dementia (Table 2).

Twin-pair difference in cognitive scores and miRNA among twins without a dementia

diagnosis

We also tested if the miRNAs were associated with CCS in the twin paired analysis. Here
miR-210 was found associated positively with CCS, i.e., the degree of discordance (B1),
which is the regression coefficient of the intra-pair miRNA difference and intra-pair
cognitive difference, while miR-132-3p was likewise borderline associated (p-value = 0.07).
Thus, for twins with good cognitive function, miRNAs were down regulated compared with
the co-twin and other twins who performed poorer on the cognitive scale (Table 2). There
was, however, no significant supportive evidence that any miRNAs associated with both
dementia and with CCS. Noteworthy, as shown in Fig. 2A, the association between miR-210
and CCS seems to be driven by the twin pairs with a well-performing twin 2 (CCS>2.2),
while the scatter of twin pairs with poorer-performing twin 2 (CCS<2.2) seems to follow a
horizontal line. In contrast, miR-132-3p was positively associated with CCS, for both twin
pairs with a well-performing twin 2 (CCS>2.2) and poorer-performing twin 2 (CCS<2.2)
(Fig. 2B). Since not all participants had a miR-210 reading these data were investigated
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further. We found that in samples from all 14 twin pairs represented in Fig. 2B, miR-210
readings were missing in one of the technical replicates performed on all samples, while in
samples from 17 additional twin pairs miR-210 readings were missing in both technical
replicates. The surplus of miR-210 double miss-readings is unlikely due to random technical
variation, and could indicate a biological cause, e.g., low levels, of miR-210. Re-analysis,
now also including single readings of miR-210 (Niwin-pairs = 16), failed to show miR-210
association at a 5% significance level although the direction of the association with CCS
remained positive (B = 0.44, p=0.28).

Individual-level association between dementia and miRNA

In addition to the paired analysis we performed an ordinary individual analysis of
association with dementia for all participants. Here, let-7b-5p, miR-17-5p and miR-23a-3p
(borderline associated, p= 0.08) were downregulated while miR-155-5p was upregulated in
individuals with a dementia diagnosis (Table 3).

The absence of miR-210 in duplicate readings was also pursued further in this association
analysis. We observed missing miR-210 reading in half the twins in pairs who both had a
dementia diagnosis (50%), while among twin pairs where one twin had a dementia diagnosis
only 18% had absent miR-210 readings. Among the twins without diagnosis 13% had absent
miR-210 values. These observations suggest that miR-210 absence is more likely to occur
among twins with a dementia diagnosis than twins without a diagnosis (reg. =0.17, p=
0.05).

Circulating cytokines, diagnoses and cognitive function

Circulating cytokines were also included in the study, but we found no significant
association between cytokine levels and diagnosis or CCS. As displayed in Table 4, however,
there was a tendency that twins with a dementia diagnosis had higher cytokine levels than
their co-twin without a diagnosis.

DISCUSSION

In this study involving 48 twin pairs selected on the basis of intra-pair similarities or
differences regarding dementia diagnoses and cognitive scores we aimed at correlating
selected circulating miRNA and cytokine levels in baseline plasma samples with the
development of the phenotypic characteristics. Candidate miRNAs were selected based on
previous reports of involvement in neurodegeneration, neuroinflammation, or other chronic
inflammatory diseases (Supplementary Table 1). Cytokines represented pro- and anti-
inflammatory as well as immunomodulating and neuroprotective molecules. We used a
longitudinal design to explore the association of circulating miRNAs in plasma among
elderly twins prior to registered dementia diagnosis with 13 years of follow-up. We find that
two closely related miRNAs, miR-106b-5p and miR-106a-5p and a third miRNA,
miR-146b-5p, were associated with a diagnosis of dementia. Also, in a cross-sectional
design, we studied cognitive performance of elderly twins without a dementia diagnosis, and
found two miRNAs, miR-132-3p and miR-210, associated with cognitive function.
Moreover, in an individual analysis including all twins, the expression level of four
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miRNAs, let-7b-5p, miR-17-5p, miR-23a-3p and miR-155-5p, and the absence of miR-210
expression were associated with dementia. Overall the analyses did not indicate significant
association of miRNAs with dementia or cognitive score performance on the cross-sectional
level and in the paired and individual longitudinal level. Rather, the findings may reflect the
molecular biology predisposing to dementia. Still, the data provide consistent evidence, e.g.,
we find that low expression level of miR-210 is associated with low cognitive performance
and that undetectable levels of miR-210 are more frequently found among twins with a
dementia diagnosis. Interestingly, other studies have demonstrated an association of low
levels of miR-210 in spinal fluid and serum with both AD and mild cognitive impairment
[22]. Also, miR-210 has been implicated in inflammation, both as a regulator of apoptosis,
an inhibitor of proinflammatory cytokine expression after LPS stimulation, and by being
regulated by the cytokines TNF and I1L-6 [23, 24].

Further, we observed that miR-132-3p was positively associated with CCS among twins
without a dementia diagnosis. Interestingly, this is one of the most frequently appearing
miRNAs in AD studies, as it was found upregulated in AD patients in body fluids in three
independent studies [25] and is dysregulated in post-mortem brains [26]. On the molecular
level, the influence of miR-132-3p on the transcription factor, nuclear factor xB (NF-xB),
i.e., induction of NF-xB translocation to the nucleus as a preamble for cytokine (IL-8 and
MCP-1 production) [27], is of potential relevance for the association of increased
miR-132-3p with decreased CCS in the present study. The miR-146b-5p, which we observed
associated with dementia in the discordant twin analysis, is an anti-inflammatory miRNA
[28] and was downregulated in twins with a diagnosis of dementia. We also found
miR-155-5p, which is pro-inflammatory [29], upregulated in twins with a diagnosis of
dementia in analysis at the individual level. Likewise, the association of let-7b-5p,
miR-17-5p, and miR-23a-3p with the absence of a dementia diagnosis on the individual

level also putatively fits a paradigm of inflammation as an integral part of dementia
development. In cell lines and gastric biopsies, let-7b targets toll-like receptor 4 (TLR4)
expression inhibits NF-xB activation and inflammation during infection (4. pylori) [30].
Control of inflammation is also exerted by miR-17 [31, 32], and miR-23a-3p is important for
cytokine-mediated apoptosis [33].

The deliberations illustrate an enrichment of miRNA with an inflammatory/anti-
inflammatory role among the significant miRNAs. That supports the notion [34] that
inflammatory processes may be involved in the development and progression of dementia in
affected twins and that these processes to some extent act independently of genetic factors.
Although, the data from the individual analysis in the present study did not replicate in the
paired analysis, which suggests at least for some of the miRNAs there could be a genetic/
heritable contribution. Our present contributions of what could be early biomarkers of
dementia add to the main literature on post-diagnostic biomarkers. Also, the present
literature may lead to a new understanding of pathways and new early warning diagnostic
tools. We need larger, preferential longitudinal studies to achieve this goal and preferential
supportive functional studies.

Although we observed novel findings in our study we acknowledge that dementia diagnoses
from registers are typically under-reported and not as accurate classified as validated
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dementia diagnoses, thus results are likely biased toward the null hypothesis. Also register
studies are limited by the fact that patients may have been improperly clinically diagnosed.
However, Dementia registers in Denmark has high validity (85.8% are correctly classified)
[35], while subtypes such as Alzheimer’s or vascular dementia are poorly classified, thus
such subset diagnoses were not included in the analysis and the present study suffer to some
extent from heterogeneity of the different types of dementia.

The five-component CCS has been used in a variety of our aging studies and is sensitive to
normative age changes [14, 15, 36-39]. CCS is a relative narrow cognitive measure of the
elderly individuals working memory, i.e., their ability to recall animals and digits. However,
CCS overlaps to some extend with memory loss, which is a key symptom for patients with a
Dementia diagnosis, and even associate with AD related genes such as APOE, CLU and
PICALM [37-39]. Unexpectedly, the average CCS was similar at baseline for twin pairs
with and without a dementia diagnosis, yet both were lower than the average CCS of
LSADT blood donors (CCS: 0.95) [36]. A potential explanation for low CCS in the
concordant twin pairs without diagnosis could be that twin pairs are selected for large and
small CCS differences. On average, twin pairs concordant for dementia diagnoses had
higher CCS, but they were also younger and CCS is inaccurately estimated due to the small
sample size (7= 10). In general, the sample size in the present work is limited even for
miRNA expressed in all samples, e.g., in the dementia discordance design 22 pair of twins
were included, and larger studies are needed to replicate our explorative findings. Power
calculations suggested adequate power (e.g., power of approximately 80%) to detect
expression differences of 1.25-fold that being a moderate effect size. However, the presented
results were uncorrected for multiple testing and to obtain desirable significant association
after multiple testing larger samples are needed.

There is some variation to how the blood samples were handled as they were donated by the
participants in their homes during the population-based cohort study. Samples were prior
analysis stored for more than 15 years and thus the miRNA level, may be inflated by the
level of hemolysis and the amount of leukocytes, yet, likely to affect the level of association
toward the null, since the variation is likely to have occurred irrespective of the donors
cognitive abilities.

In conclusion, we find a consistent but not exhaustive pattern of anti-inflammatory and pro-
inflammatory miRNA differences in twins with dementia. A similar pattern might have been
expected in the cytokine data, but, despite trends pointing to the involvement of anti-
inflammatory and pro-inflammatory cytokines as early biomarkers of dementia, no
significant associations of any cytokine levels with dementia or CCS were observed. A
cautious suggestion would be that both pro-inflammatory and anti-inflammatory markers are
higher in twins with a dementia diagnosis, but a larger sample size is needed to support the
cytokine alteration hypothesis. The most consistent findings were decreased miR-106a,
increased miR-106b and decreased miR-210 in dementia. In addition to its proposed roles in
regulation of apoptosis and cytokine production, the regulation of vascularization by
miR-210 might be of relevance for the findings of dysregulation of this miRNA in
accordance with other studies [22]. In the case of miRs-106a and 106b, both target amyloid-
B precursor protein (ABPP) mRNA and both are decreased in the temporal cortex of AD

J Alzheimers Dis. Author manuscript; available in PMC 2018 September 07.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mengel-From et al. Page 10

patients [40]. Both are also targeting expression of proteins involved in transport of
apolipoprotein E as has been shown experimentally for miR-106b [41]. It is generally not
possible to predict the correspondence between intracellular alterations in miRNA levels and
changes in circulating miRNA levels, but it is interesting that in addition to regulatory
functions in inflammation, vascular growth factors, lipoprotein transporters, and ABPP
MRNA are among the targets of the prominent miRNAs that are altered in twins with
dementia diagnoses.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Plots of cognitive composite score (CCS) between Twin 1, the twin performing poorest, and

Twin 2, the twin performing best in a twin pair. All twins are with-out dementias diagnose.
The twin pairs are grouped by the selected selection criteria, 1), to be similar (the absolute
difference in CCS<2) and, 2), CCS discordant twins (the absolute difference in CCS>3.5).
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Fig. 2.
Plots of miRNAs miR-132-3p and miR-210 associated with cognitive composite score

(CCS) in paired analysis of twins with-out dementia diagnosis. A) scatter plot of centered
absolute difference in CCS and normalized expression of miR-210 with the line of
regression (B = 1.19, p=0.02) and B) scatter plot of centered absolute difference in CCS
and normalized expression of miR-132-3p with the line of regression (1 =0.35, p=0.07),
see Table 2 for details of regression analyses.
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Table 1

Descriptives of participants from the Longitudinal study of Aging Danish Twins (LSADT)

Concor dant Dementia  Concordant twin  P-values concordant
twin pairswith  discordant  pairswithout a twin pairsversus
adementia twin pairs dementia discordant twin
diagnosis diagnosis pairswith/without a
dementia diagnosis
No. MZ twin-pairs 5 22 21 -
No. female pairs, (%) 5 (100) 19 (86.4) 12 (57.1) 1.0%/0.05%

Assessment year 1997:

Age (sd) 76927  802(4.2) 80.3 (4.4) 0.115/0.942
Average CCS (sd) 1.33.2) 0.1(3.5) 0.4 (3.0) 0_48h/0_76/7
ACCS (sd)? 38(4.2) 3.7(22) 3.9 (2.6) 0.94%0.79°

Quantitative differences (Absolute difference) between the twins within a pair. sd, standard deviation.
a . .o s
:Chi“ test statistics;

b _—
‘t-test statistics.
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Table 2

Page 16

miRNA associated with dementia and miRNA associated with cognitive function in the discordant co-twin

design sub-study

Dementia
Discordant twins

Discordance in quantitative
differencein CCSin twins

without dementia

miRNA No.twin pairs B0 coefficient p No. twin pairs  B1 coefficient p

hsa-let-7b-5p 22 -0.27 0.71 20 0.03 0.78
hsa-let-7f-5p 5 151 0.75 1 - -

hsa-let-7i-5p 16 2.13 0.42 14 0.22 0.34
hsa-miR-101-3p 22 -0.10 0.94 20 -0.07 0.78
hsa-miR-106a-5p 22 -141 0.10 20 0.01 0.97
hsa-miR-106b-5p 22 3.16 0.037 20 -0.01 0.98
hsa-miR-128-3p 7 -2.14 0337 9 0.55 0.45
hsa-miR-130b-3p 18 -0.06 0.98 19 -0.05 0.74
hsa-miR-132-3p 21 -3.50 0.26 20 0.35 0.07
hsa-miR-134-5p 15 -0.19 0.96 15 0.10 0.84
hsa-miR-142-3p 22 0.70 0.46 20 0.02 0.91
hsa-miR-145-5p 14 5.96 0.18 15 0.39 0.12
hsa-miR-146a-5p 22 0.22 0.85 20 -0.02 0.82
hsa-miR-146b-5p 22 -1.87 0.05 20 -0.13 0.51
hsa-miR-155-5p 22 -2.01 0.22 20 0.04 0.83
hsa-miR-15a-5p 1 - - 2 - -

hsa-miR-15b-5p 21 -261 0.18 20 -0.03 0.84
hsa-miR-16-5p 22 -0.81 0.39 20 0.05 0.72
hsa-miR-17-5p 22 -0.49 0.51 20 0.01 0.89
hsa-miR-191-5p 22 1.38 0.18 20 0.15 0.20
hsa-miR-20a-5p 22 -0.18 0.80 20 0.08 0.39
hsa-miR-210-3p 9 011 077? 14 119 0.02
hsa-miR-223-3p 22 -0.02 0.97 20 0.01 0.80
hsa-miR-23a-3p 11 2.54 0.11 10 0.10 0.88
hsa-miR-24-3p 22 -0.28 0.84 20 -0.06 0.65
hsa-miR-26b-5p 22 1.65 0.12 18 -0.04 0.73
hsa-miR-27a-3p 22 0.24 0.81 19 -0.04 0.80
hsa-miR-298 3 - - 7 1.26 0.26
hsa-miR-29a-3p 13 -0.07 0.98 17 0.20 0.34
hsa-miR-320a 22 0.28 0.70 20 0.09 0.29
hsa-miR-323a-3p 11 -0.05 0.99 8 0.20 0.78
hsa-miR-34a-5p 22 1.45 0.83 20 -0.37 0.63
hsa-miR-423-5p 19 0.34 0.80 17 0.02 0.85
hsa-miR-451a 22 0.78 0.45 20 0.11 0.48
hsa-miR-92a-3p 22 -0.03 0.96 20 0.06 0.46
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Dementia Discordance in quantitative
Discordant twins differencein CCSin twins
without dementia

miRNA No.twin pairs B0 coefficient p No. twin pairs  B1 coefficient p

hsa-miR-93-5p 22 -0.50 0.61 20 -0.01 0.99

aSignificant by sexp < 0.05;

bsex variable omitted due to low number of twin pairs. Coefficients B0 equals the difference between the normalized miRNA level of twin with
diagnose subtracted by the equivalent level miRNA from the healthy co-twin. Coefficients 1 equals intra-pair difference in normalized miRNA
level per unit intra-pair difference in CCS. All analyses were adjusted for inter-pair differences in age and sex. Entries in bold italics mark
significant results (p <0.05). Number twin pairs are twin pairs where both twins have miRNA readings.
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Page 18

miRNA associated with dementia in individual analysis. All participants were included in analyses that were

adjusted for age and sex. Entries in bold italics mark significant results (v < 0.05)

miRNA No. Regression  p-value
individuals  Coefficient
hsa-let-7b-5p 95 -0.40 0.01
hsa-let-7f-5p 34 0.81 0.31
hsa-let-7i-5p 80 -0.18 0.61
hsa-miR-101-3p 95 0.36 0.19
hsa-miR-106a-5p 95 -0.10 0.47
hsa-miR-106b-5p 95 -0.07 0.81
hsa-miR-128-3p 55 -0.97 0.32
hsa-miR-130b-3p 90 -0.14 0.59
hsa-miR-132-3p 94 0.45 0.23
hsa-miR-134-5p 80 0.73 0.31
hsa-miR-142-3p 95 -0.16 0.43
hsa-miR-145-5p 75 -0.09 0.84
hsa-miR-146a-5p 95 0.18 0.36
hsa-miR-146b-5p 95 -0.09 0.70
hsa-miR-155-5p 95 0.92 0.01
hsa-miR-15a-5p 34 0.20 0.76
hsa-miR-15b-5p 93 -0.18 0.53
hsa-miR-16-5p 95 -0.21 0.26
hsa-miR-17-5p 95 -0.25 0.05
hsa-miR-191-5p 95 -0.25 0.13
hsa-miR-20a-5p 95 -0.03 0.80
hsa-miR-210-3p 63 0.39 0.58
hsa-miR-223-3p 95 0.04 0.75
hsa-miR-23a-3p 71 -1.02 0.08
hsa-miR-24-3p 95 0.22 0.35
hsa-miR-26b-5p 93 0.06 0.79
hsa-miR-27a-3p 94 -0.20 0.29
hsa-miR-298 34 -0.31 0.87
hsa-miR-29a-3p 7 -0.22 0.46
hsa-miR-320a 95 -0.10 0.46
hsa-miR-323a-3p 67 0.57 0.32
hsa-miR-34a-5p 95 0.43 0.67
hsa-miR-423-5p 87 -0.07 0.79
hsa-miR-451a 95 -0.24 0.25
hsa-miR-92a-3p 95 -0.02 0.88
hsa-miR-93-5p 95 -0.20 0.30
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Cytokines associated with dementia and cytokines associated cognitive function in the discordant co-twin
design sub-study.

Dementia

Discor dant twins

Quantitative differencein CCS
in twins with-out dementia

Cytokine  No.twin pairs B coefficient P-value No.twin pairs s coefficient  P-value
Bdnf 22 672.6 0.43 20 -2116.4 0.30
I1L-10 22 1315 0.35 21 -292.0 0.13
IL-12 22 50.2 0.957 21 18.4 0977
IL-18 22 183 0357 21 -89.3 0.88
IL-2 22 243 0742 21 14.4 0.50
IL-4 21 70.3 0.20 20 -2.3 0.37
MMP-9 22 4473.0 0.79 21 5624.5 0.83
TGF-b 22 179.7 0934 21 1054.2 0.59
TNF-a 22 78.6 0.37 21 2.1 0.94
aSignificant by agep < 0.05;

bp—values from analysis of untransformed data, since transformation was not applicable. Coefficients 0 equals the difference between the cytokine
level of twin with diagnose subtracted by the equivalent cytokine level from the healthy co-twin. Coefficients 1 equals intra-pair difference in
cytokine level per unit intra-pair difference in CCS. All analyses were adjusted for age and sex between pairs. Coefficients f0 and p1 are from
analysis of untransformed data while p-values are obtained from power transformed data.
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