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molekyyleihin postmenopausaalisilla naisilla. Liikuntatieteellinen tiedekunta, Jyvaskylan
yliopisto, Liikuntalaaketieteen pro gradu -tutkielma, 60 s., 6 liitetta.

Ikadntyminen lisad sydéan- ja verisuonitautien riskid. Myos vaihdevuosien aikaiset hormo-
nimuutokset altistavat naiset epéedullisille aineenvaihdunnan muutoksille, jotka tulisi erottaa
ikdantymiseen liittyvistd muutoksista. Suuri korkean tiheyden lipoproteiinin kolesterolin
(HDL-C) maara on yhteydessé pienempaan sydéan- ja verisuonitautiriskiin. HDL-C:n maara
nayttaisi kasvavan vaihdevuosien aikana, mutta tallgin se ei anna suojaa sydan- ja verisuoni-
taudeilta. Vaihdevuosien aikana korkean tiheyden lipoproteiinin (HDL) rakenteessa saattaakin
tapahtua muutoksia, jotka vaikuttavat sen toimintaan. Proteiinien ja rasvojen lisaksi HDL kul-
jettaa lyhyita RNA-molekyylejd, mikro-RNA:ita (miRNA), jotka saatelevat solujen toimintaa.
Systeemisen estradiolitason (E2) on todettu vaikuttavan tiettyihin verenkierrossa kulkeviin
miRNA:ihin, kuten miR-21, -126 ja -146a, joilla on yhteys myds sydan- ja verisuonitauteihin
sekd kestavyyskuntoon. Estradiolipitoisuuden vaikutusta HDL:n kuljettamiin miRNA:ihin ei
ole kuitenkaan tutkittu. Tdmén tutkimuksen tarkoituksena oli selvittdé vaihdevuosien hormo-
nimuutosten vaikutusta HDL:n kuljettamiin miRNA:ihin tutkimalla hormonikorvaushoidon
(HRT) vaikutusta miR-21, -126 ja -146a -tasoihin, seké selvittada kyseisten miRNA:iden ja kes-
tavyyskunnon vélisté yhteytta.

Tama tutkielma oli osa ’Keski-ikaisten naisten metabolisten toimintahairididen riski: systeemi-
nen ja intrakriininen estrogeeni sekd mikro-RNA:t valittavina tekijoind” (EsmiRs) -tutkimusta.
Tutkimusjoukko koostui terveista vaihdevuodet ohittaneista HRT-kayttajista (n = 5) seka ei-
kayttgjistd (n = 5). Aineenvaihduntasairauksien puuttuminen mahdollisti HRT:n vaikutusten
tutkimisen ilman tautirasitetta. Tutkittavien kestavyyskuntoa mitattiin maksimaalisella polku-
pyoraergometritestilla ja se kuvattiin kuormituksessa saavutetun hapenkulutuksen huippuarvon
(VO2peak) avulla. HDL eristettiin ennen testid otetuista seerumindytteistd ja edelld mainitut
miRNA:t mitattiin ké&yttden reaaliaikaista polymeraasiketjureaktioita (QPCR).

Ryhmien valilla ei ollut merkitsevaa eroa HDL-C maaréssa eikd HDL:n kuljettamissa miR-21,
-126 ja -146a -tasoissa. miR-126 -tason ja E> vélill& havaittiin positiivinen yhteys (p = 0.029).
Tutkituista miRNA:ista ainoastaan miR-146a korreloi negatiivisesti VOzpeak -arvojen kanssa
HRT-kéayttdjilla (p = 0.037) seka kiihtyvyysmittarilla mitatun vapaa-ajan liikunnan kanssa ei-
kayttajilla (p = 0.037).

Taman tutkimuksen perusteella HRT:n kéytto ei vaikuta HDL-C:n mééraan eikd HDL:n miR-
21, -126 ja -146a tasoihin. Pienesta otoskoosta huolimatta miR-126 ja E» valilla havaittiin yh-
teys ja tutkimustulos tukee aiemmin havaittua yhteyttd miR-146a ja liikunnan valilla. Jatkossa
tulisi tutkia tarkemmin vaihdevuosien hormonimuutosten vaikutusta HDL:n toimintaan.

Asiasanat: mikro-RNA, vaihdevuodet, estradioli, sydan- ja verisuonitaudit, kestavyyskunto



ABSTRACT

Jakoaho, V. 2020. The effects of hormone replacement therapy on HDL-cargo of
postmenopausal women: special reference to microRNA content. Faculty of Sport and Health
Sciences, University of Jyviskyld, Master’s thesis in Sports and Exercise Medicine, 60 pp., 6
appendices.

Cardiovascular disease (CVD) risk increases with age. Also, menopause, a period when women
undergo significant hormonal changes, predisposes to several unfavourable metabolic
alterations which increase CVD risk and should be separated from age-related changes. Even
though several studies show that high-density lipoprotein cholesterol (HDL-C) increases during
menopause, it does not protect from CVD. Hence, high HDL-C levels may not always reduce
CVD risk. High-density lipoprotein (HDL) may undergo compositional changes during meno-
pause that affect its function. In addition to the protein and lipid cargo, HDL transports short
RNA molecules, microRNAs (miRNAs), that regulate cell functions. Systemic estradiol (E>)
level has previously been reported to affect specific circulating miRNAs, such as miR-21, -126
and -146a, which also associate with CVD and cardiorespiratory fitness (CRF). However, no
study has examined the effects of serum E> on HDL-carried miRNAs. The aim of this study
was to examine the effects of menopausal hormonal changes on HDL-carried miRNAs by in-
vestigating the effects of hormone replacement therapy (HRT) on miR-21, -126 and 146a con-
tent of HDL and to examine the association between these miRNAs and CRF.

This study was part of “the Systemic and Intracrine Estrogen and MicroRNAs mediate the risk
of metabolic dysfunction in middle-aged women” (EsmiRs) study. Participants comprised of
healthy postmenopausal HRT using (n = 5) and non-using (n = 5) women without any notable
metabolic diseases which enabled examining the effects of HRT without a disease burden. CRF
level was measured with maximal graded exercise test and described as peak oxygen uptake
(VOn2peak). Pre-exercise test serum samples were used to isolate HDL and the foregoing miRNAs
were measured using quantitative polymerase chain reaction (QPCR).

The studied groups did not differ in HDL-C concentration nor HDL-carried mir-21, -126 and -
146a levels. However, there was a positive correlation between miR-126 and serum E; (p =
0.029). From the studied miRNAs, only miR-146a correlated negatively with VOzpeak in HRT
using women (p = 0.037) and positively with accelerometer measured leisure time physical
activity in non-using women (p = 0.037).

Based on this study the use of HRT does not affect HDL-C nor HDL-carried miR-21, -126 and
-146a levels. However, despite of the small sample size, association was found between miR-
126 and E> and the present study supports previously observed association of miR-146a with
physical activity. Future studies should focus on examining the effects of menopausal hormonal
changes on HDL function.

Key words: microRNA, menopause, estradiol, cardiovascular disease, cardiorespiratory fitness



ABBREVIATIONS

AGO?2 argonaute 2

apoA-I apolipoprotein A-1

AU arbitrary unit

BF body fat

BMI body mass index

CAD coronary artery disease
cDNA complementary DNA
Cl confidence interval

ci-miRNA  circulating microRNA

CRF cardiorespiratory fitness

Ct cycle threshold

Cv cardiovascular

CvD cardiovascular disease

DGUC density-gradient ultracentrifugation

E2 estradiol

EC endothelial cell

ERMA the Estrogenic Regulation of Muscle Apoptosis — Study

EsmiRs the Systemic and Intracrine Estrogen and MicroRNAs mediate the risk of

metabolic dysfunction in middle-aged women — Study

ET exercise training

EV extracellular vesicle

FMP final menstrual period

FSH follicle-stimulating hormone

g g-force

HDL high-density lipoprotein

HDL-C high-density lipoprotein cholesterol
HRT hormone replacement therapy

H.O water



KBr
LDL
LDL-C
LTPA
MET
MetS
miR
mMiRNA
mMRNA
NGS
nm
NPM1
PA
PBS
PVDF
gPCR
RCT
RER
RNA
RNase
rpm
SD
SDS-PAGE
SEC

potassium bromide

low-density lipoprotein
low-density lipoprotein cholesterol
leisure time physical activity
metabolic equivalent

metabolic syndrome

microRNA

microRNA

messenger RNA

next generation sequencing
nanometre

nucleophosmin 1

physical activity
phosphate-buffered saline
polyvinylidene fluoride
quantitative polymerase chain reaction
reverse cholesterol transport
respiratory exchange ratio
ribonucleic acid

ribonuclease

rounds per minute

standard deviation

sodium dodecyl sulphate-polyacrylamide gel electrophoresis
size-exclusion chromatography

STRAW + 10 The Stages of Reproductive Aging Workshop + 10

TBS-T
TC

TG
T2D
VO2max
VO2peak

tris-buffered saline-tween
total cholesterol

triglyceride

type 2 diabetes

maximal oxygen consumption

peak oxygen uptake



WB
WHO

ACt

watt

western blot

World Health Organization
year

mean cycle threshold
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1 INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of death in women (Roth et al. 2018). Aging
leads to several factors predisposing for CVD, yet certain metabolic alterations, such as a shift
towards more atherogenic lipid profile, has been shown to associate with menopause even
independent of chronological aging (Karvinen et al. 2019). Therefore, reduction in systemic

estrogen level has been suggested to contribute to the increased CVD risk (Carr 2003).

Physical activity (PA) improves cardiorespiratory fitness (CRF) which in turn is associated with
reduced CVD risk (Ross et al. 2016). Moreover, PA seems to associate with increased high-
density lipoprotein (HDL-C) levels (Kodama et al. 2007). High HDL-C levels are generally
considered to protect from CVD (von Eckardstein et al. 2001a). Increasing body of literature
suggests that HDL-C may increase when women transition through menopause EI Khoudary
2017). However, as CVD risk increases in postmenopause, increased HDL-C concentration
may not provide cardioprotection after menopause (ElI Khoudary 2018). It has been proposed
that high-density lipoprotein (HDL) particles may undergo compositional changes reducing the
protective capacity of HDL in postmenopause (Woodard et al. 2011). However, it is not explicit
which compositional factors may underlie the potential changes in HDL function.

During recent years short non-coding RNAs, microRNAs (miRNAS), have been extensively
studied as candidates for involvement in various diseases (Mendell & Olson 2012). miRNAs
are post-transcriptional regulators of gene expression, present in all cell types (Mori et al. 2019).
They are also secreted into circulation and transported in distinct carriers, such as extracellular
vesicles (EVs) and HDLs, hence participating in intercellular communication (Turchinovich et
al. 2013). Circulating miRNA (ci-miRNA) signatures in blood have been reported to be altered
in different physiological and pathological conditions, such as CVD, which makes them
potential blood-based biomarkers (Mori et al. 2019). Specific serum ci-miRNAs, including
miR-21, -126 and -146a, have been shown to differ between postmenopausal women using
hormone replacement therapy (HRT) and postmenopausal non-using women (Kangas et al.
2014; Kangas et al. 2017). Hence systemic estrogen level affects ci-miRNA profile. However,
whether this association is carrier specific, is not known.
1



Distribution of ci-miRNAs have been shown to differ between different carriers in health and
disease (Vickers et al. 2011). Hence, a proper isolation of these carrier molecules is essential to
determine the effects of systemic estrogen on ci-miRNAs. Serum contains significantly more
HDL particles compared to EVs (Simonsen 2017 (Suppl.)). Therefore, the purpose of this
Master’s thesis was to isolate HDL from other serum miRNA carriers and to investigate the
effects of HRT on the content of miR-21, -126 and -146a in HDL. Moreover, this study aimed
to determine the association of physical fitness with HDL-carried miRNA levels.

This Master’s thesis is part of “the Systemic and Intracrine Estrogen and MicroRNAs mediate
the risk of metabolic dysfunction in middle-aged women” (EsmiRs) research project conducted
at the University of Jyvaskyla in the Gerontology Research Center and funded by Academy of
Finland (grant 309504 to EKL). As for data collection, author of this study was responsible for
HDL isolation and RNA extraction and quantification from ready-harvested serum samples (n
= 10) during November — December 2019. The rest of the data were provided ready for the

author.

I thank Adjunct Professor Eija Laakkonen for providing the data for this study. | would like to
thank Postdoctoral Researcher Sira Karvinen for her contribution with respect to data collection
and analysis, and guidance and support during this Master’s thesis. I would also like to thank
Laboratory Manager Maarit Lehti for her advice regarding data collection as well as Chief
Laboratory Technician Petri Papponen for his assistance during laboratory visits at the
Department of Biological and Environmental Sciences. Lastly, |1 would like to thank EsmiRs
research group for assistance and laboratory staff for advice during my laboratory work at the

Sports and health laboratory.



2 MENOPAUSE

Menopause is a natural part of women’s aging defined as permanent cessation of menstrual
periods due to the loss of ovarian function (WHO 1996). Hence, it is the time point when woman
experiences her final menstrual period (FMP) and consequently can only be determined
retrospectively (Soules et al. 2001). Menopause can be ascertained if amenorrhea has continued
over 12 continuous months given that it is not associated with any other evident physiological
or pathological reason (WHO 1996). On average, women in Finland become menopausal at the
age of 51 (Mikkola 2019). The onset of menopause appears to be affected by socioeconomical
status, genetic factor, racial and geographic differences and lifestyle factors, such as smoking
(Soules et al. 2001; Gold 2011).

The Stages of Reproductive Aging Workshop + 10 (STRAW + 10) has defined a staging system
of the reproductive aging (Harlow et al. 2012). The stages can also be described as three broad
phases: pre-, peri- and postmenopause (Nelson 2008). Premenopause refers to the reproductive
period before perimenopause (Nelson 2008) whereas perimenopause describes the transitional
years commencing from the first symptoms of the oncoming menopause and continuing until
one year after FMP (WHO 1996). Postmenopause indicates the time commencing from the
FMP (Davis et al. 2015). Postmenopause can be further divided into early postmenopause
which describes the first five to eight years after FMP and late postmenopause which begins

thereafter and continues until demise (Harlow et al. 2012).

Menopausal hormonal changes are a combined result of aging of the hypothalamus and the
ovaries (Davis et al. 2015). Already years before menopause, at the beginning of menopausal
transition, a decrease in follicular mass results in reduction in inhibin, a product of ovarian
granulosa cells, affecting pituitary gland and leading to an increase in gonadotrophin-releasing
hormone production (Mikkola 2019). An increase in follicle-stimulating hormone (FSH) and
impaired surge of luteinizing hormone release together with the simultaneous ovarian aging
leads to a decrease in estradiol (E2) (Davis et al. 2015) which is the most important form of
estrogen during the reproductive years (Gold 2011). After a marked decline of ovarian follicles,
E> has decreased significantly and menstruation ceases (Mikkola 2019). Due to cessation of
3



ovarian cyclic activity also production of progesterone, ovarian hormone produced by corpus
luteum, declines (WHO 1996). After menopause, FSH levels continue to rise whereas E levels
decrease approximately up to two years after which the concentrations stabilize (Harlow et al.
2012). Due to menopause approximately one third of women’s lives is spent in an estrogen-

deficient state and it may therefore have significant health consequences (Gold 2011).

Menopause associates with various symptoms of which vasomotor symptoms, i.e. hot flushes
and night sweats, as well as vaginal dryness are the most prominent ones (Davis et al. 2015).
Some of the commonly experienced symptoms such as insomnia, urinary incontinence, sexual
dysfunction and mood symptoms may rather be secondary to other symptoms (Nelson 2008).
The presence and severity of symptoms can vary considerably between women (Davis et al.
2015). In addition, estrogen deficiency has been associated with several long-term
consequences, such as bone loss (Greendale et al. 2012) possible impairments in cognitive
functions (Karlamangla et al. 2017) and decline in physical performance (Cooper et al. 2008).
Moreover, menopause associates with several metabolic alterations, such as increased central
fat accumulation, decreased lean body mass, reduced glucose tolerance, unfavorable alterations
in lipid profile and altered inflammatory markers, all of which are risk factors for CVD (Carr
2003). HRT is used to treat menopausal symptoms (Nelson 2008) and it may partially oppose

many of the unfavorable changes induced by menopause (Salpeter et al. 2006a).

2.1 Menopause and cardiovascular disease risk

CVDs refer to all disorders influencing the heart and blood vessels and are commonly
associated with a pathological process, atherosclerosis, wherein lipids accumulate inside artery
wall formulating plaques and thus, constrain oxygen-rich blood flow (Mendis et al. 2011).
Several metabolic factors including total cholesterol (TC), low-density lipoprotein cholesterol
(LDL-C), HDL-C, triglycerides (TGs) and body fat (BF) as well as lifestyle factors, such as
regular PA, play an important role in the etiology of CVD (Yusuf et al. 2004; Mendis et al.
2011). CVD is the leading cause of mortality worldwide (Roth et al. 2018). The incidence of
CVD is rare among women below 50 years of age but by the age of 70, women develop CVD
at equal rate as men (Carr 2003). Women experiencing menopause prematurely due to surgical

4



bilateral oophorectomy, have been shown to have increased risk for CVD compared to
premenopausal women of the same age (Gohlke-Barwolf 2000). Moreover, women who have
undergone hysterectomy, with or without oophorectomy, may have higher risk of developing
CVD compared to women without hysterectomy status (Howard et al. 2005). Hence, estrogen

depletion has been suggested to account for the increased disease risk (Carr 2003).

Decline in systemic estrogen level at menopause associates with alterations in metabolic profile
and cardiovascular (CV) function increasing the risk for CVD (Rosano et al. 2007). Estrogen
deficiency has detrimental effects on arteries by various mechanisms (Mikkola 2019). Estrogen
depletion promotes vascular inflammation, oxidative stress and endothelial dysfunction, which
is the initial step of atherosclerosis (Rosano et al. 2007; Auro et al. 2014). In addition,
menopause associates with proatherogenic changes in blood lipids such as increased total
cholesterol, LDL-C and TG levels (Ambikairajah et al. 2019). Instead, most studies have
reported that HDL-C concentration decreases or remains unchanged (Carr 2003). Furthermore,
menopause increases central adiposity (Carr 2003) which is also an important component of
metabolic syndrome (MetS), an accumulation of metabolic disorders, which is a risk factor for
CVD (Pu etal. 2017). Increased body fat also affects blood lipid concentrations through which
it can promote progression of CVD (Romero-Corral et al. 2010). Hence, menopause is linked
to various metabolic changes through which it can act as an independent risk factor for CVD
(Gohlke-Béarwolf 2000). However, a distinct relationship between postmenopausal status and
CVD has not been established (Atsma et al. 2006).

2.2 Hormone replacement therapy and cardiovascular disease risk

HRT has proven effective in alleviating menopausal symptoms and therefore, it may improve
the quality of life (Mikkola 2019). It has been approved for prevention of osteoporosis or
fractures in women at risk (de Villiers et al. 2016). The most effective hormone therapy is
estrogen therapy either alone or combined with progestogen, i.e. progesterone or synthetic
progestin (Davis et al. 2015). Women who have undergone hysterectomy can be treated solely
with estrogen whereas the combined regimen is used for women with a uterus for endometrial

protection (de Villiers et al. 2016). Treatment can be administered orally, transdermally or



intervaginally (Nelson 2008). Administration route may produce different effects, especially on
lipid concentrations, due to hepatic metabolism which affects orally administered HRT
(Mikkola 2019). Treatment should be adjusted to the lowest possible yet effective dose and
designed based on individual treatment goals and evaluation of benefit/risk profile (de Villiers
et al. 2016).

HRT has been suggested to have beneficial effects on several MetS components and CVD risk
factors including LDL-C, HDL-C, abdominal fat and insulin resistance (Salpeter et al. 2006a).
Timing of initiation of HRT appears to play a significant role in CVD protection (Hodis et al.
2016). HRT seems to protect younger postmenopausal women from coronary heart disease
events, a cut-off being 60 years of age or 10 years since menopause (Salpeter et al. 2006b).
However, initiation of treatment after 10 or more years postmenopause does not seem to protect
from atherosclerosis (Hodis et al. 2016). HRT may have primary preventive effect as estrogen
appears to protect healthy vascular system, but it cannot reverse already progressed
atherosclerosis (Mikkola 2019).



3 CARDIORESPIRATORY FITNESS

Cardiorespiratory fitness reflects the capacity of the respiratory and circulatory systems to
transport oxygen to skeletal muscles in order to perform physical work (Ross et al. 2016). CRF
can be described as maximal oxygen uptake (VO2max) Which is a direct measure indicating the
maximum amount of oxygen consumed during maximal exercise, or as peak oxygen uptake
(VO2peak) Which indicates the highest value of VO, achieved during exercise and is usually
measured with maximal incremental exercise test (Bassett & Howley 2000; Ross et al. 2016).
CRF is an important indicator of CV health (Ross et al. 2016). Low CREF is a risk factor for
CVD (Kodama et al. 2009) and a strong predictor of CV mortality (Imboden et al. 2018).

Exercise training (ET) results in increases in VOgzpeak (ROSS et al. 2016) and it has been shown
to have several beneficial effects on CVD risk factors, including lipid profile (Lin et al. 2015).
ET-induced increase in CRF can also be seen in postmenopausal women (Blumenthal et al.
1991; Mandrup et al. 2017). However, some studies have suggested that postmenopausal
women may have impaired cardiorespiratory capacity compared to pre- or perimenopausal
women which may predispose to increased CVD risk (Lynch et al. 2002; Mercuro et al. 2006).
Nevertheless, some studies have shown that leisure time physical activity (LTPA) and exercise
training have similar benefits on CVD risk factors regardless of menopausal status (Mandrup
etal. 2017; Karvinen et al. 2019). Higher levels of LTPA or higher CRF level seem to associate
with greater health benefits and more favorable lipid profile, including HDL-C, during
menopausal transition (Karvinen et al. 2019) and at postmenopause (Haddock et al. 1998).
However, LTPA at similar level as in premenopause does not seem to completely compensate
menopause-related changes in serum lipids and therefore higher levels of PA may be needed to

gain clinically relevant reduction in serum cardiovascular risk factors (Karvinen et al. 2019).



4  HIGH-DENSITY LIPOPROTEIN

HDL is the smallest and densest of the five significant lipoproteins having a high protein/lipid
ratio as approximately half of HDL mass comprises of proteins and half consists of lipids
(Kontush et al. 2013). HDLs are a heterogenous group of lipoproteins comprising of several
subpopulations into which HDL particles can be classified according to their size, charge,
shape, density and apolipoprotein and lipid composition (Kontush et al. 2015). The particle
density and size range from 1.063-1.21 g/ml and 7.2-12 nm (Stoke’s diameter), respectively
(von Eckardstein et al. 1994).

The main constituents of HDL are presented in figure 1. Compared to other lipoproteins, HDL
contains a greater number of divergent proteins (> 80) from which apolipoproteins and enzymes
are considered functionally most essential (Kontush et al. 2015). The most abundant protein
constituent of HDL is apolipoprotein A-I (apoA-I) accounting for approximately 70 % of HDL
protein content (Kontush & Chapman 2006). Almost all HDL particles appear to contain
antiatherogenic apoA-I which has a great significance in lipid metabolism (Kontush et al. 2015).
HDL lipidome (> 200 lipid species) comprise of different lipid classes which have distinct
functions (Kontush et al. 2013). Free cholesterol accounts for 5-10 % of HDL lipid mass and is
considered significant in CVD prediction in the form of HDL-C (Kajani et al. 2018).

ApoA-I
N
Phospholipids . fiaa
O : Triglycerides
ApoA-II —— - t:‘—;
microRNAs fﬂ””// - f .
/ L Cholesteryl esters

Free cholesterol

FIGURE 1. Author’s view of the main constituents of HDL. ApoA-I = apolipoprotein A-I,
ApoA-II = apolipoprotein A-II.



During last decades HDL has been recognized to have atheroprotective qualities (Rader &
Hovingh 2014). Epidemiological and clinical studies have uniformly shown an inverse
association between plasma HDL-C level and CVD risk (The Emerging Risk Factors
Collaboration 2009). This has led to “HDL hypothesis” according to which increased plasma
HDL-C concentration results in decreased CVD risk (Rader & Hovingh 2014). However, even
though pharmacological studies have succeeded in increasing plasma HDL-C levels, they have
consistently failed to reduce the risk of CVD events (Camont et al. 2011). Routinely measured
plasma HDL-C is a rather crude measure and does not describe HDL function which seems to
reflect the atheroprotective capacity of HDL (Rader & Hovingh 2014). Reverse cholesterol
transport (RCT) is perhaps the most widely acknowledged mechanism by which HDL protects
from atherosclerosis (Camont et al. 2011). The main characteristic of atherogenesis is abnormal
lipid accumulation within macrophages in the arterial wall leading to foam cell formation which
RCT may counteract by promoting HDL-mediated cholesterol removal (Favari et al. 2015). In
RCT, HDL particles remove cholesterol from peripheral non-hepatic cells, particularly macro-
phages, and transport it to the liver and release it for excretion into bile (von Eckardstein et al.
2001a).

Beyond its role in RCT, HDL contributes to a vast number of biological activities by which it
exerts antiatherogenic properties (Camont et al. 2011). The non-cholesterol cargo of HDL has
been suggested to contribute to several of these functions (Vickers & Remaley 2014). In
addition to lipids and proteins, HDL contains a variety of small metabolites and short regulatory
RNAs, microRNAs (figure 1) (Kajani et al. 2018). miRNAs are secreted from cells and carried
in HDL which delivers them to recipient cells enabling cell-to-cell communication and gene
regulation (Vickers & Remaley 2012). Hence, HDL particles may rather be carrier molecules
with multifaceted functions than solely transporters of cholesterol (Kuai et al. 2016).

4.1 Menopause and HDL

Atherogenic lipid concentrations seem to increase rapidly when women approach menopause
(Auro et al. 2014). Menopause is consistently reported to associate with higher total cholesterol
and LDL-C concentrations (Ambikairajah et al. 2019). However, results from studies reporting



postmenopausal HDL-C concentrations show more inconsistencies (EI Khoudary 2017). Some
cross-sectional studies have reported a decrease in HDL-C levels (Jensen et al. 1990; Cho et al.
2008) while others have detected no difference between pre- and postmenopausal groups (de
Aloysio et al. 1999; Peters et al. 1999; Kuh et al. 2005; de Kat et al. 2017). However, increasing
evidence from cross-sectional (Pansini et al. 1993; Mandrup et al. 2017) and longitudinal
studies (Matthews et al. 2009; Abdulnour et al. 2012; Karvinen et al. 2019) suggests that HDL -

C may increase when women transition through menopause.

Since some studies have shown that higher HDL-C levels associate with increased CVD risk in
postmenopausal women, protective effects of HDL-C after menopause have been questioned
(El Khoudary et al. 2018). However, menopause-related changes in HDL metabolism appear to
be more intricate than HDL-C level measurements indicate (Carr 2003). It has been suggested
that HDL may experience both compositional and functional changes during menopause poten-
tially diminishing the atheroprotective capacity of HDL (Woodard et al. 2011). Therefore, in-
creased levels of HDL-C in postmenopause may in fact not always be cardioprotective (El
Khoudary et al. 2018).

4.2 Effects of hormone replacement therapy on HDL

HRT has been shown to affect HDL-C levels (Salpeter et al. 2006a). Orally administered
estrogen has been reported to increase HDL-C levels by reducing hepatic lipase activity and
stimulating apoA-1 production in postmenopausal women (Tikkanen et al. 1982; Walsh et al.
1991). In contrast, progestogens seem to oppose the increase in HDL-C and therefore, combined
treatment regimens may not lead to an increase in HDL-C (Godsland 2001). Indeed, some
studies have even reported a decrease in HDL-C due to combined HRT (Taskinen et al. 1996;
Kotecha et al. 2020).

However, it is essential to recognize that HDL subclasses differ according to their
antiatherogenic properties (Camont et al. 2011). Studies have shown that HRT may also affect
HDL particle size and composition (Tangney et al. 2001; Auro et al. 2014). Larger particles are
considered particularly important in RCT (von Eckardstein et al. 2001a). Even though hormone
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treatment may reduce HDL-C levels, it does not necessarily reduce cholesterol efflux capacity,
a metric of HDL function, which is essential in terms of CVD protection (von Eckardstein et
al. 2001b; Mikkola et al. 2002).
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5 MicroRNAs

MicroRNAs are small endogenous, ~22-nucleotide, non-coding RNAs which regulate gene
expression post-transcriptionally (Bartel 2004). miRNAs control gene expression, and thus
modulate biological homeostasis, by base pairing to target messenger RNA (mRNA) and
consequently either repress translation, degrade mRNA, or both (Friedman et al. 2009).
Currently the human genome is known to contain over 2500 mature miRNAs (Kozomara et al.
2019).

miRNASs are suggested to participate in regulation of majority of the developmental, cellular
and physiological processes (Bartel 2018). miRNAs can simultaneously target numerous
different genes leading to intensified gene inhibition (Laffont & Rayner 2017). As a single
miRNA can regulate hundreds of mMRNAs and any given mRNA contains multiple miRNA
binding sites, gene expression regulated by miRNAs is highly intricate and interconnected
(Vickers & Remaley 2012). It has been estimated that miRNAs regulate the expression of over
60 % of human protein-coding genes (Friedman et al. 2009). Alterations in miRNA expression
are observed, and have suggested to play a role, in various human pathologies including cancer
and CVD (Mendell & Olson 2012). Furthermore, miRNAs have an essential role in regulating
HDL and cholesterol metabolism (Laffont & Rayner 2017).

miRNAs are suggested to be expressed in all cell types, many of which typically contain a
specific subset of miRNAs (Mori et al. 2019). In addition, miRNAs are present in human
circulation as well as in various other body fluids making them potential biomarkers of disease
(Chen et al. 2008). When miRNAs are in circulation, they are referred to ci-miRNAs (Cortez
& Calin 2009).

5.1 Circulating miRNAs

Previously intercellular communication has been considered to restrict to cell-to-cell junctions
or secreted signals, for instance neurotransmitters or hormones (Vickers et al. 2011). However,

to date it has been shown that miRNAs can be secreted into circulation by various cell types,
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and they can be taken up by other cells, and thereby mediate intercellular communication by
controlling gene expression in recipient cells (Chen et al. 2012). Ci-miRNAs are linked to lipid-
or protein-based carriers and are therefore protected from endogenous ribonuclease (RNase)
activity increasing their stability and preventing their degradation (Vickers & Remaley 2012).
Ci-miRNAs can be packed inside EVs, which are small membrane-bound vesicles secreted
from cells, namely microvesicles, exosomes and apoptotic bodies (Chen et al. 2012). Most
recently, lipoproteins, namely HDL and low-density lipoprotein (LDL), have been reported to
transport miRNAs (Vickers et al. 2011). In addition, a significant portion of ci-miRNAs have
been observed to be attached to vesicle-free RNA-binding protein complexes, such as
Argonaute 2 (AGO2) (Arroyo et al. 2011) however, it is unclear if ci-miRNASs bound solely to

proteins are actively secreted and taken up by cells (Turchinovich et al. 2013).

miRNAs have been demonstrated to be remarkably stable in serum and plasma, hence serving
as potential blood-based biomarkers of health and disease (Mori et al. 2019). Since the
discovery of ci-miRNAs, their role as biomarkers and moderators have been investigated in
various pathological and physiological conditions (Silva et al. 2017). Systemic miRNA
signature has been observed to be altered in several pathologies including CVD, cancer and
type 2 diabetes (T2D) (Mori et al. 2019). Alterations in ci-miRNA profile has also been

observed in response to exercise (Silva et al. 2017).

Ci-miRNAs can be measured either from plasma or serum (Cortez & Calin 2009). When ci-
miRNAs are measured directly from serum or plasma, ci-miRNA signature comprises of
various miRNA carrier subclasses (Boon & Vickers 2013). Comprehensiveness of isolation of
different miRNA carriers in previous studies is variable (Mori et al. 2019). However, a proper
isolation of different compounds is crucial in order to determine the biological properties of
these particles and to better understand their contribution as carriers (Yuana et al. 2014).
miRNA profile, including the content and top-ranked miRNAs, has been reported to vary
among different carrier subclasses in both health and disease (Vickers et al. 2011; Florijn et al.
2019). Therefore, measuring miRNA content of different carriers, instead of merely serum
miRNA profile, may improve biomarker sensitivity of miRNAs in different conditions and
determine carrier specific miRNA functions in recipient cells (Florijn et al. 2019). Figure 2

illustrates the biophysical properties of lipid-based miRNA carriers.
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FIGURE 2. Biophysical properties of lipoproteins and extracellular vesicles (modified from
Simonsen 2017). The density range of each particle is described with grey, vertical dashed line
while the pink, horizontal dashed line illustrates the size range of each species. Black horizontal
dashed line represents the density used for isolating HDL and EVs from other compounds. HDL
= high-density lipoprotein, LDL = low-density lipoprotein, VLDL = very low-density

lipoprotein, IDL = intermediate-density lipoprotein.

511 Circulating miRNAs and serum estradiol

The association of estradiol on miRNA expression has been demonstrated in several tissues
(Pérez-Cremades et al. 2018). Furthermore, specific systemic miRNAs have also been shown
to associate with serum E» (Kangas et al. 2014; Kangas et al. 2017). Kangas et al. (2014)
observed that circulating serum miR-21 and miR-146a levels differed between postmenopausal
twins discordant for the use of HRT. Furthermore, Kangas et al. (2017) reported a negative
association between miR-148a-3p, -27-3p, -126-5p, -28-3p and -30a-5p levels and E> and a
positive association of miR-106-5p with E; in their study of premenopausal women and
postmenopausal HRT using and non-using twins. Ci-miRNA profile can potentially be used to
evaluate the effects of menopausal hormonal changes as well as individual effects resulting
from the use of HRT (Kangas et al. 2017).
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512 Circulating miRNAs and aerobic exercise

Endurance exercise also alters the ci-miRNA profile (Silva et al. 2017). Certain systemic
miRNAs associate with fitness and health parameters and therefore, as exercise training is
known to produce substantial health benefits, ci-miRNAs may mediate adaptations to ET (Sapp
etal. 2017). Alterations in systemic miRNA profile has been observed in both acute and chronic
exercise training (Fernandez-Sanjurjo et al. 2018). Furthermore, specific ci-miRNAs have been
reported to correlate with CRF level and may therefore be potential biomarkers of aerobic
exercise capacity (Baggish et al. 2011; Bye et al. 2013; Sapp et al. 2019). As low CRF is a
major contributor to cardiovascular disease, specific miRNAs associating with low CRF could

be used as potential early biomarkers of the disease (Bye et al. 2013).

5.2 HDL as miRNA carrier

Vickers et al. (2011) discovered that HDL carries endogenous miRNAs which it transports to
recipient cells. Furthermore, HDL-delivered miRNAs have been demonstrated to be functional
in recipient cells altering target gene expression (Vickers et al. 2011; Tabet et al. 2014). This
export process is suggested to be selective and regulated by specific signaling pathways (Boon
& Vickers 2013). The exact mechanism of how HDL carries miRNAs is currently unclear albeit
extracellular miRNAs have been proposed to bind to phosphatidylcholine which is the principal
phospholipid in HDL (Zhao et al. 2019). Due to several unique properties of HDL, such as
small size, high tolerability and intrinsic targeting properties to several if not all tissues and
cells, HDL may transport its cargo and deliver cellular messages effectively to recipient cells
(Kuai et al. 2016). It has been suggested that HDL-carried miRNAs may potentially partly

mediate or alter some of the biological functions of HDL (Vickers et al. 2011).

Vickers et al. (2011) observed that miRNA profile of HDL is rather consistent among healthy
individuals, yet it was altered in hypercholesterolemia and atherosclerosis suggesting that HDL
cargo may be altered in disease state. Furthermore, Niculescu et al. (2015) observed alterations
in miIRNA content of HDL in coronary artery disease (CAD). Wagner et al. (2013) validated

15



several miRNAs to be present in HDL yet they observed only slight alterations in HDL-carried
miRNA profile in CAD patients.

In order to determine miRNA content and function of HDL and other carriers, a proper isolation
is essential (Florijn et al. 2019). HDL can be isolated from other lipoproteins according to its
density using density-gradient ultracentrifugation (DGUC) (Yuana et al. 2014). However, when
isolating either HDLs or EVs from plasma or serum, they readily co-isolate if no further
purification measure is employed as the density of EVs and HDLs overlaps explicitly (figure
2) (Simonsen 2017). To minimize the co-isolation, a combination of isolation methods can be
applied (Mori et al. 2019). As figure 2 shows, HDLs and EVs differ significantly according to
their size and consequently, size-exclusion chromatography (SEC) is an appropriate method to

avoid co-isolation of these entities (Simonsen 2017).

521 miR-21

Figure 3 illustrates systemic miRNA response to specific physiological conditions regarding
miRNAs chosen for this study. miR-21 is highly expressed in endothelial cells (ECs) and has
been suggested to be a modulator of vascular disease (Urbich et al. 2008). miR-21 regulates
inflammation (Olivieri et al. 2013) and contributes to neointima lesion formation after vascular
injury (Laffont & Rayner 2017). Circulating miR-21 levels have been shown to be upregulated
in CVD patients (Olivieri et al. 2013; Pereira-da-Silva et al. 2018). Kangas et al. (2014)
observed an association between systemic miR-21 levels and serum E> concentration. More
specifically, postmenopausal women not using HRT had higher ci-miR-21 levels compared to
their HRT using twin sisters and premenopausal women (Kangas et al. 2014). Moreover,
systemic miR-21 levels have been shown to be upregulated in response to acute and chronic
endurance training (Baggish et al. 2011; Wardle et al. 2015). Ci-miR-21 levels may also be an
indicator of cardiorespiratory fitness as they have been shown to be lower in participants with
higher VO2max (Bye et al. 2013; Sapp et al. 2019).
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5.2.2 miR-126

miR-126 is one of the most abundantly expressed miRNAs in ECs (Feinberg & Moore 2016).
miR-126 affects vascular integrity and it is involved in vascular angiogenesis and has a role in
preventing atherosclerotic lesion formation (Li et al. 2017). Circulating miR-126 levels have
been reported to be downregulated in different atherosclerotic diseases (Pereira-da-Silva et al.
2018). In addition, miR-126 has been shown to bound rather efficiently to HDL (Wagner et al.
2013). Kangas et al. (2017) observed that serum miR-126 associates with serum Ez level.
Postmenopausal women not using HRT had higher ci-miR-126 levels compared to
premenopausal and postmenopausal HRT using women (Kangas et al. 2017). In addition, ci-
miR-126 levels have been shown to be increased after acute and sustained exercise training
(Uhlemann et al. 2014; Barber et al. 2019) and ci-miR-126 level has been shown to negatively
correlate with CRF in postmenopausal sedentary women with MetS (Sapp et al. 2019).

5.2.3 miR-146a

miR-146a has an essential role in regulating inflammation and dysregulation of miR-146a may
contribute to low-level chronic inflammation associating with various age-related disorders
with inflammatory background, such as CVD (Olivieri et al. 2013). However, miR-146a may
also confer protective functions in the vessel wall by dampening EC inflammation via a
negative feedback loop (Feinberg & Moore 2016) and decreasing lipid uptake in macrophages
(Laffont & Rayner 2017). Systemic miR-146a levels have been shown to be increased in
cardiovascular disease (Olivieri et al. 2013; Feinberg & Moore 2016). Kangas et al. (2014)
demonstrated that serum miR-146a levels differed when comparing postmenopausal HRT using
women and their non-using twin sisters indicating a response to HRT. In addition, ci-miR-146a
is one of the most common miRNAs demonstrated to respond to exercise training (Sapp et al.
2017). Systemic miR-146a levels have been shown to be upregulated after acute bout of
exercise (Baggish et al. 2011), prolonged aerobic exercise (Baggish et al. 2014) and sustained
ET (Baggish et al. 2011; Barber et al. 2019). Moreover, Baggish et al. (2011) observed a linear
correlation between peak exercise miR-146a level and VO2max indicating a potential role of
miR-146a as a marker of CRF.
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FIGURE 3. Serum ci-miR-21, -126 and -146a response to HRT, endurance exercise and
cardiorespiratory fitness and atherosclerosis. Upward arrow describes ci-miRNA upregulation
in response to described condition while downward arrow represents downregulation of specific

ci-miRNA. Arrows going both ways indicate evidence of both up- and downregulation.
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6 AIMOFTHE STUDY

The aim of this Master’s thesis is to examine whether the use of HRT affects HDL-C
concentration and miRNA content of HDL in postmenopausal women. Specific serum ci-
miRNAs have previously been identified to associate with serum estradiol (Kangas et al. 2014;
Kangas et al. 2017). However, it is not known if this association is carrier specific. Hence, this
study investigates whether miRNA content of HDL differs in postmenopausal HRT users
compared to non-users. Furthermore, the purpose is to examine the association of
cardiorespiratory fitness level and specific CVD risk factors with miRNA levels.

Specific research questions:

1. Does the use of HRT affect serum HDL-C level in postmenopausal women?

2. Does the use of HRT alter miR-21, -126 and -146a content of HDL in postmenopausal
women?

3. Does cardiorespiratory fitness level or CVD risk factors associate with miR-21, -126

and -146a content of HDL in postmenopausal women?
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7  MATERIALS AND METHODS

This Master’s thesis is part of “the Systemic and Intracrine Estrogen and MicroRNAs mediate
the risk of metabolic dysfunction in middle-aged women” (EsmiRs) study conducted at the
University of Jyvaskyld in the Gerontology Research Center. EsmiRs study examines the
biological mechanisms leading to unfavorable health alterations induced by menopause.
EsmiRs study is a 4-year follow-up study based on “the Estrogenic Regulation of Muscle
Apoptosis” (ERMA) study population. The collection of EsmiRs data proceeds in three phases:
a survey (1% phase), laboratory visit repeating ERMA measurements (2" phase) and new

metabolic measurements (3™ phase).

7.1 Participants and study design

Participants of this study (n = 10) are a sub-population of EsmiRs study subjects (aim n = 60)
who were chosen to participate in metabolic measurements conducted at the third phase of
EsmiRs study. To be included into third phase participants needed to have completed the second
phase and be either pre- or perimenopausal, postmenopausal (no HRT) or postmenopausal HRT
users with verified menopausal status and intact ovaries and uterus. Other inclusion criteria
were body mass index (BMI) < 30 or >18,5, no hormone preparations in use (except for HRT
using women), no notable metabolic diseases affecting metabolism nor medication in constant
use for a metabolic disease, no continuous use of other medication affecting metabolism, no
contraindications for maximal aerobic exercise test and no daily smoking. 20 women who first
met the inclusion criteria were chosen into each group. Each group contained four clusters
which were set according to BMI and PA level. Maximum number of women in each cluster

was 5 and as the cluster was fulfilled, no more participants were included into that cluster.

Participants of the present study comprise of postmenopausal HRT using women (n = 5) and
postmenopausal non-using women (n = 5) chosen from subjects who had participated in
maximal aerobic exercise test by the end of October 2019 and hence had their VOzpeak Values
and pre-test serum samples available. By then 6 HRT users and 18 non-users had undergone

maximal aerobic exercise test. One HRT user was excluded due to terminated exercise test.
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Therefore, 5 HRT using women were included into the final study design. Each HRT using
woman was matched with a non-using pair according to VOzpeak. Furthermore, study groups
(HRT/no HRT) were matched based on body fat percentage. HRT users were required to be
present users and have used hormone preparation for at least 3 months. All HRT using
participants were using orally administered combined treatment regimen, containing both

estrogen and progestogen and had commenced the treatment during the ongoing year (2019).

EsmiRs study was approved by the Ethics Committee of the Central Finland Health Care
District (KSSHP Dnro 9U/2018). A written informed consent was obtained from all participants
before starting the study. The study was conducted in conformity with the Declaration of

Helsinki following good clinical and scientific practice.

7.2 Blood sampling

To retrieve blood lipid and hormone levels from the participants, blood samples were harvested
after overnight fasting between 7:00 and 10:00 a.m. Blood was drawn from the antecubital vein
in a supine position during the first laboratory visit. To separate the serum, whole blood was
left to clot for 30 minutes at room temperature after which it was centrifuged at 2.200 x g and
the sera were aliquoted and stored at — 80 °C as described previously (Kovanen et al. 2018). E>
and FSH levels were measured from serum using IMMULITE® 2000 XPi (Siemens Healthcare
Diagnostics, UK) following manufacturer’s instructions. TC, HDL-C, LDL-C and TGs were
determined using KONELAB 20 XTi analyzer (Thermo Fischer Scientific, Finland) according

to manufacturer’s instructions.

At the second laboratory visit, as participants performed maximal aerobic exercise test, blood
samples were harvested after overnight fasting at 7:15 a.m. before the test. A total amount of
18 ml of peripheral blood was collected into two 9 ml Vacuette® EDTA K3 tubes at three
different time points: pre, post and 1-hour post exercise test. The whole blood was mixed with
18 ml of RPMI-medium and plasma containing HDL and white blood cells were separated

through a density gradient centrifugation with Ficoll-Paque™ PLUS medium (GE healthcare).
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In this study, pre-exercise test serum samples were used to isolate HDL and extract RNA to
determine miR-21, miR-126 and miR-146a content of HDL.

7.3 HDL isolation

HDL was isolated from serum using density-gradient ultracentrifugation with potassium
bromide (KBr) density being 1.063 g/ml. Density adjusted phosphate-buffered saline (PBS)
PBS-1.063 (0.0834 g KBr/ml) and PBS-1.21 (0.3184 g KBr/ml) were prepared. 1.668 g of KBr
was weight into tubes (Beckman Coulter 355618) for the serum samples, for the volume used
for centrifugation (20 ml). 1.175 g of KBr was weight into HDL sample tubes. Workflow of

HDL isolation is presented in figure 4.

Serum samples were defrosted overnight, and each sample was transferred into a tube with KBr
(1.668 g) (figure 4, step 1). PBS (pH 7.4) was added to reach 20 ml if needed. The mixture was
centrifuged (60 000 rpm, 4 °C, Beckman, 70 Ti rotor) for 20 hours. LDL (5 ml) was collected
from the top of each tube and stored at — 80 °C for later use (figure 4, step 2). To purify HDL
at the right density, HDL (5 ml) was collected from the bottom of each tube and transferred into
tubes with KBr (1.175 g). Tubes were filled with density adjusted PBS (1.21) until 20 ml.
Mixture was centrifuged (60 000 rpm, 4 °C) for 48 hours. HDL (5 ml) was collected from the
top of each tube (figure 4, step 3). To reduce the volume of collected HDL samples before EV
purification, samples were concentrated with Amicon ultra Centrifugal filters (Cat no.
UFC510024, Merck) (figure 4, step 4). 4 ml of each sample was used for concentration.
Samples were centrifuged (14 000 x g, 4 °C, Heraeus Fresco 17 centrifuge) for 10 minutes to
concentrate HDL. Concentrated HDL was further centrifuged (1000 x g, 4 °C) for 2 minutes to
collect HDL (60 pl) into tubes (figure 4, step 5).

HDL was purified from EVs using SEC (IZON gEVoriginal, 35 nm, SP5). Concentrated
samples (60 pl) were taken to room temperature to thaw on ice. SEC column was taken to room
temperature and positioned into upright position. 440 pl filtered PBS was added into thawed
samples in order to reach the 500 pl sample volume required for SEC. Buffer was drained from

the column and the column was flushed with 10 ml of filtered PBS. Each sample (500 pl) was
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loaded into the column and void volume (3 ml) was collected immediately after the sample
began to run. Thereafter, EV and HDL zone volumes were collected into 15 fractions, 0.5 ml
in each fraction. After each sample, the column was flushed with 15 ml of filtered PBS before
loading the next sample into the column. EV zone volume was collected into fractions 1-3 as
informed by the manufacturer. To determine the zone of HDL, total protein was measured from
SEC fractions (figure 4, step 6). Total protein content was determined using the bicinchoninic
acid protein assay (Pierce Biotechnology, Rockford, IL) with an automated KoneLab
instrument (Thermo Scientific, Vantaa, Finland). Based on total protein measurement, majority
of HDL was verified to locate between fractions 7-11. HDL was concentrated from these

fractions as described above to condense the volume for RNA extraction (figure 4, step 7).

7.4 Western blot analysis

Western blot (WB) analysis was performed to validate the enrichment of HDL in SEC fractions
7-11 (figure 4, step 6) (appendix 1). For this purpose, antibody against apoA-I, a protein derived
from HDL, was used. For the validation purpose, HDL samples from whole blood received
from blood bank were used. HDL was isolated as described previously followed by SEC. 15 pl
samples from the harvested fractions were solubilized in Laemmli sample buffer. In order to
denature proteins, samples were heated at 95°C for 10 min after which they were separated by
sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) for 60-90 min at
270 V using 4-20% gradient gels on Criterion electrophoresis cell (Bio-Rad Laboratories,
Richmond, CA). Proteins were transferred to polyvinylidene fluoride (PVDF) membranes in a
Turbo blotter (Trans-Blot Turbo Blotting System, 170-4155, Bio-Rad Laboratories).
Membranes were blocked in commercial blocking buffer (Odyssey Blocking Buffer (PBS), LI-
COR) for 2 h and then incubated overnight at 4°C with commercially available primary
antibody (1:10 000; ab52945, Abcam). After the primary antibody incubation membranes were
washed in tris-buffered saline-tween (TBS-T), incubated with suitable secondary antibody
(1:10 000) diluted in 1:1 Pierce blocking buffer and TBS-T for 1 h followed by washing in
TBS-T. Protein was visualized by fluorescence using ChemiDoc XRS in combination with
Quantity One software (version 4.6.3. Bio-Rad Laboratories) (appendix 1).
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FIGURE 4. Workflow of HDL isolation process. DGUC= density-gradient ultracentrifugation,

SEC-= size exclusion chromatography, WB = western blot. Numbers (1-7) indicate a specific

step in HDL isolation process.
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7.5 RNA extraction and complementary DNA synthesis

Total RNA was extracted from 50 pl of purified HDL using miRNeasy serum/plasma Kit
(QIAGEN, cat. no. 217184) complying with manufacturer’s instructions (appendix 2). 150 pl
of PBS was added to the samples to achieve similar volume as used in the protocol (200 pl).
Synthetic Caenorhabditis elegans miR-39 spike-in control (3.5 pul) was added to the samples in
order to detect the recovery of RNA. Final centrifugation was performed at full speed (14 000

x g, 4 °C, Heraeus Fresco 17 centrifuge) for 1 minute.

RNA was reverse transcribed into complementary DNA (cDNA) using miScript Il RT Kit
(QIAGEN, cat. no 218161). cDNA synthesis is a routine method to create a stable template of
the RNA-sample for further analysis. miScript HiFlex buffer was used to prepare cONA. cDNA
synthesis was done according to manufacturer’s instructions (appendix 3). Reverse-
transcription master mix was done for total volume of 88 pul and the total reaction volume for
each sample was 20 pl (table 1). Rest of each RNA samples were stored for later use. As for
one sample, only 10 ul of RNA was extracted and therefore 2 pl of RNase-free water (H20)
was added to the mixture. Incubation was done at 37 °C for 60 minutes (Eppendorf AG 22331,
Hamburg). To inactivate miScript Reverse Transcriptase Mix, samples were further incubated

at 95 °C for 5 minutes. Samples were stored overnight at 4 °C.

TABLE 1. Reverse transcription of RNA samples.

cDNA synthesis Each sample (ul) Master mix (pl)
Hiflex-buffer 4 44

10 x nucleic mix 2 22

Reverse transcriptase 2 22

RNA 12

Total volume 20 88
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7.6 quantitative PCR

For quantitative polymerase chain reaction (QPCR), miScript Primer Assay (QIAGEN) and
miScript SYRB Green PCR kit (QIAGEN miScript SYBR Green PCR Kit, cat no. 218073)
were used to measure miR-21-5p (MS00009079), miR-126-3p (MS00003430) and miR-146a-
5p (MS00003535) levels. Synthetic Caenorhabditis elegans miR-39 (Qiagen, 219610) level
was measured from each sample to serve as a reference gene, describing the efficiency of RNA
extraction. The PCR kit contained miScript Universal primer and QuantiTect SYBR Green PCR
Master mix. The total reaction volume was 10 pl, containing 5 pl of QuantiTect SYBR Green
PCR Master mix, 1 pl of miScript Universal primer, 1ul of primer assay (target primer), 2 pl
of H2O and 1 pl of template (cDNA). Each sample was performed as a duplicate in 384-well
plate. Acceptable deviation between duplicates was < 5 % of standard deviation (SD). Samples
were centrifuged (1000 x g, Jouan C3i multifunction centrifuge, Thermo, USA) for 1 minute at
room temperature prior to qPCR run (Bio-Rad CFX384 Real-Time System, C1000 Touch
Thermal Cycler). Reaction protocol for gPCR is presented in table 2. Melting curve analysis

was performed after qPCR run to verify the specificity of the g°PCR products.

TABLE 2. Reaction protocol for qPCR.

Cycle number Step Time Temperature
1 Initial activation 15 min 95 °C
40 Denaturation 15s 94 °C
40 Annealing 30s 55 °C
40 Extension 30s 70 °C

Threshold level was determined according to default settings provided by the software (Bio-
Rad CFX Maestro 1.1). The samples were normalized using miR-39 as a reference. Mean cycle
threshold (ACt) values were calculated as ACt = mean Ctmirx — mean Ctmirsg, Ct being cycle
threshold and X being the measured miRNA. Relative expression of each miRNA for each

sample was calculated using 22 formula.
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7.7 Physical fitness and physical activity measurements

VO2peak Was measured during maximal graded incremental bicycle ergometer test (Ergoselect
200, Ergoline GmbH, Bitz, Germany). Test was performed after overnight fasting. Participants
were instructed to abstain from alcohol intake as well as strenuous exercise for 48-hours prior
to testing. The test comprised of both submaximal and maximal phases starting with a resting
phase lasting for 3-minutes during which participants were sitting on the bicycle ergometer.
Thereafter participants cycled for 4-minutes at intensity of 20 watts (W) after which the
workload was increased by 20 W every 4-minutes until respiratory exchange ratio (RER) of 1.0
was attained. After reaching the desired RER, intensity was increased every minute by 20 W.
This was proceeded until volitional exhaustion after which there was a 5-minute recovery phase
at intensity of 50 W. Two highest successive 30-second VO-measurements were used to
determine VOzpeak. VO2peak Was described as VOopeak relative to body weight (ml/kg/min).

LTPA was assessed from self-reports as well as measured using accelerometers. Self-reported
LTPA activity pattern was assessed using a questionnaire. The questionnaire is described
elsewhere (Kujala et al. 1998). LTPA was assessed based on three questions (appendix 4)
describing monthly frequency, mean duration and mean intensity of LTPA to distinguish
participants’ opinion of their overall LTPA level. Metabolic equivalent (MET) values were
assigned for each activity from which the total volume of LTPA was calculated as a product of

duration, intensity and frequency. The total LTPA was described as MET hours per day.

LTPA was measured using GT3X+ and wGT3X+ ActiGraph accelerometers (Pensacola,
Florida, USA). Accelerometers were instructed to be placed on the right hip and used for 7
consecutive days during waking hours, excluding bathing or while doing other water-based
activities. In addition, participants were asked to record their wake-up time and working hours
into a diary as well as record if they had removed the monitor for longer than 30 minutes. Raw
data from the accelerometers were collected at 60 Hz and filtered after which it was converted
into 60-s epoch counts. Further data analysis was done by using a customized Excel-based

program as described previously (Kovanen et al. 2018). Data normalization was done for 10-
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hour wake time. Entries about working hours in activity diaries were used to distinguish LTPA

from total daily PA. Activity was described as total counts for 10-hour LTPA.

7.8 Anthropometrics and body composition

BMI and BF percentage were measured after overnight fasting between 7:00 and 10:00 a.m.
with participants wearing only undergarments. BMI was calculated from measured weight and
height (kg/m?). For weight and height measurements, a beam scale and a stadiometer were used,
respectively (Kovanen et al. 2018). To assess BF percentage, a multifrequency bioelectrical
impedance analyzer (InBody™ 720; Biospace, Seoul, Korea) was used. BMI and BF

percentage are reported based on measurements done at the second laboratory visit.

7.9 Statistical analyses

All statistical analyses were performed using IBM SPSS for Windows 24 statistical software.
Data are presented using means and SDs. To determine the normality of variables, the Shapiro-
Wilk test was applied and skewness and kurtosis of the distributions of variables were

interpreted. In all analyses p-value < 0.05 was considered to indicate statistical significance.

To compare miRNA levels and HDL-C concentration between the studied groups, Independent
Samples T-test was used. To determine differences between HRT users and non-users regarding
other variables, Independent Samples T-test was used for normally distributed variables and

Mann-Whitney U test was used for non-normally distributed variables.

To investigate the statistical relationship between miRNAs and cardiorespiratory fitness level,
Spearman’s rank correlations coefficient was used. To examine correlations between miRNAs
and other measured variables and correlations between fitness and activity measures, Pearson
correlation coefficient and Spearman correlations coefficient was used for normally distributed
variables and non-normally distributed variables, respectively. Correlation coefficient has a
value between —1 and 1 indicating the strength and direction of correlation where value 0

denotes that there is no linear relationship between variables (Uhari & Nieminen 2012, 202).
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8 RESULTS

Baseline characteristics and differences between HRT using and non-using women are shown
in table 3. Values are presented as mean + SD and as variable value range. There was no
difference between the studied groups in age, BMI, BF percentage and VOzpea.

TABLE 3. Characteristics of the participants and differences between the studied groups.

Variable Post + HRT (n =5) Post (n =5) p-value
Age (y)? 55.3+ 1.6 55.4 + 1.7 0.948
Age range (y) 53-57 53-57

BMI (kg/m?)? 243+2.8 24.6 +2.0 0.842
BMI range (kg/m?) 22.1-28.3 22.9-27.8

BF (%)? 32821 33.7%+59 0.761
BF range (%) 30.1-35.9 24.6-41.0

V/Ozpeak (Ml/kg/min)® 29.1+3.2 29.1+3.9 0.841
VO2peak range (ml/kg/min)  25.8-34.3 26.9-36

Values are presented as mean + SD. Value range is described below. P-values were obtained using ?Independent
Samples T-test for normally distributed variables and ®Mann-Whitney U test for non-normally distributed
variables. Post + HRT = postmenopausal women using hormone replacement therapy, Post = postmenopausal
women not using hormone replacement therapy, y = years, BMI = body mass index, kg/m? = kilograms per metres
squared, BF = body fat, VO2peax = peak oxygen uptake, ml/kg/min = milliliters per kilogram per minute.

29



8.1 Blood lipid concentrations, hormone levels, physical activity and miRNA levels

Table 4 presents the comparison of blood lipid concentrations, hormone levels and physical
activity measures in HRT using and non-using women. There was no difference in HDL-C
concentration between the studied groups (t(8) = —1.036, p = 0.331, 95% CI [-0.87621 —
0.33301]). The groups did not differ from each other, neither according to other measured blood

lipids, E2, FSH, nor to self-reported or accelerometer measured LTPA.

TABLE 4. Blood lipids, hormone levels and physical activity of HRT using and non-using

participants.

Variable Post+ HRT (n=5) Post (n=5) p-value
HDL-C (mmol/I)? 2.03+0.46 2.30+£0.37 0.331
LDL-C (mmol/l)? 2.79 +0.58 2.98 +0.84 0.694
TC (mmol/l)? 5.14 +0.55 5.68 £ 0.62 0.189
TG (mmol/l)? 0.97+0.24 1.03+0.40 0.780
E2 (nmol/1)° 0.39 +0.25 0.18+0.12 0.095
FSH (1U/1)? 49.1+250 97.9+54.5 0.106
Self-reported LTPA (MET h/day)?  3.47 +2.81 3.20 + 3.79 0.794

Measured LTPA (total counts/day)® 4.1 x10°+1.6 x 10° 3.6 x 10°+2.1 x 10* 0.486

Values are presented as mean + SD. ®For normally distributed variables, Independent Samples T-test was used to
obtain p-values. °For non-normally distributed variables, non-parametric Mann-Whitney U test was used to
compare differences between the groups. Post + HRT = postmenopausal women using hormone replacement
therapy, Post = postmenopausal women not using hormone replacement therapy, HDL-C = high-density
lipoprotein cholesterol, LDL-C = low-density lipoprotein cholesterol, TC = total cholesterol, TG = triglycerides,
E, = estradiol, FSH = follicle-stimulating hormone, LTPA = leisure time physical activity, MET = metabolic
equivalent, mmol/l = millimoles per liter, nmol/l = nanomoles per liter, IU/l = international units per liter, h =
hours.
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Figure 5 shows the comparison of relative expression levels of the studied miRNAs in HRT
users and non-users. There was no difference between the groups in miR-21 (t(8) = 0.507, p =
0.626, 95% CI [-0.04766 — 0.07451]), miR-126 (t(8) = 1.119, p = 0.295, 95% CI [-0.03638 —
0.10500]) and miR-146a (t(8) = 0.844, p = 0.423, 95% CI [-0.00693 — 0.01493]) levels.

miR-21 miR-126 miR-146a
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FIGURE 5. The relative expression level of miR-21, -126 and -146a in HRT using and non-
using women in arbitrary units (AU). Values are presented as mean. SD bars describe SD. HRT

= postmenopausal women using hormone replacement therapy (n = 5), No HRT =

postmenopausal women not using hormone replacement therapy (n = 5).

8.2 Associations of miRNAs with serum estradiol and CVD risk markers

The miRNAs selected for this study are linked to E> and CVD, hence the associations of these
miRNAs on E> and CVD associated blood lipids as well as body composition were studied.
Correlations of miR-21, -126 and -146a levels with participants’ serum E> concentration, blood
characteristics and body composition are presented in table 5. When examining all participants
together (n = 10), there was a positive correlation between miR-126 and E> (r = 0.685, p =
0.029). However, when examining the groups separately, a positive correlation was only
observed in non-using women (r = 0.900, p = 0.037) but not in HRT using women. Additionally,
there was a negative correlation between participants” miR-146a levels and total cholesterol (r
= —0.651, p = 0.042), yet when observing the groups separately the correlation was only
significant in HRT using women (r = —0.903, p = 0.036). Furthermore, miR-126 correlated
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positively with TGs (r = 0.926, p = 0.024) in non-using women and negatively with BF
percentage (r = —0.957, p = 0.011) in HRT using women. Other variables did not correlate
significantly with any of the studied miRNAs.

TABLE 5. Correlations of miR-21, -126 and -146a levels with serum estradiol, blood lipids and

body composition.

Post + HRT (n =5) Post (n=5) All (n =10)
r P r P r P

miR-21correlations
E> (nmol/l)* -0.600 0.285 0.600 0.295 0.248 0.489
HDL-C (mmol/l) 0.022 0.972 —0.149 0.811 —0.101 0.781
LDL-C (mmol/l) -0.581 0.304 -0.004 0.995 -0.283 0.428
TC (mmol/l) -0.605 0.280 0.107 0.863 -0.317 0.373
TG (mmol/l) 0.253 0.681 0.812 0.095 0.498 0.143
BF (%) -0.293 0.633 0.162 0.795 -0.007 0.985
mMiR-126 correlations
E2 (nmol/l)* 0.600 0.286 0.900 0.037 0.685 0.029
HDL-C (mmol/l) 0.789 0.113 -0.517 0.372 0.219 0.543
LDL-C (mmol/l) -0.727 0.164 0.560 0.327 -0.196 0.588
TC (mmol/l) —-0.345 0.570 0.572 0.314 -0.171 0.636
TG (mmol/l) -0.622 0.263 0.926 0.024 0.039 0.916
BF (%) -0.957 0.011 0.496 0.395 -0.111 0.760
miR-146a correlations
E> (nmol/l)* 0.700 0.188 0.300 0.624 0.467 0.174
HDL-C (mmol/l) 0.094 0.880 0.058 0.926 —0.029 0.937
LDL-C (mmol/l) -0.727 0.164 —0.426 0.475 —0.514 0.128
TC (mmol/l) —0.903 0.036 -0.337 0.579 —0.651 0.042
TG (mmol/l) -0.737 0.156 0.461 0.434 -0.177 0.626
BF (%) —0.564 0.322 0.054 0.931 —0.160 0.659

Statistically significant values are bolded. Pearson correlation and *Spearman correlation was used to obtain
results for normally distributed variables and non-normally distributed variables, respectively. Post + HRT =
postmenopausal women using hormone replacement therapy, Post = postmenopausal women not using hormone
replacement therapy, All = both studied groups together, r = correlation coefficient, HDL-C = high-density
lipoprotein cholesterol, LDL-C = low-density lipoprotein cholesterol, TC = total cholesterol, TG = triglycerides,
E, = estradiol, BF = body fat, mmol/l = millimoles per liter, nmol/l = nanomoles per liter.
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8.3 Associations of miRNAs with cardiorespiratory fitness and physical activity

As especially miR-146a has previously been associated with PA parameters, the correlations of
the studied miRNAs with CRF and LTPA was examined (table 6). When observing all
participants together (n = 10), there was no association between VOazpeak and miR-21 (r =
—0.139, p = 0.701), miR-126 (r = —0.455, p = 0.187) and miR-146a (r = —0.527, p = 0.117)
levels. However, when observing the groups separately, miR-146a correlated negatively with
VOzpeak iIn HRT using women (r =—0.900, p = 0.037) but not in non-using women. Interestingly,
miR-146a correlated positively with accelerometer measured LTPA in non-using women (r =
0.900, p = 0.037) but not in HRT using women.

TABLE 6. Correlations of miR-21, -126 and -146a levels with fitness and activity parameters.

Post + HRT (n=75) Post (n=5) All (n=10)
r P r P r p

miR-21correlations
VO2peak 0.300 0.624 -0.500 0.391 -0.139 0.701
Self-reported LTPA -0.359  0.553 —0.200 0.747 -0.292 0.413
Measured LTPA 0.200 0.747 0.800 0.104 0.309 0.385
miR-126 correlations
VO2peak —0.800  0.104 —-0.100 0.873 —0.455 0.187
Self-reported LTPA -0.667  0.219 —0.700 0.188 -0.529 0.116
Measured LTPA -0.200  0.747 0.200 0.747 0.067 0.855
miR-146a correlations
VO2peak —0.900  0.037 —0.200 0.747 -0.527 0.117
Self-reported LTPA -0.821  0.089 0.100 0.873 —0.298 0.403
Measured LTPA -0.500 0.391 0.900 0.037 0.103 0.777

Statistically significant results are bolded. Spearman correlation was used to measure associations between
variables. r = correlation coefficient, Post + HRT = postmenopausal women using hormone replacement therapy,
Post = postmenopausal women not using hormone replacement therapy, All = both studied groups together,
Measured LTPA = accelerometer measured leisure time physical activity described as total counts per day, Self-
reported LTPA = self-reported leisure time physical activity described as MET hours per day, VOapeak = peak
oxygen uptake described as VOapeax relative to body weight (ml/kg/min).
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Correlations between physical fitness and self-reported LTPA and accelerometer measured
LTPA are shown in table 7. There was no association between any of the physical fitness and

activity parameters.

TABLE 7. Correlations between participants’ (n = 10) cardiorespiratory fitness and physical
activity measurements.

VO2peak Self-reported LTPA
r P r P
Self-reported LTPA 0.541 0.106
Measured LTPA 0.139 0.701 0.365 0.300

Spearman correlation was used to examine correlations between variables. r = correlation coefficient, Measured
LTPA = accelerometer measured leisure time physical activity described as total counts per day, Self-reported
LTPA = self-reported leisure time physical activity described as MET hours per day, VOzpeak = peak oxygen uptake
described as VOgpeax relative to body weight (ml/kg/min).
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9 DISCUSSION

The purpose of this Master’s thesis was to examine if hormone replacement therapy has an
effect on HDL-C level and miR-21, -126 and -146a content of HDL in postmenopausal women.
This study also examined if miRNA content of HDL associates with cardiorespiratory fitness
level and CVD risk markers in postmenopausal women. According to the present results,
neither HDL-C concentration nor miR-21, -126 and -146a content of HDL differed between
postmenopausal HRT using and non-using women. In contrast to previous findings with
negative correlation between serum miR-126 and E; level, in this study miR-126 in HDL
correlated positively with serum E>. In addition, this study showed that miR-21, -126 and -146a
content of HDL did not associate with VOzpeak in postmenopausal women when observing all
women together. Nevertheless, there was a negative correlation between miR-146a and VOzpeak
in postmenopausal HRT using women and a positive correlation between miR-146a and
accelerometer measured LTPA in non-using women. Furthermore, results show a negative
correlation of miR-146a with TC, a positive correlation of miR-126 with TGs in non-using

women and a negative correlation of miR-126 with BF percentage in HRT using women.

9.1 HDL cholesterol in HRT using and non-using women

Examining the effect of HRT provides a useful way to study the effects of menopausal
hormonal changes without age interference. However, the effect of HRT on HDL-C is
somewhat inconsistent according to the existing literature. The effects seem to depend on the
dosage, type of preparation and administration route (Godsland 2001). In the present study all
HRT users were using orally administered continuous combined treatment regimen due to intact
uterus. No difference was found in HDL-C concentration between HRT using and non-using
women (table 4). A systematic review examining the effects of different HRT regimens reported
that estrogen alone increased HDL-C whereas these effects were opposed when combined
regimen of estrogen and progestogen was used and the magnitude of opposing effect depended
on the type and dose of progestogen (Godsland 2001). As in this study, also some other cross-

sectional studies have shown no effect on continuous combined HRT on HDL-C (Creatsas et
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al. 2003; Kuh et al. 2005), whereas others have shown an increase (Nabulsi et al. 1993;
Vadlamudi et al. 1998).

However, as above-mentioned cross-sectional studies, also this study inflicts several
methodological challenges as it did not analyze the change of HDL-C according to HRT usage
and the type of HRT preparation or dosage was not controlled. Therefore, although no
difference in HDL-C was observed between the studied groups, further interpretation of these
results is limited especially due to the small sample size. Moreover, the studied groups did not
differ from each other according to E> concentration which may have a role in the result. To
overcome the limitations of cross-sectional studies, several randomized clinical trials have been
carried out, many of which have observed a reduction in HDL-C in continuous combined HRT
users (Taskinen et al. 1996; Loh et al. 2002; Gregersen et al. 2019; Kotecha et al. 2020).
However, also no difference (Tangney et al. 2001; Teede et al. 2001) and an increase (Writing
Group for the Women's Health Initiative Investigators 2002; Manson et al. 2003) in HDL-C in
continuous treatment group has been observed compared to a placebo group. Unfortunately,
some interventions have been rather short (3 months) or parallel designs without a placebo
group. Interestingly, some parallel group studies have shown that the non-reduction or slight
beneficial net effect in HDL-C seems to be more often related to sequential treatment mode
(Munk-Jensen et al. 1994; Ylikorkala et al. 2000) or to a lower dose (Loh et al. 2002).

The possible association of HDL-C with miRNA levels should also be considered when
examining the effects of HRT. It is unclear whether potential E> associated changes in miRNA
content of HDL could lead to alterations in HDL-C concentration or changes in individual HDL
particles. However, no association was observed between HDL-C and HDL-carried miR-21, -
126 or -146a levels (table 5). Yet, as the present study showed no difference between the studied
groups in either miRNA levels, E> concentration or HDL-C level, and this study did not measure

individual HDL particles, these results should be interpreted with caution.
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9.2 HDL-carried miRNAs in HRT using and non-using women

As figure 5 shows, groups did not differ in miR-21, -126 or -146a content of HDL. These results
are inconsistent with previous studies which reported a difference in systemic miR-21, miR-
146a (Kangas et al. 2014) and miR-126 (Kangas et al. 2017) levels between HRT using and
non-using women. The difference between the results may in part be due to differences in
miRNA carrier isolation methods. In previous studies miRNA profile was measured from serum
without further purification or isolation of different miRNA carriers. Ci-miRNA profile has
been demonstrated to differ between different carriers (Vickers et al. 2011) and as ci-miRNA
studies differ in isolation methods and miRNA assessment, it is not uncommon that results are

inconsistent between studies (Mori et al. 2019).

As miRNA profile of HDL did not differ between the studied groups, EVs need to be considered
as potential carriers of functionally relevant miRNAs which might explain the previously
observed results. Hence, miR-21, -126 and 146a profile of EVs was analyzed from HRT using
and non-using women. Interestingly, there were no difference between the studied groups either
in miR-21, -126 or -146a content of EVs (appendix 5).

However, miRNAs associated with EVs or HDLs are only a fraction of all ci-miRNAs (Mori
et al. 2019). Arroyo et al. (2011) reported that majority of ci-miRNAs are attached to protein
complexes. Therefore, it is possible that the association with serum E2 may be in AGO2 and
nucleophosmin 1 (NPM1) -attached miRNAs. However, AGO2-bound miRNAs have rather
been considered non-specific remnants resulting from cell death (Turchinovich et al. 2013).
Currently, it is still under debate whether packaging and release of AGO2- or NPM1-bound
miRNAS is an actively regulated process leading to alterations in target cell function as it seems
to be with HDLs and EVs (Mori et al. 2019). There are only few indications that miRNAs
attached to AGO2 have been internalized into cells and remained functional (Ferreira et al.
2014; Prud’homme et al. 2016). Therefore, if the association with E> were to be in protein-

attached miRNAs, it is unclear if it has any functional relevance.
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One reason for the similar findings from HDL and EV miRNAs may be that the studied groups
did not differ from each other in E> concentration. In previous studies (Kangas et al. 2014;
Kangas et al. 2017) HRT using and non-using women differed in E> concentration and the mean
duration of HRT use was significantly longer (6.9 y.) compared to the usage time in the present
study (average one y.). However, previous studies have shown that even rather short usage time
(3 months) may affect HDL-C levels (Gregersen et al. 2019) and HDL particle distribution
(Tangney et al. 2001).

Differences in ci-miRNA measurements should also be considered. Kangas et al. (2014)
examined ci-miRNAs (miR-21 and miR-146a) using gPCR whereas Kangas et al. (2017) used
next generation sequencing (NGS) to identify miRNAs associated with E». Interestingly, the
association with miR-21 and miR-146a and E> was not replicated when using NGS even though
the same cohort was used in both studies. Therefore, albeit ci-miRNAs chosen for this study
have been demonstrated to be altered due to HRT usage, there have been inconsistent results

regarding these miRNAs even when examining the same study population.

After finalizing the data analysis of the present study, also NGS was performed from HDL test
sample of a premenopausal woman to examine the prevalence of chosen miRNAs in HDL
(appendix 6). Read counts showed that miR-21, -126 and -146a were all included in the 15 most
common miRNAs in HDL. Interestingly, no other previously E2 associated ci-miRNAs were
included in the top-ranked miRNAs. However, there may be differences in top-ranked miRNAs
between pre- and postmenopausal women whereas NGS was performed from HDL sample of
a premenopausal woman. Nevertheless, the NGS result suggests that miRNAs chosen for this
study potentially have a physiological relevance when carried in HDL. Therefore, as HRT usage
did not induce a change in these miRNAs, the effect of aging on HDL-carried mir-21, -126 and
-146a should be considered. Indeed, differences in these miRNAs have also been observed
between premenopausal women and postmenopausal HRT users when measured from serum
(Kangas et al. 2014; Kangas et al. 2017) and miR-21 and -146a are known to be associated with

age-associated inflammatory events (Olivieri et al. 2013).
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Despite the similar miRNA levels between the studied groups, a positive correlation of miR-
126 with E; was observed (table 5). This contradicts the negative correlation between serum ci-
miR-126 and E> reported by Kangas et al. (2017). However, Li et al. (2017) observed a positive
association between serum ci-miR-126 and E> when studying regularly menstruating women
during different phases of menstrual cycle. In addition, Li et al. (2017) observed that
premenopausal women had higher ci-miR-126 levels compared to postmenopausal women
which is contradictory to results reported by Kangas et al. (2017). The mechanism by which E>
seems to affect miR-126 level supports the positive association observed in the present study.
E> appears to enhance miR-126 expression in human umbilical vein endothelial cells promoting
endothelial function, which may in part explain the antiatherogenic effects of estrogen (L.i et al.
2017). Indeed, multiple studies have reported vital functions of miR-126 on endothelium and
vasculature and serum ci-miR-126 levels have been reported to decrease in atherosclerosis
(Pérez-Cremades et al. 2018). However, results reported by Li et al. (2017) are not directly
comparable to the present results as their study group comprised of younger regularly
menstruating women. Nevertheless, it seems that E> may affect serum miR-126 level and
potentially protect vasculature from atherosclerosis via miR-126 regulation.

9.3 HDL-carried miRNAs, aerobic fitness and physical activity

When examining all study subject together (n=10), there was no association between miR-21,
-126 and -146a level and VOzpeak (table 6). Interestingly, when analyzing the groups separately,
miR-146a correlated negatively with VO2peak in HRT using women (table 6). This negative
association is contrary to previously reported result. Baggish et al. (2011) reported that post-
exercise ci-miR-146a levels correlated positively with absolute VO2max. However, study design
of the present study differs from above-mentioned as miRNA levels were measured from pre-
exercise test serum samples without investigating effects of exercise intervention on VO2peak OF
miRNA level. In addition, there are notable differences in study population as Baggish et al.
(2011) examined 10 competitive male athletes whose training volume, VOzpeak and health status
was rather different compared to our study subjects. Therefore, it should be considered that
other health related factors may contribute to the negative association observed in the present
study. Van Craenenbroeck et al. (2016) observed similar negative correlation between miR-

146a and VOgzpeak In subjects with chronic kidney disease albeit the association was not
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independent of arterial stiffness. Even though women in the present study were considered
healthy without any known indication of atherosclerosis, above results suggest that increased

miR-146a levels with impairments in vasculature may associate negatively with VOzpea.

In addition, miR-146a was found to correlate positively with accelerometer measured LTPA in
non-using women (table 6). Interestingly, the association was opposite to association between
miR-146a and VOgzpeak in HRT using women. However, this may in part be explained by the
non-existent correlation between VOgzpeak and accelerometer measured PA (table 7). When
observing individual values, measured PA seems higher than measured VOzpeak in some
participants. Relative VOapeax Values are also affected by weight of an individual. In addition,
improvements in CRF in response to exercise are partially genetically controlled (Williams et
al. 2017). Moreover, rather short PA measuring time (7 days) may have encouraged to increase
activity during this period, leading to overestimation of PA level.

The positive association between miR-146a and PA observed in the present study is in line with
several previously reported results. Various studies have shown an increase in ci-miR-146a
level in response to acute, prolonged and chronic exercise training (Baggish et al. 2011; Baggish
et al. 2014; Wardle et al. 2015). However, study populations in these studies have comprised
of either athletes or male participants. Nevertheless, Barber et al. (2019) observed an increase
in ci-miR-146a level after 20-week training period in sedentary middle-aged men and women.
Also, downregulation of miR-146a has been observed in obese subjects after exercise
intervention albeit this opposite result may be due to other beneficial metabolic alterations
(Russo et al. 2018).

9.4 HDL-carried miRNAs and CVD risk markers

This study also observed an association between miRNAs and parameters linked to CVD risk
(table 5). There was a negative correlation between miR-126 and BF percentage in HRT using
women. Previously systemic miR-126 levels have been shown to be downregulated in T2D
(Zampetaki et al. 2010). However, Lopez et al. (2017) observed a positive association between

serum miR-126 and BF percentage which indicates that higher miR-126 level associates with
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negative health parameters and is in part contrast to downregulation of miR-126 in T2D.
Interestingly, miR-126 association between both BF percentage and E2 observed in the present
study are consistent with each other indicating that higher miR-126 levels associate with more
favorable health status. This can be considered consistent with downregulation of ci-miR-126

in metabolic and inflammatory diseases such as T2D and CVD.

A positive correlation between miR-126 and TGs was found in non-using women (table 5).
Krause et al. (2015) also observed a positive association between miR-126 and TGs in children
with or without MetS traits albeit Al-Kafaji et al. (2016) reported a negative association
between ci-miR-126 and TGs in diabetic patients. However, as T2D and metabolic disorders
seem to alter miR-126 level, association of miR-126 with lipids observed in these subjects
cannot be generalized to healthy postmenopausal women. However, menopause does associate
with various metabolic alterations and interestingly the association between miR-126 and TGs
in the present study was only observed in postmenopausal non-users. Indeed, when examining
the present correlation with miR-126 and blood lipids and BF percentage, HRT using women
showed negative correlations between miR-126 and negative outcome variables and positive
correlations with positive health outcome variable (HDL-C) whereas in hon-using women these
correlations were in opposite direction. However, no other variables besides BF percentage and
TGs correlated significantly with miRNAs. In addition, when observing statistical relationship
between TGs and E», a positive correlation was found (data not shown) and therefore the
association between miR-126 and TGs may not be independent and could potentially be

explained by the association with Ea.

Furthermore, a negative association between miR-146a and TC was observed (table 5). Russo
et al. (2018) observed a similar correlation in obese subjects even after adjusting for age and
BMI. miR-146a levels decreased due to an exercise intervention as did TC, hence this could
indicate that miR-146a may associate with exercise induced effects on lipid metabolism (Russo
et al. 2018). Indeed, miR-146a has been shown to decrease lipid uptake in macrophages
(Laffont & Rayner 2017). Our findings support previous observations (Zhou et al. 2018) of the
potential of miR-126 and miR-146a as potential biomarkers of CVD risk.
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9.5 Methodological considerations

In the present study HDL was purified from other systemic miRNA carriers using both density-
and size-based separation methods. DGUC using KBr is a common and well accepted method
for lipoprotein isolation (Yuana et al. 2014). A single-spin ultracentrifugation method has been
described feasible for isolation of major lipoprotein classes (Redgrave et al. 1975). However, if
all lipoprotein classes are collected at once, impurities in collected fractions may be more
inevitable. This could be an issue as LDL particles have been shown to carry miRNAs as well,
yet to smaller extent (Vickers et al. 2011). Therefore, to ascertain that HDL was thoroughly
purified, a two-step ultracentrifugation was performed, first to separate all lipoproteins less
dense than HDL and thereafter to isolate HDL. SEC, which is based on separating particles
according to their size, was performed as a further purification method for separating HDL and
EVs. As HDL and EVs may share some similar surface proteins, antibody-based isolation
methods do not necessary yield a pure preparation of certain carrier. Therefore, isolation based
on size is an appropriate method for isolating these compounds. To verify HDL enrichment in

study samples WB analysis was performed.

There are several methods for miRNA profiling including qPCR, microarrays and NGS all of
which have their strengths and limitations (Mori et al. 2019). gPCR has high sensitivity, it is
less expensive, and it provides relatively easy data analysis (Moldovan et al. 2014). However,
miRNA quantification mandates proper standards or exogenous controls which currently lack
consensus (Fernandez-Sanjurjo et al. 2018; Mori et al. 2019). The present study examined three
miRNAs selected based on previously observed ci-miRNA association with E>. Therefore,
gPCR was chosen as an appropriate method. However, NGS allows novel and combinatorial
biomarker detection (Mori et al. 2019) and as no study has previously investigated effects of
HRT on HDL-carried miRNAs, NGS could have provided additional information on potential
novel miRNAs associating with E> as the method is not limited to studies of known miRNAs.
However, NGS results are normally verified with gPCR regardless and NGS results from HDL
test sample demonstrated that the miRNAs chosen were relevant and highly abundant in HDL
(appendix 6).
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When using gPCR, some limitations regarding miRNA detection and normalization strategy
should be addressed. Normalization of ci-miRNAs is often performed using relative
quantification (Fernandez-Sanjurjo et al. 2018) as was also done in the present study. When
isolating miRNAs from tissues or cells, endogenous invariant genes can be used as a control
(Moldovan et al. 2014). However, miRNA quantification from serum has its challenges as
currently none of the existing normalization methods have been validated in-depth so far, partly
resulting from limited and heterogeneous results of ci-miRNAs gained from specific contexts
(Fernandez-Sanjurjo et al. 2018). As done in the present study, normalization using an
exogenous mMIRNA (Caenorhabditis elegans miR-39) has been utilized in many studies
(Fernandez-Sanjurjo et al. 2018) which also allows estimating the efficiency of miRNA

extraction (Moldovan et al. 2014).

9.6 Study limitations

One key limitation in the present study is the small sample size inflicting insufficient statistical
power in the analysis. Therefore, direct generalization of these results to the Finnish
postmenopausal female population cannot be done. In addition, with cross-sectional study
design direct cause-effect relationships cannot be offered. As we are not measuring change of
an individual but comparing groups of different backgrounds, also other factors besides HRT
usage may contribute to miRNA results and generalization of the results should be done with

caution.

The groups did not differ according to E> concentration which may have a role in the results.
Information of used dosages was either not available or dosage varied between HRT users as
did the type of progestogen in use which could have affected measured variables, especially
HDL-C. Furthermore, hormone levels and blood lipids were measured during the first
laboratory visit whereas serum samples for RNA extraction were taken at the second laboratory
visit. Therefore, E> concentrations may have differed between these two measurement points.
As this study did not measure HDL particle size distribution, interpretations are limited to

effects of HRT on HDL-C levels alone. However, more comprehensive metabolomics analyses
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could have increased the understanding of effects of HRT on HDL and the relation between
HDL and miRNAs.

Participants were rather fit and had quite similar cardiorespiratory fitness level, consequently a
larger range in VOopeak Values could have provided more adequate information of potential
association between CRF and miRNA profile. As no variable describing PA and CRF correlated
with each other, it may refer to bias regarding measurements or reporting. Accelerometers were
only used for 7 days which may have caused a temporarily change in activity pattern due to the
knowledge of being measured. Also, retrospective nature of LTPA questions may have caused
under- or overestimation. As this study examined associations and not miRNA response to

exercise, a direct comparison to several previously reported results is rather difficult.

Regarding limitations of the data analysis, a few should be mentioned. WB analysis was done
to validate HDL in study samples (appendix 1). HDL was verified to locate in specific fractions
(7-11) by using apoA-1. However, currently we do not have functioning antibody for EVs after
SEC isolation. Therefore, it is impossible to demonstrate with complete certainty that EVs are
in specific fractions (1-3), as assumed. However, SEC columns are specifically designed for
EV purification and therefore, it is likely that EVs locate in fractions 1-3.

Even though isolating different ci-miRNA carriers is a major strength of this study as it provides
more detailed picture of the biomarker capacity of systemic miRNAs, comparing the present
results to previous literature is challenging. Existing ci-miRNA literature is extremely variable
regarding miRNA carrier separation and used separation methods. Furthermore, as for cell-free
samples there is no functioning housekeeping gene that can be used for normalization which
may lead to heterogenous results. In general, this may affect the clinical relevance of results by
reducing the generalization and reproducibility and affect the biomarker capacity of ci-
mMiRNAs.
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9.7 Ethical considerations

This study is part of EsmiRs study which has been approved by the Ethics Committee of the
Central Finland Health Care District. Before signing a written informed consent, participants
received information of the study. The consent was signed in two phases. At the first phase
participants gave their consent to use their health-related information in research purposes. At
the second phase, participants approved that information received from laboratory
measurements can be used in research purposes. All potential risks and discomfort as well as
personal benefits related to laboratory measurements were described for the participants. The
effects of small sample size on anonymity was acknowledged and it has been ensured that no
individual participant can be identified from this study. Data have been handled with care and
with total anonymity at every stage of the study. Author of this Master’s thesis signed a written
contract where she committed to follow above mentioned objectives of Responsible Conduct
of Research. Data collection in the laboratory was carried out with carefulness and respect to
laboratory practices. References of this study comprise of international and national scientific

articles and textbooks which have been appropriately referred to.

9.8 Future directions

During recent years research has focused on examining the paradox of increased HDL-C levels
and the increased CVD risk during menopausal transition. However, as HDL-C concentration
seems to vary greatly depending on the particle size, measuring merely HDL-C levels may not
adequately reflect the functional capacity of HDL. Because of heterogeneity of HDL particles,
they differ from each other according to their size and content, consequently having different
functional roles. The present study suggests that specific miRNA content of HDL was not
sensitive to HRT usage. In the future it would be essential to investigate other potential
menopause-related compositional and functional changes of HDL as it seems that HDL
function, rather than HDL-C, may have a causal relation to CVD protection. Examining the
effects of HRT provides a favorable study design in examining menopausal hormonal changes
as it controls the effect of age. However, to better understand the effects of HRT on clinical
outcomes, the effects of HRT on HDL particle size distribution and the highly abundant protein
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content of the particles should be investigated. Currently ion-mobility or nuclear magnetic
resonance can be used to quantify the size and concentration of HDL particles and targeted
proteomics to quantify proteins. In addition, cholesterol efflux capacity from macrophages can
be studied to examine HDL function. These methods should be carried out using a larger sample
size and controlling factors related to HRT usage such as dosage, administration route and

treatment type.

9.9 Conclusions

In conclusion, according to this cross-sectional study of postmenopausal women, the use of
HRT did not affect HDL-C concentration nor miR-21, -126 and -146a content of HDL. To my
knowledge this is the first study to examine the effects of HRT on miRNA content of HDL.
These results suggest that the cardiovascular-related miRNAs carried by HDL do not seem to
be affected by HRT and therefore may not be the most prominent factor underlying the changes
in HDL composition and/or function in postmenopause. However, despite of small sample size,
a positive correlation was found between serum E> and miR-126. In addition, miR-146a was
found to correlate negatively with VOgzpeak i HRT using women and positively with
accelerometer measured LTPA in non-using women. These findings indicate that miR-146a,
which has commonly been shown to respond to exercise training at systemic level, may
associate with PA and fitness parameters when carried in HDL. Future studies should focus on
examining other factors potentially affecting HDL composition and functionality in

postmenopause using a larger sample size.
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APPENDICES
APPENDIX 1. Western blot detection of apoA-I in SEC HDL-fractions.
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APPENDIX 2. Qiagen miRNeasy protocol (manual).

Quick-Start Protocol March 2016
miRNeasy Serum/Plasma Kit

The miRNeasy Serum/Plasma Kit (cat. no. 217184) is shipped at ambient temperature. Store
the RNeasy® MinElute® spin columns immediately at 2-8°C. Store the miScripf® Primer Assay
at -30 to -15°C. QlAzol® lysis Reagent can be stored at room temperature (15-25°C) or at
2-8°C. Store the remaining components dry at room temperature. All kit components are stable
for at least 9 months under these conditions if not otherwise stated on label.

Further information

o miRNeasy Serum/Plasma Handbook: www.qiagen.com/HB-1002
o Safety Data Sheets: www.giagen.com/safety
o Technical assistance: support.qiagen.com

Notes before starting

o This protocol is for purifying total RMA, including small RNAs, from small volumes (up to
200 pl) of serum, plasma or other body fluids.

e |f necessary, redissolve any precipitate in Buffer RWT by warming.

o Except for phase separation (step 7), all steps should be performed at room temperature
(15-25°C). Work quickly.

¢ Add ethanol (96-100%) to Buffer RWT and Buffer RPE concentrates before use (see
bottle label for volume).

o Before starting with step 1 for the first time, read the recommendations for preparing
serum or plasma in the miRNeasy Serum/Plasma Handbook.

® The miRNeasy Serum/Plasma Spike-n Control (cat. no. 219610) must be purchased
separately. For recommendations on how to prepare a working solution, see the
miRNeasy Serum/Plasma Handbook.

1. Prepare serum or plasma, or thaw frozen samples.

2. Add 5 volumes QlAzol lysis Reagent to the sample [e.g., for 200 pl sample, add 1 ml

— Sample to Insight QIAGEN —

QlAzol Lysis Reagent). Mix by vortexing or pipetting up and down.




3. Incubate the homogenate at room temperature (15-25°C) for 5 min.
4. Add 3.5 pl miRNeasy Serum/Plasma SpikeIn Control (at 1.6 x 108 copies/pl).

5. Add chloroform of an equal volume to the starting sample and cap tube securely
le.g., for 200 pl sample, add 200 pl chloroform). Shake vigorously for 15 s.

6. Incubate at room temperature for 2-3 min.
7. Centrifuge for 15 min at 12,000 x g at 4°C.

8. Transfer the upper aqueous phase to a new collection tube (not supplied). Avoid
transferring any interphase. Add 1.5 volumes of 100% ethanol (e.g., for 600 pl aqueous
phase, add 200 pl ethancl). Mix thoroughly by pipetting.

9. Pipet up to 700 pl sample, including any precipitate, into an RNeasy MinElute spin
column in a 2 ml collection tube. Close the lid and cenirifuge at 28000 x g for 15 s at
room temperature. Discard the flow-through.

10.Repeat step 9 using the remainder of the sample.

11.Add 700 pl Buffer RWT to the RNeasy MinElute spin column. Close the lid, and
cenfrifuge for 15 s at 2B000 x g. Discard the flow-through.

12.Pipet 500 pl Buffer RPE onto the RNeasy MinElute spin column. Close the lid, and
cenfrifuge for 15 s at 2B000 x g. Discard the flow-through.

13.Add 500 pl of 80% ethanol to the RNeasy MinElute spin column. Close the lid, and
centrifuge for 2 min at 28000 x g. Discard the flow-through and the collection tube.

14.Place the RNeasy MinElute spin column in @ new 2 ml collection tube (supplied). Open
the lid of the spin column and centrifuge at full speed for 5 min to dry the membrane.
Discard the flow-through and the collection tube.

15.Place the RNeasy MinElute spin column in a new 1.5 ml collection tube (supplied). Add
14 pl RNase-free water directly to the center of the spin column membrane. Close the lid
gently, and centrifuge for 1 min at full speed to elute the RNA.

Scan QR code for handbook.

For wp-lo-dota licansing information and productspacific discloimars, sea the respective GLAGEM kit handbook or usar manwal. Trodemarks: CRAGEN®, Sampls io
Insight®, Glazcl®, MiEluke®™, miScripl®, BMoosy™ (GLAGEM Group). 1101202 03,2016 HEOSB2.002 @ 2016 GLAGEN, oll rights rasarved.

Ordering www.qiagen.com/conbact | Technical Support suppert.qiogen.com | Website www.giagen.com



APPENDIX 3. Qiagen miScript protocol (manual).

Quick-Start Protocol March 2016
miScript® Il RT Kit

The miScript Il RT Kit [cat. nes. 218160, 218161, also provided as part of the miScript PCR
Starter Kit, cat. no. 218193) should be stored at =30 to =15°C upon arrival.

Further information

® miScript PCR System Handbook: www .qiagen.com/HB-0235
o Safety Data Sheets: www.qiagen.com/safety

¢ Technical assistance: support.giagen.com

Notes before starting

o Total RNA, containing miRNA, should be used as the starting material. It is not necessary to
enrich for small RNA. We recommend miRNeasy Kits or PAXgene® miRNA Kits for purification
of total RNA including miRNA.. For further information, visit www.giagen.com/miRNA.

® The miScript I RT Kit includes 2 buffers: 5x miScript HiSpec Buffer and 5x miScript HiFlex
Buffer. Only one of these buffers should be used in each reversetranscription reaction.
The correct buffer to use depends on the subsequent PCR application:
Use 5x miSeript HiSpec Buffer to prepare cDNA for subsequent mature miRNA profiling
using miScript miRNA PCR Arrays or quantification of mature miRNAs only using
miScript Primer Assays (see Table 1). miScript HiSpec Buffer should also be used to
prepare cDNA for subsequent preamplification using the miScript PreAMP PCR Kit.
Use 5x miSeript HiFlex Buffer to prepare cDNA for subsequent realtime PCR applications
that may involve quantification of mature miRNAs in parallel with precursor miRNAs,
mRNAs and/or other noncoding RNAs using miScript Primer Assays, miScript Precursor
Assays and/or QuantiTect® Primer Assays (see Table 1).

® IMPORTANT: Only 5x miScript HiSpec Buffer should be used to prepare cDNA for real-
time PCR with miScript miRNA PCR Arrays.

® IMPORTANT: Only 5x miScript HiSpec Buffer should be used to prepare cDNA for
preamplification with the miScript PreAMP PCR Kit.

Sample to Insight QIAGEN




® IMPORTANT: Do not use 5x miScript HiFlex Buffer with the miScript PreAMP PCR Kit or
miScript miRNA PCR Arrays.

This protocol is for use with up to 2 pg RNA if 5x miScript HiSpec Buffer is used, or for
up to 1 pg RNA if 5x miScript HiFlex Buffer is used. If using higher RMA amounts, scale
up the reaction linearly. Recommended amounts of template RMNA to use in this protocol

depend on the downstream PCR application and are shown in Table 1. If RNA sample is
limiting (10 ng-100 ng), and the sample is intended for use with miScript miRMNA PCR
Arrays, we highly recommend preparing cDNA with 5x miScript HiSpec Buffer and

preamplifying with the miSeript Pre AMP PCR Kit.
Table 1. Recommended RMA stariing amounts and buffers

PCR application Assay/array Buffer Recommended RNA input*
Preamplification Any miScript Amay  Sx miScript HiSpec  10-100 ng per RMA sample
Buffer
Pathway profiling of Pathway-Focused Sx miScript Hispec 125-250 ng per RMA sample?
mature mikMNA i Seript miRMA Buffer
PCR Amrays

Pathway profiling of mahure
miRtA fhigh content]

Whale miRMame profiling
of mature mikkA

Mature mikMA
qua ntification nnhr

Parallel realfime PCR
quantificafion of maturs
miRMAs, precursor
miRMAs, mRHAs and/for
other nonceding RiAs

Precursor miRMNA
detection

miScript mikM&A HC
PCR Amrays

miRMome miScript
miRMA PCR Arrays

miScript Primar
Assays

miScript Primer
Assays, miScript
Precursor Assays
and for GuantiTect
Primer Assays

miScript Precursor

Assays

Sx miScript HiSpec
Buffer

3 miScript HiSpec
Buffer

3 miScript Hidpec
Buffer

Sx miScript HiFlex
Buffer

Sx miScript HiFlex
Buffer

250-500 ng for one 384-well plate’

250-500 ng per 384-well plate or per
4 x P8well plates/Rotor-Discs [the
nurmber of plates provided in a
mikMome miScript mikMNA PCR Array
varies depending on the species of
interest]’

Dep=nds on abundance and numbser
of target miRMNAs to be quantified;
frem 10 ng up to a maximum of 2 pg

Dep=nds on abundance and numbsr
of target mikMNAs to be quantified; up
to @ maximum of 1 pg

Depends on abundance and number
of target mikMAs to be quantified; up
to o maximum of 0.5 pg

If the RMNA sample is not limiting, use the upper limit of the recommended range. For more infermation on sample
input, refer to the miScript PCR System Handbook or miScript miRNA PCR Array Handbook.
! These recommended RMA starfing ameounts result in 0.5-1 ng cDMNA per array well.




1. Thaw template RNA on ice. Thaw 10x miScript Nucleics Mix and either 5x miScript
HiSpec Buffer or 5x miScript HiFlex Buffer at room temperature (15-25°C). Mix each
solution by flicking the tubes. Centrifuge briefly to collect residual liquid from the sides of

the tubes and then store on ice.

2. Prepare the reversetranscription master mix on ice according to Table 2. Mix and then
store on ice. The reversefranscripfion master mix contains all components required for

first-strand cDNA synthesis except template RNA.

IMPORTANT: If cDNA will be used for preamplification with the miScript PreAMP PCR Kit,
use a final reaction volume of 10 pl. For next steps, refer to the miScript PreAMP PCR Kit
Gluick-Start Protocol and the miScript PreAMP Handbook.

Note: miScript Reverse Transcriptase Mix should be removed from the —20°C freezer just
before preparation of the master mix and placed on ice. It should be returned to the

freezer immediately after use.
Table 2. Reverse-transcriplion reaction components

Volume freaction for
Component Volume /reaction later preamplification
Sx miScript HiSpec Buffer or 5x miScript HiFles: Buffer® 4l 2l
105 miScript Mucleics Mix 2pl 1pl
RMasefree water Variakls Variakle
miScript Reverse Transcriptase Mix 2 pl 1 pl
Template RMA [added in step 3) Variable [see Table 1) Variable [se= Table 1)
Total vohme 20 pl 10 pl

* The correct buffer to use depends on the subsequent PCR application, sse “Motes before starfing” and Table 1.

3. Add template RNA to each tube containing reversetranscription master mix. Mix gently,
briefly centrifuge and then place on ice.

4. Incubate for 60 min at 37°C.

5. Incubate for 5 min at 95°C to inactivate miScript Reverse Transcriptase Mix and place on
ice. To proceed immediately, dilute the reactions as described in Table 3, mix gently,
briefly centrifuge and continue with realtime PCR or preamplification. Allernatively, to

store prior to realtime PCR or preamplification, transfer undiluted to a ~20°C freezer.



Table 3. :DNA dilutien prier te PCR or preamplification

PCR application

Assay/array

Readien dilution

Preamplificaticn

Pathway profiling

Pathway prefiling [high
content]

Whale miRMNome profiling

Mature miRMHA

quantification

Parallel quantification of
mature miRMAs,
precursar mikMAs,
mRMAs, other noncading
RIMAs

Precursor miRMNA
detection

Any miScript Amray

Pathway-Focused miScript
miRMA PCR Arrays

miScript miRMA HC PCR
Arrays

miRMome miScript mikMNA
PCR Amrays

miScript Primer Assays

miScript Primer Assays,
miscript Precursor Assays
and for GuantiTect Primer
Assays

midcript Precursor Assays

Add 40 pl RNasefree water o the 10 pl reverse-
transcription reachon

Add 200 pl RMase-free water to sach 20 pl reverse
transcription reachon

Add 90 pl RNasefree water to the 20 pl reverse-
transcription reaction

Dilution depends on the numbsr of plates /Retor-Discs:

For 1 = 384-well plate or 4 x P&-well plates /Retar-
Discs: add 20 pl RMasefree water to the 20 pl reverse-

transcription reaction

For 2 x 384-well plate or 8 x 96-well plates /Rator-
Discs: add 200 pl RNasefres water to the 20 pl
reverse-franscription reaction

For 3 x 384-well plate or 12 x P&-well plates/Rotor-
Discs: add 310 pl RNasefree water to the 20 pl
reverse-transcrption reaction

For 4 = 384-well plate or 16 x P4-well plates/Rator-
Discs: add 420 pl RMasefree water to the 20 pl
reversetranscription reaction

Depends on abundance of miRMAs of interest; ensure
50 pg—3 ng cDMA per PCR by adding at least 200 pl
RMasefree water, or more if necessary, to the 20 pl
reverse-transcription reaction

Depends on abundance of RMNAs of interest; for
parallel detection of mature miRMA with either
precursor miRMA and for mRMNA, ensure 10-20 ng
cDMA per PCR; for parallel detection of mature miRMA
and other noncoding RINAs, ensure 50 pg—3 ng cDMA
per PCR

Depends on abundance of precursor miRMA of
interest; ensure 10-20 ng cDMA per PCR

Scan QR code for handbook.

For upho-date lkcensing information and produc-gpectfic disclimens, s the respecthea GAAGEM kit hardbock o vser morudl. Trodemarks: GLAGENT, Sample o Insight®,
miScrp®, CuartiTect®, RotorDisc® (AGEN Group); PANgona® Pradnaytl GmbH]. 1101233 03,2016 HE1 192.002 © 2014 GIAMGEN, dl dghts ressred.




APPENDIX 4. Questions for assessing self-reported leisure time physical activity (EsmiRs).

VASTAUSOHIEET

Lomakkeen tayttdminen on helppoa. Lukekaa ensin koko kysymys ja vastatkaa sitten
merkitsemall3 rasti sopivimman vaihtoehdon mukaiseen ruutuun tai kirjoittamalla
vastauksenne sille varatulle viivalle ( ). Virheen sattuessa dlk&s kiyttiks pyyhekumia,
vaan tayttdk3s vdarin merkitsemanne ruutu kokonaan ja rastittakaa oikea vaihtoehto.

Esimerkiksi: B virhe [<] oikea

Liikunta
46. Montako kertaa kuukaudessa harrastatte nykyaan vapaa-ajan liikuntaa?

[ ] harvemmin kuin kerran kuukaudessa
[ ] 1-2 kertaa kuukaudessa

[] 3-5 kertaa kuukaudessa

[] 6-10 kertaa kuukaudessa

[111-19 kertaa kuukaudessa

[1yli 20 kertaa kuukaudessa

47. Harrastamanne vapaa-ajan liikunta on yleensa rasittavuudeltaan suunnilleen yhta
raskasta kuin

[ kavely

[ ] kavelyn ja kevyen juoksun vuorottelu
[ ] kewyt juoksu (hélkka)

[] reipas juoksu

48. Kuinka kauan keskimaarin yksi vapaa-ajan liikuntakerta kestaa?
[ alle 15 min
[ 115 min — alle puoli tuntia
] puoli tuntia — alle tunnin
[] tunti — alle kaksi tuntia
[ yli kaksi tuntia



APPENDIX 5. miR-21, -126 and -146a content of EVs in HRT using and non-using women.
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SUPPLEMENTARY FIGURE 1. The relative expression level of miR-21, -126 and -146a in

HRT using and non-using women in arbitrary units (AU). Values are presented as mean. SD

bars describe SD. HRT = postmenopausal women using hormone replacement therapy (n = 5),

No HRT = postmenopausal women not using hormone replacement therapy (n = 5).



APPENDIX 6. NGS read counts of miRNA content of HDL of a premenopausal woman.

Prevalence miRNA READs
1 let-Ta-5p 4910
2 miR-16-5p 4 068
3 let-7-5p 3 209
4 let-Tb-5p 3 163
5 miR-142-3p 2 956
6 miR-223-3p 2 880
7 miR-423-5p 1997
8 miR-26b-5p 1374
9 miR-199a-3p 1369
10 let-T1-5p 1299
11 miR-26a-5p 1237
12 miR-486-5p 1035
13 miR-21-5p 1021
14 miR-126-3p 981
15 miR-146a-5p 925
16 miR-328-3p 869
17 miR-191-5p 859
18 miR-4433b-5p 797
19 miR-6728-5p 744
20 miR-3613-3p 712



