UNIVERSITY OF OKLAHOMA

GRADUATE COLLEGE

BONE AND MUSCLE SPECIFIC CIRCULATING MICRORNAS IN
POSTMENOPAUSAL WOMEN BASED ON OSTEOPOROSIS

AND SARCOPENIA STATUS

A DISSERTATION
SUBMITTED TO THE GRADUATE FACULTY
in partial fulfillment of the requirements for the
Degree of

DOCTOR OF PHILOSOPHY

By

ZHAOJING CHEN
Norman, Oklahoma
2017



BONE AND MUSCLE SPECIFIC CIRCULATING MICRORNAS IN
POSTMENOPAUSAL WOMEN BASED ON OSTEOPOROSIS
AND SARCOPENIA STATUS

A DISSERTATION APPROVED FOR THE
DEPARTMENT OF HEALTH AND EXERCISE SCIENCE

BY

Dr. Debra Bemben, Chair

Dr. Michael Bemben

Dr. Rebecca Larson

Dr. Allen Knehans

Dr. Rosemary Knapp



© Copyright by ZHAOJING CHEN 2017
All Rights Reserved.



Acknowledgements

First and foremost, |1 would like to thank my mentor, Dr. Debra Bemben, for her
mentorship, encouragement, and support on this study as well as her tremendous
guidance on me over the years in graduate school. Especially, thank you “Dr. Deb” for
believing in me and allowing me to conduct a dissertation study that is in a new area of
our lab, and thank you for spending so much time and efforts on it. You have taught me
to be a better researcher and a better person. Thank you for being a great role model.

I would like to sincerely express my gratitude to my committee members, Dr.
Michael Bemben, Dr. Allen Knehans, Dr. Rebecca Larson, and Dr. Rosemary Knapp,
for their invaluable input, encouragement, and feedback on this study as well as their
continuous support on me throughout the years.

I would like to thank Dr. Anna Csiszar from the Reynolds Oklahoma Center on
Aging at OU Health Science Center, for her generously allowing me to use the
microRNA equipment and supplies from her lab. Thank you “Dr. Anna” for patiently
helping me set up the assay protocol and answering all my questions. A special thank
you to my lab members, Bree, Sam, and Pragya, for helping me with data collection,
learning and growing together in the Bone Lab over the years. A big thank you to all my
participants for their time and dedication to this study. They are such a wonderful group
of people who are eager to help, and they make me realize that aging research is truly
my passion. Lastly, | would like to thank my family for their unconditional love, which
makes me feel strong every day. Especially, | want to thank my mother who always
trusts and respects my decisions. Without her continuous encouragement and prayers, |

could not finish my Ph.D.



Table of Contents

ACKNOWIEAGEMENTS ... 1\
LISt OF TADIES ... IX
LIST OF FIQUIES. ...ttt esbe e e reenbeenee s X
ADSTFACT. ...t xi
Chapter 1 INTrOQUCTION ..o 1
ReSEarch QUESTIONS .....c.eiiiiiiieie et enee e 4
HYPOTNESES ... 5
SUD QUESTIONS ...ttt ettt sbe et e re et et e e s e sbe e teeneesteeteeneenneenrs 5
SUD HYPOTNESES ... 6
Significance Of the STUY ..o 6
ASSUMPLIONS ...ttt bbbttt e et bbb beeneas 6
DEIMITALIONS ... ne e 7
LIMITATIONS ...ttt be e ere s 7
Operational DefINITIONS ..........couiiiiiiiiee e 7
Chapter 2 ReVIEW OF LITEIatUIe ..........ooviiiiiiicieieeee e 12
INEFOAUCTION ...t bbb 12
Age-related BONE LOSS .......coiiiiiiiieie ittt 13
Osteoporosis Diagnosis and INtErVENTION ...........ccooeiiierenineseeeee s 16
Age-related Changes in Skeletal MUSCIE...........cooiiiiiiiii 18
Fracture PrEVENTION ........coiiiiiiicieie et 22
MIRNAS in Bone and MUSCIE ........ccooiiiiiiiiiiee e 27
SUMMIBIY ..t bbb b et b ettt e bt ae e bt et 33



Chapter 3 MethodoIOgY .......coviiiiiiiie e e 34

PAFTICIPANTS ...ttt 34
ol [V (o] O (=] - OO URRTROTPR 34
(o [V o] g IO 41 o - USSP 34
RESEAICN DESIGN ...ttt 35
QUESTIONNAIIES ...t etee ettt sttt sttt et e b e esb e e beeseesteebeeneesreeneeanee e 36
Body Weight and HEIGNT..........cviiiiiieee e 37
BlOOU PrESSUIE ...ttt sttt et e e be e eneenns 37
Dual Energy X-ray Absorptiometry (DXA) ......coooeiiiiiiiiieiisieieiese e 37
Peripheral Quantitative Computed Tomography (PQCT) .....coovvviiiiiiiiiiirivens 40
Muscle Functional Performance Measurements ...........cccooevererieieeienenieneseseniens 44
HANAGITD TS ...t 44
G SPEEA TS .ttt bbbttt 44
JUMP TBST... e 45
Sarcopenia ClasSIFICAtION ..........coeiiiiiiiieee s 46
BIOOd SAMPIING ... 46
Biochemical Markers of BONE TUIMOVET ..........coouiiiiiiiiieiesie s 47
Selection of Candidate MIRNAS ...t s 47
N N 1 T [ o S S 48
CDINA SYNENESIS ...t 49
Quantification of MIRNA EXPIreSSION........cccviiiiiiierieieie s 50
DAtA ANAIYSES ...ttt et 52
Chapter 4 Results and DISCUSSION .........cceiiiiiiiieieie ettt 54

Vi



Participant CharaCteriStiCS ........ouviiiiieiiiie e e e 54

Physical Functional Performance ............ccoooeiiieiieiinie e e 59
Areal Bone Mineral Density (aBMD) .......c.ooovoiiiiiiiiieiieeee e 59
Volumetric Bone Variables ..ot 60
BONe TUMNOVET MATKEIS .....ocueiieiie e 63
C-MIRNA GNA AGE .t 69
C-MiRNA and Bone Variables..........ccooeiiiiiiiiee e 71
C-MIRNA and Muscle Variables ... 74
D 1111 3] o] o ST SR 75
Osteoporosis and Sarcopenia PrevValenCe ..o 76
SAICO-OSTEOPENIA. ...ttt ettt bbbttt b e 78
MIRNAS anNd OSTEOPOTOSIS ......veuveviitiiiieieeiieiiee ettt 80
MIRNAS aNd SArCOPENIA ....cuveveviteiteiti ettt 84
T gL o] SRS 85
Chapter 5 CONCIUSIONS........ciiiiiieie ettt 87
ReSEarch QUESTIONS .....c..iiiieieeece ettt neas 87
SUD QUESTIONS ...ttt ettt eenee st et e st e e seesreesaeeneenneenteeneenneeneeanee e 88
ClNical SIGNITICANCE .......eiiiiiiiiiee e 88
Suggestions for FUuture RESEAICH ..........cooviiiiiiiie s 89
R E =T =] 0TSSR 90
Appendix A: IRB APProval LEter .........ooiiiiiiiiieieee s 102
Appendix B: Informed Consent Form and HIPPA FOrm........ccccoovviiinineiencscee 104
Appendix C: Recruitment MaterialS...........coviiiiiiiiieesesee s 112

vii



AppendiX D: QUESLIONNEAITES .......c.coueiieeieiieitieiee e seeie st e et e e see e sbeeeesreesreenneas 115

Appendix E: Serum CrossLaps (CTX-1) ELISA Kit InStruction...........ccccceeervrennnne 126
Appendix F: MicroVue TRAPSD EIA Kit INStruCtion ............coovviviiieicnenciee 131
Appendix G: Qiagen miRNeasy Serum/Plasma HandbooK ..............ccccceoeiiiiiinnnnnne 135
Appendix H: Tagman Advanced miRNA Assays User Guide...........ccccoevencrinennnnn. 147
Appendix I: Non-expressed and Expressed Samples in miR-100 and -133a............... 161

viii



Table 1.

Table 2.

Table 3.

Table 4.

Table 5.

Table 6.

Table 7.

Table 8.

Table 9.

Table 10.

Table 11.

Table 12.

Table 13.

Table 14.

Table 15.

Table 16.

Table 17.

Table 18.

Table 19.

Table 20.

Table 21.

List of Tables

Precision for Bone Density and Body Composition Measurements by DXA . 39

Precision for Volumetric Bone Measurements by PQCT ........ccccocevvviieinenne. 43
Test-retest Reliability of Functional Performance Measurements................... 46
Candidate miRNAs that Regulate Cellular Processes in Muscle and Bone..... 48

Classification of Participants based on Bone and Muscle Status..................... 55
Association between the Bone and Muscle Status ...........ccoceeeieienciinininnns 56
Association between Bone and Current HRT Status...........ccooevevincieninennns 56
Association Between Muscle and Current HRT Status..........cccocevvveieninnnnne 56
Physical Characteristics of the PartiCipants...........cc.ccocvvvriniiienene e 57
Body Composition of the PartiCipants...........cccceveiiiiniiinieicenc e 58
Functional Performance of the Participants ...........c.ccoovvviiiiieiencicncics 59
Areal Bone Mineral Density Measured by DXA ..., 60
Volumetric Bone Variables at Tibia 4% Site .........cccoovviviiiiiiiiiiec e 61
Volumetric Bone Variables at Tibia 38% Site .........ccccooviviviiiiierc s 62
Volumetric Bone Variables at Tibia 66% Site...........ccoovvvviiiiieienc i 63
Serum Bone Turnover Marker Concentrations ...........cccceecveveereesvereereeseenens 64
Relative Expression Levels of miRNAs based on Muscle and Bone Status.. 65
Relative Expression Levels of mMIRNAS in Sarcopenia..........ccccocevevenennnnnns 68
Relative Expression Levels of MIRNAS in OSteOpOroSIS. ......cocovververererenins 68
Relative Expression Levels of miRNAs based on HRT Status...................... 69
Spearman Correlations between c-miRNAS and Age .......cccoovveieienencniene 70



List of Figures

Figure 1. Relative Expression Levels of miRNAs Based on Muscle and Bone Status.. 67
Figure 2. Correlation between Expression Level of miR-125b and Age ..........ccccvvvneee 70
Figure 3. Correlation between Expression Level of miR-21 and Left Trochanter BMC72
Figure 4. Correlation between Expression Level of miR-21 and Right Trochanter BMC

........................................................................................................................................ 72
Figure 5. Correlation between Expression Level of miR-21 and Cortical vBMD at 38%

L]0 - USRS 73
Figure 6. Correlation between Expression Level of miR-23a and TRAP5b Levels....... 73
Figure 7. Correlation between Expression Level of miR-125b and Jump Velocity ...... 74
Figure 8. Correlation between Expression Level of miR-125b and Relative Jump Power
........................................................................................................................................ 74
Figure 9. Function of MiR-21 0N OStEOCIAST .........cccoveiiiiiiieiereeeee e 81
Figure 10. Effects of miR-23a and TRAP5D 0N BONE........ccccovviiiviiniicee e 82



Abstract
MicroRNAs (miRNAS) are short, non-coding RNA molecules that fine tune
posttranscriptional protein expression. Aging is accompanied by progressive declines in
muscle mass and strength, and in bone mineral density (BMD). Although miRNAs in
pathology have been extensively studied, the role of circulating miRNAs (c-miRNAS)
in osteoporosis and sarcopenia has to date not been well studied. Purposes: 1) To
identify specific c-miRNAs that are associated with bone and muscle status in
postmenopausal women and to evaluate the use of these c-miRNAs as biomarkers of
osteoporosis and sarcopenia; and 2) to determine the associations between specific c-
miRNAs and muscle and bone variables. Methods: Seventy-five postmenopausal
women aged 60 to 85 years old participated in this study. Body composition and areal
BMD (aBMD) were measured by DXA. Volumetric BMD (vBMD) and bone strength
were measured by pQCT. Muscle performance tests, including grip strength, gait speed,
and countermovement jumps, were assessed. Bone status was classified based on
aBMD T-scores: Osteopenia (-2.5 <aBMD T-score < -1) and osteoporosis (aBMD T-
score < -2.5). Two sets of criteria were used to classify sarcopenia status: 1) skeletal
muscle mass index (SMI) < 5.5 kg/m?; and 2) SMI < 5.5 kg/m? and low muscle strength
(grip strength < 20 kg) or low gait speed (<0.8 m/s). Levels of c-miRNAs (miR-1, -21, -
23a, -24, -100, -125b, -133a, -206) were analyzed using real-time PCR, and bone
turnover markers were analyzed by enzyme-linked immunosorbent assay (ELISA).
Results: There was no significant association between sarcopenia and osteopenia status
in postmenopausal women. The sarco-osteopenia group had significantly lower body

weight, jump power, and muscle CSA at 66% of the tibia than the normal and

Xi



osteopenia groups (p < 0.05). Statistically, there were no significant differences in
specific c-miRNAs based on sarcopenia and osteoporosis status. However, fold changes
of miR-21 (FC=2.59) and -23a (FC=2.09) indicated upregulation and miR-125b
(FC=0.46) indicated downregulation. The relative expression level of miR-125b was
significantly negatively correlated with age (p < 0.05). The relative expression level of
miR-21 was significantly negatively correlated with trochanter BMC and cortical
vBMD at tibia 38% site (p < 0.05). Furthermore, the relative expression level of miR-
23a was significantly positively correlated with TRAP5b levels (p < 0.05). Conclusion:
There were no statistical differences in target circulating miRNAs (miR-1, -21, -23a, -
24, -100, -125b, -133a, -206) based on bone and muscle status in postmenopausal
women. However, fold changes of circulating miR-21, -23a, -125b indicated biological

differential expression. Other circulating miRNAs need to be studied in the future.
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Chapter 1 Introduction

Medical, social, and economic advances over diseases have dramatically
increased life expectancy in the last century. Life expectancy in the U.S. now
approaches 79 years of age, and in several other countries has exceeded 80 yr (89). As
people are living longer and healthier, the entire society shifts towards an older
population. The population of individuals over the age of 65 is projected to increase
from 524 million in 2010 to approximately 1 billion by 2030 and 1.5 billion in 2050
(89). In the U.S., as baby boomers turn 65 years old by the year 2032, there will be
more people over the age of 65 than children under the age of 15 (54). The term “oldest
old” is defined as people 85 years and older, currently accounting for 8% of all older
adults (> 65 yr) in the world and 14% of the older population (> 65 yr) in the U.S. (89).
The oldest old now is growing fast in many countries, and is projected to increase at
least 3 fold from 2010 to 2050 globally (89).

Global aging presents challenges, such as increased prevalence of chronic
diseases and disability over time. Muscle fiber number begins to decrease after the age
of middle 20’s, leading to approximately 50% decline in skeletal muscle mass from
ages 20 to 80 (39). In the process of aging, bone mineral content is lost gradually, and
bone loss is accelerated during the menopausal period in women, with a loss of about
20-30% trabecular bone and 5-10% cortical bone (67). The age-related muscle loss is
defined as sarcopenia, and bone loss is osteopenia or osteoporosis. The National
Osteoporosis Foundation in 2014 estimated that over 10 million Americans had
osteoporosis and an additional 43 million had osteopenia, with the majority of patients

being older adults (22). Both sarcopenia and osteoporosis are associated with functional



impairment and disability or overall frailty, which decreases the quality of life and
requires long-term care (90).

Currently, bone mineral density (BMD) measured by dual energy x-ray
absorptiometry (DXA) is the gold standard for osteoporosis diagnosis based on the
definition by World Health Organization (WHO). BMD decreases progressively with
aging, and it is well documented that a one standard deviation (SD) decrease in BMD is
associated with 1.5-2.6 fold increase of risk of fracture (77). The process of bone
metabolism is called bone turnover and it consists of two opposite activities: bone
formation and bone resorption. Bone turnover markers (BTMs) are enzymes (e.g. acid
phosphatase) reflecting bone metabolic activity or bone matrix degradation products
released into the circulation during bone resorption (76). Clinically, serum N-terminal
propeptide of type I procollagen (PINP) and C-terminal cross-linking telopeptide of
type | collagen (CTX) are proposed to be the referent markers of bone formation and
resorption, respectively, to predict the risk of fracture or monitor osteoporosis treatment
(131). PINP is a product of the cleavage of type I procollagen molecules, and CTX is
derived from the breakdown of type I collagen (111). Another widely used bone
resorption maker, tartrate-resistant acid phosphatase 5b (TRAP5b), is the enzyme
representing the metabolic activity of osteoclasts. During menopausal transition, levels
of BTMs are elevated remarkably, particularly the bone resorption markers, indicating
accelerated bone loss in postmenopausal women (111).

Fracture risk increases exponentially with age. Fragility fracture is a major
contributor to health care costs and the societal burden as worldwide increase of aging

population. Large cohort studies show that nearly one of two women and one of five



men aged 50 years and older will have a fracture over the rest of their lifetime, and over
two thirds of all fractures affect women over the age of 65 (25, 34, 130). Vertebral
fracture causes back pain and reduces physical function, with prevalence of 25-50% in
women aged over 50, although only 30% of them are clinically recognized (34). Hip
fracture is common and known to be associated with increased mortality and disability.
In the U.S., the lifetime risk of hip fracture is estimated to be 17% for Caucasian
women and 6% for Caucasian men (25). Current prevention of fractures in the elderly
mainly depends on the diagnosis of osteoporosis (88). However, sarcopenia, poor
balance and other non-skeletal factors such as falls, for example, 90% of hip fractures
occur after a simple fall, increase the risk of fracture with advanced aging, which may
also lead to the clinical consequence of fractures (61).

MicroRNAs (miRNAsS), short non-coding RNA molecules that regulate
posttranscriptional gene expression, were discovered two decades ago with over 2,800
miRNASs in human having been identified to date. The initial research on miRNAS has
focused primarily at the tissue level, and is found to be related to diseases, such as
cancer, cardiovascular diseases, and Alzheimer’s diseases. Recent research has found
some miRNAs, such as miR-1, -133, and -206, are abundant specifically in muscle,
whereas some other miRNAs regulate osteogenesis and are associated with bone
diseases, such as osteoporosis and arthritis (74, 84, 117). Mature miRNAs are found to
be stable in human body fluids such as plasma, and they protect themselves from
cleavage by endogenous ribonuclease (RNase) activity (7, 70). This suggests that
circulating miRNAs (c-miRNAs) may be used as potential biomarkers for diagnosis and

treatment of diseases. For example, serum levels of miR-141 have allowed researchers



to distinguish between prostate cancer patients and healthy controls (81), whereas
circulating miR-21 has been consistently found to be upregulated in patients with
osteoporotic fractures (91, 116). However, the roles of c-miRNAs in osteoporosis,
fractures and aging muscles are not fully understood.

To date, the relationship between c-miRNAs and bone status and subsequent
risk of fractures remains to be established. Given that current bone turnover markers are
mainly derived from the synthesis and degradation of type I collagen from bone matrix,
bone turnover could be assessed by the measurement of bone-specific c-miRNAs that
reflect bone resorption and formation. In addition, little is known regarding the role of
skeletal muscle-specific c-miRNASs in sarcopenia in aging. Given that muscle-specific
miRNAs regulate pathways, such as insulin-like growth factor-1 (IGF-1)/mammalian
target of rapamycin (mTOR), it is possible that they may be associated with muscle loss
in aging (68). Finally, given that bone and muscles are connected in
mechanotransduction and metabolic signaling, and both osteoporosis and sarcopenia are
key contributors to fractures, it is necessary to include sarcopenia status in fracture risk
model. Therefore, the purpose of this study was to identify specific c-miRNAs that are
associated with bone and muscle status in postmenopausal women (60-85 years) and to
evaluate the use of these c-miRNAs as biomarkers of osteoporosis and sarcopenia.
Research Questions
The specific research questions of this study were as follows.

1. Are there significant differences (upregulation/downregulation) in bone-specific c-
miRNAs (miR-21, -23a, -24, -100, and -125b) in postmenopausal women with and

without osteoporosis?



2. What are the relationships between these bone-specific miRNAs and bone mass,

bone strength?

Avre there significant differences (upregulation/downregulation) in skeletal muscle-
specific c-miRNAs (miR-1, -133, and -206) in postmenopausal women with and
without sarcopenia?

What are the relationships between these muscle-specific miRNAs and muscle

mass, muscle strength, and muscle power?

Hypotheses

1.

4.

I hypothesized that bone-specific c-miRNAs would be upregulated in osteoporotic
women based on target genes that had been identified or predicted from in vitro or
animal studies.

| hypothesized that these bone-specific miRNAs would be associated with lower
bone mass and lower bone strength.

| hypothesized that skeletal muscle-specific c-miRNAs would be upregulated in
sarcopenic women based on target genes that had been identified or predicted.

| hypothesized that these skeletal muscle-specific miRNAs would be negatively

associated with muscle mass, muscular strength and power.

Sub Questions

1.

Are bone turnover markers, CTX, TRAP5b and PINP, associated with bone-specific

MiRNAS?



Sub Hypotheses

1. I hypothesized that bone resorption markers CTX and TRAP5b would be positively
associated with miRNAs that inhibit osteoblastogenesis (e.g. miR-23a, miR-100) or
stimulate osteoclastogenesis (e.g. miR-21), whereas the bone formation marker
PINP would be negatively associated with these miRNAs in postmenopausal

women.

Significance of the Study

Research on miRNAs is fairly new, thus it opens up exciting possibilities for
novel diagnosis and treatment of diseases. The measurement of c-miRNAs may serve as
potential biomarkers of diseases of bone and skeletal muscle as well as risk of fractures.
However, c-miRNAs that regulate bone and muscle metabolism are not fully identified
and the role of mMiRNAs in aging is not known in depth. The measurement of serum
miRNAs is novel, and it reflects the regulation of gene expression, thus providing the
underlying cellular and molecular process involved in bone turnover and muscle aging.
Therefore, the significance of this study is to identify c-miRNAs in postmenopausal
women with osteoporosis and sarcopenia to help develop new and reliable serum
markers of fragility, which would be a great progression in clinical diagnoses of aging-
related diseases.
Assumptions
1. Participants honestly and accurately completed all the questionnaires.
2. Questionnaires used in this study were valid and reliable for use in this population.
3. Participants accurately followed the instruction of fasting for at least 8 hours prior to

blood draw.



4. miRNAs in the blood samples were not degraded during storage in -80°C freezer.

Delimitations

1. The findings of this study only apply to community-dwelling postmenopausal
women ages 60-85 years.

2. Participants were recruited from Norman and Oklahoma City, Oklahoma areas.

3. Individuals with metal implants at hip or spine were excluded from the study.

Limitations

1. Participants were volunteers and thus may not be truly representative of the
population.

2. Measurements only applied to the selected five bone- specific (miR-21, -23a, -24, -
100, and -125b) and three muscle-specific (miR-1, -133, and -206) miRNAs.

3. Participants were limited to 350 Ibs and 6’4’ due to DXA machine capacity.

4. History of hormone replacement therapy or seasonal variation were not controlled.

Operational Definitions

1. Appendicular Skeletal Muscle Mass (ASM, kg): Fat-free lean mass at arms and legs
(9).

2. Areal Bone Mineral Density (aBMD, g/cm?): The amount of bone mineral per unit of
two-dimensional projected area (76).

3. Argonaute (AGO) family proteins: Proteins that associate with small RNAs and
function as effectors in RNA silencing (49).

4. Bone Morphogenetic Proteins (BMPs): A group of growth factors that are able to

induce endochondral bone formation (76).



10.

11.

12.

13.

14.

15.

Bone formation: The building of new bone by osteoblasts (76).

Bone Mineral Content (BMC, mg): also called bone mass; the amount of mineral
mass measured in a bone, bony area, or the body in grams (76).

Bone Strength Index (BSI, mm?®): The density weighed polar section modulus of given
bone cross-section. It gives a measure of compressive bone strength at the metaphysis
(120).

Bone turnover: The amount of bone or the fraction of it that is replaced by new bone
(76).

Bone turnover markers (BTMs): Enzymes (e.g. acid phosphatase) reflecting bone
metabolic activity or bone matrix degradation products released into the circulation
during bone resorption (76).

Bone resorption: The breakdown of bone tissue by osteoclasts (76).

Cortical bone: Dense, compact bone that is 80-90% calcified and fulfills mainly
mechanical and protective functions for the body, such as the shafts of the long bones
of the arms and legs (76).

Complementary DNA (cDNA): A double-stranded DNA synthesized from a mRNA
template using reverse transcriptase (12).

C-telopeptide of Type I collagen cross-links (CTX): A bone resorption marker that
can be measured in the serum to determine the degradation of products of type |
collagen (76).

Endogenous Control: A molecule that is present in the RNA or DNA sample which
is stable across multiple samples (12).

Falls: Unintentionally comes to rest on the ground, floor, or other lower level (137).



16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Menopause: Cessation of menstruation, usually occurs at 48-50 years of age in
healthy women (111).

MicroRNA (miRNA): Short, non-coding, single-stranded RNA molecules made of
20-24 nucleotides that negatively regulate protein expression (74).

Osteoblast: Bone cell responsible for bone formation (76).

Osteoclast: Bone cell responsible for bone resorption (76).

Osteocyte: A mature bone cell, formed when an osteoblast is embedded in bone
matrix it has secreted, composing 90-95% of all bone cells (76).

Osteopenia: BMD T-score that is less than -1 and greater than -2.5 SD compared to
the young adult reference value (88, 94).

Osteoporosis: BMD T-score more than 2.5 SD below the young adult reference
value. Bone is fragile, and bone fracture risk is increased (88, 94).

Peripheral Quantitative Computed Tomography (pQCT): Peripheral QCT, an
equipment with a lower cost and lower radiation exposure for measuring cortical
and trabecular volumetric BMD (vBMD), bone geometry and SSI, which can give a
true description of the cross-sectional geometry and bone composition in contrast to
the planar description via DXA (120).

Periosteal circumference: An important indicator of bone size and closely related to
bone strength. It can be directly determined through pQCT (120).

N-terminal propeptide of type I procollagen (PINP): A bone formation marker that is

derived from the cleavage of type I procollagen molecules (76).



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Real-time polymerase chain reaction (RT-g-PCR): A laboratory technique of
molecular biology based on PCR, which monitors the amplification of a targeted
DNA or cDNA molecule during the PCR in real-time.

Receptor activator of nuclear factor kappa-B ligand (RANKL): A type Il membrane
protein that is known to stimulate osteoclast formation and activity (16)

Runt-related transcription factor 2 (RUNX2): A protein that is encoded by the
RUNX2 gene in humans and associated with osteoblast differentiation (76).
Sarcopenia: Skeletal muscle mass index more than 2 standard deviations below the
reference population (9).

Skeletal Muscle Mass Index (SMI, kg/m?): appendicular lean muscle mass (kg)
divided by height squared (m?).

Stress Strain Index (SSI, mm?®): A cortical density weighed section modulus of the
bone. It gives a measure of bending and torsional strength of diaphyseal sites.
T-score: Standard deviation units in relation to the average of healthy Caucasian
young females.

Threshold Cycle (Ct): In real-time PCR, the number of cycles required for the
fluorescent signal to cross the threshold (i.e. background level) (12).

Trabecular bone: also called cancellous bone; spongy bone enclosing spaces filled
with bone marrow, blood vessels and connective tissue, and is only 10-20% calcified.
It fulfills primarily metabolic functions for the body (76).

Volumetric Bone Mineral Density (vBMD, g/cm?): The BMC per cross-sectional area

of a bone (99).
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36. Wnt signals: a family of signaling proteins that participate in mitogenic stimulation,
cell fate specification, and differentiation, including the canonical Wnt pathway and
the noncanonical Wnt pathway (76).

37. Z-score: standard deviation units above or below what is normally expected for an

individual of the same age, sex, weight, and ethnic or racial origin.
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Chapter 2 Review of Literature

Introduction

The world is aging. Aging is accompanied with body composition changes,
functional decline, and age-related diseases, such as osteoporosis and sarcopenia.
Osteoporosis is a prevalent public health disease without overt symptoms, and patients
typically come to clinical attention only after suffering a fracture. Sarcopenia, the age-
related loss of muscle mass and function, increases the risk of mortality and decreases
quality of life. It is widely supported that fractures are related to low bone mineral
density (BMD), while fractures also occur as a result of falls. Therefore, both
osteoporosis and sarcopenia contribute to fracture risk. Bone and muscle are closely
linked, thus it becomes more evident that in addition to measuring BMD, other non-
skeletal risk factors are important to predict risk of fracture and severity of osteoporosis.

MicroRNAs (miRNAS), discovered two decades ago, are short non-coding,
single-stranded RNA molecules, 20-24 nucleotides (nt) in length that negatively
regulate posttranscriptional protein expression. So far, 2588 (miRBase.org) miRNAs
have been identified in humans and 1881 of them have been fully sequenced (46). A
single miRNA may target multiple genes, and miRNAs in humans may have a direct
influence on at least 30% of genes in the human genome according to computer model.
It is well studied and documented that miRNAs are associated with cancer and
cardiovascular diseases (81, 100). Some miRNAs have been identified to regulate
muscle synthesis and bone osteogenesis, but their roles in osteoporosis and sarcopenia
are not established. The purpose of this review is to examine current findings on the

prevalence of osteoporosis and sarcopenia in aging, and the role of miRNAs in
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osteoporosis and sarcopenia in aging populations. The literature is presented in the
following sections: 1. Age-related Bone Loss, 2. Osteoporosis Diagnosis and
Intervention, 3. Age-related Changes in Skeletal Muscle, 4. Fracture Prevention, 5.
miRNAs in Bone and Muscle.
Age-related Bone Loss

After reaching peak bone mass during 20-30 years in adults, BMD starts to
progressively decline, which has been observed in numerous population based studies
(32, 51, 52, 105). Riggs et al. (105) measured BMD at radius and lumbar spine in
healthy Caucasian women aged 20-88 yr (n=139, mean 52 yr) using single and dual
photon absorptiometry, and the measurements were repeated 2-6 times during 0.8-3.4
yrs follow-up. They found that BMD at radius remained stable before menopause but
significantly declined by 1.01% per year after menopause. BMD at lumbar spine
decreased 1.32% per year before menopause and 0.97% per year after menopause. The
Framingham osteoporosis study measured BMD at the femur and radius using Lunar
SP2 and DP3 absorptiometry in older participants (n=1102, mean age 76 yr) in the late
1980s. Hannan et al. (51) found that BMD at both sites significantly decreased with
aging at similar rates for both sexes, even after adjusting for height and weight. After a
4-year of follow-up, Hannan et al. (52) reported that women lost BMD at 1.2% per year
at the radius and 0.86% per year at the femoral trochanter whereas men lost 0.9% per
year and 0.04% per year, respectively. The study of osteoporotic fractures by Ensrud et
al. (32) measured BMD at total hip using DXA and calcaneus (heel) using single photon
absorptiometry in Caucasian women over 65 yr (n=5698). They found that bone loss

increased with aging at both sites. At the total hip, the rate of decline in BMD in those
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subjects over 85 yr was up to 4-fold greater than those 67-69 yr. Unsurprisingly,
hormone replacement therapy users had a slower rate of bone loss compared to
nonusers at equivalent ages.

BMD in most studies was measured by DXA. However, DXA measurements are
two dimensional, and thus cannot distinguish cortical and trabecular bones, or measure
bone microarchitecture or strength. Another technology, central quantitative computed
tomography (QCT) or peripheral QCT (pQCT), provides noninvasive measurement to
evaluate bone “quality” in vivo. Riggs et al. (102) measured trabecular vBMD at lumbar
spine by QCT (Light Speed QX-I/Ultra) and trabecular and cortical vBMDs at distal
radius and tibia by pQCT (Densiscan 1000) in participants aged 20-97 years (n=553) at
baseline and after a 3-year of follow-up. They found that the loss of trabecular vBMD
began in young adulthood and was independent of sex steroid levels, whereas cortical
bone loss did not begin until middle or even older ages and was associated with sex
steroid deficiency. The loss of trabecular bone was greater in the lumbar spine as
compared to the peripheral sites, and women generally had greater bone loss than men,
particularly during menopause transition. On average, women lost about 1.6% of
trabecular vBMD each year at lumbar spine before age 50 and 2.6% after age 50,
whereas men lost about 0.84% and 1.85% before and after age 50, respectively. This
means that, accumulatively, women lost 37% of trabecular bone and 6% of cortical
bone before age 50 compared to 42% and 15% of each after age 50. Another study by
Riggs et al. (104) estimated that women could lose as much as 55% of trabecular vBMD
over their lifespan, which was significantly higher than the loss of 46% in men,

especially considering that women had a lower bone mass than men.
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Several mechanisms are involved in age-related bone loss, including oxidative
stress, sex steroids deficiency, and apoptosis. (56). Intracellular metabolism generates
reactive oxygen species (ROS), such as superoxide anions (O2"), hydroxyl radicals
(HO"), and hydrogen peroxide (H202). As aging, the antioxidant system is impaired,
such as the ROS-scavenging enzyme superoxide dismutase (SOD), resulting in
accumulation of ROS and further increasing oxidative stress. In a mouse model of SOD
deficiency, the SOD knockout mice have a higher level of oxidative stress, reduced
BMD and bone strength, and a higher rate of apoptosis, resulting in fewer osteoblasts
than in wild-type mice (87, 122). In addition, the accumulation of ROS causes retention
of the forkhead box O (FoxO) family of transcription factors in the nucleus and elevated
p66°° signaling activity, both of which lead to reduced bone formation and age-related
bone loss (4, 86).

Sex steroids play a critical role in regulating bone turnover rate. During
menopausal transition, serum estradiol levels decrease by 85-90% (66), bone resorption
increases by 90%, whereas bone formation only increases by 45% (40). The net
imbalance in bone formation and resorption results in rapid bone loss, particularly in
trabecular bone (40, 103). Estrogen stimulates differentiation of bone marrow stromal
cells to the osteoblast lineage as well as differentiation of preosteoblasts to osteoblasts.
In addition, estrogen inhibits osteoblast and osteocyte apoptosis but stimulates the
osteoblastic production of growth factors, such as insulin like factor-1(1GF-1),
transforming growth factor-p (TGF-B), as well as procollagen synthesis (33, 98). Age-
related estrogen deficiency is linked to a significant increase in stromal cell

differentiation into fat lineage and greater marrow adiposity, which leads to fewer
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stromal cells differentiating into osteoblast lineage (83). More recently, it has been
discovered that estrogen inhibits serum levels of sclerostin, a potent inhibitor of the Wnt
signaling pathway, thus maintaining bone formation (80, 82). Estrogen also regulates
osteoclast development effectively by inhibiting production of the receptor activator of
nuclear factor kappa-B ligand (RANKL) by bone marrow stromal or osteoblast
precursor cells (T & B cells), and stimulating production of osteoprotegerin (OPG,
RANKL decoy receptor) by osteoblast lineage cells to limit exposure of osteoclast
lineage cells to RANKL (65). In postmenopausal women, the dramatic decline in
estrogen levels alters the relative RANKL/OPG ratio, resulting in elevated osteoclast
development and activity.

Bone loss is more pronounced in trabecular than cortical bone for two reasons:
1) trabecular bone loss begins in young adulthood, and 2) trabecular components have a
greater surface area where bone resorption occurs (103). Women have rapid trabecular
bone loss as well as overall bone loss during the menopausal transition compared to
men at corresponding ages (67). The significant changes in trabecular microarchitecture
are related to decline in bone strength and ultimately increase fracture risks in
postmenopausal women. This leads to fractures commonly occurring in trabecular-rich
regions, such as distal forearms and vertebrae, particularly in females during early
menopause.
Osteoporosis Diagnosis and Intervention

Although the term “osteoporosis” was originally used by French pathologist and
surgeon Jean Lobstein in 1835, the first international consensus of a conceptual

definition of osteoporosis was achieved in 1993, stating that “osteoporosis is a systemic
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skeletal disease characterized by low bone mass and microarchitectural deterioration of
bone tissue with a consequent increase in bone fragility and susceptibility to fracture”
(94). In 1994, the World Health Organization (WHO) proposed using BMD as the
diagnostic criterion for osteoporosis. BMD values more than 2.5 standard deviations
(SD) below the mean of a young reference population (T-score < -2.5) were deemed to
indicate a 20% risk of a major fracture within 10 years (88). Later, guidelines were
updated using femoral neck measurements instead of multiple sites for BMD (60). The
Third National Health and Nutritional Examination Survey (NHANES I11) database for
femoral neck measurements in Caucasian women aged 20-29 years were used as the
reference population. Over the past two decades, diagnosis and assessment of
osteoporosis have been updated several times (62, 75). In 2001, the National Institutes
of Health Consensus Development Panel on Osteoporosis updated the definition of
osteoporosis, defining it as “a skeletal disorder characterized by compromised bone
strength predisposing a person to an increased risk of fracture”, and this definition is
still valid and useful to this day (97).

Conventionally, a BMD T-score < -2.5 at the lumbar spine or hip is used as the
intervention threshold of osteoporosis. It is reported that age-adjusted risk of hip
fracture increased 2.6 fold with every SD decrease in hip BMD (77). However, this
fracture risk model disassociates bone strength from diagnosis, and a significant
proportion of fragility fractures occur in individuals with a BMD T-score above -2.5. In
fact, approximately 50% of hip fractures occur in individuals without osteoporosis
(133). In addition, a given T-score of -2.5 has different impact on fracture probabilities

throughout the lifespan. For example, the 10-year probability of fracture is consistently
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higher in women with osteoporosis (T-score < -2.5) than those without osteoporosis (T-
score > -2.5). However, the difference between categories decreases after age 65 and
individuals with osteoporosis have an even lower rate of fracture than those without
osteoporosis after age 78 (61). Furthermore, fracture rates vary from country to country.
For example, at a given 10-year probability of major fracture of 20%, the BMD T-score
is -2.5 in the US, whereas it is approximately -2.0 in Iceland and -4.5 in Venezuela (75).
Therefore, the use of BMD is not completely appropriate to all populations as an
intervention threshold. A better intervention threshold is needed for diagnosis and
treatment to reduce healthcare costs and improve quality of life for those suffering from
this disease.
Age-related Changes in Skeletal Muscle

Aging is accompanied with declines in muscle mass and strength, and this
phenomenon has captured researchers’ attention in the recent 30 years. In 1989, Irwin
Rosenberg pointed out the importance of age-related decline in lean body mass and
coined the term “sarcopenia” to describe it (112). Sarco-, from Greek, means “flesh”,
and -penia indicates “loss”. Thus, sarcopenia means loss of skeletal muscle mass.
Recently, studies have identified the disconnection between loss of muscle mass and
muscle strength in the conventional definition of sarcopenia, thus incorporating muscle
strength and physical performance into sarcopenia criteria (23, 27, 37, 45, 125). Since
2009, several consensus operational criteria have been proposed to define sarcopenia,
including: the International Working Group (IWG) (2009), the European Working
Group on Sarcopenia in Older People (EWGSOP) (2010), the Foundation for the

National Institutes of Health (FNIH) (2014), and Asian Working Group for Sarcopenia
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(AWGS) (2014). According to the EWGSOP, sarcopenia is a syndrome characterized
by progressive and generalized loss of skeletal muscle mass and strength with a risk of
adverse outcomes such as physical disability, poor quality of life and death (23).

Several mechanisms are involved in the development of sarcopenia. At the
cellular level, there is substantial loss of both muscle fiber size (cross-sectional area)
and number, especially the shrinkage of type I1 fibers. Muscle twitches become smaller
and slower due to impaired calcium release (35). Meanwhile, connective tissue content
increases within and between fibers, which is also called fat infiltration of muscle. At
the metabolic level, key factors of regulating protein balance, such as IGF-1 and mTOR
kinase, are decreased (95). At the vascular level, capillary density is decreased due to
increased oxidative stress and mitochondrial dysfunction. Inflammatory factors, such as
tumor necrosis factor alpha (TNF-a.), interleukin 9 (IL-6), and C-reactive protein (CRP),
are increased (71, 95). All these factors contribute to the development of sarcopenia.
Exercise intervention and protein supplementation have the potential to prevent or delay
the development of sarcopenia by increasing growth to reach peak muscle mass and
strength and simultaneously slowing down age-related decline (28, 95). Although
estrogen plays a critical role in osteoblast/osteoclast biology, the effects of estrogen on
skeletal metabolism at the cellular and molecular level remains unresolved.

Due to two operational definitions of sarcopenia, two approaches have been
used to diagnose sarcopenia in research. Initially, sarcopenia is classified based on
muscle mass alone using the skeletal muscle mass index (SMI), which equals to
appendicular skeletal muscle mass (ASM)/ height? (m?). Sarcopenia is defined as an

SMI that is 2 SD below the average of the young reference population (9). Based on this
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conventional definition, the prevalence of sarcopenia ranges 13-24% among individuals
under 70 years and >50% among those over 80 years when compared to a young
reference group (9). More recently, the EWGSOP and FNIH suggest combining low
muscle mass with either low muscle strength or poor physical performance to diagnose
sarcopenia, whereas the IWG recommends combining low muscle mass with low
muscle function (23, 37).

Patel et al. (92) measured body composition and physical performance in 103
community-dwelling UK men with an average age of 73 yr. They found that the
prevalence of sarcopenia in older people in the UK was 6.8% in men using the
EWGSOP definition. Patil et al. (93) studied 70-80 year old community-dwelling
women in Finland (n=409), and found the prevalence of sarcopenia was 0.9% using the
EWGSOP definition compared to 2.7% using the IWG definition The International
Sarcopenia Initiative (2014) reviewed global studies using the EWGSOP definition of
sarcopenia and reported that the prevalence of sarcopenia ranged from 1 to 29% in
community-dwelling elderly, approximately 10% in the acute hospital-care population,
and increased to 14-33% in the long-term care population (24). Generally, the
prevalence of sarcopenia is higher in women than men.

The loss of muscle strength is much faster than the loss of muscle mass in the
process of aging (45). Grip strength has been widely accepted as the most practical
method of measuring muscle strength in a clinical setting. It is an easy and inexpensive
screening tool and has been found to correlate with incident disability for activity of

daily life (ADL) (2, 42). The cutoffs from EWGSOP for grip strength are 30 kg for men
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and 20 kg for women, whereas 26 kg for men and 16 kg for women are used to define
weakness in FNIH’s definition and in AWGS (21, 23, 27).

Gait speed is the most common measure of lower extremity performance in
clinical setting and for epidemiological sarcopenia studies. Since it is reliable, valid, and
correlates with physical performance, it is known as an “almost perfect measure” and
“the sixth vital sign” (38). Gait speed is a strong predictor of health status and adverse
outcomes, and can be used as a single tool to replace the complete set of the Short
Physical Performance Battery (SPPB) (48, 128). It can be quickly and accurately
assessed by measuring the time taken to walk a given distance, such as 4 m, at a normal
pace. The EWGSORP utilizes 0.8 m/s to define functional deficiency, whereas the IWG
uses 1.0 m/s as the cutoff.

Recently, more studies have begun to measure muscle power to examine
functional changes as a new component of sarcopenia (18). Rittweger et al. (106)
assessed jump power through jumping mechanography from participants aged 24-88
years and found that jump power had good test-retest reliability, and was particularly
useful in middle-age to older participants. Buehring et al. (18) found that jumping
power correlated with grip strength, with an even stronger correlation with age in
elderly participants over 70 years of age, thus concluding that jump power could
potentially detect changes in muscle function and better monitor sarcopenia. Singh et al.
(121) found community-dwelling individuals, aged 55-75 years, classified as sarcopenia
using the conventional definition had significantly lower jump power but not muscle
strength compared to non-sarcopenia individuals. Bean et al. (2003) analyzed the

population based cohort INCHIANTI study (n=1032, mean 74.2 yr), and found poor
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muscle power in legs measured by knee extension was more associated with poor
mobility (gait speed < 0.8 m/s) than leg strength.

Currently, one of the most challenging issues is the lack of consensus about the
clinical definition of sarcopenia and assessment of muscle function and muscle strength
among consensus groups and studies. Due to different criteria used for diagnosis, the
prevalence of sarcopenia varies greatly, which may lead to different conclusions and
implications for treatment. Bischoff-Ferrari et al. (13) compared the current seven
available definitions of sarcopenia using the original Boston cohort, which included 445
community-dwelling older adults over 65 years of age with a 3 year follow-up. They
reported that the prevalence of sarcopenia decreased from 11% to 7% when using the
EWGSOP definition instead of the conventional one. The elderly with sarcopenia based
on the conventional and the EWGSOP definitions had the highest possibility of falls
compared to the non-sarcopenia ones, with odds ratio of 1.54 and 1.82, respectively,
thus suggesting that these two definitions were the best to recognize the risk of falls
among sarcopenic elderly.

Fracture Prevention

Fracture is the primary clinical end point for osteoporosis treatment. The risk of
fracture increases remarkably with age, with more than two thirds of fractures occurring
in women over 65 years old. Vertebral and hip fractures are the major osteoporotic
fractures that have high morbidity and mortality and societal burden, and they are most
common in postmenopausal women due to pronounced decline of estrogen. Vertebral
fractures are common, with a prevalence of 25-50% in women over 50 years of age and

particularly high over 75 years old, leading to back pain and reduced physical function,
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but only 30% of them are clinically recognized. Hip fractures are associated with 8.4%
to 36% mortality in the first year after fracture (1).

It is well established that the risk of fractures is about four-fold higher in
osteoporotic patients compared to individuals with normal BMD. However, fractures
are not only associated with bone loss, or the degree of trauma. In the US cohort Study
of Osteoporotic Fractures (124), BMD of community-dwelling women aged 65 and
older (n=9704) were measured at baseline, and participants were contacted every 4
months via phone or mail to record all types of fractures with at least 8 years of follow-
ups. The researchers found that only 15% of all types of fractures were attributable to
osteoporosis, although women with low BMD have higher prevalence of all types of
fractures. Osteoporosis at spine or hip contributed to 8% to 44% of fractures, and the
relationship between BMD and fractures in women over 65 years old was moderate
(124). Another epidemiology study in England and Wales investigated the age and
gender specific prevalence of fractures in a sample of general practice research
database. It was found that the relative risk of hip fracture in elderly people aged 60-80
years increased 13 fold whereas only two fold increased risk was due to aging (130).
Therefore, it is apparent that not only bone loss but also other factors contribute to the
increased fracture risk with advancing age. Vertebral fractures are associated with
decreased BMD and deteriorated bone microarchitecture that are not related to
menopause, and they are a stronger fracture predictor than low BMD or other fractures
(14). Besides osteoporosis, additional interventions are needed to find effective

prevention strategies for fractures, such as fall prevention and other fracture risk factors.
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A major non-skeletal factor that contributes to fracture risk is falls. Falls are
defined as “unintentionally coming to rest on the ground, floor, or other lower level”
(137). Although most falls do not result in fractures, over 90% of all fractures occur
after a fall. Therefore, fall prevention is the key to prevent fractures. Hip fractures tend
to occur in less active people, whereas forearm and humerus fractures are more
common among people who are more active. Patients with osteoarthritis, particularly at
weight-bearing joints, have a higher risk of fractures due to falls, although they have
higher bone density compared to those without osteoarthritis. Risk factors of falls are:
gait instability, weakness, visual/cognitive impairment, home hazards and
circumstances (e.g. snow, ice), and side effects from drugs (e.g. antidepressants,
anticonvulsants) (111).

Gait instability, the major intrinsic risk factor of falls, is often due to muscle
weakness, or sarcopenia. Weaker muscle decreases muscle strength and power, impairs
physical performance, leading to increases in falls and fractures. Much the same as
osteoporosis predicting risk of bone fractures, sarcopenia is associated with increased
risk of falls, which consequently increases fractures, disability, and mortality (108).
Therefore, sarcopenia should be the next focus in fracture prevention.

Bone and skeletal muscle are two fundamental systems in the human body that
interact with each other. Mechanically, muscle attaches to bone and generates
mechanical loading on bone during muscle contraction. This mechanotransduction
seems to regulate both skeletal muscle and bone metabolism (44). Moreover, there is
accumulating evidence that bone and muscle are regulated by several signaling

pathways that affect both in growth, diseases and aging. For instance, BMP signaling
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not only regulates osteoblasts and osteoclasts to maintain bone homeostasis, but also
plays a role in myogenesis and skeletal muscle mass (114, 115). Vitamin D is also a key
regulator in bone remodeling process and calcium and phosphate homeostasis.
Recently, research revealed that vitamin D receptor is also expressed in skeletal muscle
and low vitamin D levels are associated with increased risk of falls in the elderly (47).
IGF-1, which is important in muscle hypertrophy, also was found to stimulate osteoblast
differentiation and bone formation (10). Similarly, mMTORC1, a major regulator of
protein synthesis, might also be a potential regulator in bone (44). Osteocalcin,
exclusively secreted by osteoblasts to regulate bone mineralization and maintain
calcium homeostasis, also has receptors in the skeletal muscle indicating that it might
have an effect on muscle strength as well. It is well known that Wnt signaling plays an
important role in bone development and homeostasis, however, recent research also
found it might be related to myogenesis in skeletal muscle (113). Overall, bone and
muscle are two connected tissues with mechanical and metabolic interactions.
Therefore, it is important to recognize the connection between osteoporosis and
sarcopenia and the role of sarcopenia in fracture prevention.

Numerous studies have shown that exercise improves BMD, muscle strength
and functional performance in community-dwelling older adults, which further reduces
falls as well as the risk of fractures (63, 85, 119, 138). Even unsupervised home
exercise programs reduce falls, however, it is better to have an exercise program that
involves strength and balance training. In a study by Nelson et al. (85), the first
resistance training study on bone density two decades ago, postmenopausal women

aged 50-70 were randomly assigned to a one year high intensity resistance training
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group (n=20, exercise twice per week, 5 exercises) or control group (n=20). The
researchers found that the resistance training group significantly increased their femoral
neck and lumbar spine BMD after a year of training, whereas the control group had
significant bone loss after one year. Meanwhile, muscle strength and balance were
improved in the resistance training group but decreased in the controls, compared to
their baseline. Zhao et al. (138) conducted a meta-analysis to investigate the effects of
resistance exercise (> 6 months) on BMD in postmenopausal women, and effect size
was estimated using the calculation of standardized mean difference. They found that
overall resistance training (24 studies, 1769 postmenopausal women) significantly
improved femoral neck and lumbar spine BMDs with effect sizes of 0.303 and 0.311,
respectively. However, when comparing the resistance training alone intervention and
combined resistance and weight-bearing exercise intervention, only the combined
resistance training intervention significantly increased femoral neck and lumbar spine
BMD, with effect sizes of 0.411 and 0.431, respectively. In a meta-analysis by Kelly et
al. (63), they examined the effects of ground and joint impact exercise intervention (>24
wk) on BMD in postmenopausal women using the standardized mean difference as
effect size as well. They reported that ground/joint impact exercise had small but
significantly beneficial effects on femoral neck and lumbar spine BMDs, with effect
sizes of 0.288 and 0.179, respectively, which could slightly reduce the risk of
osteoporotic fracture.

Kemmler et al. (64) conducted a meta-analysis on the effects of exercise
(resistance, endurance, balance, etc.) intervention on fracture prevention in the elderly.

The relative risk (RR) of fractures in each study was calculated. However, the exercise
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intervention groups were not found to have differences in overall fracture (RR=0.49,
p=0.28) and vertebral fracture (RR=0.56, p=0.26) compared to the older controls. In
another meta-analysis by Polidoulis et al. (96), they reviewed six exercise intervention
studies (5-12 months) in postmenopausal women that measured bone strength by pQCT.
They reported that lower body exercise significantly improved trabecular vBMD at
distal tibia and cortical vBMD at tibia shaft, suggesting that exercise may diminish bone
loss in postmenopausal women.

Cruz-Jentoft et al. (24) reviewed seven studies that examined the effects of
exercise intervention on skeletal muscle in older adults. They found that 3-18 months of
resistance training alone significantly increased muscle mass, strength and functional
performance, such as gait speed and chair rise. They also reported that overall exercise
(endurance, resistance, balance) generally improved muscle strength and functional
performance in community-dwelling older adults.

MiRNAs in Bone and Muscle

In 1993, Dr. Victor Ambros discovered the first miRNA, lin-4, which is
responsible for normal larval development of C. elegans (72). Soon after, Dr. Gary
Ruvkun’s lab found that lin-4 RNA is complementary to 7 sites in the lin-14 3°UTR,
thus downregulating the expression of the lin-14 protein (136). In 2000, Dr. Gary
Ruvkun discovered a second miRNA, let-7, which is conserved across animals,
including humans, that started the small RNA revolution (101). Since then, the research
of miRNAs is emerging, and miRNAs are recognized as a distinct class of biological

regulators in normal gene expression as well as disease.
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MiRNA genes are transcribed by RNA polymerase Il to generate a long, hairpin
shape termed primary miRNA (pri-miRNA). Then the nuclear ribonuclease 11l enzyme
in the nucleus, Drosha, processes the pri-miRNA into a 60-70 nucleotide stem-loop
structure called precursor miRNA (pre-miRNA). Exported into the cytoplasm by
exportin-5, the pre-miRNA is processed into an unstable double-stranded miRNA by a
second ribonuclease 111 enzyme called Dicer. The miRNA duplex is then incorporated
into the RNA-induced silencing complex (RISC), which includes an argonaute protein.
One strand of the pre-miRNA is degraded, while the other strand becomes mature
miRNA which binds to a complementary site in the 3’ untranslated region (UTR) of the
target mMRNA to destabilize the mRNA or repress translation (74).

A tissue-specific miRNA is defined as “a mature miRNA that is expressed at
least 20-fold higher in a specific tissue than the average expression of all other tissues”
(78). Sempere et al. (117) first identified 3 muscle-specific miRNAs in mice and
humans: miR-1, -133, and -206, which regulate cardiac and skeletal muscle
development, and proliferation and differentiation of myoblast. MiR-1 and -133a are
well established to be highly expressed in cardiac and skeletal muscle, whereas miR-
206 is expressed in skeletal muscle only, primarily in slow twitch fibers (69).
Additional muscle-specific miRNAs recently identified are: miR-208a, -208b, -486 and
-499. In particular, miR-208a is specifically found in cardiac muscle. It is reported that
miR-1 is related to inhibition of myoblast proliferation, which counteracts the
promotion of proliferation by miR-133a (3).

McCarthy et al. (79) applied mechanical overload to the plantaris muscle of

mice for 7 days to induce muscle hypertrophy and analyzed several miRNAs from
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plantaris muscle tissue. They found that after 7 days of overload, the expression of
Drosha and Exportin-5 increased by 50%, and the expression of pri-miRNA-1-2, -133a-
2 increased by 2-fold. Although the expression of miR-206 was unchanged, the
expression of miR-1 and -133a decreased by 50%, which suggested that the overload
may stimulate the expression of genes known to be related to muscle growth. Elia et al.
(31) reported that miR-1 targeted IGF-1 pathways in mice model to regulate skeletal
muscle hypertrophy, as it was partially complimentary to 3° UTR. Allen et al. (3)
investigated muscle-specific miRNAs in mice after 12 days of spaceflight. They found
that miR-206 in gastrocnemius muscle decreased significantly by 50% compared to
preflight expression levels. Although miR-1 or -133a were not changed, the ratio of
miR-1 and -133a increased significantly after spaceflight, suggesting potential
inhibition of cell proliferation.

Most of the findings mentioned above were based on the analysis of muscle
tissue in animals and humans. More recently, researchers began to measure c-miRNAs
in humans as markers of physical fitness, stress responses, risk and status of diseases,
although results regarding the effects of exercise on muscle-specific c-miRNAs are not
consistent so far (5). In a study by Baggish et al. (6), 10 participants underwent 90 days
of rowing training to improve their aerobic capacity. Prior to and post 90 days training,
peak oxygen consumption (VO:2max) Was tested via cycle ergometer, and eight miRNAs
involved in angiogenesis, inflammation, cardiac and skeletal muscle function, and
hypoxia responses were measured in serum: miR-20, -21, -133a, -1464a, -210, -221/-222,
-328. Compared to resting baseline levels, they found that circulating miR-146a, -222, -

21, and -221 were significantly increased after acute cycling at baseline as well as at
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rest after 90 days of aerobic training. However, only circulating miR-146a and -222
after acute cycling were increased post-training, whereas miR-21 and -221 were not
changed, suggesting a possible maximal ceiling expression of these specific c-miRNAs.
In addition, they found that miR-146a was significantly positively correlated with
VOamax (r=0.63), suggesting that serum miR-146a may serve as a quantitative biomarker
of cardiorespiratory fitness. Banzet et al. (8) measured muscle-specific miRNAs (miR-
1, -133a/b, -208a/b, and 499) and muscle related miRNAs (miR-181 and 214) in nine
recreationally active and healthy young men in response to a single bout of 30 min
uphill or downhill walking on treadmill (1 m/s, 25% of grade, 12% of body weight
loaded backpack). They reported that the levels of circulating miR-1, -133a, -133b and -
208b were significantly elevated 6 hours post downhill walking compared to baseline,
and no significant changes were overserved in uphill walking. This finding suggested
that responses of miRNAs were related to exercise mode, with no changes in concentric
exercises but significant decreases in eccentric exercise. Gomes et al. (43) measured c-
miRNA levels before and after half-marathon, and they reported that circulating miR-1,
-133a, and -206 were significantly upregulated after a half-marathon run.

MiRNAs also regulate osteogenesis and are associated with bone diseases such
as osteoporosis, osteoarthrosis, and rheumatoid arthritis. Bone-regulating miRNAs are
those expressed in osteoblast lineage cells for regulation of bone formation by either
direct repression of inhibitors of osteoblast differentiation or by their response to
osteogenic signals, such as BMP, to promote osteogenesis. More and more miRNAs
have been identified to regulate osteoblastogenesis and bone formation by targeting

inhibitors of osteogenesis or osteogenic factors (74). Some miRNAs regulate
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osteoblastogenesis, such as miR-20a (stimulates BMP/RUNX2 signaling pathway),
miR-29a (stimulates Wnt signaling pathway), miR-23a (inhibits RUNX2 signaling
pathway), and miR-100 (inhibits BMPR?2 signaling pathway), whereas some miRNAs
regulate osteoclastogenesis, such as miR-21. MiR-21 and miR-125b are also involved in
the differentiation of osteocytes from human mesenchymal stromal cells (hnMSC) (84).
In osteoporosis, mMiRNAs regulate the differentiation, proliferation and apoptosis
of bone cells (84). Seeliger et al. (116) measured miRNAs in serum and bone tissues
from patients aged over 50 yr with hip fractures compared to nonosteoporotic controls.
They analyzed two miRNA arrays that contained miRNAs from osteoporotic patients
and controls, respectively, and found 9 c-miRNAs (miR-21, -23a, -24, -93, -100, -122a,
-124a, -125Db, and -148a) that were significantly upregulated in osteoporotic fracture
patients compared to controls. Additionally, 6 miRNAs (miR-21, -23a, -24, -25, -100,
and -125b) in bone tissue were found significantly upregulated in osteoporotic fracture
patients. Overall, 5 miRNAs were found significantly upregulated in osteoporotic
patients in both serum and bone tissue compared to controls, including miR-21, -23a,
-24, -100, and -125b. Panach et al. (91) measured c-miRNAs in patients with hip
fractures and controls with severe osteoarthritis at the hip. They found 3 c-miRNAs,
including miR-122, -125b, and -21, that were significantly upregulated in fracture
patients compared to osteoarthritic controls. In particular, the level of miR-21 was
correlated with the level of CTX (r=0.76, p<0.000001), a bone resorption marker.
Aging affects miRNA expression. Drummond et al. (29) compared miRNA
expression in skeletal muscle following acute resistance exercise and essential amino

acids ingestion in young (mean 29 yr) and older (mean 70 yr) men. They found that
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primary miRNAs of pri-miR-1-1 and -1-2, pri-miR-133a-1 and -133a-2 were
significantly higher in muscle tissue in the elderly compared to young men at baseline.
There were no differences in miRNA biogenesis pathways, including Drosha, Exportin-
5, Dicer mRNA, or mature miRNA found between young and old men at baseline.
MiR-1 was reduced in young but not older men following exercise stimulus, indicating
that aging results in a dysregulated miRNA response after anabolic stimulus. More
recently, Drummond et al. (30) conducted a muscle tissue microarray study in young
and older men and confirmed that let-7b and -7e were significantly higher in the older
group than the young men. The let-7 family was predicted to be associated with cell
cycle control and was validated that there was downregulation of regulators of cell
cycle proliferation in the older group. Overall, there was lower expression of genes
related to cell cycle regulation in skeletal muscle in older men, which may have been
regulated by the let-7 family. This study could have been more interesting if they not
only examined muscle tissue, but also measured serum miRNASs and compared them in
the young and older groups.

So far, no study has compared bone-related miRNASs in serum between younger
and older populations. Rivas et al. (107) compared the acute miRNA responses to
resistance exercise between younger and older men. Participants completed 3 sets of 10
repetitions of knee extension and leg press exercises at 80% 1-RM and muscle biopsy
was obtained 6 hours post exercise. They found that expression of 21 miRNAs were
altered by exercise in the younger men whereas there were no changes in the older men.

In addition, expression of 175 protein-coding genes was altered by exercise in the
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younger men as compared to only 42 genes in the older men. MiR-126 appeared as an
important regulator in muscle growth and IGF-1 pathways.

MiRNAs are being recognized as important regulatory molecules in a large
number of biological process. Studying miRNAs is a new direction in the research of
osteoporosis and sarcopenia, and understanding miRNA expression profiles and
dynamic regulation is able to provide new mechanisms in basic research, potential
novel diagnostic biomarkers, and drug targets for treatment of osteoporosis and
sarcopenia. However, numerous questions need to be addressed before utilizing
miRNAs as a biomarker in osteoporosis and sarcopenia.

Summary

It is important to characterize the molecular mechanisms associated with
osteoporosis and sarcopenia. By identifying new signaling pathways, it is likely that
miRNAs may inspire novel approaches for the detection of osteoporosis and sarcopenia
and provide better therapy so that more options are available for the treatment of

osteoporosis and fracture prevention.
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Chapter 3 Methodology

This cross-sectional study measured the expression levels of selected c-miRNAs
in relation to osteoporosis and sarcopenia statuses in postmenopausal women. In
addition, this study examined the relationships between bone-specific miRNAs and
bone density, bone strength and bone turnover markers, and muscle-skeletal miRNAs
and muscle mass and muscular strength. Finally, this study compared functional
performance, muscle mass and strength, and bone density and strength among normal,
osteopenia, and sarco-osteopenia postmenopausal women.
Participants

Seventy-five community-dwelling, postmenopausal women aged between 60 to
85 years old were recruited in this study. Fifteen of the participants were measured
twice on bone measurements and functional performance tests. Prior to participation,
each participant was asked to sign a written informed consent and HIPAA forms. The
study was approved by the University of Oklahoma Health Sciences Center (OUHSC)
Institutional Review Board (IRB#6971). Participants were recruited from Norman and
Oklahoma City areas by mass email, flyers, newspaper advertisements, and by word of
mouth. Participants were screened for inclusion and exclusion criteria prior to
consenting and testing.
Inclusion Criteria

1. Postmenopausal women, aged 60-85 yr;

2. Community-dwelling individuals.

Exclusion Criteria

1. Current smokers;
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2. Individuals with diabetes or uncontrolled hypertension;

3. Individuals taking medications known to affect bone metabolism, such as
antidepressants, glucocorticoids;

4. Body weight over 350 Ibs or height over 6’4”’;

5. Individuals with recent fractures within 12 months;

6. Individuals with metal implants or joint replacement at hip or spine.

Research Design

This cross-sectional study compared relative expression levels of bone- and
muscle-specific c-miRNAs based on statuses of osteoporosis and sarcopenia. Three
visits were required in this study: consenting, blood pressure, and questionnaires (visit
one, ~1 hr), blood draw and measurement of DXA, pQCT, and familiarization (visit
two, ~2.5 hrs), and functional performance tests (handgrip strength, gait speed, jump
test, balance) (visit three, ~1 hr). However, to assess reliability and consistency of our
measures, a subset of 15 participants (the first 15 participants aged 70-85 yrs who were
willing to return for a fourth visit) repeated the measurement of DXA, pQCT, and
functional performance in an additional visit (visit four, ~1.5 hr). The fourth visit was 3-
7 days after the third visit. The first visit was conducted at Bone Density Laboratory at
the University of Oklahoma (OU). During the second visit, the blood draw was
performed at OU Goddard Student Health Center, and the rest of the second, third, and
fourth visits were conducted in the Bone Density Laboratory at OU. A medical
clearance form signed by the participant’s physician was obtained prior to scheduling

the second, third and fourth visits.
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The independent variables were status of osteoporosis (normal, osteopenia,
osteoporosis) and sarcopenia (normal, sarcopenia). The dependent variables for blood
analysis were relative expression levels of bone- and muscle-specific c-miRNAs (miR-
1,-21,-23a, -24, -100, -125b, -133a, -206), and levels of bone turnover markers. The
dependent variables for the DXA were aBMD of total body, lumbar spine, and dual
femur, and body composition. The dependent variables for the pQCT were total vBMD,
total vBMC, and total area at tibia 4%, 38%, and 66% sites; trabecular vBMD,
trabecular vBMC, trabecular area and BSI at tibia 4% site; cortical vBMD, cortical
vBMC, cortical area, Ipolar, and SSI at tibia 38% and 66% sites, and muscle cross
sectional area (CSA) at tibia 66% site. The dependent variables for functional
performance were grip strength, gait speed, and jump power.

Questionnaires

Several questionnaires were filled out by the participants to gather information
regarding potential confounding variables that affect bone health and muscle
performance, including menstrual history, calcium intake, and physical activity levels.
The following questionnaires were used in this study.

1. Health Status Questionnaire — to identify whether the participant meet the
inclusion and exclusion criteria for the study and to record medications taken by
the participant.

2. Menstrual History Questionnaire — to provide information about menstrual cycle
and hormone replacement therapy history.

3. Bone-Specific Physical Activity Questionnaire (BPAQ) — to quantify exposure

to bone loading physical activity throughout the lifespan (135).

36



4. Calcium Intake Questionnaire — to estimate daily calcium intake from diet and

supplements.

Body Weight and Height

Height and weight were measured to the nearest 0.5 cm and 0.1 kg, respectively,
using a wall stadiometer (PAT #290237, Novel Products, Rockton, IL) and digital
electric scale (BWB-800, Tanita Corporation of America, Inc., Arlington Heights, IL).
Blood Pressure

Resting blood pressure was measured by an automatic blood pressure monitor
(Omron, Japan) on the left arm. The participant sat in a chair with her back supported,
legs uncrossed and feet on the floor. The measured arm was supported with the upper
arm at heart level. The monitor was turned on with appropriated cuff size selected. The
cuff was placed over the brachial artery and the “START” button was pressed to
automatically increase the cuff pressure and start the measurement. The systolic and
diastolic blood pressures, and heart rate were recorded. One minute later, the second
measurement was performed. If there is more than 5 mmHg difference, a third
measurement were performed and the average of the closest two values was used.
Hypertension was classified as systolic blood pressure above 140 mmHg or diastolic
blood pressure above 90 mmHg. Therefore, participants with systolic blood pressure
above 140 mmHg or diastolic blood pressure above 90 mmHg were excluded
considering the risk when doing functional performance tests.
Dual Energy X-ray Absorptiometry (DXA)

Lunar Prodigy DXA (GE Healthcare, Madison, MI) was used to measure areal

bone mineral density (aBMD) via a series of four bone scans, including the total body,
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AP lumbar spine (L1-L4), and dual proximal femur (femoral neck, trochanter, and total
hip). Body composition of the whole body and regional areas, such as lean mass at arms
and legs, were also obtained through the total DXA scan. Scans were analyzed using the
enCORE software, version 16 (GE Healthcare, Madison, WI).

This research study involved radiation exposure from four DXA scans, which
ranged from 0.08 to 0.18 mrem for each scan. Thus, the participants were exposed to a
total dose of less than 6 mrem of radiation, which is similar to one transcontinental
flight across the United States (4-6 mrem) and much less than the typical radiation
exposure with conventional chest X-ray and CT scans (25 to 270 mrem) (57). A Quality
Assurance (QA) test was performed to calibrate the DXA and ensure that the DXA was
working properly at the beginning of each testing day prior to data collection. A
standard calibration block was positioned on the DXA table, and then the software ran
the remaining QA test automatically until completion.

Prior to DXA scans, the participant was asked to take off shoes, wear minimal
clothing and remove all metal, and then lie in the supine position on the table, with the
head approximately 2-3 cm below the horizontal line at the top of the table. Hips and
shoulders were evenly spaced in the middle of the table, with arms close to the body,
and knees and feet secured with one strap each to keep the legs straight. Upon the
completion of the total body scan, a foam block was placed under her legs with knees
bent at 45-60 degrees. The participant kept hips and upper body straight, pointed out her
navel so that the scan arm could be adjusted to 2 finger widths below the navel, and
then held her arms upright and the lumbar spine was scanned. Once the scan was

completed, the block was removed and the feet were placed onto each side of the foot
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brace using the straps. The left leg was positioned straight so that the left hip was
scanned first and then the same procedure was conducted with the right leg.

Precision of bone density and body composition in postmenopausal women was
assessed by the technician who measured all the participants by DXA (Table 1). The
root mean square (RMS) coefficient of variation (CV%) was calculated using the
International Society for the Clinical Densitometry (ISCD) Bone Densitometry
Precision Calculating Tool. The CV% for lumbar spine, femoral neck, and total hip
were within the minimum acceptable precision according to the 2015 ISCD Adult
Official Position Stands (118).

Table 1. Precision for Bone Density and Body Composition Measurements by DXA

Variable CV%
Total Body aBMD 1.27%
Lumbar Spine L1-L4 aBMD 1.80%
Left Femoral Neck aBMD 1.79%
Right Femoral Neck aBMD 1.33%
Left Total Hip aBMD 1.19%
Right Total Hip aBMD 1.00%
BFLBM 1.21%
Fat Mass 1.74%
Body Fat% 1.56%
Arms BFLBM 3.97%
Legs BFLBM 2.29%
ASM 2.08%

ASM: Appendicular Skeletal Muscle Mass
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Peripheral Quantitative Computed Tomography (pQCT)

Peripheral Quantitative Computed Tomography (pQCT) is an effective
supplement to DXA providing detailed information about the cross-sectional geometry
of skeletal sites. It measures the true volumetric values of BMD and discriminates
between the trabecular and cortical components of bone. Also, pQCT scans assess bone
stress strain index (SSI) at multiple sites, thus providing additional information about
bone density, bone composition, and bone strength.

A XCT-3000 bone scanner (Stratec Medizintechnik GmbH, Pforzheim,
Germany) was used for the epiphyseal and diaphyseal bone measurements of the non-
dominant tibia and bone images were analyzed using the integrated software version
6.00 in this study (Stratec Medizintechnik GmbH, Pforzheim, Germany). Scans were
obtained with a voxel size of 0.4 mm, a slice thickness of 2.2 mm, and a scan speed of
20 mm/sec. The 4% tibia total and trabecular bone analyses were performed with the
following parameters: Contmode 3, Peelmode 4, trabecular thresholds of 169 mg/cm?®
and 650 mg/cm?®. Contmode 3 used automated contour detection with a user-defined
threshold. Peelmode 4 was a threshold driven peel that also utilized a filter. After the
initial peel to define cortical and trabecular bone was completed, Peelmode 4 then
peeled a set percentage (10%) of the total bone area from the endosteal edge found by
the initial peel. This method separated trabecular bone from the cortical + subcortical
bone, so as to prevent higher density voxels from being included in the trabecular
analysis. The total bone analysis at the 38% and 66% site was performed using
threshold driven modes Contour Mode 1 and Peel Mode 2 with a threshold of 710

mg/cm?®. The cortical bone analysis was performed using Cortical Mode 2, a threshold
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driven separation mode with a filter, with a threshold of 710 mg/cm?. When
determining SSI, a threshold of 480 mg/cm? was used. Muscle CSA analysis was
performed as a combination of two analyses. The first trabecular parameter was
Contour Mode 3 with Peel Mode 2, using thresholds of -100 mg/cm? and 40 mg/cm?.
The second trabecular parameter was Contour Mode 1 and Peel Mode 2, using
thresholds of 710 mg/cm? and 40 mg/cm?3. Cortical parameters were only utilized for the
first analysis, using a threshold of 710 mg/cm?® in Contour Mode 1. Smoothing filter
FO3F05 was used. Muscle CSA at the tibia 66% site was defined with the following
equation: Subcortical area (Analysis 1) — Cortical Area (Analysis 1). The cone phantom
calibration was performed at the beginning of each testing day prior to the participant
being scanned, and the cortical calibration was performed every 7 days.

Non-dominant tibia length was measured by a tape measure in “mm” prior to
scanning. When measuring the tibia, the participant sat on a chair and crossed her non-
dominant leg over the other knee. The length of the tibia was measured from the end of
the medial malleolus at the ankle to the endplate of the tibia plateau at the proximal
tibia. A small pen mark was made at these bony landmarks when making
measurements.

After entering the participant’s basic information in the computer, the
participant sat on the chair of the pQCT and put the non-dominant leg on the leg and
foot support. The chair position was adjusted to make sure the individual’s leg was
centered and straight while seated. Straps were put around the foot and knee to stabilize
the leg. Then the laser point in the gantry was positioned directly below the pen marker

on the ankle, and the Scout View (SV) was obtained first to find the start position for
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the tibia scanning. Based on the SV, the reference line was placed at the middle of the
“football area” (tibio-talar joint), and the cross-sectional CT scan started obtaining the
bone images. Similarly, the SV was assessed first at the distal lateral endplate of the
femur to locate the start position for the femur scanning and then started the cross-
sectional CT scans at the 50% of the femur length from distal. The participant was
required to remain still throughout the whole scanning. All pQCT scans were performed
by the same qualified technician.

All participants had their total and trabecular vBMD at tibia 4% site, total and
cortical vBMD at tibia 38% and 66% sites, and muscle CSA at tibia 66% sites measured
by pQCT. Participants received radiation exposure of an absorbed dose of 1 mrem from
each scan, which was almost the amount of radiation exposure that Americans receive
in one day from natural background radiation (300mrem/year) from sources such as
radioactivity in the soil.

Precision of volumetric bone variables was assessed by the technician who
measured all the participants on PQCT. Similarly, the coefficient of variation (CV%)
was calculated using the ISCD Bone Densitometry Precision Calculating Tool, and the
results are shown in Table 2. Overall, the precision for measuring volumetric bone
variables in postmenopausal women ranged from 0.29% to 3.07% depending on the site

and variable.
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Table 2. Precision for Volumetric Bone Measurements by PQCT

Site Variable CV%
4% Total vBMD 1.12%
Total vBMC 2.00%
Trabecular vBMD 0.68%
Trabecular vBMC 3.07%
Peri_ C 1.23%
38% Total vBMD 0.29%
Total vBMC 0.48%
Cortical vBMD 0.29%
Cortical vBMC 0.61%
SSI 1.29%
Iploar 0.84%
66% Total vBMD 1.51%
Total vBMC 0.92%
Cortical vBMD 0.50%
Cortical vBMC 1.85%
Peri_ C 0.49%
Endo _C 1.45%
SSI 1.49%
Iploar 1.08%
Muscle CSA 1.73%

Peri_C: Periosteal Circumference; Endo_C: Endosteal Circumference; SSI: Stress
Strain Index; Muscle CSA: Muscle Cross-sectional Area
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Muscle Functional Performance Measurements
Handgrip Test

Grip strength was measured using a handgrip dynamometer (Takei Scientific
Instruments, Yashiroda, Japan) while in seated position. The participant flexed her
elbow at 90 degrees with the forearm in a neutral position and the wrist between 0-30
degrees dorsiflexion, and 0-15 degrees ulnar deviation in the dominant hands. The
Takei dynamometer was used first. The grip width was adjusted so that the instrument
felt comfortable to squeeze in the hand. Once in position, starting from the right hand,
the participant was encouraged to squeeze as hard as possible or until the needle
stopped rising for about 3-5 seconds. The same measurement was repeated in the left
hand and two further measurements for each hand alternating sides to give 3 readings in
each side. The results were recorded to the nearest 0.1 kg and the maximal handgrip
strength was used in analyses.
Gait Speed Test

Gait speed was measured using an 8-meter straight path marked with tape. Any
usual walking aids, such as cane or walker, were allowed in the test. After the tester’s
command of “Go”, the participant started to walk at their usual pace along the path.
Digital stopwatch was used to record the time. Three repetitions were performed and a
minimum of 1 min rest between trials or as long as the participant needed was given.
Trained testers supervised the testing process. The average time of three repetitions was

used to calculate the gait speed (distance/time).
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Jump Test

Muscle power was assessed by a jump test on a jJump mat (Just Jump, Probotic,
AL) with a Tendo FITRODYNE power and speed analyzer (Tendo Sports Machines,
Trencin, Slovak Republic). Farias et al. (36) reported that the contact mat provided a
reliable vertical jump power in older women (ICC=0.91). Rogan et al. (110) found
strong correlations between jump mat and force plate results in terms of jump height
(r=0.99) and ground contact time (r=0.98) in young adults. The participant in our study
was asked to do a countermovement vertical jump by crouching, then jumping with
non-restricted arm motion, and then landing on the jJump mat. Trained spotters were
standing on either side of the participant to help with balance, if needed. A transfer belt
was fastened around the waist of the participant and was held by the spotter to stabilize
the participant if she lost her balance. A minimum of 1 min or as long as the participant
needed was allowed between jumps, and 3 successful jumps were performed by each
participant. The average performance of the three trials was used in the data analysis.

The test-retest reliability of functional performance tests (grip strength, gait
speed, and jump test) in postmenopausal women was assessed by the technician who
tested all the participants. The values are shown in Table 3. The intraclass correlation
(ICC) ranged from 0.78 to 0.94 and the Pearson r ranged from 0.81 to 0.94. Overall,

these tests demonstrated good test-retest reliability in postmenopausal women.
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Table 3. Test-retest Reliability of Functional Performance Measurements

Variable Day 1 Day 2 ICC (3,1) Pearson r
Grip Strength (kg) 226142 22.7+4.9 0.874 0.885
Gait Speed (m/s) 1.22 £0.15 1.24 £0.15 0.821 0.821
JHt (inch) 59+1.7 58+ 1.7 0.942 0.942
JVel (m/s) 0.85+0.16 0.88 £0.13 0.784 0.805
JP (W) 613.3 £ 141.3 638.2 + 131.9 0.839 0.841

JHt: Jump Height; JVel: Jump Velocity; JP: Jump Power; Day 1 and Day 2 were
reported as Mean £ SD; ICC: Intraclass Correlation

Sarcopenia Classification

Sarcopenia status in postmenopausal women was determined based on the
conventional definition as well as the criteria set by EWGSOP (23). Conventional
definition: skeletal muscle mass index (SMI) < -2 SD average reference population, that
is, SMI < 5.5 kg/m? for women. EWGSOP criteria for women: gait speed < 0.8 m/s or
grip strength < 20 kg, plus SMI < 5.5 kg/m?.
Blood Sampling

A blood sample of 7.5 ml was collected via venipuncture by a registered nurse
or phlebotomist at the OU Goddard Student Health Center in the early morning between
8:00 a.m. and 9:00 a.m. after an 8-hour overnight fasting to measure levels of c-
miRNAs and BTMs. After the blood sample was drawn, it was allowed to clot for at
least 30 min and then centrifuged at 2,000 g for 15 min. Following that, serum samples
were transported to the PI’s laboratory, aliquoted into 10 microtubes, and immediately

frozen at -84 °C until analyzed.
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Biochemical Markers of Bone Turnover

Prior to the assay, frozen samples along with all reagents were thawed at room
temperature. Levels of bone resorption markers, CTX and TRAP5b, and bone formation
marker, PLNP were measured in duplicate using the ELISA kits. The CTX
(Immunodiagnostic Systems, Gaithersburg, MD) and TRAP5b (Quidel, Athens, OH)
assays were performed following step by step kit instructions (Appendices E & F). The
intra-assay CV% were 1.3-15.2%, and the inter-assay CV% were 1.3-7.0%. So far, most
of the P1NP assays are performed using automated immunoassay systems, which was
not available in our laboratory. We tried two manual immunoassay kits from two
companies (US Biological, Salem, MA and Cloud-Clone, Wuhan, China), but the PINP
results were inconsistent thus were not used in data analysis.
Selection of Candidate MiRNAs

Three muscle-specific miRNAs and five bone-specific miRNAs (miR-1-3p, -21-
5p, -23a-3p, -24-3p, -100-5p, -125b-5p, -133a-3p), were selected as representatives of
those previously implicated underlying cellular processes (Table 4). For simplicity, they
are referred to as miR-1, -21, -23a, -24, -100, -125b, -133a throughout the chapters.
Note that some of these miRNAs regulate several functions. For example, miR-21 has
been reported to be associated with both osteoporosis and fractures (116) and
sarcopenia in the elderly (17). MiR-133a not only regulates myogenesis, but it is also a

potential biomarker for osteoporosis (134).
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Table 4. Candidate miRNAs that Regulate Cellular Processes in Muscle and Bone

MiRNA Target(s) Biological Function

miR-1 PAX7, IGF1, etc.  + myoblast differentiation

miR-133a  RUNX2 - osteoblast differentiation
SLC39A1, etc. + myoblast differentiation

miR-206 CX43 - osteoblast differentiation
PAX7, etc. + myoblast differentiation

miR-21 PDCD4, FASL + osteoblast differentiation and mineralization;

+ osteoclastogenesis and bone-resorbing activity

EIFAES3, PDCD4 - apoptosis of muscle fiber (123)

miR-23a RUNX2 - osteoblast differentiation

miR-24 RUNX2 - osteoblast differentiation

miR-100 BMPR2 - osteoblast differentiation

miR-125b  PDGF + osteocytes and chondrocytes differentiation;

- osteoblast differentiation

+: promote; -: inhibit

RNA Extraction

Total RNA was extracted using the miRNeasy Serum/Plasma Kit (Qiagen,

Hilden, Germany) following the step by step procedures in the kit instructions

(Appendix G). Serum samples were thawed at room temperature. 200 pL of serum was

used for sample lysis by mixing with 1000 pL QlAzol Lysis Reagent. RNA extraction

was performed using 200 pL chloroform and phase separation was achieved by

centrifugation for 15 min at 12,000 g at 4°C. 650-750 pL of the upper aqueous phase

was transferred to a new collection tube, which was further precipitated and purified on
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the QlAcube (Qiagen, Hilden, Germany). Spin columns were washed with RWT buffer,
RPE buffer and 80% ethanol. In the last step, RNA was eluted in 15 pL RNase-free
water, which yielded 13 pL of total RNA. RNA purity was determined using a DeNovix
DS-11 Spectrophotometer (DeNovix, Wilmington, DE): Selected the RNA app, first
established a Blank using 1 puL of RNase-free water, then measured the RNA
concentration using 1 pL of extracted RNA. The full spectrum analysis was generated,
providing the absorbance values at 260 nm (A260) and the ratio of the 260 nm and 280
nm (A260/A280). To ensure significance, A260 readings should be greater than 0.15.
A260/A280 gives an estimate of RNA purity, with readings of 1.9-2.1 indicating pure
RNA. RNA concentration results were reported in ng/uL. Extracted RNA samples were
immediately frozen in a -80°C freezer. Two-step quantitative reverse-transcription PCR
(QRT-PCR) was used for RNA quantification: first of all, cONA synthesis (reverse
transcription), and then about 10% of cDNA is transferred for real-time PCR.
cDNA Synthesis

The extracted total RNA was transcribed to cDNA using the TagMan Advanced
miRNA cDNA Synthesis Kit (Applied Biosystems, Foster City, CA) viaa TC-412
Thermal Cycler (Techne, UK). Starting with a total RNA sample, poly(A) polymerase
was used to add a 3’-adenosine tail to the miRNA. Then the miRNA with poly(A) tail
underwent adaptor ligation at the 5’ end. The adaptor acts as the forward-primer binding
site for the miR-Amp reaction. Therefore, all miRNAs were amplified in a single
reverse transcription (RT) reaction. Then a universal RT primer bound to the 3’ poly(A)

tail and the miRNA was reverse transcribed. During miR-Amp reaction, universal
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forward and reverse primers increase the number of cDNA molecules. The kit
instructions are listed in Appendix H (Section 2).

Total RNA and cDNA synthesis reagents were thawed to room temperature on
ice. 2 pL of total RNA were mixed with 3 pL Poly(A) Reaction Mix in PCR 8-tube
strips to perform polyadenylation in thermal cycler for 55 min. Then 10 pL of the
Ligation Reaction Mix was added to each tube containing the poly(A) tailing reaction
product, and legation was performed in thermal cycler for 60 min. Following that, 15
ML of the Reverse Transcription Reaction Mix was added to each tube containing the
adaptor ligation reaction product, and Reverse Transcription (RT) was performed in the
thermal cycler for 20 min. Finally, 45 pL of the miR-Amp Reaction Mix and 5 pL of
the RT reaction were mixed in each new PCR tube, and universal cDNA reaction was
performed in a T100 Thermal Cycler (Bio-Rad Laboratories, Hercules, CA) to amplify
the cDNA molecules through the following steps: enzyme activation, denaturing and
annealing cycles, and stop reaction. Eventually, a total volume of 50 puL miR-Amp
reaction product of each sample was frozen in -80°C freezer immediately.
Quantification of MiRNA Expression

TagMan Advanced miRNA assays (Applied Biosystems, Foster City, CA) and
quantitive real-time Polymerase Chain Reaction (QPCR) were used to quantify the
relative expression levels of selected c-miRNAs. TagMan-based detection uses a
fluorogenic probe specific to a target gene to detect the target. The TagMan MGB
probes contain a reporter dye at the 5’ end of the probe and a non-fluorescent quencher
(NFQ) dye at the 3” end of the probe. The NFQ dye does not fluoresce, which allows

the real-time PCR to measure the reporter dye contributions more accurately. During
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the PCR, the forward and reverse primers anneal to the complementary sequences along
the denatured cDNA template strands. The TagMan MGB probe anneals specifically to
a complementary sequence between the forward and reverse primer sites. During
polymerization, the DNA polymerase only cleaves probes that hybridize to the target
sequence. Cleavage separates the reporter dye from the probe, which results in
increased fluorescence by the reporter dye. The kit instructions are provided in
Appendix H (Section 3).

Each 10 pL miR-Amp reaction was diluted with 180 pL 0.1X TE buffer (1:10)
to prepare 200 pL of diluted cDNA template, and then 100 pL of each was aliquoted
into PCR 8-tube strips and kept in -20°C freezer. 15 pL of PCR Reaction Mix was
mixed with 5 pL of the diluted cDNA template in triplicate in a Fast Optical 96-well
PCR Reaction Plate with Barcode (Applied Biosystems, Foster City, CA). Three wells
of internal control (positive control) and another 3 wells of non-template control
(negative control) were included at the end of each PCR reaction plate. Then the PCR
reaction plate was sealed with MicroAmp Optical Adhesive Film (Applied Biosystems,
Foster City, CA) and the contents briefly spun down using MPS 1000 Mini PCR Plate
Spinner (Labnet International, Woodbridge, NJ) to eliminate air at the bottom of wells.
Then the PCR reaction plate was loaded in the 7900HT Fast Real-Time PCR System
(Applied Biosystems, Foster City, CA), and cDNA was amplified via fluorescently
labeled Tagman probes and primers with the following settings: 50°C for 2 min, 95°C
for 2 min (Enzyme activation), 45 cycles of 95°C for 1 s (Denaturation) and 60°C for 20

s (Annealing/Extension).
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miR-16-5p, -93-5p, and -191-5p were selected as endogenous controls based on
previous literature. The RQ Manager, version 1.2.1 (Applied Biosystems, Foster City,
CA) was used to detect the C; values to further analyze the real-time PCR results. The
relative expression levels of target miRNAs were normalized to the normalization
factor, which was calculated as the geometric mean of the three endogenous controls
(miR-16-5p, -93-5p, -191-5p). Furthermore, fold changes were calculated using the 2 -
AACt method (19). MiRNASs with Ct > 37 were considered not expressed.
Data Analyses

Statistical analyses were performed using IBM SPSS Statistics (SPSS Inc.,
Chicago, IL), version 22. The relative expression levels of c-miRNA are reported as
mean + standard error (SE), and the rest of descriptive data are reported as mean *
standard deviation (SD). Normality of the dependent variables was assessed using the
Shapiro-Wilk tests. Variables of physical characteristics, bone and muscle, and
functional performance were normally distributed (p > 0.05). However, variables of
miRNAs and BPAQ scores were not normally distributed (p <0.05). Osteoporosis was
determined using aBMD T-scores at lumbar spine, femoral neck, or total hip according
to WHO criteria (aBMD T-score < -2.5), whereas sarcopenia was determined using
conventional, as well as EWGSOP (23), definitions. Participants were further divided
into normal (aBMD T-score > -1 with normal SMI), osteopenia (aBMD T-score < -1
with normal SM1), sarcopenia (aBMD T-score > -1, SMI < 5.5 kg/m?) and sarco-
osteopenia (aBMD T-score < -1, SMI < 5.5 kg/m?) groups. However, there only one

participant fell into the sarcopenia group, which was excluded from ANOVA analysis.
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Chi-square analyses were used to examine the associations between the prevalence of
osteoporosis and sarcopenia.

Independent samples t-test was used to compare physical characteristics, bone
and muscle variables, functional performance between two groups
(normal/osteoporosis, normal/sarcopenia), whereas one-way ANOVA was used to
compare them among normal, osteopenia, and sarco-osteopenia groups. In order to
minimize inflation of the Type I error, a Bonferroni correction was made to adjust the
level of significance (p <0.05/number of tests). Relative expression levels of target c-
miRNAs (miR-1, -21, -23a, -24, -100, -125b, -133a, -206) in osteoporosis group alone,
sarcopenia group alone, or osteopenia and sarco-osteopenia groups were compared to
that of the normal group. Two-tailed Mann-Whitney U tests were used to compare the
relative expression levels of c-miRNAs between normal and osteoporosis groups, and
normal and sarcopenia groups, whereas two-tailed Kruskal-Wallis tests were used to
compare the relative expression levels of c-miRNAs among normal, osteopenia, and
sarco-osteopenia groups. Spearman correlation analysis was used to test the
relationships between the c-miRNAs and age, bone variables, muscle mass, muscular

strength, and muscle power. The level of significance was set at p < 0.05.
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Chapter 4 Results and Discussion

The purpose of this study was to identify specific c-miRNAs that are associated
with bone and muscle status in postmenopausal women, and to evaluate the use of these
c-miRNAs as biomarkers of osteoporosis and sarcopenia. In addition, this study
examined the associations between specific c-miRNAs and bone turnover markers as
well as sarcopenia parameters.
Participant Characteristics

A total of 123 postmenopausal women aged 60 to 85 years old were screened for
this study. Ninety-nine participants met the pre-screening criteria and signed the consent
form. Of the 99 participants, 24 participants were excluded from the study for the
following reasons: 6 due to time conflicts, 12 having hypertension, 2 taking
antidepressants drug SSRI (Selective Serotonin Reuptake Inhibitors), another 2 taking
thiazide medication, 1 due to recent fractures within 12 months, and another 1 because
the phlebotomist was not able to get blood draw from her. Therefore, a total of 75
postmenopausal women aged 60 to 85 years old met all the inclusion criteria and
completed the study in the Bone Density Laboratory. Among these 75 participants, only
one participant was Asian and the rest of them were Caucasian. 31 participants had
taken HRT (hormone replacement therapy) in the past, 19 participants were currently
taking HRT (7 months to 45 years), and 5 participants were on bisphosphonate
treatment, including 3 participants taking both HRT and bisphosphonate treatment.

The number of participants and the prevalence of osteoporosis and sarcopenia
among the participants are displayed in Table 5. The prevalence of sarcopenia based on

the conventional definition was about three times of that based on the EWGSOP
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definition. Osteopenia and osteoporosis were particularly common in this group of
participants with a total percentage of 81% (n=61). Because the sarcopenia sample size
was much smaller based on the EWGSOP definition, sarcopenia based on the
conventional definition was used for statistical analyses in this study. Chi-square
analysis showed that there was no significant association between sarcopenia and
osteopenia statuses in this group of participants (Table 6). Also, there was no significant
association between bone status and current HRT status (Table 7). However, there was
a trend for significant positive association (p = 0.056) between muscle status and
current HRT status (Table 8), which indicates that HRT current users have a potentially
higher prevalence of sarcopenia than HRT non-users.

Table 5. Classification of Participants based on Bone and Muscle Status

Criteria Classification Number Percent
aBMD Status Normal 14 18.7%
Osteopenia 51 68.0%
Osteoporosis 10 13.3%
Sarcopenia Status Normal 59 78.7%
(Conventional) Sarcopenia 16 21.3%
Sarcopenia Status Normal 69 92.0%
(EWGSOP) Sarcopenia 6 8.0%
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Table 6. Association between the Bone and Muscle Status

Classification Sarcopenia (n=16) Non-sarcopenia (n=59) P
Normal aBMD (n=14) 7.1% (1) 92.9% (13)

Osteopenia (n=51) 21.6% (11) 78.4% (40) 0.153
Osteoporosis (n=10) 40.0% (4) 60.0% (6)

Table 7. Association between Bone and Current HRT Status

Classification HRT Users (n=19) Non-Users (n=56) P
Normal aBMD (n=14) 35.7% (5) 64.3% (9)

Osteopenia (n=51) 25.5% (13) 74.5% (38) 0.360
Osteoporosis (n=10) 10.0% (1) 90.0% (9)

HRT Users: Participants currently taking hormone replacement therapy (HRT) over 6
months

Table 8. Association Between Muscle and Current HRT Status

Classification HRT Users (n=19) Non-Users (n=56) P
Normal (n=59) 20.3% (12) 79.7% (47)

0.056
Sarcopenia (n=16) 43.8% (7) 56.3% (9)

HRT Users: Participants currently taking hormone replacement therapy (HRT) over 6
months

Altogether, 17.3% of participants (NOR, n=13) had normal muscle mass and
aBMD, 61.3% of participants (OP, n=46) had osteopenia with normal muscle mass,
20% of participants (SOP, n=15) had both sarcopenia and osteopenia (sarco-
osteopenia), whereas only one participant (SP, n=1, 1.3%) who had been on hormone

replacement therapy (HRT) for over 45 years had sarcopenia with normal aBMD.
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Therefore, the statistical analysis of comparisons was performed only in the other three
groups (NOR, OP, and SOP).

The characteristics of normal, sarcopenia, osteopenia, and sarco-osteopenia
groups are provided in Table 9. One to seven participants of each group were currently
taking HRT for at least 6 months. There were no significant differences in age, height,
calcium intake, BPAQ scores, or self-reported HRT history in normal, osteopenia, and
sarco-osteopenia groups. However, the sarco-osteopenia group had significantly lower
body weight than the normal (p = 0.005) and osteopenia (p = 0.001) groups.

Table 9. Physical Characteristics of the Participants

Group

Variable

NOR (n=13) OP (n=46) SOP (n=15) SP (n=1)
Age (yr) 68.9£6.5 69.6 £ 5.6 68.9+5.2 85.8
Height (cm) 165.3+5.9 162.0 +6.3 163.4 +6.1 161.5
Weight (kg) 715+ 11.9 70.0+11.6 58.1+ 6.6 61.2
Ca** (mg/day) 1730.8 £800.9 1486.8+677.8  1630.6 + 669.3 487.9
BPAQ Past 72.5+58.0 81.7+62.4 130.0 + 140.9 4.8
BPAQ Current 49+6.2 3.6+5.0 48+6.0 0.3
BPAQ Total 38.7+29.2 42.6 +31.9 67.4+71.1 2.5
HRT Users (n/%) 5/38.5% 7/15.2% 6/40% 1/100%
HRT Time (yr) 19.0 + 15.0 13.4 +10.4 173+7.4 45

Mean + SD; Ca™: Calcium Intake; HRT Users (n/%): Number and percentage of
participants in each group that were current taking HRT; HRT Time: self-reported
duration of current use of HRT; ™ p < 0.01 significant difference between NOR and
SOP groups; ' p < 0.01 significant difference between OP and SOP groups

57



Table 10 displays body composition for the four groups of participants. The
sarco-osteopenia group had significantly lower muscle mass (p < 0.001) for the total
body, arms, and legs, and fat mass for the arms (p = 0.025 and p = 0.007, respectively)
than the normal and osteopenia groups. In addition, fat mass at the total body (p =
0.031) and leg sites (p = 0.044) were significantly lower in the sarco-osteopenia group
compared to the osteopenia group. Overall, the sarco-osteopenia group had significantly
lower (approximately 20%) appendicular bone free lean mass than the normal and
osteopenia groups (p < 0.001).

Table 10. Body Composition of the Participants

Group
Variable
NOR (n=13) OP (n=46) SOP (n=15)  SP (n=1)

% Body Fat 39.8+6.7 408+ 7.0 37754 42.0
BFLBM (kg) 39.6 + 3.6 387+40  334+20™ 337
FM (kg) 28.8+09.1 28.7+9.3 21.9 + 5.3 26.0
Arm %Fat 379+75 37.6+8.0 339+58 47.8
Arm BFLBM (kg) 3.9+04 3.8+0.5 3.2+ 0.4 3.2
Arm FM (kg) 2.7+0.9 2.6+0.9 1.8+ 0.5 3.1
Leg %Fat 428+ 7.0 434+ 7.7 416+6.0 37.8
Leg BFLBM (kg) 129+12 128+1.7  105+1.0™f 103
Leg FM (kg) 10.8 +3.8 11.0+3.9 8.3+ 2.3 6.7
ASM (kg) 16.8 + 1.5 16.7+21  13.7+13™ff 135

Mean + SD; BFLBM: Bone Free Lean Body Mass; FM: Fat Mass; ASM: Appendicular
Skeletal Muscle Mass; “ p < 0.05; ™ p < 0.001 significant difference between NOR and
SOP groups; t p < 0.05; " p <0.01; 7" p < 0.001 significant difference between OP and
SOP groups
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Physical Functional Performance

Table 11 shows the functional performance for the four groups of participants.
Compared to the normal group, the sarco-osteopenia group had significantly lower grip
strength (p = 0.008). In addition, the sarco-osteopenia group had significantly lower
(approximate 20%) jump power than the normal and osteopenia groups (p = 0.044 and p
= 0.003, respectively). However, there were no significant differences in gait speed,
jump height, jump velocity, or relative jump power among the normal, osteopenia, and
sarco-osteopenia groups.

Table 11. Functional Performance of the Participants

Group
Variable
NOR (n=13) OP (n=46) SOP (n=15) SP (n=1)

Grip Strength (kg) 26.7+4.6 245+3.9 21.8+4.9™ 13.1
Gait Speed (m/s) 1.28 +0.17 1.30+£0.19 1.31+0.18 1.24
JHt (inch) 76+1.8 7.2+22 7.9+2.0 5.73
JVel (m/s) 0.86 £ 0.17 0.89 +0.15 0.85+0.12 0.81
JP (W) 600 + 132.0 608.2 +125.5 485.0+95.3""  497.67
Relative JP (W/kg)  8.46 +1.72 8.76 + 1.47 8.32+1.18 8.13

Mean + SD; JHt: Jump Height; JVel: Jump Velocity; JP: Jump Power; “p < 0.05; ~ p <
0.01 significant difference between NOR and SOP groups; ™" p < 0.01 significant
difference between OP and SOP groups
Areal Bone Mineral Density (aBMD)

Table 12 shows the areal bone mineral density (aBMD) for the total body,
lumbar spine, and dual femur sites in the four groups of participants. Overall, the
osteopenia and sarco-osteopenia groups had significantly lower aBMD than the normal

group (p <0.01).
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Table 12. Areal Bone Mineral Density Measured by DXA

Variable

Total Body
Lumbar Spine
Left FN

Right FN

Left Troch
Right Troch
Left Tot Hip

Right Tot Hip

Group

Normal (n=13) OP (n=46) SOP (n=15) SP (n=1)
1.199 + 0.057 1.110 + 0.097% 1.089 +0.104™ 1.203
1.264 + 0.154 1.073 £ 0.163% 1.044 +0.140™ 1.339
0.976 £0.065  0.835+0.083"*  0.796 +0.098™" 0.948
0.969+0.064  0.836 +0.074"*  0.804 +0.088™" 0.923
0.814+0.068  0.717 £0.095%  0.652 +0.109™" 0.801
0.799+0.065  0.707 £0.088%  0.660 = 0.115™" 0.784
1.008 £0.058  0.881 +0.091**  0.828 +0.104™ 0.992
0.990 +0.060  0.872+0.087**  0.832 +£0.103™ 0.970

Mean + SD; # p < 0.01; * p < 0.001 significant difference between NOR and OP
groups; ~ p <0.01; ™ p < 0.001 significant difference between normal and SOP groups

Volumetric Bone Variables

Tables 13, 14 and 15 illustrate the volumetric bone density, bone mass, and bone

strength at 4%, 38% and 66% of the tibia, respectively. No significant differences in

these bone variables were observed between groups, except for cortical vBMC which

was significantly lower at 38% of the tibia in the sarco-osteopenia group than the

normal group (p = 0.042). Furthermore, the sarco-osteopenia group had significantly

smaller (approximately 10%) muscle CSA at 66% of the tibia than the normal and

osteopenia groups (p = 0.001 and p < 0.001, respectively). When participants were

classified by bone status alone, the osteoporotic group had significantly lower vBMD,

vBMC, and BSI at 4% of the tibia than the normal and osteopenia groups (p < 0.01). At

the 38% and 66% of the tibia, the osteoporotic group had significantly lower total and
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cortical vBMC, cortical area, and SSI than the normal and osteopenia groups (p < 0.05),
and significantly lower total vBMD than the normal group (p < 0.05).

Table 13. Volumetric Bone Variables at Tibia 4% Site

Group
Variable

NOR (n=13) OP (n=46) SOP (n=15) SP (n=1)

TotvBMD (mg/icm3)  2885+43.7 2646+339 261.8+36.2  319.1
Tot vBMC (mg/mm) 277.2+31.7 262.0 £ 35.9 254.4 + 43.6 274.3
Tot Area (mm?) 969.7+82.8 9959+1174 973.0+113.7 859.5
Trab vBMD (mg/cm®)  243.1 +38.7 226.8 £ 32.1 232.1+ 36.8 281.0
Trab vBMC (mg/mm)  191.7 + 22.7 185.6 + 30.0 187.8 + 37.2 197.5
Trab Area (mm?) 797.1+77.9 822.8+103.9 809.7 +100.6 702.9
Peri_C (mm) 110.3+45 111.7+6.7 110.4+6.4 103.9
Total BSI (mg?/mm?) 81.2+19.9 70.1+16.0 67.7 +18.9 87.5

Trab BSI (mgZmm?#)  47.3+12.6  427+113  44.6+14.2 55.5

Mean £ SD; Tot: Total; Trab: Trabecular; Peri_C: Periosteal Circumference; BSI: Bone
Strength Index
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Table 14. VVolumetric Bone Variables at Tibia 38% Site

Group
Variable
NOR (n=13) OP (n=46) SOP (n=15) SP (n=1)

Tot vBMD (mg/cm®)  911.1 +66.5 856.9 + 75.5 857.0+91.2 970.7
TotvBMC (mg/mm)  311.6+224 297.8 £ 34.0 281.2+34.9 306.0
Tot Area (mm?) 343.7 £ 34.3 348.8 £ 39.5 328.8 £ 29.6 315.2
Cort vBMD (g/cm3) 11754 +249 1153.6+349 1166.0+339  1200.3
Cort vBMC (mg/mm) 296.9 + 23.6 282.2+35.2 2645 +37.4" 295.6
Cort Area (mm?) 252.6 £19.5 2447 £ 31.0 226.6 £ 29.3 246.2
Peri_C (mm) 65.6 + 3.3 66.1 + 3.7 64.2+29 62.9
Endo_C (mm) 335+49 35.8+5.0 35.6+45 29.4
Ipolar (mm*) 19608 +3397 19531 +4152 17143 +2937 16909
SSI (mm?) 1409.0 £ 184.8 1387.8 +223.8 1277.5+ 168.5 1249

Mean £ SD; Tot: Total; Cort: Cortical; Peri_C: Periosteal Circumference; Endo_C:
Endosteal Circumference; SSI: Stress Strain Index; * p < 0.05 significant difference

between NOR and SOP groups
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Table 15. Volumetric Bone Variables at Tibia 66% Site

Group
Variable

NOR (n=13) OP (n=46) SOP (n=15) SP (n=1)

Tot vBMD (mg/cm®)  670.5 + 67.6 611.1 + 86.8 636.0 £ 91.5 744.3
TotvBMC (mg/mm)  337.2+29.1 316.0 + 40.6 305.0 £45.7 339.7
Tot area (mm?) 506.5 £ 54.3 523.0 £ 69.6 481.3 £46.0 456.5
Cort vBMD (g/icm?)  1122.7+23.8 1098.9+36.5 11169+32.1 1156.5

Cort vBMC (mg/mm) 302.0 +28.9 275.3+43.2 267.3+49.9 314.7

Cort area (mm?) 268.9 + 24.6 250.1 £ 36.4 238.8 £40.8 272.2
Peri_C (mm) 79.7x4.2 80.9+54 77.7+3.7 75.7
Endo_C (mm) 54.3+5.8 58.1+75 549+5.38 48.1
Ipolar (mm?) 36205+ 6080 35505+ 7591 30709 +5604 31569
SSI (mm?) 2067.8 +£225.0 2023.1+332.1 1856.3+296.4 1916.4

Muscle CSA (mm?)  6205.5+469.0 6145.4+721.6 53005+4816""" 44373

Mean £ SD; Tot: Total; Cort: Cortical; Peri_C: Periosteal Circumference; Endo_C:
Endosteal Circumference; SSI: Stress Strain Index; Muscle CSA: Muscle Cross-
sectional Area; ™ p < 0.01 significant difference between NOR and SOP groups; 7 p <
0.001 significant difference between OP and SOP groups
Bone Turnover Markers

Table 16 shows the concentrations of bone resorption markers CTX and
TRAP5b in the four groups. No significant differences in BTMs were found in normal,

osteopenia, and sarco-osteopenia groups.
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Table 16. Serum Bone Turnover Marker Concentrations

Group
Variable
NOR (n=13) OP (n=46) SOP (n=15) SP (n=1)
CTX (ng/ml) 0.24 £0.17 0.36 £ 0.20 0.33+£0.21 0.37
TRAPS5Db (U/L) 2.75+£1.29 3.53+£1.49 3.44+201 2.84
C/T Ratio 0.098 = 0.078 0.113 = 0.068 0.101 & 0.049 0.132

Mean £ SD; C/T Ratio: CTX/TRAP5b Ratio
Expression of Circulating MiRNAs (c-miRNAS)

As mentioned in Chapter 3, miRNAs with Ct > 37 were considered not
expressed since these expression levels indicated large variability (91). As a result, 3
samples were not expressed in 3 endogenous controls (miR-16, -93, -191), another 3
sample were not expressed in 2 endogenous controls (miR-93, -191), and 6 samples
were not expressed in 1 endogenous control (3 of miR-93; 3 of miR-191). In total, 12
samples were excluded from miRNA analysis due to the lack of quality normalization
factors from endogenous controls, thus 63 samples were included in miRNA analysis.
Unfortunately, even for the 63 samples, only about a third of circulating miR-1 (n=23),
-133a (n=14), -100 (n=24) and none of circulating miR-206 were expressed. Therefore,
the relative expression levels of the rest of the target miRNAs (miR-21, -23a, -24,
-125b) between the 4 groups, which are all bone-specific miRNAs, are reported in
Table 17 and Figure 1 (A-D). In the boxplots shown in Figure 1, the central lines
indicate the median, boxes reflect first and third quartiles, and error bars indicate
minimum and maximum values. Biologically, fold change of greater than 2
(corresponding to a log>-fold change of 1) is considered upregulation, whereas fold

change of lower than 0.5 (corresponding to a logz-fold change of -1) is considered as
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downregulation (55). In our study, fold changes ranged from 0.83 to 1.81, and no
statistical differences were found in the relative expression levels of these miRNAs
(miR-21, -23a, -24, -125b) among normal, osteopenia, and sarco-osteopenia groups.

Table 17. Relative Expression Levels of miRNAs based on Muscle and Bone Status

Relative Expression Fold Change
miRNA NOR OP SOP SP p
1 2
(n=12) (n=39) (n=11) (n=1)
miR-21 051+0.06 0.67+0.10 0.93+0.43 0.13
1.31 181 NS
n=62 n=12 n=39 n=10 n=1
miR-23a 057+0.36 059+0.21 1.05+0.49 0.05
1.03 185 NS
n=61 n=12 n=37 n=11 n=1
miR-24 189+105 157+031 231+0.74 0.46
083 1.22 NS
n=62 n=12 n=39 n=10 n=1
miR-125b 0.60+0.31 0.66+0.14 0.53+0.21 0.80
1.09 087 NS
n=56 n=12 n=33 n=10 n=1

Mean £ SE; Fold Change 1: Comparison of OP group to NOR group; Fold Change 2:

Comparison of SOP group to NOR group; NS: No significant differences
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Figure 1. Relative Expression Levels of miRNAs Based on Muscle and Bone Status
(Mean = SE)
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Participants were further compared based on muscle status and bone status
separately. When comparing the sarcopenia and normal groups, no significant
differences were observed in the relative expression levels of c-miRNAs (miR-21, -23a,
-24, -125b) between the two groups and fold changes ranged from 0.86 to 1.66 (Table
18). Similarly, no significant differences were found in the relative expression levels of
c-miRNAs (miR-21, -23a, -24, -125b) between normal and osteoporosis groups (Table
19). However, fold changes of miR-21 (FC=2.59) and miR-23a (FC=2.09) indicated
upregulation in osteoporosis compared to normal, whereas fold change of miR-125b
(FC=0.46) indicated downregulation in osteoporosis compared to normal.

Table 18. Relative Expression Levels of miRNAs in Sarcopenia
Relative Expression Fold
MiRNA p

Normal (n=51) Sarcopenia (n=12) Change
miR-21 (n=62) 0.63+0.08 (n=51)  0.85+0.40 (n=11) 1.35 NS
miR-23a (n=62)  0.58+0.18 (n=49)  0.97 £ 0.45 (n=12) 1.66 NS
miR-24 (n=62) 1.64 £0.34 (n=51)  2.14 £ 0.69 (n=11) 1.30 NS
miR-125b (n=62) 0.64 +0.13 (n=44)  0.55+0.19 (n=11) 0.86 NS
Mean £ SE; NS: No significant difference
Table 19. Relative Expression Levels of miRNAs in Osteoporosis
Relative Expression Fold
MiRNA p
Normal (n=55) Osteoporosis (n=8) Change
miR-21(n=62) 0.56 + 0.06 (n=54) 1.44 £ 0.57 (n=8) 2.59 NS
miR-23a (n=61) 0.59 + 0.17 (n=54) 1.22 £ 0.71 (n=7) 2.09 NS
miR-24 (n=62) 2.21 +0.58 (n=54) 1.72 £ 0.45 (n=8) 0.99 NS
miR-125b (n=55)  0.67 + 0.12 (n=48) 0.31+0.10 (n=7) 0.46 NS

Mean + SE; NS: No significant difference
68



Table 20 compares the relative expression levels of miRNAs between HRT
current users and non-users. Since there was a reasonable number of expressed miR-1
and miR-100 samples in HRT users, comparisons were made in miR-1 and -100 as well.
No statistical differences in relative expression levels were found between the HRT
users and non-users groups. Fold changes ranged from 0.23 to 1.57, indicating
downregulation of miR-1 (FC=0.23) in the HRT users compared to the non-users.

Table 20. Relative Expression Levels of miRNAs based on HRT Status

Relative Expression Fold
MiRNA p

Non-users (n=48) HRT Users (n=16) Change
miR-1 (n=23) 57.15 +44.00 (n=16)  13.07 + 6.18 (n=7) 023 NS
miR-21(n=62) 0.73+0.12 (n=47)  0.51 +0.08 (n=15) 070 NS
miR-23a (n=61) 0.66 +0.19 (n=46)  0.64 + 0.35 (n=15) 096 NS
miR-24 (n=62) 1.68 +0.36 (n=47)  1.89 + 0.55 (n=15) 113 NS
miR-100 (n=24) 0.05 + 0.03 (n=19) 0.05 + 0.03 (n=5) 119 NS
miR-125b (n=56)  0.55+0.13 (n=42)  0.86 + 0.22 (n=14) 157 NS

Mean £ SE; NS: No significant difference

c-miRNA and Age

Table 21 shows the relationships between the relative expression levels of c-

miRNAs and age. Specifically, the relative expression level of circulating miR-125b

was significantly positively associated with age (r = 0.334, p = 0.012) (Figure 2).
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Table 21. Spearman Correlations between c-miRNAs and Age

MiRNA r p

miR-1 (n=23) 0.186 0.396
miR-21 (n=62) 0.048 0.713
miR-23a (n=61) 0.083 0.525
miR-24 (n=62) 0.099 0.446
MiR-100 (n=24) 0.040 0.854
miR-125b (n=56) 0.334 0.012"
miR-133a (n=14) -0.011 0.970

“p < 0.05, significant Spearman Correlation Coefficient

miR-125b (n=56) r=0.334, p=0.012
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Figure 2. Correlation between Expression Level of miR-125b and Age
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c-miRNA and Bone Variables

Spearman correlations showed that the relative expression levels of miR-21
were significantly negatively correlated to the left trochanter BMC (r = -0.252, p =
0.048) (Figure 3), right trochanter BMC (r = -0.294, p = 0.020) (Figure 4), and cortical
vBMD at tibia 38% site (r = -0.253, p = 0.047) (Figure 5). There also was a trend for a
significant association between the relative expression of miR-21 and lumbar spine
aBMD (r = -0.249, p = 0.051). Furthermore, the relative expression level of miR-23a
was found to be significantly positively correlated to the level of TRAP5b (r = 0.259, p
= 0.044) (Figure 6). Although only 23 samples were expressed in circulating miR-1, the
relative expression level of miR-1 was significantly negatively correlated to cortical
vBMD at 38% tibia (r = -0.434, p = 0.039). Also, there were trends for significant
correlations between the relative expression of miR-1 and cortical vBMD at 66% tibia
(r=-0.379, p = 0.074), and cortical area at 38% tibia (r = 0.395, p = 0.062). The relative
expression level of miR-133a was positively associated with total body BMC (r =
0.594, p = 0.025), although only 14 samples were expressed in circulating miR-133a.
However, no significant correlations were found between other miRNAs (miR-24, -100,

-125b) and bone variables.
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c-miRNA and Muscle Variables

The relative expression level of miR-125b was significantly positively
correlated with jump velocity (r = 0.263, p = 0.05) and relative jump power (r = 0.294,
p = 0.028) (Figures 7 and 8). However, none of the muscle-specific circulating miRNAS

(miR-1, -133a) were correlated with muscle mass, muscle strength, or muscle power.
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Discussion

The current study explored circulating miRNAs (c-miRNAs) that are associated
with osteoporosis and sarcopenia in postmenopausal women aged 60 to 85 years. Aging
is accompanied with progressive decline in bone density and muscle mass, known as
osteoporosis and sarcopenia, respectively. Both osteoporosis and sarcopenia increase
the risk of falls and fractures and decrease quality of life, which is a great burden to
society. MiRNAs are short, non-coding RNA molecules that fine tune at least 30% of
gene expression in humans (129). Recently, circulating miRNAS have been detected
and shown to be stable in body fluids (e.g. blood), which have significant clinical
potential as disease-specific biomarkers (70). Although many miRNA studies have
focused on cancer and cardiovascular diseases, the role of circulating miRNAs in bone
diseases is becoming more and more recognized (50, 91). The skeletal muscle is
enriched with muscle-specific miRNAs, such as miR-1, -133a/-133b, -206, which have
been thoroughly studied in the literature. However, few studies have examined
circulating miRNAs and muscle characteristics.

This study compared serum levels of five bone-specific miRNAs (miR-21, -23a,
-24, -100, -125b) and three muscle-specific miRNAs (miR-1, -133a, -206) in normal,
osteopenic/osteoporotic, sarcopenic, sarco-osteopenic postmenopausal women. To our
knowledge, this is the first study examining c-miRNAs in sarcopenia and sarco-
osteopenia. The primary findings were that sarco-osteopenia individuals were at the
greatest risk of low muscle mass (muscle CSA at 66% of the tibia) and poor functional
performance (grip strength) compared to normal and osteopenia individuals. Circulating

miR-21 level was negatively associated with trochanter BMC and cortical vBMD at
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38% of the tibia, whereas circulating miR-23a level was positively associated with bone
resorption marker, TRAP5b. In addition, circulating miR-125b level was significantly
positively associated with age, jump velocity and relative jump power. These
relationships are in line with the regulatory function of these miRNAs on bone
homeostasis genes, except for the positive associations between miR-125b and jump
velocity and relative jJump power.

This study was designed based on the findings of Seelinger et al. (116), who
measured miRNAs in serum and bone tissues in osteoporotic patients and
nonosteoporotic controls using microarrays. They found five miRNAs, miR-21, -23a, -
24, -100, and -125b, that were significantly upregulated in osteoporotic fracture patients
in both serum and bone tissue compared to controls, and these miRNAs were used in
our study. In addition, three muscle-specific miRNAs in humans, miR-1, -133, and -
206, regulating muscle development, and proliferation and differentiation of myoblasts
(117), were used in our study. It is recognized that miR-1 and -133a are highly
expressed in cardiac and skeletal muscle, whereas miR-206 is primarily expressed in
slow twitch fibers in skeletal muscle (69).

Osteoporosis and Sarcopenia Prevalence

In this study, the prevalence of osteoporosis (aBMD T-score < -2.5) was 13% in
postmenopausal Caucasian women aged 60 to 85 years. We found that the osteoporotic
group had significantly lower vBMD, vBMC, and bone strength at most sites of the
tibia compared to the normal and osteopenia groups. According to a population-based
study in Minnesota, the prevalence of osteoporosis was approximately 21.6% in women

in their 60s, 38.5% in their 70s, and as high as 70% in women over age 80 yrs (59).
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Thus, the prevalence of osteoporosis in our study is lower than their prevalence. The
discrepancy in findings was probably due to having relative healthy participants in our
study since we excluded participants with diabetes or uncontrolled hypertension, taking
antidepressants or glucocorticoids, having recent fractures within 12 months, or having
metal implants at hip or spine. In addition, our sample size was much smaller than this
previous study.

The primary clinical consequence of osteoporosis is fracture, and
postmenopausal women are at the greatest risk of fractures. It is estimated that the
lifetime risk of fractures at overall sites was around 40% for U.S. Caucasian women,
and 13% for U.S. Caucasian men (59). According to the Study of Osteoporotic
Fractures, osteoporosis at spine or hip contributed to 8-44% of fractures, and the risk of
fractures was about four-fold in osteoporotic patients compared to those with normal
aBMD (124). Estrogen plays an important role in regulating bone turnover rate. During
the menopausal transition, serum estradiol levels decrease by 90%, resulting in the net
imbalance between bone formation and bone resorption, which causes accelerated bone
loss, particularly in trabecular bone (40, 103). However, in this study we did not find
significant associations between current HRT use and osteopenia/osteoporosis status,
probably due to the wide range of the duration of HRT use (7 months to 45 years).

In this study, 21% participants were classified as sarcopenic based on the
conventional definition. This percentage is slightly lower than the prevalence of
sarcopenia in the New Mexico Elder Health Survey, which reported that 23.1-43.2% of
non-Hispanic white females had sarcopenia using the conventional definition (9). The

new definition of sarcopenia by the EWGSOP combines low muscle mass and poor
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functional performance, which generates a smaller prevalence of sarcopenia. For
example, the prevalence of sarcopenia in this study was reduced to 8% based on the
EWGSOP definition. According to the International Sarcopenia Initiative (24), the
global prevalence of sarcopenia ranges from 1% to 29% in community dwelling elderly
using the EWGSOP definition depending on various factors such as gender, age,
ethnicity, country. One of the challenges in sarcopenia is the lack of consensus about
the operational definition of sarcopenia and the evaluation of muscle strength and
function among consensus groups and studies. Some other definitions including the
International Working Group (IWG) (2009), the Foundation for the National Institutes
of Health (FNIH) (2014), and Asian Working Group for Sarcopenia (AWGS) (2014),
all of which use different criteria and cutoff points, making it difficult to compare
between studies.

Currently, no drug therapies are recommended to treat sarcopenia, and the
management of sarcopenia is based on improving physical activity and diet. Exercise,
especially resistance exercise, increases muscle mass and strength, improves quality of
life, and prevents fragility and disability. Therefore, exercise is an effective intervention
in sarcopenic older adults (109). The review article by Cruz-Jentoft et al. (24) found that
3-18 months of resistance training alone significantly increased muscle mass, strength
and functional performance, such as gait speed and chair rise.

Sarco-Osteopenia

In this study, no significant association was found between sarcopenia status and

osteopenia/osteoporosis status (aBMD T-score < -1.0). However, 20% of the

participants had both sarcopenia and osteopenia/osteoporosis, known as “sarco-
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osteopenia” (11). Compared to the normal and osteopenia groups, the sarco-osteopenia

group had significantly lower body weight, jump power, and muscle CSA at 66% of the
tibia. Additionally, the sarco-osteopenia group had significantly lower grip strength and
cortical vBMC than the normal group.

There is an increased risk of fractures with advancing age. Fractures are not only
due to bone loss, but also associated with other non-skeletal factors, such as gait
instability and muscle weakness. A major non-skeletal factor that contributes to the risk
of fracture is falls (127). In fact, over 90% of all fractures occur after a fall (26). Gait
instability is the major intrinsic risk factor of falls, which is primarily due to muscle
weakness, or sarcopenia. Therefore, fall prevention is the key to prevent fractures, and
sarcopenia should be the next focus in fracture prevention (11). Huo et al. (58) assessed
bone density, functional performance, history of falls and fractures, and nutritional
status in a large number of older adults (n=680, mean age=79 yr), which had 41% of
sarco-osteopenia. They found that the sarco-osteopenic group had the highest self-
reported prevalence of falls and fractures than the other groups (normal,
osteopenia/osteoporosis alone, and sarcopenia alone).

Exercise, particularly resistance exercise, prevent fractures in two ways. First,
exercise increases muscle mass and strength and improves balance, which further
prevents falls. Second, long-term exercise increases BMD and bone strength, which
prevents fractures. Nutrition is another important aspect in preventing fractures. The
same study by Huo et al. (58) reported that some nutritional factors, such as levels of
hemoglobin and serum folate, were associated with sarco-osteopenia status, therefore,

nutritional considerations are important in fall and fracture prevention in older adults.
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MiRNAs and Osteoporosis

In this study, we did not find significant statistical differences in levels of c-
miRNAs based on osteoporosis and sarcopenia statuses. However, fold changes of miR-
21 (FC=2.59) and miR-23a (FC=2.09) indicated upregulation in the osteoporosis group,
whereas fold change of miR-125b (FC=0.46) indicated downregulation in the
osteoporosis group. Seeliger et al. (116) found that five miRNAs were significantly
upregulated in osteoporotic hip fracture patients (n=10) in both serum and bone tissue
compared to non-osteoporotic controls (n=10), including miR-21, -23a, -24, -100, and -
125b. Panach et al. (91) found three c-miRNAs, miR-122, -125b, and -21, that were
significantly upregulated in osteoporotic hip fracture patients (n=8) compared to
osteoarthritic controls (n=5). The discrepancy in findings is probably because our
osteoporotic participants were not fracture patients, and they had no recent fractures
within the previous 12 months. Levels of specific c-miRNAs between osteoporotic
participants with and without fractures compared to non-osteoporotic controls might be
different.

We found that the relative expression level of miR-21 was significantly
negatively correlated with the trochanter BMC and cortical vBMD at tibia 38% site.
Also, there was a trend for significant association between expression of miR-21 and
lumbar spine aBMD. So far, miR-21 has been one of the most well-studied miRNAs in
bone diseases. Particularly, circulating miR-21 has been consistently found to be
upregulated in patients with osteoporotic fractures (91, 116). Panach et al. (91) found
that the level of miR-21 was correlated with the levels of the bone resorption marker,

CTX (r =0.76). MiR-21 regulates both osteoblast and osteoclast activities, and it is
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highly expressed in osteoclast precursors during osteoclastogenesis. One of the
transcription factors, c-FOS, triggers miR-21 transcription. Meanwhile, miR-21 inhibits
PDCD4 (programmed cell death protein 4) levels, which inhibits c-FOS. Therefore, a
positive feedback loop of c-FOS/miR-21/PDCD4 is formed, which promotes RANKL-
induced osteoclastogenesis or bone resorption activity (41). On the other hand, we know
that estrogen inhibits osteoclastogenesis, and recent research has shown that this
inhibitory effect is mediated by miR-21 (126). In fact, miR-21 targets on Fas Ligand
(FASL) gene, which induces osteoclast apoptosis (126). Estrogen deficiency in
postmenopausal women upregulates miR-21, which decreases the transcription of
FASL. As aresult, it inhibits osteoclast apoptosis and promotes bone resorption
activity. This may explain the negative relationship between circulating miR-21 and
bone variables in our findings. The summary is shown in Figure 9.
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Figure 9. Function of miR-21 on Osteoclast

In this study, we found a low positive relationship (r = 0.259) between the
relative expression level of miR-23a and the level of TRAP5b. TRAPSb, a bone
resorption marker, is an enzyme released into the circulation during osteoclast activity.
Research has shown that miR-23a targets RUNX2 pathway in mice, which further
inhibits the differentiation of osteoblasts (53). Therefore, high levels of miR-23a inhibit
bone formation, and the net imbalance favors bone resorption. Similarly, high levels of

TRAPS5b indicate a greater number of osteoclasts, which favors bone resorption. The
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positive relationship between miR-23a and TRAP5Db found in this study may be
attributed to their regulatory roles on bone resorption. The summary is shown in Figure

10.

TmiR-23a — lRUNXZ —_ lOsteoblast differentiation\
Bone Loss

TTRAPSb levels indicate the number of osteoclastsT

Figure 10. Effects of miR-23a and TRAP5b on Bone

Although many studies have analyzed the role of miRNAs in cancer and
cardiovascular diseases, the importance of miRNAs in bone metabolism has been
increasingly recognized only recently. Research has indicated that miRNAs are
involved in all stages of osteogenesis by regulating differentiation, proliferation,
apoptosis, and activity of different bone cells: osteocytes, osteoblasts, osteoclasts, and
chondrocytes. Some miRNAs stimulate osteoblastogenesis, such as miR-15b, -20a,
whereas some miRNAs inhibit osteoblastogenesis, such as miR-23a, -100, -133a. This
occurs primarily through regulating BMP-RUNX2 and Wnt signaling pathways. For
example, miR-100 directly targets BMPR2 (BMP receptor type 11) and inhibits
osteoblastogenesis. Less information is known about the role of miRNAs in osteoclasts
than osteoblasts. MiR-21 inhibits PCD4 (programmed cell death 4) protein expression
and induces osteoclastogenesis. The role of miRNAs in osteocytes is unknown,
however, miRNAs regulate the differentiation and proliferation of chondrocytes. For
example, miR-125b is reported to stimulate the differentiation of chondrocytes in mouse
by repressing an inhibitor of chondrogenesis (84).

Since miRNAs were first detected in plasma in 2008, much more research is

focusing on circulating miRNAs as biomarkers of diseases (129). MiRNAs are
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processed through primary miRNAs (pri-miRNA) by the enzyme, Drosha, to form
precursor miRNAS (pre-miRNA), which are further processed via the enzyme, Dicer, to
generate mature miRNAs (74). However, the mechanisms of how miRNAs are released
or taken up by cells are still not clear. In addition, miRNAs have been found to be
extremely stable in body fluids such as blood, but how miRNAs are protected from
breakdown in the blood remains unclear. In fact, most studies in miRNAs were
conducted in various samples, such as tissue, serum, human stem cells, making it
difficult to compare findings across these studies.

Although circulating miR-133a was expressed in only 14 samples in this study,
the relative expression level of miR-133a was positively associated with total body
BMC, which contradicts previous studies (20, 134). Wang et al. (134) measured
miRNAs in circulating monocytes (a type of white blood cells) in postmenopausal
Caucasian women aged 57 to 68 years, and found that circulating miR-133a was highly
upregulated in low BMD patients (n=10) compared to high BMD patients (n=10).
Therefore, they concluded that miR-133a might be a monocyte-specific marker for
osteoporosis. Chen et al. (73) conducted miRNA microarrays in isolated CD14+ (cluster
of differentiation 14, known as CD14, a human gene) peripheral blood mononuclear
cells (PBMCs) in Chinese women aged 50 to 59 years. They found that miR-503 was
significantly downregulated in CD14+PBMCs in osteoporotic patients (n=10) compared
to the healthy controls (n=10). Furthermore, CD14+PBMC cultures and mice
experiments confirmed that miR-503 directly targets the RANK gene, which regulates
osteoclastogenesis. Similarly, they found that miR-133a was significantly upregulated

in CD14+PBMC:s of osteoporotic patients.
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mMiRNAs and Sarcopenia

In our study, we found that the relative expression level of miR-125b was
significantly positively associated with jump velocity and relative jump power. To date,
only a few studies have investigated the relationship between c-miRNAs and muscle
performance, and most of them focused on acute exercise responses (8, 43). Banzet et
al. (8) reported that the levels of circulating miR-1, -133a, -133b and -208b were
significantly increased 6 hours after 30-min downhill walking compared to baseline,
whereas no significant changes were observed after 30-min uphill walking in healthy
young men (n=9). This result suggested that exercise responses of miRNAS were related
to exercise mode, with no changes in concentric exercises but significant decreases in
eccentric exercise. Gomes et al. (43) measured c-miRNA levels (miR-1, -133a, and -
206) in recreational runners (n=5) before and after half marathon, and reported that
circulating miR-1 (FC=1.3), -133a (FC=1.2), and -206 (FC=4.3) were significantly
upregulated after a half marathon run. MiR-206 is primarily expressed in slow-twitch
fibers, and the upregulation of miR-206 reflected the predominance of slow-twitch
fibers during half marathon.

Muscle-specific miRNAs, such as miR-1, -206, -208, -133a/-133b, regulate
many signaling pathways that are involved in muscle metabolism. For example, miR-
23a, not only inhibits osteoblastogenesis in regulating bone metabolism, but also
inhibits the expression of muscle atrophy genes: Muscle RING Finger | (MuRF1) and
Muscle Atrophy F-box (MAFbx) (132). MuRF1 and MAFbx are upregulated in muscle
atrophy (15), therefore the inhibition of MuRF1 and MAFbx by miR-23a results in the

inhibition of muscle atrophy. On the other hand, miR-21 and -206 inhibit the expression
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of elF4E3 (eukaryotic translation initiation factor 4E family member 3) and PDCD10
(programmed cell death protein 10), which were both decreased during denervation-
induced muscle atrophy. Therefore, the overexpression of miR-21 and -206 causes
exacerbated muscle atrophy after denervation (123).

Most of the studies examining muscle-specific miRNAS have been conducted at
tissue level, and there are different characteristics between tissue-specific miRNAs and
circulating miRNAs (50), making it difficult to compare findings across studies. Rivas
et al. (107) compared the miRNA responses to an acute bout of resistance exercise
between younger and older men. Muscle biopsies were obtained 6 hours after 3 sets of
10 repetitions of knee extension and leg press exercise at 80% 1RM. MiRNAs from the
skeletal muscle were analyzed using microarrays. They found that resistance exercise
induced changes in miRNA expression were only observed in the younger group,
suggesting impaired miRNA regulation in the older adults. They also reported that the
overall miRNA score was significantly negatively associated with lower leg lean mass
at rest combining younger and older participants for their analyses.

Limitations

There are several limitations to this study. First, only a small number of samples
of circulating miR-1 (n=23), -133a (n=14), miR-100 (n=24) and none of circulating
miR-206 were expressed. MiR-1, -133a, and -206 are all muscle-specific miRNAs;
thus, we were unable to examine the relationships between muscle-specific miRNAs
and sarcopenia. Second, there were only 10 participants in the osteoporotic group
compared to 6-7 times as many participants in the control group, which limited our

statistical power. Third, only 8 targeted miRNAs that are associated with muscle and
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bone based on previous literature were included in this study due to the feasibility of the
cost. Other potential miRNAs that may also be associated with osteoporosis and
sarcopenia were not studied.

There are challenges in studying miRNAs as biomarkers. First, no reference
values of miRNA levels have been established in healthy populations. Second, a better
method needs to be developed to assess RNA purity. We used the spectrophotometer to
assess the RNA purity. However, real-time PCR may be a better method to check RNA
purity since serum RNA concentration is extremely low. In fact, the concentrations of 9
samples in our study were below the limit of quantification of the spectrophotometer
although most of them were expressed in miRNA assays. Third, most miRNA
expression data are relative expression values, and there is no standard normalization
method since the results are highly dependent on the endogenous controls chosen, the
technology platform and its technical variation. Thus, it is difficult to compare results
across studies between different labs and even between studies in the same lab. Fourth,
the inter-individual variations in levels of circulating miRNAs are not clear. For
example, physical activity, diet and presumably circadian rhythm have been reported to
affect the levels of specific c-miRNAs but the exact influences need to be further
studied (50). Fifth, there are over 2500 miRNAs that have been identified in humans so
far, and each miRNA may target on multiple genes. Therefore, it is may be better to use
of a combination of several miRNAs rather than a single miRNA as disease biomarkers.
Last, the current miRNA tests are not cost-effective, which limits the study of miRNAs

as clinical biomarkers.
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Chapter 5 Conclusions
The primary purpose of the current study was to identify specific circulating
MiRNASs (c-miRNASs) that are associated with bone and muscle status in
postmenopausal women, and to evaluate the use of these c-miRNAs as biomarkers of
osteoporosis and sarcopenia. Additional purposes of this study were to determine the
associations between specific c-miRNAs and bone turnover markers as well as
sarcopenia parameters.
Research Questions
1. Are there significant differences (upregulation/downregulation) in bone-specific c-
miRNAs (miR-21, -23a, -24, -100, and -125b) in postmenopausal women with and
without osteoporosis?
No, there were no significant differences in circulating miR-21, -23a, -24, -100, and
-125b in postmenopausal women with and without osteoporosis. However, miR-21
(FC=2.59), miR-23a (FC=2.09) suggested upregulation in the osteoporosis group,
whereas miR-125b (FC=0.46) suggested downregulation in the osteoporosis group.
2. What are the relationships between these bone-specific miRNAs and bone mass,
bone strength?
The relative expression level of miR-21 was significantly negatively correlated to
left trochanter BMC (r = -0.252, p = 0.048), right trochanter BMC (r = -0.294, p =
0.02), and cortical vBMD at 38% of the tibia (r = -0.253, p = 0.047). There was a
trend for significant association between miR-21 level and lumbar spine aBMD (r =

-0.249, p = 0.051). However, no significant differences were found between the
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expression levels of other bone-specific miRNAs (miR-23a, -24, -100, and -125b)
and bone variables.

3. Are there significant differences (upregulation/downregulation) in skeletal muscle-
specific c-miRNAs (miR-1, -133a, and -206) in postmenopausal women with and
without sarcopenia?

Because circulating miR-1, -133a, and -206 were not expressed well in this group of
postmenopausal women, we were not able to answer this question.

4. What are the relationships between these muscle-specific c-miRNAs and muscle
mass, muscle strength, and muscle power?

According to the available samples that expressed muscle-specific miRNAs, the
relative expression levels of circulating miR-1 and -133a were not related to muscle
mass, muscle strength and muscle power.

Sub Questions

1. Are bone turnover markers, CTX, TRAP5b and PINP, associated with bone-specific
miRNAS?

Yes. The relative expression levels of miR-23a were significantly and positively
correlated to the levels of bone resorption marker, TRAP5b (r = 0.259, p = 0.044).
No relationships were found between miRNAs and CTX. In addition, PLNP results

were inconsistent thus were not used in data analysis.

Clinical Significance
Though this study did not determine that these specific circulating miRNAs
were biomarkers of osteoporosis and sarcopenia, we found that circulating miR-21 was

significantly negatively correlated some bone variables, and circulating miR-125b was
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significantly negatively correlated with age, which gives us possible ideas to further
explore characteristics of circulating miRNAs in a variety of populations. In addition,
we found that the sarco-osteopenic individuals were at the greatest risk of poor
functional performance. Therefore, sarco-osteopenia individuals should be the next
focus in fall and fracture prevention.
Suggestions for Future Research

MiRNA precursors (pri-miRNA, pre-miRNA) and target genes need to be
studied to better understand the functions of target miRNAs. Other target miRNAs are
needed to get a comprehensive understanding, and miRNA microarray is a better tool to
analyze a large number of circulating miRNAs in one sample. For example, studies
indicated that the miR-29 family (miR-29a, -29b, -29c¢) is a key mediator of osteoclast
differentiation, and miR-31 is highly upregulated during RANKL-induced
osteoclastogenesis (41). Clinical populations, such as osteoporotic facture patients, as
well as exercise responses in healthy populations, are promising directions to study
miRNA profiles. Exercise interventions may be a better approach to study muscle-
specific circulating miRNAs (miR-1, -133a, -206) in aging, since most of them were not
expressed at rest in postmenopausal women in our study but changed in response to

exercise in healthy young men (8).

89



10.

11.

12.

13.

References

Abrahamsen B, van Staa T, Ariely R, Olson M, Cooper C. Excess mortality
following hip fracture: a systematic epidemiological review. Osteoporosis Int.
2009;20(10):1633-50.

Al Snih S, Markides KS, Ottenbacher KJ, Raji MA. Hand grip strength and
incident ADL disability in elderly Mexican Americans over a seven-year period.
Aging Clin Exp Res. 2004;16(6):481-6.

Allen DL, Bandstra ER, Harrison BC et al. Effects of spaceflight on murine
skeletal muscle gene expression. J Appl Physiol. 2009;106(2):582-95.

Almeida M. Unraveling the role of FoxOs in bone—Insights from mouse
models. Bone. 2011;49(3):319-27.

Aoi W, Sakuma K. Does regulation of skeletal muscle function involve
circulating microRNAs? Front Physiol. 2014;5(39):1-8.

Baggish AL, Hale A, Weiner RB et al. Dynamic regulation of circulating
microRNA during acute exhaustive exercise and sustained aerobic exercise
training. J Physiol. 2011;589(16):3983-94.

Balzano F, Deiana M, Dei Giudici S et al. miRNA stability in frozen plasma
samples. Molecules. 2015;20(10):19030-40.

Banzet S, Chennaoui M, Girard O et al. Changes in circulating microRNAs
levels with exercise modality. J Appl Physiol. 2013;115(9):1237-44.

Baumgartner RN, Koehler KM, Gallagher D et al. Epidemiology of sarcopenia
among the elderly in New Mexico. Am J Epidemiol. 1998;147(8):755-63.

Bikle DD, Tahimic C, Chang W, Wang Y, Philippou A, Barton ER. Role of
IGF-I signaling in muscle bone interactions. Bone. 2015;80:79-88.

Binkley N, Buehring B. Beyond FRAX: It's time to consider “sarco-osteopenia”.
J Clin Densitom. 2009;12(4): 413-16.

Bio-Rad. Real-Time PCR Application Guide (2006).
Bischoff-Ferrari HA, Orav JE, Kanis JA et al. Comparative performance of
current definitions of sarcopenia against the prospective incidence of falls

among community-dwelling seniors age 65 and older. Osteoporosis Int.
2015;26(12):2793-802.

90



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Black DM, Arden NK, Palermo L, Pearson J, Cummings SR. Prevalent vertebral
deformities predict hip fractures and new vertebral deformities but not wrist
fractures. J Bone Miner Res. 1999;14(5):821-8.

Bodine SC, Stitt TN, Gonzalez M et al. Akt/mTOR pathway is a crucial
regulator of skeletal muscle hypertrophy and can prevent muscle atrophy in
vivo. Nat Cell Biol. 2001;3(11):1014-9.

Boyce BF, Xing L. Biology of RANK, RANKL, and osteoprotegerin. Arthritis
Res Ther. 2007;9 Suppl 1:S1.

Brown DM, Goljanek-Whysall K. MicroRNAs: modulators of the underlying
pathophysiology of sarcopenia? Ageing Res Rev. 2015;24, Part B:263-73.

Buehring B, Krueger D, Fidler E, Gangnon R, Heiderscheit B, Binkley N.
Reproducibility of jumping mechanography and traditional measures of physical
and muscle function in older adults. Osteoporosis Int. 2015;26(2):819-25.

Bustin SA, Benes V, Garson JA et al. The MIQE guidelines: minimum
information for publication of quantitative real-time PCReExperiments. Clin
Chem. 2009;55(4):611-22.

Chen C, Cheng P, Xie H et al. MiR-503 regulates osteoclastogenesis via
targeting RANK. J Bone Miner Res. 2014;29(2):338-47.

Chen L-K, Liu L-K, Woo J et al. Sarcopenia in Asia: consensus report of the
Asian working group for sarcopenia. J Am Med Dir Assoc. 2014;15(2):95-101.

Cosman F, de Beur SJ, LeBoff MS et al. Clinician’s guide to prevention and
treatment of osteoporosis. Osteoporosis Int. 2014;25(10):2359-81.

Cruz-Jentoft AJ, Baeyens JP, Bauer JM et al. Sarcopenia: European consensus
on definition and diagnosis: report of the European working group on sarcopenia
in older people. Age Ageing. 2010; 39(4):412-23.

Cruz-Jentoft AJ, Landi F, Schneider SM et al. Prevalence of and interventions
for sarcopenia in ageing adults: a systematic review. Report of the International
Sarcopenia Initiative (EWGSOP and IWGS). Age Ageing. 2014;43(6):748-59.

Cummings SR, Melton LJ. Epidemiology and outcomes of osteoporotic
fractures. Lancet. 2002;359(9319):1761-7.

Cummings SR, Nevitt M, Group SOOFR. Non-skeletal determinants of

fractures: the potential importance of the mechanics of falls. Osteoporosis Int.
1994:4(1):S67-S70.

91



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Dam T-T, Peters KW, Fragala M et al. An evidence-based comparison of
operational criteria for the presence of sarcopenia. J Gerontol A Biol Sci Med
Sci. 2014;69(5):584-90.

Dodds RM, Roberts HC, Cooper C, Sayer AA. The epidemiology of sarcopenia.
J Clin Densitom. 2015;18(4):461-6.

Drummond MJ, McCarthy JJ, Fry CS, Esser KA, Rasmussen BB. Aging
differentially affects human skeletal muscle microRNA expression at rest and
after an anabolic stimulus of resistance exercise and essential amino acids. Am J
Physiol Endocrinol Metab. 2008;295(6):E1333-E40.

Drummond MJ, McCarthy JJ, Sinha M et al. Aging and microRNA expression
in human skeletal muscle: a microarray and bioinformatics analysis. Physiol
Genomics. 2011;43(10):595-603.

Elia L, Contu R, Quintavalle M et al. Reciprocal regulation of microRNA-1 and
insulin-like growth factor-1 signal transduction cascade in cardiac and skeletal
muscle in physiological and pathological conditions. Circulation.
2009;120(23):2377-85.

Ensrud KE, Palermo L, Black DM et al. Hip and calcaneal bone loss increase
with advancing age: Longitudinal results from the study of osteoporotic
fractures. J Bone Miner Res. 1995;10(11):1778-87.

Ernst M, Heath JK, Rodan GA. Estradiol effects on proliferation, messenger
ribonucleic acid for collagen and insulin-like growth factor-1, and parathyroid
hormone-stimulated adenylate cyclase activity in osteoblastic cells from
calvariae and long bones. Endocrinology. 1989;125(2):825-33.

Felsenberg D, Silman AJ, Lunt M et al. Incidence of vertebral fracture in
Europe: results from the European prospective osteoporosis study (EPOS). J
Bone Miner Res. 2002;17(4):716-24.

Evans WJ, Lexell J. Human aging, muscle mass, and fiber type composition. J
Gerontol A Biol Sci Med Sci. 1995;50A:11-6.

Farias DL, Teixeira TG, Madrid B, Pinho D, Boullosa DA, Prestes J. Reliability
of vertical jump performance evaluated with contact mat in elderly women. Clin
Physiol Funct Imaging. 2013;33(4):288-92.

Fielding RA, Vellas B, Evans WJ et al. Sarcopenia: an undiagnosed condition in
older adults. Current consensus definition: prevalence, etiology, and
consequences. International working group on sarcopenia. J Am Med Dir Assoc.
2011;12(4):249-56.

92



38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49,

50.

Fritz S, Lusardi M. White paper:“walking speed: the sixth vital sign”. J Geriatr
Phys Ther. 2009;32(2):2-5.

Frontera WR, Hughes VA, Fielding RA, Fiatarone MA, Evans WJ, Roubenoff
R. Aging of skeletal muscle: a 12-yr longitudinal study. J Appl Physiol.
2000;88(4):1321-6.

Garnero P, Sornay-Rendu E, Chapuy M-C, Delmas PD. Increased bone turnover
in late postmenopausal women is a major determinant of osteoporosis. J Bone
Miner Res. 1996;11(3):337-49.

Gennari L, Bianciardi S, Merlotti D. MicroRNASs in bone diseases. Osteoporosis
Int. 2017;28(4):1191-213.

Giampaoli S, Ferrucci L, Cecchi F et al. Hand-grip strength predicts incident
disability in non-disabled older men. Age Ageing. 1999;28(3):283-8.

Gomes CPC, Oliveira-Jr GP, Madrid B, Almeida JA, Franco OL, Pereira RW.
Circulating miR-1, miR-133a, and miR-206 levels are increased after a half-
marathon run. Biomarkers. 2014;19(7):585-9.

Goodman CA, Hornberger TA, Robling AG. Bone and skeletal muscle: key
players in mechanotransduction and potential overlapping mechanisms. Bone.
2015;80:24-36.

Goodpaster BH, Park SW, Harris TB et al. The loss of skeletal muscle strength,
mass, and quality in older adults: The health, aging and body composition study.
J Gerontol A Biol Sci Med Sci. 2006;61(10):1059-64.

Griffiths-Jones S, Saini HK, van Dongen S, Enright AJ. miRBase: tools for
microRNA genomics. Nucleic Acids Res. 2008;36(suppl 1):D154-D8.

Gunton JE, Girgis CM, Baldock PA, Lips P. Bone muscle interactions and
vitamin D. Bone. 2015;80:89-94.

Guralnik JM, Ferrucci L, Pieper CF et al. Lower extremity function and
subsequent disability consistency across studies, predictive models, and value of
gait speed alone compared with the Short Physical Performance Battery. J
Gerontol A Biol Sci Med Sci. 2000;55(4):M221-M31.

Ha M, Kim VN. Regulation of microRNA biogenesis. Nat Rev Mol Cell Bio.
2014;15(8):509-24.

Hackl M, Heilmeier U, Weilner S, Grillari J. Circulating microRNAs as novel

biomarkers for bone diseases — complex signatures for multifactorial diseases?
Mol Cell Endocrinol. 2016;432:83-95.

93



51.

52.

53.

54.

55.

56.

S7.

58.

59.

60.

61.

62.

63.

Hannan MT, Felson DT, Anderson JJ. Bone mineral density in elderly men and
women: Results from the framingham osteoporosis study. J Bone Miner Res.
1992;7(5):547-53.

Hannan MT, Felson DT, Dawson-Hughes B et al. Risk factors for longitudinal
bone loss in elderly men and women: the Framingham osteoporosis study. J
Bone Miner Res. 2000;15(4):710-20.

Hassan MQ, Gordon JA, Beloti MM et al. A network connecting Runx2,
SATB2, and the miR-23a~27a~24-2 cluster regulates the osteoblast
differentiation program. Proc Natl Acad Sci. 2010;107(46):19879-84.

National Institute on Aging. Why population aging matters: A global
perspective (2007).

Heilmeier U, Hackl M, Skalicky S et al. Serum miRNA signatures are indicative
of skeletal fractures in postmenopausal women with and without type 2 diabetes
and influence osteogenic and adipogenic differentiation of adipose tissue—
derived mesenchymal stem cells in vitro. J Bone Miner Res. 2016;31(12):2173-
92.

Hendrickx G, Boudin E, Van Hul W. A look behind the scenes: the risk and
pathogenesis of primary osteoporosis. Nat Rev Rheumatol. 2015;11(8):462-74.

Heymsfield S. Human body composition. Champaign, IL, Human Kinetics; 2005.

Huo Y, Suriyaarachchi P, Gomez F et al. Comprehensive nutritional status in
sarco-osteoporotic older fallers. J Nutr Health Aging. 2015;19(4):474-80.

Jordan KM, Cooper C. Epidemiology of osteoporosis. Best Pract Res Clin
Rheumatol. 2002;16(5):795-806.

Kanis J, Glier C-C. An update on the diagnosis and assessment of osteoporosis
with densitometry. Osteoporosis Int. 2000;11(3):192-202.

Kanis JA, Johnell O, Oden A, Jonsson B, De Laet C, Dawson A. Risk of hip
fracture according to the World Health Organization criteria for osteopenia and
osteoporosis. Bone. 2000;27(5):585-90.

Kanis JA, McCloskey EV, Johansson H, Oden A, Melton LJ, Khaltaev N. A
reference standard for the description of osteoporosis. Bone. 2008;42(3):467-75.

Kelley GA, Kelley KS, Kohrt WM. Effects of ground and joint reaction force
exercise on lumbar spine and femoral neck bone mineral density in
postmenopausal women: a meta-analysis of randomized controlled trials. BMC
Musculoskel Dis. 2012;13(1):1.

94



64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Kemmler W, Haberle L, von Stengel S. Effects of exercise on fracture reduction
in older adults. Osteoporosis Int. 2013;24(7):1937-50.

Khosla S. Minireview: The opg/rankl/rank system. Endocrinology.
2001;142(12):5050-5.

Khosla S, Atkinson EJ, Melton 111 LJ, Riggs BL. Effects of age and estrogen
status on serum parathyroid hormone levels and biochemical markers of bone
turnover in women: a population-based study. J Clin Endocrinol Metab.
1997;82(5):1522-7.

Khosla S, Riggs BL. Pathophysiology of age-related bone loss and osteoporosis.
Endocrin Metab Clin. 2005;34(4):1015-30.

Kirby TJ, Chaillou T, McCarthy JJ. The role of microRNAs in skeletal muscle
health and disease. Front Biosci-Landmrk. 2015;20:37-77.

Kirby TJ, McCarthy JJ. MicroRNAs in skeletal muscle biology and exercise
adaptation. Free Radic Biol Med. 2013;64:95-105.

Kroh EM, Parkin RK, Mitchell PS, Tewari M. Analysis of circulating
microRNA biomarkers in plasma and serum using quantitative reverse
transcription-PCR (qRT-PCR). Methods. 2010;50(4):298-301.

Lang T, Streeper T, Cawthon P, Baldwin K, Taaffe D, Harris T. Sarcopenia:
etiology, clinical consequences, intervention, and assessment. Osteoporosis Int.
2010;21(4):543-59.

Lee RC, Feinbaum RL, Ambros V. The C. elegans heterochronic gene lin-4
encodes small RNAs with antisense complementarity to lin-14. Cell.
1993;75(5):843-54.

Li H, Wang Z, Fu Q, Zhang J. Plasma miRNA levels correlate with sensitivity to
bone mineral density in postmenopausal osteoporosis patients. Biomarkers.
2014;19(7):553-6.

Lian JB, Stein GS, van Wijnen AJ et al. MicroRNA control of bone formation
and homeostasis. Nat Rev Endocrinol. 2012;8(4):212-27.

Lorentzon M, Cummings SR. Osteoporosis: the evolution of a diagnosis. J
Intern Med. 2015;277(6):650-61.

Marcus R FD, Dempster DW, Luckey M, Cauley JA. Osteoporosis (4th edition).
Waltham, MA, Elsevier: 2013.

95



77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Marshall D, Johnell O, Wedel H. Meta-analysis of how well measures of bone
mineral density predict occurrence of osteoporotic fractures. BMJ.
1996;312(7041):1254-9.

McCarthy JJ. MicroRNA-206: the skeletal muscle-specific myomiR. Biochim
Biophys Acta. 2008;1779(11):682-91.

McCarthy JJ, Esser KA. MicroRNA-1 and microRNA-133a expression are
decreased during skeletal muscle hypertrophy. J Appl Physiol. 2007;102(1):306-
13.

Mirza FS, Padhi ID, Raisz LG, Lorenzo JA. Serum sclerostin levels negatively
correlate with parathyroid hormone levels and free estrogen index in
postmenopausal women. J Clin Endocrinol Metab. 2010;95(4):1991-7.

Mitchell PS, Parkin RK, Kroh EM et al. Circulating microRNAs as stable blood-
based markers for cancer detection. Proc Natl Acad Sci. 2008;105(30):10513-8.

Maodder Ul, Clowes JA, Hoey K et al. Regulation of circulating sclerostin levels
by sex steroids in women and in men. J Bone Miner Res. 2011;26(1):27-34.

Moerman EJ, Teng K, Lipschitz DA, Lecka - Czernik B. Aging activates
adipogenic and suppresses osteogenic programs in mesenchymal marrow
stroma/stem cells: the role of PPAR-y2 transcription factor and TGF-p/BMP
signaling pathways. Aging Cell. 2004;3(6):379-89.

Moore BT, Xiao P. MiRNAs in bone diseases. Microrna. 2013;2(1):20-31.

Nelson ME, Fiatarone MA, Morganti CM, Trice |, Greenberg RA, Evans WJ.
Effects of high-intensity strength training on multiple risk factors for
osteoporotic fractures: A randomized controlled trial. JAMA.
1994;272(24):1909-14.

Nemoto S, Finkel T. Redox regulation of forkhead proteins through a p66shc-
dependent signaling pathway. Science. 2002;295(5564):2450-2.

Nojiri H, Saita Y, Morikawa D et al. Cytoplasmic superoxide causes bone
fragility owing to low-turnover osteoporosis and impaired collagen cross-
linking. J Bone Miner Res. 2011;26(11):2682-94.

World Health Organization. Assessment of fracture risk and its application to
screening for postmenopausal osteoporosis: report of a WHO study group
(1994).

World Health Organization. Global Health and Aging (2011).

96



90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

World Health Organization. World report on ageing and health (2015).

Panach L, Mifsut D, Tarin JJ, Cano A, Garcia-Perez MA. Serum circulating
microRNAs as biomarkers of osteoporotic fracture. Calcified Tissue Int.
2015;97(5):495-505.

Patel HP, Syddall HE, Jameson K et al. Prevalence of sarcopenia in community-
dwelling older people in the UK using the European Working Group on
Sarcopenia in Older People (EWGSOP) definition: findings from the
Hertfordshire Cohort Study (HCS). Age Ageing. 2013;42(3):378-84.

Patil R, Uusi-Rasi K, Pasanen M, Kannus P, Karinkanta S, Sievénen H.
Sarcopenia and osteopenia among 70-80-year-old home-dwelling Finnish
women: prevalence and association with functional performance. Osteoporosis
Int. 2013;24(3):787-96.

Peck W, Burckhardt P, Christiansen C et al. Consensus development
conference-diagnosis, prophylaxis, and treatment of osteoporosis. Am J Med.
1993;94(6):646-50.

Phu S, Boersma D, Duque G. Exercise and sarcopenia. J Clin Densitom.
2015;18(4):488-92.

Polidoulis I, Beyene J, Cheung A. The effect of exercise on pQCT parameters of
bone structure and strength in postmenopausal women—a systematic review and
meta-analysis of randomized controlled trials. Osteoporosis Int. 2012;23(1):39-
51.

National Insititue of Health. Consensus development panel on osteoporosis
prevention, diagnosis, and therapy. JAMA. 2001;285(6):785-95.

Qu Q, Perala-Heape M, Kapanen A et al. Estrogen enhances differentiation of
osteoblasts in mouse bone marrow culture. Bone. 1998;22(3):201-9.

Rauch F, Schoenau E. Peripheral quantitative computed tomography of the
proximal radius in young subjects—new reference data and interpretation of
results. J Musculoskelet Neuronal Interact. 2008;8(3):217-26.

Reid G, Kirschner MB, van Zandwijk N. Circulating microRNAs: association
with disease and potential use as biomarkers. Crit Rev Oncol Hematol.
2011;80(2):193-208.

Reinhart BJ, Slack FJ, Basson M et al. The 21-nucleotide let-7 RNA regulates

developmental timing in Caenorhabditis elegans. Nature. 2000;403(6772):901-
6.

97



102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

Riggs BL, Melton LJ, Robb RA et al. A population-based assessment of rates of
bone loss at multiple skeletal sites: evidence for substantial trabecular bone loss
in young adult women and men. J Bone Miner Res. 2008;23(2):205-14.

Riggs BL, Melton LJ, Robb RA et al. A population-based assessment of rates of
bone loss at multiple skeletal sites: evidence for substantial trabecular bone loss
in young adult women and men. J Bone Miner Res. 2008;23(2):205-14.

Riggs BL, Melton LJ, Robb RA et al. Population-based Study of age and sex
differences in bone volumetric density, size, geometry, and structure at different
skeletal sites. J Bone Miner Res. 2004;19(12):1945-54.

Riggs BL, Wahner HW, Melton 3rd L, Richelson LS, Judd HL, Offord KP.
Rates of bone loss in the appendicular and axial skeletons of women. Evidence
of substantial vertebral bone loss before menopause. J Clin Invest.
1986;77(5):1487.

Rittweger J, Schiessl H, Felsenberg D, Runge M. Reproducibility of the jumping
mechanography as a test of mechanical power output in physically competent
adult and elderly subjects. J Am Geriatr Soc. 2004;52(1):128-31.

Rivas DA, Lessard SJ, Rice NP et al. Diminished skeletal muscle microRNA
expression with aging is associated with attenuated muscle plasticity and
inhibition of IGF-1 signaling. FASEB J. 2014;28(9):4133-47.

Rizzoli R. Nutrition and Sarcopenia. J Clin Densitom. 2015;18(4):483-7.
Roberts HC, Dodds R, Sayer AA. Current clinical care of older adults with
sarcopenia. J Clin Densitom. 2015;18(4):493-8.

Rogan S, Radlinger L, Imhasly C, Kneubuehler A, Hilfiker R. Validity study of
a jJump mat compared to the reference standard force plate. Asian J Sports Med.
2015;6(4):e25561.

Rosen C.J. BR, Compston J.E., Rosen V. Primer on the Metabolic Bone
Diseases and Disorders of Mineral Metabolism (8th edition). Ames, 1A, Wiley-
Blackwell; 2013.

Rosenberg IH. Summary comments. Am J Clin Nutr. 1989;50(5):1231-3.

Rudnicki MA, Williams BO. Wnt signaling in bone and muscle. Bone.
2015;80:60-6.

Sanchez-Duffhues G, Hiepen C, Knaus P, ten Dijke P. Bone morphogenetic
protein signaling in bone homeostasis. Bone. 2015;80:43-59.

98



115. Sartori R, Sandri M. BMPs and the muscle—bone connection. Bone. 2015;80:37-
42.

116. Seeliger C, Karpinski K, Haug AT et al. Five freely circulating miRNAs and
bone tissue miRNAs are associated with osteoporotic fractures. J Bone Miner
Res. 2014;29(8):1718-28.

117. Sempere LF, Freemantle S, Pitha-Rowe I, Moss E, Dmitrovsky E, Ambros V.
Expression profiling of mammalian microRNAs uncovers a subset of brain-
expressed microRNAs with possible roles in murine and human neuronal
differentiation. Genome Biology. 2004;5(3):R13.

118.  Shepherd JA, Schousboe JT, Broy SB, Engelke K, Leslie WD. Executive
summary of the 2015 ISCD position development conference on advanced
measures from DXA and QCT: fracture prediction beyond BMD. J Clin
Densitom. 2015;18(3):274-86.

119.  Sherrington C, Whitney JC, Lord SR, Herbert RD, Cumming RG, Close JCT.
Effective exercise for the prevention of falls: a systematic review and meta-
analysis. J Am Geriatr Soc. 2008;56(12):2234-43.

120. Sievanen H, Koskue V, Rauhio A, Kannus P, Heinonen A, Vuori |. Peripheral
quantitative computed tomography in human long bones: evaluation of in vitro
and in vivo precision. J Bone Miner Res. 1998;13(5):871-82.

121. Singh H, Kim D, Kim E et al. Jump test performance and sarcopenia status in
men and women, 55 to 75 years of age. J Geriatr Phys Ther. 2014;37(2):76-82.

122.  Smietana MJ, Arruda EM, Faulkner JA, Brooks SV, Larkin LM. Reactive
oxygen species on bone mineral density and mechanics in Cu,Zn superoxide
dismutase (Sod1) knockout mice. Biochem Biophys Res Commun.
2010;403(1):149-53.

123. Soares RJ, Cagnin S, Chemello F et al. Involvement of microRNAs in the
regulation of muscle wasting during catabolic conditions. J Biol Chem.
2014;289(32):21909-25.

124.  Stone KL, Seeley DG, Lui LY et al. BMD at multiple sites and risk of fracture
of multiple types: long-term results from the Study of Osteoporotic Fractures. J
Bone Miner Res. 2003;18(11):1947-54.

125. Studenski SA, Peters KW, Alley DE et al. The FNIH sarcopenia project:

rationale, study description, conference recommendations, and final estimates. J
Gerontol A Biol Sci Med Sci. 2014;69(5):547-58.

99



126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

Sugatani T, Hruska KA. Down-regulation of miR-21 biogenesis by estrogen
action contributes to osteoclastic apoptosis. J Cell Biochem. 2013;114(6):1217-
22.

Tinetti ME, Inouye SK, Gill TM, Doucette JT. Shared risk factors for falls,
incontinence, and functional dependence: unifying the approach to geriatric
syndromes. JAMA. 1995;273(17):1348-53.

Van Kan GA, Rolland Y, Andrieu S et al. Gait speed at usual pace as a predictor
of adverse outcomes in community-dwelling older people an International
Academy on Nutrition and Aging (IANA) Task Force. J Nutr Health Aging.
2009;13(10):881-9.

van Rooij E. The art of microRNA research. Circ Res. 2011;108(2):219-34.

van Staa TP, Dennison EM, Leufkens HGM, Cooper C. Epidemiology of
fractures in England and Wales. Bone. 2001;29(6):517-22.

Vasikaran S, Eastell R, Bruyére O et al. Markers of bone turnover for the
prediction of fracture risk and monitoring of osteoporosis treatment: a need for
international reference standards. Osteoporosis Int. 2011;22(2):391-420.

Wada S, Kato Y, Okutsu M et al. Translational suppression of atrophic
regulators by microRNA-23a integrates resistance to skeletal muscle atrophy. J
Biol Chem. 2011;286(44):38456-65.

Wainwright SA, Marshall LM, Ensrud KE et al. Hip fracture in women without
osteoporosis. J Clin Endocrinol Metab. 2005;90(5):2787-93.

Wang Y, Li L, Moore BT et al. MiR-133a in human circulating monocytes: a
potential biomarker associated with postmenopausal osteoporosis. Plos One.
2012;7(4):e34641.

Weeks BK, Beck BR. The BPAQ: a bone-specific physical activity assessment
instrument. Osteoporosis Int. 2008;19(11):1567-77.

Wightman B, Ha I, Ruvkun G. Posttranscriptional regulation of the
heterochronic gene lin-14 by lin-4 mediates temporal pattern formation in C.
elegans. Cell. 1993;75(5):855-62.

Wolf SL, Barnhart HX, Kutner NG et al. Reducing frailty and falls in older

persons: an investigation of Tai Chi and computerized balance training. J Am
Geriatr Soc. 1996;44(5):489-97.

100



138. Zhao R, Zhao M, Xu Z. The effects of differing resistance training modes on the
preservation of bone mineral density in postmenopausal women: a meta-
analysis. Osteoporosis Int. 2015;26(5):1605-18.

101



Appendix A: IRB Approval Letter

% Te UMIVERSITY o OKLAHOMA

Institutional Review Board for the Protection of Human Subjects

Initial Submission — Board Approval

Date: July 18, 2016 IRB#: 6971
Meeting Date: 062772016
To: Debra A Bemben, PHD Approval Date: 071372016

Expiration Date: 05/31/2017
Study Title: Bone and Muscle-zpecific Circulating MicroRMAs in Postmenopausal Women Based on
Osteoporosis and Sarcopenia Status

Reference Number: 653487
Study Status: Active - Open

Collection/Use of PHI: Yes

At its regularly scheduled meeting the IRB reviewed the above-referenced research study. Study
documents (e.g. protocol, consent, survey, etc.) associated with this submission are listed on page 3 of
this letter. To review andior access the submission forms {e.g. application) as well as the study
documents approved for this submission, open this study from the My Sfudies option, click to open this
study, look under Protocol ltems to click on the current Application, Informed Consent and Other Study
Documents.

If this study required routing through the Office of Research Administration (ORA), you may not
i ag per OUHSC Insgtitutional policy, until the contract through ORA is
finalized and signed.

As principal invesfigator of this research study, it is your responzibility to:

+ Conduct the research study in a manner consistent with the requirements of the IRB and federal
regulations at 45 CFR 46 andfor 21 CFR 50 and 56.

* Request approval from the IRB prior to implementing any/all modifications.

+« Promptly report to the IRE any harm experienced by a participant that is both unanticipated and
related per IRB Policy.

* Maintain accurate and complete study records for evaluation by the HRPP guality improvement
program and if applicable, inspection by regulatory agencies andfor the study sponsor.

+*  Promptly submit continuing review documents to the IRB upon notification approximately 60 days
prior to the expiration date indicated above.

In addition, it is your responsibility to obtain informed consent and research privacy authorization using
the currently approved, stamped forms and retain all original, signed forms, if applicable.

1105 N. Stonewall Avenune, Oklabhoma City, OE 73117 (FWAORDOGTRE1)

102



Initial Submission — Board Approval [cont'd.] Page 2

If you have guestions about this notification or using iRIS, contact the IRB @ 405-271-2045 or
irbi@@ouhsc.edu.

Sincerely,

!I -
’ ""';’ic.ﬂ{ Lampley, |
Vice Chairpegtor“ristitutianal Review Board

103



Appendix B: Informed Consent Form and HIPPA Form

Consent Form
University of Oklahoma Health Sciences Center (OUHSC)
University of Oklahoma — Norman Campus

Bone and Muscle-specific Circulating MicroRNAs in Postmenopausal Women
Based on Osteoporosis and Sarcopenia Status

Principal Investigator: Debra Bemben, PhD
University of Oklahoma
405-325-2709

This is a research study. Research studies involve only individuals who choose to
participate. Please take your time to make vour decision. Discuss this with your family
and friends.

Why Have I Been Asked To Participate In This Study?
You are being asked to take part in this study because you are a postmenopausal woman,
in the age range of 70-85 years old.

Why Is This Study Being Done?

The main purpose of this study is to identify markers in the blood that are associated with
decreases in bone density and muscle mass related to aging. Specifically, small
substances circulating in the blood that indicate bone formation and breakdown and that
control genetic processes, will be measured fo evaluate their roles as indicators of bone
and muscle diseases.

How Many People Will Take Part In The Study?
About 50 women will take part in this study.

What Is Involved In The Study?

If vou take part in this study, three visits will be needed. However, in order to assess the
reliability of our measures, a subset of about 15 participants, who would be willing to
refurn for an additional visit, will return for a fourth visit to repeat the measurements of
bone scans by two different x-ray machines (dual energy x-ray absorptiometry (D3A),
peripheral quantitative computed tomography (pQCT)), functional performance and
balance tests. Both types of bone scans measure bone mineral density and involve
radiation exposure, however, pQCT provides addifional information about bone strength.
The fourth visit will be 3-7 days after the third visit.

The first visit consists of consent, blood pressure, and questionnaires, which will take
approximately 40 minutes.

» Informed consent and Health Information Privacy form (HIPAA) — you mmst sign and
date an informed consent form (this document) and HIPAA form stating that you
understand all procedures and your rights as a participant.
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» Health Status Questionnaire and menstrual history questionnaire— yvou may be excluded
from the study if any answer on these questionnaires mndicates you may not be eligible for
this study.

» Blood pressure measurement — you will be measured at least twice to determine if you
are eligible for this study or not based on blood pressure.

# Medical clearance form- if von meet all the inclusion and exclusion critenia you will be
given this form to bring to vour personal physician for approval to participate in this
study.

The second visit consists of a venipuncture blood draw and series of tests to evaluate
bone density and body composition, which will take about 3 hours. Following the blood
draw, you will go to the Bone Density Laboratory, where a light breakfast will be
provided, such as energy bars and orange juice, and you will be allowed to rest for about
15 minutes. Then the following measurements will be performed.

» Venipuncture blood draw (about 7 ml) (~1 hr) — will be performed by a registered nurse
or phlebotomuist at the OU Goddard Student Health Center in the early moming after an
overnight fast to measure serum microFEMNAs and bone markers.

* Height and Weight (~5 min) — your height and weight will be measured.

» Series of bone scans using DA (~40 min) — will be used to measure the bone density
of your whole body. lower back and both hips and your body fat and lean tissue values.
Also, your 10 year risk (FRAX score) for having a fracture related to osteoporosis will be
determined. These tests are non-invasive. You will be Iving on your back on the DXA
table for the scans and vou will be required to remain still during the procedures. DXA is
a radiation procedure and is for research purposes only. There are risks associated with
DA which will be addressed below.

» Series of bone scans using pQCT (~20 min) — 3 scans on your non-dominant (non-
kicking) lower leg. These tests only require you sit still in a chair while the scanner
measures your lower leg at three locations. The pQCT utilizes radiation and 1s for
research purposes only.

» (Juestionnaires (~35 min) — you will be given 4 health-related questionnaires to provide
information about your calcium infake, physical activity levels, risk for falls, and quality
of life.

» Familiarization (~15 min) — we will instruct yvou on correct techniques for the handgrip,
gait speed, jump test and balance test. After the instruction. you will be supervised while
practicing these tests at light intensities to become accustomed to the movements.

The third wisit consists of the following functional performance and balance tests, which
will take about a total of 45 mimites.

» Handgrip Test (~15 min) —will be measured three times for both hands with two
different types of handgrip devices. You will sit on a chair with back and measured
forearm supported. You will be encouraged to squeeze as hard as possible and maximmum
grip strength for each hand in each device will be recorded.

» (Gait Speed Test (~10 min) — vour walking will be assessed three times through an 8-
meter straight path. The path consists of 2-meter for acceleration, 4-meter for steady-state

Page 2 of 5

- | IRB MUMBER: 6971
| IRB APPROVAL DATE: 0THS2016
RB EXPIRATION DATE: 053142017

105



T01A Consent Version: IRB Number:

walking, and 2-meter for deceleration. You can use any vsual walking aids, such as cane
or walker. Each trial of your walking time will be recorded.

¢ Jump Test (~10 min) — your ability to jump will be measured three times on a jump mat
with power and speed analyzer. You will be asked to do a countermovement vertical
jump by crouching, then jumping with non-restricted arm motion, and then landing on the
jump mat. Trained spotters will be standing on your side to help with balance, if needed.
A transfer belt will be fastened around vour waist to be held by the spotter to stabilize
you if you lose your balance.

* Balance - Sensory Organization Test (SOT) (~10 min) — your balance will be measured
by the Sensory Organization Test in NeuroCom SMART Balance Master. You will wear
a vest that is attached to the harness system while standing on the platform. This harness
ensures that yvou will not be able to fall even if vour balance is disrupted. A trained
spotter will stand behind you to supervise the test and protect you from falling.

The fourth visit will repeat the measurements of DXA pQCT, functional performance
and balance fests, if you would be willing to refurn. This will be 3-7 days after the third
visit and will take about 2 hours.

How Long Will I Be In The Study?

We think that you will be in the study for 3 visits (or possibly 4 visits) lasting for a total
of 4.5 hours (or possibly 6.5 hours).

There may be unanticipated circumstances under which your participation may be
terminated by the investigator without regard to your consent. You may be terminated
based on:

+ Hypertension

* Medications impacting bone health

* Presence of mefal implants at hip or spine

» Recent fractures

You can stop parficipating in this study at any time. However, if you decide to stop
participating in the study, we encourage you to falk to the researcher first.

What Are The Risks of The Study?

While in the study, you are at risk for these side effects. However, there may also be
unforeseeable risks with participation. You should discuss these with the researcher prior
to providing your consent.

Risks and side effects related to having pQCT and DXA scans:

This study involves radiation exposure from & DXA scans and 3 pQCT scans, which are
types of x-ray procedures. These procedures are for research only and not needed for
your medical care. The amount of additional radiation to which you will be exposed is
approximately 1% of the amount of radiation to which we are exposed annually from
background sources such as the Earth and Sun. In addition fo any radiographic
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procedures that are being done as part of this research, you may also be exposed to
radiation from procedures that are part of your normal care. The risk from radiation
exposure increases over your lifetime as you recerve additional exposure to radiation.

Risks and side effects related to functional performance tests:
There is slight possibility of mild soreness due to muscle strength and power testing,
Additionally, there is a slight risk of injury/fall during jump or balance tests.

Are There Benefits to Taking Part in The Study?
There are no direct benefits from participating in this study.

What Other Options Are There?
There are no altemative procedures for this investigation; your alternative is to not

participate.
What About Confidentiality?

Efforts will be made to keep your personal information confidenfial. You will not be
identifiable by name or description in any reports or publications about this study. We
cannot guarantee absolute confidentiality. Your personal information may be disclosed if
required by law. You will be asked to sign a separate authorization form for use or
sharing of vour protected health information.

There are organizations that may inspect and/or copy your research records for quality
assurance and data analysis. These organizations include the faculty members and
graduate students appointed to this protocol from the Department of Health & Exercise
Science at the University of Oklahoma, and the OUHSC Institutional Review Board.

What Are the Costs?
There is no cost to you for participating in this study.

Will I Be Paid For Participating in This Study?
There will be no compensation for participation in this study.

What if I am Injured or Become Il While Participating in this Studyv?

In the case of injury or illness resulting from this sudy, emergency medical treatment is
available. However, you or your insurance company may be expected to pay the usual
charge for this freatment. No funds have been set aside by The University of Oklahoma
Norman campus, to compensate you in the event of injury.

What Are My Rights As a Participant?

Taking part in this study is voluntary. You may choose not to parficipate. Refusal to
participate will involve no penalty or loss of benefits to which yvou are otherwise entitled.
If wou agree to participate and then decide against it, you can withdraw for any reason
and leave the study at any time. However, please be sure to discuss leaving the study with
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the principal investigator. You may discontinue your participation at any time without
penalty or loss of benefits, to which vou are otherwise entitled.

We will provide you with any significant new findings developed during the course of the
research that may affect your health, welfare or willingness fo confinue your participation
in this study.

You have the right to access the medical information that has been collected about you as
a part of this research study. However, yvou may not have access o this medical
information until the entire research study has completely finished and you consent to
this temporary restriction.

Whom Do I Call If T have Questions or Problems?

If you have questions, concerns, or complaints about the study or have a research-related
mjury, contact Dr. Debra Bemben 24/7 at 405-306-3194 or dbemben@ou.edu. If you
cannot reach the Investigator or wish to speak to someone other than the investigator,
contact the OUHSC Director, Office of Human Fesearch Participant Profection at 405-
271-2045.

For questions about your rights as a research participant, contact the OUHSC Director,
Office of Human Research Participant Protection at 405-271-2045.

Future Communications
The researcher would like to contact you agaimn to recruit you into future studies or to
gather additional information.

I give mry pernussion for the researcher to contact me in the future.

I do not wish fo be contacted by the researcher again.
Signature:
By signing this form, you are agreeing to participate in this research study under the
conditions described. You have not given up any of your legal rights or released any
individual or entity from liability for negligence. You have been given an opportunity to
ask questions. You will be given a copy of this consent document.

I agree to participate in this study:

PARTICIPANT SIGNATURE (age =18) Pnnted Name Date
(Or Legally Authorized Representative)

SIGNATURE OF PERSON Printed Name Date
OBTAINING CONSENT

IRB Office Version Date: 05232014
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[University of Oklahoma Health Sciences Center Research Privacy Form 1
PHI Research Authorization

AUTHORIZATION TO USE or SHARE
HEALTH INFORMATION THAT IDENTIFIES YOU FOR RESEARCH
An Informed Consent Document for Research Participation may also be required.
Form 2 must be used for research involving psychotherapy notes.

Title of Research Project: Bone and Muscle-specific Circulating MicroRNAs in Postmenopausal

Women Based on Osteoporosis and Sarcopenia Status
Leader of Research Team: Dr. Debra A Bemben, PhDd
Address: 1401 Asp Avenue, Norman, OK, 73019

Phone Number: 405-325-2709

If vou decide to sign this document, University of Oklahoma Health Sciences Center (OUHSC)
researchers may use or share information that identifies you (protected health information) for their
research. Protected health information will be called PHI in this document.

PHI To Be Used or Shared. Federal law requires that researchers get your permission
(authorization) to use or share your PHI If vou give permission, the researchers may use or share
with the people identified in this Authorization any PHI related to this research from vour medical
records and from any test results. Information used or shared may include all information relating to
any tests, procedures, surveys, of interviews as outlined in the consent form; medical records and
charts; name, address, telephone number, date of birth, race. government-issued identification

numbers, and information from bone scans_functional performance and blance tests. microRMNAs
and bone markers

Purposes for Using or Sharing PHI. If vou give permission, the researchers may use your PHI to
identifv specific circulating miR™NAs that are associated with bone loss and muscle loss in
postmenopausal women and to evaluate the nse of these circulating miRNAs as biomarkers of
osteoporosis and sarcopenia.

Oiher Use and Sharing of PHI. If you give permission. the researchers may also use your PHI to
develop new procedures or commercial products. They may share vour PHI with other researchers,
the research sponsor and its agents, the OUHSC Institutional Review Board, auditors and inspectors
who check the research, and government agencies such as the Food and Drug Administration (FDA)
and the Department of Health and Human Services (HHS), and when required by law. The
researchers may also share your PHI with no one else.

! Protected Health Information includes all identifiable information relating to any azpect of an individual’s
health whether past, prezent or future, created or maintained by a Covered Entity.

IRB Office Use Only
Version D1/06/2016 - | IRB MUMBER: 371
‘1| IRB APPROVAL DATE: 07HSR20E
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University of Oklahoma Health Sciences Center Research Privacy Form 1
PHI Research Authorization

Confidentiality. Although the researchers may report their findings in scientific journals or meefings,
they will not identify vou in their reports. The researchers will try to keep your information
confidential, but confidentiality is not guaranteed. The law does not require everyone receiving the
information covered by this document to keep it confidential, so they could release it to others. and
federal law may no longer protect it.

YOU UNDERSTAND THAT YOUR PROTECTED HEALTH INFORMATION MAY
INCLUDE INFORMATION REGARDING A COMMUNICABLE OR NONCOMMUNICABLE
DISEASE.

Voluntary Choice. The choice to give OUHSC researchers permission to use or share vour PHI for
their research is voluntary. If is completely up to you. No one can force you to give permission.
However, you must give permission for OUHSC researchers to use or share your PHI if you want to
participate in the research and, if vou cancel your authorization, you can no longer participate in this
study.

Refusing to give permission will not affect your ability to get routine treatment or health care unrelated
to this study from OUHSC.

Canceling Permission_ If you give the OUHSC researchers permission fo use or share your PHIL
you have a right to cancel your permission whenever you want. However, canceling your permission
will not apply to information that the researchers have already used, relied on, or shared or to
information necessary to maintain the reliability or integrity of this research

End of Permission. Unless you cancel it, permission for OUHSC researchers to use or share your
PHI for their research will never end.

Contacting OUHSC: You may find out if your PHI has been shared, get a copy of your PHL or
cancel your permission af any time by writing to:

Privacy Official of Privacy Board

University of Oklahoma Health Sciences Center  University of Oklahoma Health Sciences Center
PO Box 26901 PO Box 26901

Oklahoma City, OK 73190 Oklahoma City, OK 73190

If you have questions, call: (405) 271-2511 or (405) 271-2045.

Access to Information. You have the right to access the medical information that has been collected
about you as a part of this research study. However, you may not have access to this medical
information until the entire research study is completely finished. You consent to this temporary
restriction.

Giving Permission. By signing this form, yvou give OUHSC and OUHSC’s researchers led by the
Research Team Leader permission to share your PHI for the research project listed at the top of this
form.

IRE Office Use Only
Version 01062016 o= - IRE MUMEER: 5471
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University of Oklahoma Health Sciences Center Research Privacy Form 1
PHI Research Authorization

Patient/Participant Name (Print):

Signature of Patient-Participant Date
or Parent if Participant is a minor

Or

Signature of Legal Representative™®* Date

**]f signed by a Legal Representative of the Patient-Participant, provide a description of the
relationship to the Patient-Participant and the authority to act as Legal Representative:

OUHSC may ask you to produce evidence of your relationship.

A signed copy of this form must be given to the Patieni-Participant or the Legal Representative af
the time this signed form is provided fo the researcher or his representative,

IRE Cffice Use Only
Wersion OM&M2046 |
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Appendix C: Recruitment Materials

Female Participants Needed

Bone and Muscle-specific Circulating MicroRNAs in
Postmenopausal Women Based on Osteoporosis and
Sarcopenia Status

To Participate
- Women 70-85 years old
- Not current smokers
- No diabetes or uncontrolled hypertension
- No fractures within 12 months
- No metal implants at hip or spine

- Not taking medications known to affect bone or muscle mass. ie. corticosteroids,

etc. (except for osteoporosis treatment or hormone replacement)

Required Testing
- One blood draw at OU Goddard
- 6 DXA & 3 pQCT bone scans
- Functional performance tests: handgrip. gait speed and jump test
- Balance test

There are possible risks involved with participation, including risks associated with radiation exposure and blood draw.

3-4 visits required
Total time commitment about 4.5-6.5lours

Tests will take place at Huston Huffman Center Bone Density Lab,

University of Oklahoma Norman Campus

If you are eligible and interested, please contact:
Zhaojing Chen at 405-837-9518, echo@ou.edu
Department of Health and Exercise Science

The University of Oklahoma is an equal opportunity institution.
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Verbal Recruitment Script

Hello, my name iz Zhacjing Chen  and I am a doctoral student in the Department of
Health and Exercise Science at the University of Oklahoma_ I invite you to participate in a
research study entitled “Bone and Muscle-specific Circnlating MicroRINAs in
Postmenopausal Women Based on Osteoporosis and Sarcopenia Status™.

We are looking for postmenopansal women aged 70-85 years old. Potential
participants must be non-smekers without diabetes, uncontrolled hypertension, or metal
implants in the hip or spine. Additionally, potential participants must not have restrictions to
perform functional performance or balance tests (e_g. myocardial infarction, congestive heart
failure, strokes, back surgery), recent fractures within the past 6 months or taking medications
known to affect bone mass or muscle mass (e g. corticosteroids) except for osteoporosis
treatment and hormone replacement digs.

This study will inchde 3-4 visits to the Bone Density Lab at the University of
Oklahoma. The first visit will take about 40 minutes. You will be asked to fill out the consent,
health status and menstmal history questionnaire. and your blood pressure will be measured.
If you are qualified. we will give you a medical clearance form to bring to your personal
physician for approval to participate in this study. The second visit will last about 3 houss.
One venipuncture blood draws will be performed by a registered nurse in OU Goddard in the
early moming after overnight fasting. A light breakfast will be provided following blood
draw. Then you will have 6 DXA scans (total body, lnmbar spine, dual hip, and dual forearm)
and 3 pQCT scans (3 lower leg) to assess bone health Fellowing that, you will be asked to
fill out a series of questionnaires regarding your calcinm intake bone-specific physical
activity, fall efficacy, and quality of life (SF-36). In addition, you will be instructed to
practice the functional performance and balance tests. The third visit will take about 43
minutes to assess your strength, power, and balance. Handgrip strength, gait speed, and jump
tests will be performed for 3 times each. Balance will be assessed using the sensory
organization test on the NenroCom SMART balance master. If you would like to return for
an additional wisit (15 participants needed). the measurements of DXA pQCT, functional
performance and balance tests will be repeated during the fourth visit, which will be 3-7 days
after the third visit and take about 2 hours. Therefore, the total time commitment for this
study will be about 4.5-6.5 hours.

There are possible risks involved with participation, including risks associated with
radiation exposure, strength power and balance tests. You will receive radiation exposure of
less than 0.2 mrem from each DXA scan and less than 0.01 mrem from each pQCT scan for a
total dose of (.93 mrem_ which is about the radiation received in 1 day from natoral
background radiation (~ 300 mrem/vr), such as naturally occurring radicactivity in soil.
Although the amount of radiation exposuwre you will receive in this study is minimal_ it is
impertant for you to be aware that the risk from radiation exposure 1s cumulative over your
lifetime. There is a slight possibility of mild soreness because of the muscle strength and
power testings. There is a slight risk of injury/fall during walliing, jumping or balance tests.
Information regarding your results will be provided at the end of the study upon your request.

I would be happy to answer any additional questions that you may have about the
study. Thank you!

RE MUMEER: 6071
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Mass E-mail Script

We are looking for postmenopausal women aged 70-85 vears old. Potential participants
must be non-smokers without diabetes, uncontrolled hypertension, or metal implants m the hip or
spine. Addifionally, potential participants must not have restrictions to perform fimetional
performance or balance tests (e.g myocardial infarction, congestive heart failure, strokes, back
surgery), recent fractures within the past 6 months or taking medications known to affect bone
mass or muscle mass (e.g. corticosteroids) except for osteoporosis treatment and hormone
replacement drugs.

This study will include 3-4 visits to the Bone Density Lab at the University of Oklahoma.
The first wisit will take about 40 mimites. You will be asked to fill out the consent, health status
and menstrual history questionnaire, and your blood pressure will be measured. If vou are
qualified, we will give you a medical clearance form to bring to your personal physician for
approval to participate in this study. The second visit will last about 3 hours. One venipuncture
blood draws will be performed by a registered nurse in OU Goddard in the early morning after
overnight fasting. A light breakfast will be provided following blood draw. Then you will have &
DXA scans (total body, lumbar spine, dual hip, and dual forearm) and 3 pQCT scans (3 lower leg)
to assess bone health. Following that, you will be asked to fill out a series of questionnaires
regarding your calcium intake, bone-specific physical activity, fall efficacy, and quality of life
(SF-36). In addition, you will be instructed to practice the fimctional performance and balance
tests. The third visit will take about 45 minutes to assess your strength, power, and balance.
Handgrip strength, gait speed, and jump tests will be performed for 3 times each. Balance will be
assessed using the sensory organization test on the NeuroCom SMART balance master. If you
would like to return for an additional visit (15 participants needed), the measurements of DA
pQCT, functional performance and balance tests will be repeated during the fourth visit, which
will be 3-7 days after the third visit and take about 2 hours. Therefore, the total time commitment
for this study will be about 4.5-6.5 hours. There are possible risks involved with participation,
including risks associated with radiation exposure, strength, power and balance tests.

If you are interested in this study and for more information, please contact Zhaojing
Chen via email at echo@ou.edu.

The OU IRB has approved the content of this message but not the method of distribution. The OUIRB has
ne authority to approve distribufion by mass email.
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Appendix D: Questionnaires

Participant Medical Clearance Form
University of Oklahoma Bone Density Laboratory

Dear Doctor,

Your patient, , has indicated that she wishes to
participate in a research study investigating the specific circulating microFNAs that are
associated with bone loss and muscle loss in 70-85 years old postmenopausal women. This study
involves 3-4 testing sessions; (1) completion of an informed consent form, health stams and
menstmal history questionnaires, and blood pressure measurements; (2) completion of
venipunciire blood draws by a registered nurse or phlebotomist in OU Goddard in the early
morning after overmght fasting, 6 DICA (total body, lumbar spine, dual hip, and dual foream)
and 3 pQCT bone scans (lower leg), questionnaires of calcium intake, bone-specific physical
activity, fall efficacy scale, and quality of life (SF-36), and fanulianzation with handgnp, gait
speed, jump and balance test procedures; (3) completion of a handgrip strength test for 3 times
for each hand using 2 types of devices, gait speed testing involving 3 trnials of walking on an 8-
meter path with usual speed, jump testing involving a total of 3 maximal vertical jumps on jump
mat; and possibly (4) repeat the measurements of DXA_ pQCT, functional performance and
balance tests if she is willing to return. Proper safety precautions will be taken duning the entire
protocol. Prior to participation, participant is required to obtain medical clearance from her
personal physician(s). Specific inclusion and exclusion criteria apply to the participants recruited
for this study. Below are the exclusion critenia.

Current smokers;

Having diabetes; !

Recent fractures (during the preceding 12 months);

Having restrictions to perform handgrip strength. gait speed, jump or balance tests,

e.g. myocardial infarction/congestive heart failure/strokes within the past § months;

Degenerative neuromuscular conditions, €.g. Parkinson's disease;

* Taking medications known to affect bone mass or muscle mass, e.g. comicosteroids,
selective serotomn reuptake mhibitors (except for osteoporosis treatment or hormone
replacement drugs),

+ Joint replacement or metal implants at hip or sping

- & & B @8

DIrﬂ:nmmdﬂlatﬂ}enbﬂv&ummdiuﬁﬁ:hm]beaﬂﬂwcdeﬁdpmehﬂt shudy.
)1 do not recommend that the above-named individual be allowed to participate in the study.
MEDICATIONS/NOTES:

Physician Mame: Contact Number:
{please print)
Physician Signatuge; Date:

This form can be faxed to (403) 325-0594 or emailed to echo@on edu. Thank you!
This snsdy ks been approved by the Universiry of Oklshoma Issrinionsl Review Board. For guestons, plaase contaer Dobra 4.
Bamben, Ph.D. ar (403) 325-2700 ar dbewbendou odu
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Bone Density Research Laboratory
OU Department of Health and Exercise Science
Health Status Questionnaire

Instructions Complete each guestion accurately. All information provided is confidential.

(NOTE: The following codes are for office use only: RF: MC)

Part 1. Information about the individual

Diate
2.

Legal name Mickname
3.

Mziling address

Home phone Business/cell phone
4.Gender (circle one): Female Male (rF)
5. Year of birth: Age

6. Mumber of hours worked per week:

HA (retired) Less than 20 20-40 41-60 Over 60

If not retired, more than 25% of time spent on job (circle all that apply)

Sitting at desk Lifing er camying loads Standing Walking Dinving

Part 2. Medical history
7. (AF) Circle any who died of heart aftack before age 50:
Father Mother Brother Sister Grandparent

8.Date of: Last medical physical exam: Last physical filness test:
Year

IRE MUMEBER: 5371
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4. Circle operations you have had:
Back Heart (MC) Kidney Eyes Jaint Meck

Ears Hemia Lung Other NONE

10. Please circle any of the following for which you have been diagnosed or treated by a physician or health

professional:
Alcoholism Dizbetes Kidney problem (MC)
Anemia, sickle cell Emphysema Mental illness
Anemia, other Epilepsy Meck strain
Asthma Eye problems Obesity (RF)
Back strain Gout Osteoporosis
Bleeding trait Heanng loss Phlebitis (M)
Bronchitis, chronic Heart problems Rheumatoid arthriis
Cancer High blood pressure (RF) Stroke (MC)
Cirthasis, liver (MC) Hypoglycemia Thyroid problem
Concussion (MC) Hyperipidemia (RF) Ulkcer
Congenital defect Infectious mononucleosis (MC) Other
NONE

11. Circle all medicine taken in last & months:

Asthma (list type) High-bloed-pressure medication (list ype)
Bloed thinner (MC) Epilepsy medication Thyroid
Corticosteroids Estrogen Other
Depression Heart-rhythm medication (MC) NOMNE
Diabetic pill Insulin {MC)

Digitalis {MC) Nitroglycenn (MC)

Diuretic (MC)

12. Any of these health symptoms that occurs frequently is the basis for medical aftention. Circle the number

indicating how often you have each of the following:

1 = Practcally never 2 = Infrequently 3 = Sometmes 4 = Fairdy often 5 = Very often
a. Cough up blood (MC) d. Leg pain (MC) g. Swollen joints (MC)

1 2 2 4 5 1 2 3 4 5 1 2 3 4 5
b. Abdominal pain (MC) 2. Arm or shoulder pain (MC) h. Feel faint {MC})

1 2 2 4 5 1 2 3 2 5 1 2 3 4 5
o. Low back pain {SLA) f. Chest pain (RF) (MC) . Dizziness (MC)

1 2 2 4 5 1 2 3 4 5 1 2 3 4 5

j.  Breathless with slight exertion (MC)
1 2 3 4 5

IRE NUMEER: 6371
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Part 3. Health-related behavior

(rF) Do you now smoke? Yes Mo

If you are a smoker, indicate number smoked per day:

Cigarsties: 40 or more 20-39 10-19 1-9
Cigars or pipes only: 5 or more or any inhaled Less than 5, none nhaled
Weight now: Ib. Cne year ago: Ik Age Z21:

Do you regulary engage in strenuous exercise or hard physical labor?

1. ¥Yes (answer question # 13) 2. No (shop)

Do you exercise or labor at least three times a week?

1. Yes 2. Mo

118
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Bone Density Research Laboratory
Department of Health and Exercise Science, University of Oklahoma

MENSTRUAL HISTORY QUESTIONNAIRE
Participant ID: Date:

We are asking you to give us as complete a menstrual nstory as pessible. All information you provide
will be strictly confidential

SECTION A. CURRENT MENSTRUAL STATUS

1. At what age did you expenience your final menstmal period?

2. Have you had a hysterectomy (surgical removal of the uterns)? If yes, at what age did you have this
surgery?

3. Have you had vour ovaries removed? If yes, at what age did you have this surgery?
4. Are you currently on estrogen and/or progestercne replacement therapy? If no, skip to question 5.
If yes, how leng have you been on hormone replacement therapy?

What are the brand name. dosage, and type (e. g, pills, cream patch) of hormone medication you are
taking?

5. Have you taken estrogen and/or progesterone replacement in the past? If no, skip to SECTION B.
If yes, what was the type (e.g.. pills, cream. patch) and dosage of the medication?
At what age did you start taling hormone replacement?

How leng did you contimue taking the hormone replacement?

At what age and why did you stop taking hormone replacement?

—— | IRE NUMEBER: 5971
| IRE APPROVAL DATE: 07M32015
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6. If you answered ves to questions 4 or 5, did you experience any side effects (e.g., weight gain mood
swings, headaches) while taking hormone replacement? If ves, please list the side effects.

SECTION B: PAST MENSTRUAL HISTORY
1. Approximately at what age did you experience your first menstrual period?
2. Were your periods regular (occwring monthly) during the first two years after menstration began? If

no, at what age did your periods eventually become regular?

3. Did you perform any form of athletic training prior to your first menstrual period? If yes, indicate
type of training (e g., gymnastics, track, basketball, etc)) and the number of years you trained for each
activity.

4. Has there been any time in the past where your periods were irregular or absent? If no, skip to
question 5.

If yes, did these periods coincide with unusual bouts of training, or with a peried of stress?
How long did this occnr?

5. Have you ever consulted a doctor about menstmal problems (specifically. about irregular or nussing
periods)? If no, skip to question 6.

If yes, what was the diagnosis (e g., shortened luteal phase, amencrrhea)?

Have you ever been tested to determine if you were ovulating normally?
6. Have you ever consulted a physician about any problems relating to yvour hormenal system? If so,

please explain

IRE MUMEER: 5371
7| IRE APPROVAL DATE OTHS2016
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Bone-Specific Physical Activity Questionnaire (BPAQ)

SUBJECT ID:

DATE:

1. Please list goy sports or other physical activities you have participated in regularly. Please figk
the boxes to indicate how old you were for each sportfactivity and how many years you

participated for.

Age: 4 1 w [ 1|12 s | 14 EU TR NETN TN I U I I PR
Activities

Ape: = | = 9 | = | m | = w | s | w | m | . | az | e |4 | e (a6 | ar | aa | a0 | w0
Activities
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Bone-Specific Physical Activity Questionnaire (BPAQ)

SUBIECT ID: DATE:

2. Please list the sports or other physical activities (be as specific as possible) you
participated in regularly during the last 12 months and indicate the average frequency
{sessions per week)?

Activity: Frequency (per week):
Activity: Frequency (per week):
Activity: Frequency (per week):
Activity: Frequency (per week):
Activity: Frequency (per week):
Activity: Frequency (per week):
Activity: Frequency (per week):
Activity: Freguency (per week):

BONE-SPECIFIC PHYSICAL ACTIVITY QUESTIONNAIRE
Developed by B.K. Weeks and B.R. Beck
Griffith University, QLD, Australia

vl 1o | RS APPROVAL DATE: 0TASEIE

g R
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Appendix E: Serum CrossLaps (CTX-1) ELISA Kit Instruction

immunodiagnosticsystems

Serum CrossLaps®
(CTX-l) ELISA

For the quantification of degradation products
of C-terminal telopeptides of Type | collagen in
human serum and plasma

C€ REF] ncoort /o
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INTRODUCTION

Intended use

The Serum CmsELaps‘ (CTX-1) ELISA is an enzyme immunological test for the quantification of degradation
products of C-terminal telopeptides of Type | collagen in human serum and plasma.

The Serum Crusqu:ls‘ (CTX) ELISA assay is intended for in vitro diagnostic use as an indication of
human bone resocrption and may be used as an aid in

A. Monitoring bone resorption changes of

1} Anti resorptive therapies in postmenopausal women:

a) Homone Replacemeant Therapies (HRT) with homones and hormone like drugs
b} Bisphosphonate therapies

2) Anti resorptive therapies in individuals diagnosed with osteopenia;
a) Homone Replacement Therapies (HRT) with hormones and hormone like drugs
b} Bisphosphonate therapies

B. Predicting skeletal Response (Bone Mineral Density) in postmencpausal women underngoing anti
resorptive therapies

a) Homone Replacemeant Therapies (HRT) with hormones and hormone like drugs

b} Bisphosphonate therapies

Limitations

The use of the test has not been established to predict the development of osteoporosis or future fracture risk.
The use of the test has not been established in hyperparathyroidism or hyperthyroidism.

When using the test io monitor therapy, resulis may be confounded in patients afficted with clinical conditions
knoem to affect bone resorption e.g. bone metastases, hyperparathyoidism or hyperthyroidism.

Serum CmssLaps‘ {CTX-1) ELISA results should be inferpreted in conjunction with clinical findings and other
diagnostic results and should not be used as a sole determinant in initiating or changing therapy

Do not interchange Serum CrossLaps® (CTX-I) ELISA values with Urine CrossLaps® (CTX-) ELISA values.

Summary and explanation of the test

Type | collagen accounts for more than 80% of the organic mafrix of bone and is synthesized primarily in bone
{1). During renewal of the skeleton, Type | collagen is degraded, and small peptide fragments are excreted into
the bloodstream. These fragments can be measured by Serum CmsELaps' [CTX-) ELISA. The measurements
of the specific degradation products of Type | collagen in both urine (2) and senum (3) by a competitive
CrossLaps have been reported.

The sandwich assay has been reported as useful for follow up of anti resorptive treatment of patients with
metabaolic bone diseases (3-17).

Principle of the procedure

The Serum Crt:lss‘.l_aq:ls‘I [CTX-1) ELISA is based on beo highly specific monoclonal antibodies against the amino
acid sequence of EKAHD-E-GGR, where the aspartic acid residue (D) is B-isomerized. In order to obtain a
specific signal in the Serum CmssLapﬁ' (CTX-I) ELISA, two chains of EKAHD-E-GGR must be cross linked.
Standards, control, or unknown serum samples are pipetted into the appropriate microtitre wells coated with
streptavidin, followed by application of a mibdure of a biotinylated antibody and a peroxidase conjugated
antibody. Then, a complex betaeen CrossLaps antigens, biotinylated antibody and peroxidase conjugated
antibody is generated, and this complex binds to the streptavidin surface via the biotinylated antibody. Following
the one step incubation at room temperature, the wells are emptied and washed. A chromogenic substrate is
added and the colowr reaction is stopped with sulfuric acid. Finally, the absorbance is measured.
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PRECAUTIONS

The following precautions should be observed in the laboratony-

= Do not eat, drink, smoke or apply cosmetics where immunodiagnostic materials are being handled

= Do not pipette by mouth.

= Wear gloves when handling immunodiagnostic materials and wash hands thoroughly afterwards

= Cover working area with disposable absorbent paper

Wamings

For in vitro use only.

= All rragents and laboratory equipment should be handled and disposed of as if they were infectious.
= Do not use kit components beyond the expiry date and do not mix reagents from different lots.

HAMA interference

Some individuals have antibodies to mouse immunoglobulins (HAMA), which can cause interference in
immunoassays that employ murine monoclonal antibodies, such as Serum Crosslaps. In rare cases, the content
of HAMA exceeds the capacity of the blocking agent incorporated into Serum CrossLaps leading to a false-
pasitive test result. Therefore, Serum CrossLaps values should be used only in conjunction with information
available from the clinical evaluation of the patient.

Storage

Store the Serum GrosiLaps' (CTX-l) ELISA kit upon receipt at 2-8°C. Under these conditions the kit is stable up
to the expiry date stated on the box.

Miote:

The specimens’ storage and stability information stated abowe are general recommendations for use in a vanety
of settings of laboratories. Each laboratory should follow the guidelines or requirements of local, state, andior
federal regulations or accrediting organizations to establish its own specimens handling and storage stability. For
guidance on appropriate practices, please refer to the CLSI GP44-A4, Procedures for the Handling and
Processing of Blood Specimens for Commeon Laboratory Tests; Approved Guideline - Fourth Edition

MATERIALS

Specimen collection

Collect blood by venipuncture taking care to avoid haemolysis. Separate the serum from the cells within 3 hours
after collection of blood. It is recommended to freeze (<-18°C) samples immediately.

For optimal results it is recommended to draw blood as fasting moming samples (18).

Also for monitoring the individual patient, follow up samples should be collected under same conditions as the
baseline sample.

When analysing plasma, both heparia and EDTA plasma may be used.

Materials supplied

Before apening the kit, read the section on Precautions. The kit contains reagents sufficient for 98
determinations.

Streptavidin coated microtitre plate [MICROPLA
Microwell strips (12x8 wells) pre-coated with streptavidin. Supplied im a plastic frame.

CrossLaps Standard [CAL (]
Cne vial (min. 5.0 mLvial) of ready for use PBS buffered solution with protein stabiliser and presernvative.

CrossLaps Standards
Five vials (min. 0.4 mlLAial) of ready for use, CrossLaps standard in a PBS buffered solution with protein
stabiliser and preservafive. The exact value of each Standard is printed on the QC Report

Controt [ETRLT2

Twa vials (min. 0.4 mLAial) of ready for use, desalted uninary antigens of human ongin in a PBS buffered
solution with protein stabiliser and preservative. Please refer io enclosed QC Report for control range.
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Biotinylated Antibody

Cne vial (mim. 0.25 mL) of a concentrated solution of a biotinylated monoclonal murine antibody specific for
degradation preducts of C-terminal telopeptides of Type | collagen, raised. Prepared in a buffered solution with
protein stabiliser and presenvative.

Peroxidase Conjugated Antibody

Cne wial (mim. 0.25 mL) of a concentrated solution of a peroxidase conjugated murine monoclonal antibody
specific for degradation products of C-terminal telopeptides of Type | collagen. Prepared in a buffered solution
with protein stabiliser and preservative.

Incubation Buffer [BUH
Cne vial (min. 18 mL) of a ready for use buffered soluticn with protein stabiliser, detergent and presenative.

Substrate Solution [SUBS TME|
Cne vial (min. 12 mL) of a ready for use tetramethylbenzidine (TMB) subsirate in an acidic buffer.
Please note that the chromogenic substrate might appear sligthy blusish.

Stopping Solution
Cne vial (min. 12 mL) of ready for use 0.18 mol/L sulfuric acid.

Washing Buffer WASHBUF 50

Cne vial (mim. 20 mL) of a concentrated washing buffer with detergent and presenvative.

Sealing tape
Adhesive film for covering wells during incubation.

Materials required — not supplied
Containers for preparning the Antibody Solulion and the Washing Selution
Precision micropipettes to deliver 50-200 pL

= Distilled water

= Precision 8 or 12 channel multipipetie o deliver 100 pL, and 150 pL
Microwell mixing apparatus
Microtiter plate reader

ASSAY PROCEDURE

Mix all reagents and samples before use (awvoid foam)

Determine the number of strips needead for the assay. It is recommended to test all samples in duplicate. In
addition, for each run a total of 18 wells are needed for the standards and controls. Place the appropriate
number of strips in the plastic frame. Store unused immuno strips in the tightly closed foil bag with desiceant
capsules.

Prior to use, prepare and equilibrate all solutions to room temperature. Perform the assay at room

temperature (18-22°C).

1  Preparation of the Antibody Solution:
ATTENTION: Prepare the following Anfibody Solution maximum 30 minutes before starting the assay. Mix
the Bictinylated Antibody [Ab BIOTIN, Perosidase Conjugated Antibody ENZYMCON] and Incubation
BufferBUF in the volumetric ratic 1#1+100 in an empty container. Mix carefully and avoid formation of
foam. Prepare a fresh solution before each run of the assay.

2 One Step incubation
Pipette 50 L of either Standards [CAL0 - §, Control [CTRL 1 - 2| or unknown samples into appropriate
wells followed by 150 pL, of the Antibody Solution. Cover the immunostrips with sealing tape and
incubate for 12045 minutes at room temperature {18-22%C) on a microtitre plate mixing apparatus (300
rpmyj.
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3 Washing
Wash the immunostrips 5 times manually with 300 pl diuted Washing Buffer (WASHBUF 509 diluted

1+50 in distilled water). Using an automated plate washer, follow the instructions of the manufacturer or the

guidelines of the laboratory. Usually 5 washing cycles are adequate. Make sure that the wells are
completely emptied after each manual or automatic washing cycle.

4  Incubation with chromogenic substrate solution
Pipette 100 pL of the Substrate Solution |SUBS TMB| into each well and incubate for 152 minutes at
room temperature (18-22°C) in the dark on the mixing apparatus (300 rpm). Use sealing tape.
Do not pipefte directly from the vial containing TMB substrate but transfer the needed volume to a dean
reservoir. Remaining substrate in the resenswaoir should be discarded and not retumed to vial TMB.

5  Stopping of colour reaction
Pipette 100 pL of the Stopping Solution 12504 into each well.

&  Measurement of absorbance
Measure the absorbance at 450 nm with G50 nm as reference within two hours.

Limitations of the procedure
If the absorbance of a sample exceeds that of Standard 5, the sample should be diluted in Standard 0 and re-
analysed.

QUALITY CONTROL

Good Laboratory Practice (GLP) requires the use of quality conirol specimens in each sernies of assays in order
to check the performance of the assay. Controls should be treated as unknown samples, and the resulis
anahysed with appropriate statistical methods.

RESULTS

Calculation of results
A guadratic curve fit can be used.

Alternatively, calculate the mean of the duplicate absorbance determinations. Consftruct a standard curve on
graph paper by plotting the mean absorbances of the six standards 0-5 (ordinate) against the comesponding
Crosslaps concentrations (abscissa). Determine the CrossLaps concentration of the confrols and each patient
sample by interpolation.

Example of results obtained:

Standards/ CrosslLaps L5060 Mean Interpolated
Controls/ COnC. {nm) Ly CrossLaps conc.
Samples {ngfmL} Obs 1/ Obs 2 {mm) (ng/mlL}

Standard 0 0.000 0.066 ! 0.DES 0.066

Standard 1 0.178 0.210/ 0209 0.210

Standard 2 0.489 0472/ 0.448 0.480

Standard 3 0.960 0.844 / 0.819 0.832

Standard 4 1.002 1.598 / 1.560 1.579

Standard 5 2454 2061/ 2.004 2033

Control 1 0.349/0354 0,918/ 0.352 0.355

Control 2 D0.952 0.935 1.086

Sample | 0.140/0.138 0.139 0.091

Sampie Il 0.447 / 0.439 0.443 0489

Sample llI 1.305/1.303 1.304 1.555

6
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Appendix F: MicroVue TRAP5b EIA Kit Instruction

MiCI"OVlJeBmp

TRAPSb Ei1a

QUIDEL

An immunocapture enzyme assay for the determination of tartrate-

resistant acid phosphatase isoform 5b in human serum or plasma

For In Vitro Diagnostic Use. For export only. Not for sale or use in the United States or Canada.

SUMMARY

Standards and Contrals Preparation
[ Reconstitute Standards with 400 pL of DI water
{Prepare Standards within 2 hours)
O Reconstitute Controls with 400 pl of DI water.
I:F'n;:part: Cantrals within 2 h-:;ll_.ls:l
[ Dilute 10X Wash Buffer 1:10 with DI water.
MOTE: Mix Standards gently with pipette; do not vortex

Assay Procedure
Pipette 100 pL of Sample Dilsent into assay wells

vl

ards, Controls, and

Pipette 50 pL of reconstituted Stand
Samples into assay wells

v

Incubate &0 minutes at 18°'C to 2B'C (shaking at 500 rpm to 1000 rpm)

O Add contents of one vial of Substrate Reconstitution Buffer 1o one vial
of Substrate. (Prepare within 30 minutes of use)
B ‘Wash 3 times with 1X Wash Buffer

Pipette 100 pL Substrate Solution into assay wells
[(Shake for 30 seconds at 500 rpm to 1000 rpm)

-

Incubate &0 minutes at 37°C

Pipette 50 pL Stop Solution into assay wells.

o

Read the Optical Density at 405 nm
-"'ru.1|\;.-'-.-. the Results us ng |1.|.|-:|'.:I|-: curve fit,
y =&+ Bx+ Cx

Page 1 of 10

MicroVue TRAPSb EIA
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REAGENTS AND MATERIALS PROVIDED
40 Assays for TRAPSb conducted in duplicate (96 wells)

MicroVue TRAPSb Assay kit contains the following:

A TRAPSb Standards: Parts 0711631-71 0.4 mL, 2 each
| (lyophilized) recombinant protein composed of Human TRAPSh. The exact concentration is stated on
E each vial

L Low/High Controls Parts 0711681-91 0.4 mL, 2 each
H (lyophilized) recombinant protein composed of Human TRAPSb. The concentration range is stated on the
kit Certificate of Analysis (C of A)

o Microwell Plate Part 0711611 12 each
12 x 8 wells coated with murine monoclonal anti-TRAPSb antibodies

@ stop Solution Part 07116C1 12 mL
0.2M sodium hydroxide (NaOH)

o 10X Wash Buffer Part 07116D1 100 mL
TBS/Tween. Contains 0.5% Tween® 20 and 0.02% ProClin® 300

o Sample Diluent Part 0711621 20 mL
Tris buffer. Contains 0.02% ProClin 300

0 Substrate Reconstitution Buffer Part 0711681 12 mL, 2 each
MES buffer. Contains 0.02% ProClin 300

0 Substrate Part 07116A1 12 mL, 2 each
Substrate dissolving solution, 2-chloro-4-nitrophenyl-phosphate powder [CNPP)
Plate Tape Cover Part 0047 3 each

Tween® 20 s a registered trademark of 101 Arericas Inc.
ProClin® is & registered trademark of Rohm and Haas Company.

MATERIALS REQUIRED BUT NOT PROVIDED

Adjustable micropipettes for dispensing 50, 100, 300 pL, both single and multi-channel
Microplate shaker capable of constant shaking at 500-1000 rpm for 60 minutes
Incubator at 37°C

Labware suitable for liguid measurement of 10-300 mL

Deionized or distilled water

Microplate reader capable of reading at 405 nm

Computer

Software package facilitating data generation, quadratic curve fit, and data analysis
Suitable device for washing the microplate

Graduated pipette or equivalent for dispensing 12 mL

Absorbent material for blotting the in-proceszs microplate after washing

WARNINGS AND PRECAUTION

B For in vitro diagnostic use

B Treat specimen samples as potentially biohazardous material. Follow Universal Precautions when handling
contents of this kit and any patient samples.

MicroVue TRAPSDb EIA Page 3 of 10
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Standards

Add 400 pl of deionized (distilled) water to the vial containing lyophilized Standard and dissolve for at least 5
minutes. Mix thoroughly. The reconstituted Standards should be used within 2 hours if stored at 18°C to 28°C
or within 24 hours if stored at 4°C.

Controls

Add 400 pl of deionized (distilled) water to the vials containing lyophilized Controls, and dissolve for at least
5 minutes. Mix thoroughly. The reconstituted Controls should be used within 2 hours if stored at 18°C to 258°C
or within 24 hours if stored at 4°C.

10X Wash Buffer
Dilute 100 mL of 10X Wash Buffer with 900 mL deionized (distilled) water. The working Wash Buffer is stable
for 1 month at 18°C to 28°C.

Substrate Solution
Prepare Working Substrate Solution by adding the contents of one vial of Substrate Reconstitution Buffer to
the contents of 1 vial of Substrate. Prepare within 30 minutes of use.

Stop Solution

Stop Solution is provided ready to use.

ASSAY PROCEDURE

Read entire product insert before beginning the assay.
See WARNINGS AND PRECAUTIONS and REAGENT PREPARATION.

Determine amount of each reagent required for the number of strips to be used.

# of Strips 4 [ 8 12
# of Samples (tested in duplicate) 2 16 24 40
Substrate (vial) 1 1 1 1

1X Wash Buffer (mL) 100 150 200 300

Sample/Enzyme Incubation

1. Allow pouch of Coated Strips to equilibrate to 18°C to 28°C before opening. Remove Stripwell Frame and
the required number of Coated Strips from the pouch. Ensure that the pouch containing any unused strips
is completely resealed and contains desiccant.

2. Pipette 100 plL of Sample Diluent into microplate wells.

Pipette 50 uL of each reconstituted Standard, Control and sample into appropriate microplate wells.

4. Seal the microwell plate with supplied plate tape cover and incubate for 60 minutes at 18°C to 28°Con a
microplate shaker set at 500 rpm to 1000 rpm.

5. After incubation, wash the microplate wells three times with a minimum of 300 pL of Wash Buffer per
well. After washing, tap the wells gently on a paper towel to expel any remaining liquid.

b

Substrate Incubation

6. Pipette 100 pL of Working Substrate Solution into each well.

7. Seal the microplate and mix on a microplate shaker for 30 seconds at 500-1000 rpm. After shaking,m
incubate for 60 minutes in a 37°C incubator.

MicroVue TRAPSb EIA Page 5 of 10
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Stop/Read
8. Pipette 50 pL of Stop Solution into each well to stop the reaction.
9. Read and record the absorbance of each well at 405 nm.

10. Use a quadratic curve fit for the standard curve. Calculate the values of Controls and specimens from the

standard curve.

QUALITY CONTROL

The Certificate of Analysis included in this kit is lot specific and is to be used to verify that the results obtained

by your laboratory are similar to those obtained at Quidel Corporation.

Quality control ranges are provided. The control values are intended to verify the validity of the curve and
sample results. Each laboratory should establish its own parameters for acceptable assay limits. If the control

values are NOT within your laboratory’s acceptance limits, the assay results should be considered

guestionable, and the samples should be tested again.

INTERPRETATION OF RESULTS
Representative Standard Curve

2.0

0.5

Absorbance (405 nm)
o

0.0
0.0 2.0 10.0

TRAPSb (U/L)
OBSERVED VALUES

Observed serum values for TRAPSb activity in healthy men and women are reported as follows:

15.0

Gender Age Mean
{years) (u/u)
Men =120 91 40+14
Women (Premenopausal) 0to 44 31 29+14
Women (Postmenopausal) =50 i6 43+15

Observed TRAPSb values (U/L) in 64 healthy adults (see gender and age information below) using both serum
and plasma (Heparin) collection methods. Plasma samples were run for comparison to serum results.

MicroVue TRAPSb EIA
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Appendix G: Qiagen miRNeasy Serum/Plasma Handbook

February 2012
miRNeasy Serum/Plasma
Handbook
miRNeasy Serum/Plasma Kit
For purification of total RNA, including
miRNA, from animal and human plasma and
serum
miRNeasy Serum/Plasma Spike-In Control
For normalization of mIRNA purification from
serum or plasma
90000
a8

Sample & Assay Technologies
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Kit Contents

miRNeasy Serum/Plasma Kit (50)
Catalog no. 217184
NMumber of preps 50
RMeasy™ MinElute® Spin Columns (each packaged with a 2 mil 50
Collection Tube)

Collechon Tubes (1.5 mil) 50
Collechion Tubes (2 ml) 50
QlAzol® Lysis Reagent* 50 ml
Buffer RWT*T 15 ml
Buffer RPE* 11 mi
Ce miR-39_1 miScript® Primer Assay (100)
EMase-Free Water 10 mil
Quick-Start Protocol 1

* Contains a guunidfne salt. Mot cc:rnpnﬁHe with disinfectants confafning bleach. See page &
for sclfef:,' information.

T Buffer RWT s supp“ed as a concentrate. Before usfng for the first ﬁme, add 2 volumes of
ethanc! (96%—100%) as indicated on the botle to obtain a worlang soluhion.

I Buffer RPE is 5upp|iec| as a concentrate. Before using for the first 1'ir'n-EJ add 4 volumes of
ethanol (96-100%) as indicated on the bottle to obtain a worlang salution.

miRMNeasy Serum/Plasma Spike-In Control (10 pmol)
Catalog no. 219610
Lyophilized C. elegans miR-39 miRMNA mimic 10 pmal

Shipping and Storage

The miEMNeasy Serum/Plasma Kit (cat. no. 217184) 15 shipped at ambient
temperature. Store the RMeasy MinElute spin columns immediately ot 2-8°C.
CHAzol Lysis Reagent can be stored af room temperature (15-25°C) or at 2-
8°C. Store the Ce_miR-3%9_1 miScrpt Primer Assay at —20°C either lyophilized
or reconshtuted (see next paragraph). Store the remaining components dry ot
room temperature. All kit components are stable for of least $ months under
these condihons.

|
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miRNeasy Serum/Plasma Procedure

Sorum/plasma

Add QlAzol
Lysis Reagent

Add chlerelorm
and shake

Separale phases
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aqueous phase

Bind rolal RNA
including small RMAs

Wash

Eluta
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Total RMA
including small RMAs
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Protocol: Purification of Total RNA, Including miRNA,
from Serum and Plasma

This protocal is intended as a guideline for the punfication of cell-free total
RMNA, which primanly includes small RMAs such as miRMNAs, from small volumes
(up to 200 ul) of serum and plasma using the miRMNeasy Serum/Plasma Kit. The
protocol can also be used for small volumes of other body fluids such as unine.
Processing of more than 200 ul sample iz not recommended, becouse the
amounts of contaminants introduced by larger sample volumes may interfere
with the punficohon process,

For recommendations on collechon, preparation, and storage of cell-free
plasma and serum, see Appendix A, page 22.

Thiz protocol requires miEMNeasy Serum/Plasma Spike-In Control (cot. no.
219610), which must be ordered separately.

Important points before starting

B After collection and centrifugation, plasma or serum can be stored at 2—
8°C for up to 6 hours or used directly in the procedure. For long-term
storage, freezing at —20°C or —80°C in aliquots 15 recommended. To
process frozen lysates, incubate ot 37°C in o water bath until somples are
completely thawed and salts are dissolved. Avoid prolonged incubation,
which may compromise RMA integnty.

B Dniase | digestion is not recommended for plasma or serum samples. Cell-
free body fluids typically do not contain significant ameounts of DMNA, and
the combined QlAzol and RMeasy technologies efficiently remove most of
the trace amounts of DMNA in plasma and serum. In addiion, miScnpt
Primer Assays and most other assays for mature miRMNA are not affected by
the prezence of small omounts of genomic DMA. On-column DMose
treatment may reduce recovery of small RMA from plasma or serum.

B Buffer RWT may form a precipitate upon storage. If necessary, redissolve
by warming ond then place ot room temperature (15-25°C).

B QGlAzol Lysis Reagent and Buffer RWT contain a guanidine salt and are
therefore not compatible wath disinfeching reogents containing bleach.

B  Except for phase separation (step 7), all protocal and centrifugation steps
should be performed ot room temperature.,

B The procedure is suitable for use with either serum samples or plasma
samples containing atrate or EDTA. Plasma samples containing hepann
should not be used because thiz anhcoagulant can interfere with
downstream assays, such as RT-PCR.

|
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Things to do before starting

B Buffers RWT and RPE are supplied as concentrates. Before using for the first
time, add the required volumes of ethanol {$6-100%), as indicated on the
bottle, to obtain a working solution.

B Prepare a working solution of miRMeasy Serum/Plasma Spike-In Control as
described in Appendix B, poge 23.

B Use of carnier RNA (e.g., 1 ug M52 RMA, Roche, cat. no. 10 165 948 001)
or bacterial nbosomal EMA (Roche, cot. no. 10 206 938 001) may

Increase recovery in some coses. Do not use polyA RNA.

Procedure

1. Prepare servm or plasma or thaw frozen samples.

2. Add 5 volumes QlAzol Lysis Reagent (see Table 2 for guidelines). Mix
by vortexing or pipetting up and down.

Table 2. QlAzol Lysis Reagent volumes for various serum/plasma

volumes
Serum/plasma Protocol Protocol Protocol Protocol
(M) step 2: step 5: step 7: approx. step 8:
QlAzol Lysis chloroform volume of 100%
Reagent (ul) () upper ethanol
aqueous (1)
phase (ul)
=50 250 50 150 2325
100 500 100 300 450
200 1000 200 &00 200

Mote: If the volume of plasma or serum is not limited, we recommend
using 100-200 ul per RMNA preparation.

Mote: After addition of GllAzol Lysis Reagent, lysates can be stored ot
—70°C for several months.

3. Place the tube containing the lysate on the benchiop at room
temperature (15-25°C) for 5 min.

4. Add 2.5 gl miRNeasy Serum/Plasma Spike-In Control (1.6 x 10°
copies/ul working solution) and mix thoroughly.

For detailz on making oppropnate stocks and working solutions of
mikMeasy Serum/Plosma Spike-In Control, see Appendix B, page 23.

miRNec&}r Serum/Plasma Handbook 02/2012 15
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5. Add chloroform of an equal volume to the starting sample to the
tube containing the lysate and cap it securely (see Table 2 for
guidelines). Vortex or shake vigorously for 15 s.

Thorough mixing 1= important for subsequent phaose separation.

6. Place the tube containing the lysate on the benchtop at room
temperature (15-25°C) for 2-3 min.

7. Centrifuge for 15 min at 12,000 x g at 4°C. After centrifugation, heat
the centrifuge up to room temperature (15-25°C) if the same
centrifuge will be used for the next centrifugation steps.

After centrifugation, the sample separatfes into 3 phases: an upper,
colorless, aqueous phase containing RNA; a white interphase; and a lower,
red, organic phase. See Table 2 for the approximate volume of the
agqueous phase.

8. Transfer the vpper aqueous phase to a new collection tube (not
supplied). Avoid transfer of any interphase material. Add 1.5
volumes of 100% ethanol and mix thoroughly by pipetting vp and
down several times. Do not centrifuge. Continue without delay with
step 9.

A preapitate may form after addition of ethancl, but this will nat affect the
procedure,

9. Pipet up to 700 pl of the sample, including any precipitate that may
have formed, into an RNeasy MinElute spin column in a 2 ml
collection tube (supplied). Close the lid gently and centrifuge at
#8000 x g (210,000 rpm) for 15 s at room temperature (15-25°C).
Discard the flow-through.*

Feuse the collechon tube in step 10.

10. Repeat step 9 using the remainder of the sample. Discard the flow-
through.*
Eeuse the collechon tube in step 11.

11. Add 700 ul Buffer RWT to the RNeasy MinElute spin column. Close

the lid gently and centrifuge for 15 s at 28000 x g (210,000 rpm) to
wash the column. Discard the flow-through.*

Feuse the collechion tube in step 12.
12. Pipet 500 ul Buffer RPE onto the RNeasy MinElute spin column. Close

the lid gently and centrifuge for 15 s at 28000 x g (210,000 rpm) to
wash the column. Discard the flow-through.

Reuse the collection tube in step 13.

* F|-::n-w—+|‘1rc:ug|1 contains GlAzcl Lj,r5|-5 Re-clgenf or Buffer RWT and 1s therefore not ccmpﬂﬁ ble
with bleach. 5ee page & for safety informahion.
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13. Pipet 500 pl of 80% ethanol onto the RMNeasy MinElute spin column.
Close the lid gently and centrifuge for 2 min at 28000 x g (210,000
rpm) to wash the spin column membrane. Discard the collection tube
with the flow-through.

Mote: 80% ethanol should be prepared wath ethanol (?6-100%) and

EMase-free water.

Mote: After centrifugation, carefully remove the RMNeasy MinElute spin
column from the collechon tube so that the column does not contact the
Hlow-through. Otherwise, carryover of ethanol wall oceur.

14. Place the RNeasy MinElute spin column into a 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 collechion tube
with the flow-through.

To avoid damage to their lids, place the spin columns into the centrifuge
with at least one emply posiion between columns. Onent the lids so that
they point in a direchon opposite to the rotation of the rotor [e.g., iIf the
rator rotates clockwase, onent the lids counterclockwise).

It is important fo dry the spin column membrane, since residual ethanol
may interfere wath downstream reachons. Centnfugation wath the lids open
ensures that no ethanol is carned over during RNA elution,

15. Place the RNeasy MinElute spin column in a new 1.5 ml collection
tube (supplied). Add 14 yl 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 RMNA.

As hitle as 10 pl RMase-free water can be used for elution if a higher RNA
concentrafion i1s required, but the yield will be reduced by approxmately
20%. Do not elute with less than 10 ul RMase-free water, as the spin
column membrane will not be sufficiently hydrated.

The dead volume of the RMeasy MinElute spin columnis 2 ul: elution with
14 yl EMase-free woter results in a 12 yl eluate.

C ]|
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Appendix B: Use of the miRNeasy Serum/Plasma
Spike-In Control in Serum/Plasma miRNA Profiling

There is currently no clear consensus in the research community on what should
be used as a normalization control for mIEMNA expression profiling in a serum
or plasma sample. Many researchers choose to spike a synthefic miENA into
their RMA prep to monitor RMNA recovery and reverse transcrniption efhiciency.
This EMA 15 added to samples after the addion of denaturant (e.g., QlAzol
Lysis Reagent], prior to addifion of chloroform and phase separation. After real-
fime RT-PCR, the C; value obtained wath the assay targetng the synthehc miRMA
permits normalization between samples, which can control for varying RNA
puritfication yields and amplification efficiency. In addition, RMNA recovery can be
assessed by companng the C; value to a standard curve of the synthehic miEMNA
generated independently of the RNA punfication procedure. GHAGEM
recommends the miEMNeasy Serum/Plasma Spike-In Control (cot. no. 219610)
for use as an internal contral for MIRMNA expression profiling in serum or
plasma. This appendix includes details of preparation of miRNeasy
Serum/Plasma Spike-In Control stock and working seluhon, a protocel for
generating an miEMNeasy Serum/Plasma Spike-In Control standard curve, and a
protocol for assessing the recovery of miRMeasy Serum/Plasma Spike-In Contral
after EMA punfication.

Mote: Use of the miEMNeasy Serum/Plasma Spike-In Contral is not
recommended for cell or fissue samples.

Preparation of miRNeasy Serum/Plasma Spike-In Control

The miRMNeasy Serum/Plasma Spike-In Contral is a C. elegans miR-3% miRMNA
mimic and 1s supplied lyophilized at 10 pmal per tube. Reconshtute by adding
300 ul RMase-free water per fube, resuliing in a 2 x 10'° copies/ul stock.
miRMeasy Serum/Plasma Spike-In Control stock should be stored ot —80°C. For
large volumes, first aliquot into smaller volumes prior to long-term storage at

—80°C,

When worlking with miEMeasy Serum/Plasma Spike-In Control, first odd 4 pl of
2 x 10"® copies/ul miRNeasy Serum/Plasma Spike-In Control stock to 16 ul
RMNase-free water, resulting in a 4 x 10° copies/ul dilution. f perferming
purification of RMA from serum and plasma, add 2 ul of the 4 x 10° copies/ul
dilution to 48 ul RNase-free water to provide a 1.6 x 10° copies/ul werking
solution. If generating a standard curve, add 2 pl of the 4 x 107 copies/ul
dilution to 78 ul ENase-free water that contains carrier RNA [e.g., 10 ng/ul M52
[Roche, cat. no. 10 165 248 001] or bactenal nbosomal RMA [Roche, cat. no.
10 206 938 001]) to provide a 1 x 10° copies/ul working solution. These

dilutions are summanzed in Table 3.
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Table 3. miScript Serum/Plasma Spike-In Control dilutions

Purpose Dilution Concentration
[copies/ul)
Stock Add 300 ul RMase-free water to 2x10"

lyophilized miScrpt Serum/Plasma
Spike-In Contral (10 pmol)

Dilution Add 4 pl stock (2 x 10" copies/ul) to 4 x 10°
16 ul RMase-free water

Working solution Add 2 ul of 4 x 107 copies/ul dilution 1.6 x 108
for RMA to 48 ul RMase-free water

purificotion

(page 14)

Working solution Add 2 pl of 4 x 10° copies/ul dilution 1x 108

for generafion of to 78 ul RMase-free water containing
standard curve 10 ng/ul M52 [Roche, cat. no. 10
(page 26) 165 248 001) or bactenal nbosomal
RMNA (Roche, cat. no. 10 206 938
001)

Protocol: Generation of miRNeasy Serum/Plasma Spike-In
Control Standard Curve

Thiz protocol 1z for generoting a real-time PCE standord curve of miRMNeasy
Serum/Plasma Spike-In Control that is independent of a serum/plasma sample
and RMA purfication procedure. The standard curve allows estimation of the
recovery of miRMeasy Serum/Plasma Spike-In Control when it is added o a
serum/plasma sample that is subsequently used for EMNA punfication (see
protocol on page 14).

Important points before starting

B To ensure reproducibility, always use freshly prepared cDMNA to generate a
standard curve. Perform PCRs for generahion of the standard curve and
PCRs on RNA from the serum/plasma samples of interest in the same run.
Do not store cDMNA dilutions for later use.

B This protocol uses the following components of the miScript PCR System:
Ce_miR-39_1 miScript Pimer Assay [provided in the miRMNeasy
Serum/Plasma Kit), miScnpt Il BT Kit, miScnpt SYBR Green PCE Kit. For
more information, consult the miScript PCR Sysfem Handbook or wvisit
werw . giagen.com/miBNA,

I ——————
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Appendix D: Storage, Quantification, and
Determination of Quality of RNA

Storage of RNA

Furthed EMNA may be stored ot =20°C or —70°C in RMasze-free woter. Under
these condihons, no degradation of RMNA 15 detectable after 1 year.

Quantification of RNA

The concentration of RNA should be determined by measuring the absorbance
at 260 nm [A,:;) 1n a spectrophotometer (see “Spectrophotometric
quantification of RNA" below). For small amounts of EMNA, however, it may be
difficult to determine amounts photometncally. Small amounts of EMNA can be
accurately quantified using an Agilent® 2100 Bioanalyzer, quantitative RT-PCR,
or fluocrometnc quantficaton. When punfying RMNA from particularly small
samples (e.g., laser-microdissected samples, or from plasma or serum),

quantitative, real-time RT-PCR should be used for quanhfication.

Spectrophotometric quantification of RNA

To ensure significance, Aqsp readings should be greoter than 0.15. An
obsorbance of 1 unit at 260 nm corresponds to 44 ug of ENA per ml (A ,=1—
44 pig/ml). This relation 1s valid only for measurements at a neutral pH.
Therefare, if it 1s necessary to dilute the RMA sample, this should be done in a
buffer with neutral pH.* As discussed below (see “Punty of RMNA", page 36), the
rafio between the absorbance values ot 260 and 280 nm gives an esfimate of

EMNA punty.

When measunng EMA samples, be certain that cuvettes are RMNase-free,
especially if the EMA 15 to be recovered after spectrophotometry. This can be
accomplished by washing cuvettes with 0.1 M MaOH, T mM EDTA,* followed
by washing with RMase-free water (see “Soluhons”, page 34). Usze the buffer in
which the REMA 15 diluted o zero the spectrophotometer. An example of the
calculation involved in RNA quantfication is shown below:

Volume of RNA sample = 100 ul

Dilution = 10 ul of RNA sample + 470 ul of 10 mM Tns-CL* pH 7.0
(1/50 diluhon)

Measure obsorbance of diluted somple in a 1 ml cuvette (RNaze-free)

Aney = 0.2

* When working with chemicals, always wear a suitable lab coat, disposable gloves, and
pr‘ciecﬁve gogghaﬁ. For more information, consult the upprc:pricﬂe matenal scrfefy data sheets
(M5D5s), available from the product suppler.

I ——————
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Concentration of EMNA somple = 44 pg/ml x Aszzp x diluhion foctor
= 44 pg/ml x 0.2 x 50

= 440 ug/ml

Total amount = concentration x valume in milliliters
= 440 ug/ml x 0.1 ml
= 44 g of RNA

Purity of RNA

The ratio of the readings ot 260 nm and 280 nm [A250/Azz0) provides an
estimate of the punty of RMNA with respect to contarminants that absorb in the UV
spectrum, such as protein. However, the A,/ Az, rafio is influenced
considerably by pH. Since water i1s not buffered, the pH and the resulting
AsenlfAsen rahio can vary greatly. Lower pH results in a lower Agyn/As5, rahio and
reduced sensifivity to protein contamination.” For accurate values, we
recommend measuring absorbance in 10 mM Tris-Cl, pH 7.5. Pure RNA has an
AszofBseg ratio of 1.9-2.11in 10 mM Tris-Cl, pH 7.5. Always be sure to calibrate
the spectrophotometer wath the same solution used for diluhon.

For determination of RNA concentrahon, however, we recommend dilution of
the sample in a buffer with neutral pH since the relotionship between
absorbance and concentration (A, reading of 1T = 44 ug/ml ENA) 1z bosed on
an exhnchon coefhaent calculated for RMA af neutral pH (see “Quantification of

EMA", page 35).

DMNA contamination

Mo currently available punfication method can guarantee thot RMNA 1=
completely free of DMA, even when it iz not visible on aon agarose gel. While
miRMeasy Kitz will remove the vast maojorty of cellular DNA, trace omounts may
shll remain, depending on the amount and nature of the sample. However,
serum, plasma, and other cell-free body fluids contain very little DMNA.

For analysis of very low-abundance targets, any interference by residual DNA
contamination can be detected by performing real-fime RT-PCRE control
experiments in which no reverse transcriptase 1s added prior fo the PCR step.

To prevent any interference by DMA in gene expression analysis real-ime ET-
PCE applications, such as with ABI PRISM and LightCycler instruments, we
recommend designing primers that anneal at intron splice junchons so that

genomic DMNA will not be amplified. QuantiTect Primer Assays from GQIAGEN

* Wilhinger, W.W., Mackey, M., and Chomczynsk, P. (1997) Effect of pH and 1onic strength on
the specirophofometnc assessment of nucleic aad punty. BioTechmiques 22 474,

" Values up to 2.3 are routinely obtained for pure RMA (in 10 mi Trie-Cl, pH 7.5) with some
spectrophofometears.

|
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Appendix H: Tagman Advanced miRNA Assays User Guide

TagMan® Advanced miRNA Assays
USER GUIDE

Single-tube assays

for use with:
TagMan® Advanced miRNA cDNA Synthesis Kit

Catalog Mumber AZ5574
Publication Number 100027857
Revision C

For Research Use Only. Not for use in diagnostic procedures. SCIENTIFIC
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Product information

B Product description .. ... ... i 3
B Contentsand stoTage ... .. .. ... i 6
B ERequired matedals not supplied ... ... ... L 6
B Workdlow .. i 10

Product description

TagMan® Advanced miFNA Assays are pre-formulated primer and probe sets that are
designed for analysis of microRMA (miRNA) expression levels using Applied
Biosystems™ real-time PCR instruments. The assays can detect and quantify the
mature form of the miRNA from 1-10 ng of total RNA from tissue, or 2 pL of tofal
EMNA from serum or plasma_ For more information about PCR detection with
TagMan® Advanced miFNA Assays, see page “Taghan® Advanced miRNA Assays
chemistry overview” on page 22.

The Taghfan® Advanced miENA cDINA Synthesis Kit (Cat. No. A28007; sold
separately) is required for preparing the cDINA template that is used with the
TagMan® Advanced miFNA Assays. The kit enables the analysis of:
s Multiple miRNAs from a single amplified sample.
. anldiles that are limited in quantity, induding serum, plasma, or other biological
uids.

This decument describes procedures to prepare cDNA templates from miRNA
followed by PCR amplification of the cDNA template and subsaquent data analysis.
In the first stage of the workflow, mature miRNAs from total RINA are modified by

1) extending the 3' end of the mature franscript through poly(A) addition, then

2) lengthening the 5 end by adaptor ligation. The modified miFNAs then undergo
universal reverse transcription followed by amplification to increase uniformly the
amount of cONA for all miRNAs (miR-Amp reaction). For more information about
cDNA synthesis of templates for Taghlan® Advanced miFENA Assays, see page
“¢DNA template preparation” on page 21

Taghan® Advanced miFNA Assays of interest are then used for quantification of
miFNA expression levels by gPCR analysis. Predesigned Taghlan™ Advanced miRINA
Assays are available for most human miENAs in miRBase (the miENA sequence
repository). For a current list of assays, go to thermofisher.com/advancedmirna.
Note: TagMan® Advanced miRMNA Assays are for analysis of mature miFINA only:
For analysis of siRNA, or other small RNAs that are fewer than 200 bases in length go
to thermofisher.com/tagmanmirna

The procedures in this document are for use with Taghan® Advanced miFRNA Assays
supplied in the single-tube format.

TagMan® Advanced miRNA Assays User Guide (Singie-tube Assays] ]
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Chapter 1 Product information
Workflow

Workflow

Prepare cDNA templates
Input RMNA sample
v

“Perform the poly[A) tailing reaction” on page 12
[55 minutes)

v

“Perform the adaptor ligation reaction” on page 13

[60 minutes)
v

“Perform the reverse transcription |RT) reaction” on page 14

[20 minutes)

v

“Perform the miR-Amp reaction” on page 15

[30 minutes|
v
Perform real-time PCR
“Prepare PCR reaction plate” on page 17
v

“Set up and run the real-time PCR instrument” on page 18

[45 minutes)

v

“Analyze the results™ on page 19
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151



Prepare cDNA templates

Procedural guidelines . ... ... e 11
Perform the poly(A) tailing reaction ... ... ... ... ... ... ... 12
Perform the adaptor igaonreacton .. .. ... ... ... 13
Perform the reverse transcription (RT) reaction ... ... .. ... 14
Perform the miR-Amp reaction .. ... ... . ... 15

Procedural guidelines

Guidelines for
preparing cONA
templates

Guidelines for
RMA input

Follow best practices when working with RNA samples (see “Best practices for
PCE. and ET-PCR experiments” on page 24).

Keep the Taghlan® Advanced miFINA Assays in storage until ready for use.
Calculate the number of required reactions. Scale reaction components based on
the single-reaction volumes, then include 10% overage.

If using strip tubes, change to a new cap after each step or incubation.

If using 0.2- or 0.5-mL PCE tubes, use a thermal cycler tray:

If using plates, use a thermal cycler compression pad.

Prepare samples using a total RN A isolation method that preserves small ENAs.
See Table 4 on page 8 for recommended BENA isclation kits.
For tissue samples: Use 1-10 ng of total ENA per reaction.
Note: Sample concentration before adding to reactions should be = 5 ngful..
For blood, serum, or plasma samples: Use 2 yl of sample eluent (from the sample
isolation procedure) per reaction.
For optimal reverse transcription, input KINA should be:
— Free of inhibitors of reverse transcription (RT) and PCR
— Dissolved in PCR-compatible buffer
— Free of RNase activity
— Nondenatured total FINA (not applicable for double-stranded templates)

IMPORTANT! Do not denature the total EINA_

BgMan® Advanced miRNA Assays User Guide (Singlo-tube Assays) 1
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Chapter 2 Prepare cDMNA templates
Ferform the polWdl tailing reaction

Perform the poly(A] tailing reaction

12

1.

Thaw samples and cDINA synthesis reagents on ice, gently vortex to thoroughly
mix, then centrifuge briefly to spin down the contents and eliminate air bubbles.

Note: Keep the assays in storage until ready for use.

IMPORTANT! The 50% PEG 8000 reagent must be at room temperature for the
adaptor ligation reaction (next section).

In a 1.5-ml microcentrifuge tube, prepare suffident Poly(A) Reaction Mix for the
required number of reactions according to the following table.

Component 1 Rxn & Rxns! 10 Rxnsi
10X Polyl4) Buffer 0.5 L 224 S5uL
ATP 0.5uL 224l S5uL
Poly[A] Enzyme 0.2 pL 1.3pl 33pl
RMase-free water 1.7 pL 75pL 187 pL
Total PolylAl Reaction Mix volume 3.0puL 13.2pL 3L

11 Wplumes include 10% overage.

Vortex the Poly(A) Reaction Mix to thoroughly mix the contents, then centrifuge
briefly to spin down the contents and eliminate air bubbles.

. Add 2 uL of sample to each well of a reaction plate or each reaction tube, then

transfer 3 uL of Poly({A) Reaction Mix to each well or tube.

Note: (COptional) Before adding the sample to the reaction plate or tube, add
FNase Inhibitor Protein to each sample to minimize the effects of RNase
contamination. For detailed instructions, see the documentation provided by the
FNase Inhibitor Protein manufacturer.

The total volume should be 5 pL per well or tube.

. 5eal the reaction plate or tubes, then vortex briefly to thoroughly mix the

contents.

. Cenirifuge the reaction plate or tubes briefly to spin down the contents and

eliminate air bubbles.

. Flace the reaction plate or tubes into a thermal cycler, then incubate using the

following settings and standard cycling:

Step Temperature Time
Polyademnylation avec 45 minutes
Stop reaction 45°C 10 minutes
Hold 4°C Hold

Proceed immediately to the adaptor ligation reaction (next section).

TagMan® Advanced mifNA Assays Usar Guide (Single-tube Assays/
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Chapter 2 Prepare cOMA templates
Perfarm the adaptor ligation reaction B

Perform the adaptor ligation reaction

1. Ina1.5ml microcentrifuge tube, prepare suffident Ligation Reaction Mix for the

required mumber of reactions according to the following table.

Component 1 Rxn 4 Runs!! 10 Runs!"
5% DMA Ligase Buffer JpL 13.2uL A3pl
50% PEG Bo00ld A5pL 19.8 L 49.5 L
25X Ligation Adaptor 0.6 pL 246l &b pL
RMA Ligase 15l AbpL 16.5pL
RMNase-free water D4pL 1.8pL L4pul
Total Ligation Reaction Mix volume 10pL L& pL 110 pL

' yolumes include 10% overage.
21 50 PEG BDOD is wery viscous, follow the Important statement below to ensure accurate pipetting.

IMPORTANT! For accurate pipetting of 50% FPEG 8000

. Use 50% PEG 8000 at room temperature.
. Aspirate and dispense solution slowly.

a. Hold the pipette tip in the solution for ~10 seconds after releasing the
plunger during aspiration. This action allows the solution to be fully
drawn into the pipette tip.

b. Keep the phimger depressed for ~10 seconds to allow the solution to be
fully dispensed into the Ligation Reaction Mix.

. Vortex the Ligation Reaction Mix to thoroughly mix the contents, then centrifuge
briefly to spin down the contents and eliminate air bubbles.

. Transfer 10 uL of the Ligation Reaction Mix to each well of the reaction plate or
each reaction tube containing the poly(A) tailing reaction product.
The total volume should be 15 uL per well or tube.

. Seal the reaction plate or tubes, then vortex briefly or shake (1,900 rpm for
1 minute with an Eppendorf™ MixMate™) to thoroughly mix the contents.

IMPORTANT! Watch for a swirling motion of the adaptor ligation reaction to
ensure proper mixing, which is necessary for effident ligation.

. Centrifuge the reaction plate or tubes briefly to spin dowm the contents.

. Place the reaction plate or tubes into a thermal cyder, then incubate using the
following settings and standard cycling:

Step Temperature Time
Ligation 16°C &0 minutes
Hold 4°C Hold

. Proceed immediately to the reverse transcription (RT) reaction (next section).
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Chapter 2 Prepare cDMA templates
£ Perform the reverse transaription (RT) reaction
Perform the reverse transcription (RT) reaction

1. Inal5-ml microcentrifuge tube, prepare suffident RT Reaction Mix for the
required number of reactions according to the following table.

Component 1 Rxn & Rxns!!] 10 Rxnst
5K RT Buffer dul 264 UL &6 pL
dMTP Mix [25 mM e2ach] 1.2l 5.3pL 13.2pL
20 Universal RT Primer 15pL &6 pL 165pL
10X RT Enzyme Mix JuL 13.2uL Japl
RMNase-free water 33pl 14.5uL 363l
Total RT Reaction Mix volume 15 L 66 pL 165 pL

11 yolumes include 10% verage.

2. Vortex the RT Reaction Mix to thoroughly mix the contents, then centrifuge
briefly to spin down the contents and eliminate air bubbles.

3. Transfer 15 puL of the RT Reaction Mix to each well of the reaction plate or each
reaction tube containing the adaptor ligation reaction product.
The total volume should be 30 pL per well or tube.

4. Seal the reaction plate or tubes, then vortex briefly to thoroughly mix the
cantents.

5. Cenirifuge the reaction plate or tubes briefly to spin down the contents.

6. Place the reaction plate or tubes into a thermal cydler, then incubate using the
following settings and standard cycling:

Step Temperature Time
Reverse transcription 42°C 15 minutes
Stop reaction 85°C 5 minutes
Hold 4°C Hold

7. Proceed to the miR-Amp reaction (next section).

Store the RT reaction product at —20°C for up to 2 months.
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Perfarm the miR-Amp reaction E-

Perform the miR-Amp reaction

1. Ina 15ml microcenirifuge tube, prepare sufficdent miR-Amp Reaction Mix for
the required mumber of reactions according to the following table.

Component 1 Rxn 4 Rxnst'! 10 Rxns!!!
2% miR-Amp Master Mix 25pL 110 pL 275 uL
20X miR-Amp Primer Mix 25uL 11 pL 275 pL
RMase-free water 17.5pL T7 uL 19250
Total miR-Amp Reaction Mix volume 45 pL 198 L 495 pL

[ Valumes include 10% average.

2. Vortex the miR-Amp Reaction Mix to thoroughly mix the contents, then
centrifuge briefly to spin down the contents and sliminate air bubbles.

3. Transfer 45 pL of the miR-Amp Reaction Mix to each well of a new reaction plate
or reaction tube.

4. Add 5 pL of the BT reaction product to each reaction well or each reaction tube.
The total volume should be 50 uL per well or tube.

5. Seal the reaction plate or tubes, then vortex briefly to thoroughly mix the
contents.

6. Centrifuge the reaction plate or tubes briefly to spin down the contents.

7. Place the reaction plate or tubes into a thermal cycler, then incubate using the
following settings, MAX ramp speed, and standard cycling:

Step Temperature Time Cycles
Enzyme activation 95°C 5 minutes 1
Denature 95°C 3 seconds %
Anneal/Extend 60°C 30 seconds
Stop reaction 99°C 10 minutes 1
Hold &°C Haold 1

8. Proceed to performing the real-time PCR (next section).

Store the undiluted miR-Amp reaction product at -20°C for up to 2 months.
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Perform real-time PCR

Procedural guidelines for performing real-time PCR ... ... ... ... 16
Prepare PCR reaction plate ... ... ... ... . .. 17
Set up and mun the real-time PCR instrument . ... ... ... ... .. ... 18
Amalyze theresults ... . llll. 19

Procedural guidelines for performing real-time PCR

Follow best practices when performing PCR reactions (see “Best practices for
PCR. and RT-PCR experiments” on page 24).

Prepare the real-time PCR reactions in an area free of artificial templates and
siRNA transfections. High-copy-number templates can easily contaminate the
real-time PCR reactions.

Keep the assays protected from light and stored at —20°C until ready for use.
Excessive exposure to light may affect the fluorescent probe.

Configure plate documents according to the instructions provided in the real-
time PCR instrument resource documents.

Prepare the real-time PCR Feaction Mix before transferring it to the reaction plate
for thermal cycling and fluorescence analysis.

We recommend four replicates of each reaction.

Calculate the mumber of required reactions. Scale reaction compenents based on
the single-reaction volumes, then include 10% overage.

Feaction volumes listed in this section are for 20-ul PCR reactions.

For reaction volumes that are different from those detailed, scale all components
proportionally.
Feaction volumes = 10 uL are not recommended.

TagMan® Advanced mifNA Assays Usar Guide (Singlo-tube Assays]

157



Chapter 2 Parform real-time PCR
Prepare PCR reaction plate

Prepare PCR reaction plate

1. Thaw the assays onice, gently vortex to thoroughly mix, then centrifuge briefly
to spin down the contents and eliminate air bubbles.

2. Prepare 1:10 dilution of cDNA template.
For example, add 5 L of the miR-Amp reaction product to 45 puL 0.1X TE buffer.

3. Gently shake the bottle of Taghfan® Fast Advanced Master Mix to thoroughly
mix the contents. Do not invert the bottle.

4. Inal5ml microcentrifuge tube, prepare sufficdent PCR Reaction Mix for the
required mumber of reactions according to the following table.

Component 1 Rxn 4 Rxnst!
TagMan® Fast Advanced Master Mix [2X) 10pL &4 Dyl
TagMan® Advanced miRMA Assay [20X) 1L L4l
RMasea-fres water & pL 176 pL
Total PCR Reaction Mix volume 15l &6 pl

1 Valumes include 10% overaga.

5. Vortex the PCR Reaction Mix to thoroughly mix the contents, then centrifuge
briefly to spin down the contents and eliminate air bubbles.

6. Transfer 15 pL of the PCE. Reaction Mix to each well of a PCR reaction plate.

7. Add 5 uL of the diluted cDINA template to each reaction well of the plate.
The total volume should be 20 pL per reaction well.

8. Seal the reaction plate with an adhesive cover, then vortex briefly to thoroughly
mix the contents.

9. Centrifuge the reaction plate briefly to spin down the contents.

TagMan® Advanced miRNA Assays User Guide [Single-tube Assays) 17
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Chapter 2 Parform real-time PCR
Setup amd run the real-time PCR instrament

Set up and run the real-time PCR instrument
See the appropriate instrument user guide for detailed instructions to program the
thermal-cycling conditions or to run the plate.

The following thermal profiles are optimized for use with Taghan® Fast Advanced
Master Mix and can be used with Fast or Standard reaction plates and the
corresponding instrument block configurations.

1. Load the reaction plate in the real-ime PCR instrument.

2. Set the appropriate experiment settings and PCR thermal cycling conditions for
your instmmment. Select the fast cyding mode for all instruments.

Table 7 StepOnePlus™, Viid™ 7, and QuantStudio™ systems

Step Temperature Time Cycles
Enzyme activation 95°C 20 seconds 1
Denature 95°C 1 second
Anneal / Extend &0°C 20 seconds “

Table 8 7500 and 7500 Fast systems

Step Temperature Time Cycles
Enzyme activation 95°C 20 seconds 1
Denature 95°C 3 seconds
Anneal / Extend 40°C 30 seconds “

3. Setthe reaction volume appropriate for the reaction plate.

4. Start the nm.

18 TagMan® Advanced miRNA Assays User Guide (Single-tube Assays)
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Analyze the resulis

Analyze the results

For detailed information about data analysis, see the appropriate documentation for
your instrument. Use the standard curve method or the relative quantification (AAC)
method to analyze results.

The general guidelines for analysis incude:
s View the amplification plot; then, if nesded:
—  Adjust the baseline and threshold values.
Note: A threshold value of 0.1 is recommended.

— Remowe outliers from the analysis.
+ In the well table or results table, view the C values for each well and for each
replicate group.
Analyze data generated with TagMan®™ Advanced miRNA Assays using any of the
following tools:
Software Resource
Applied Biosystems ™ thermofisher.com/us/en/home/cloud. html

real-time PCR Analysis Modules

ExpressionSuite™ Software thermofisher.com/us/en/home/technical-resources/
software-downloads/ex pressionsuite-software. htmt

For more information about real-time PCE, go to: thermofisher.com/qpcreducation.
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Appendix I: Non-expressed and Expressed Samples in miR-100 and -133a

Table 22. Comparison between Non-expressed and Expressed Samples of miR-100

Variable Non-Express (n=39)  Express (n=24) P

Age (yr) 67957 72.2+56 0.005
Height (cm) 164.4+5.5 160.2+ 7.6 0.026
Total aBBMC (g) 2410.9 + 368.4 2169.5+296.0  0.009
JHt (inch) 78+2.2 6.6+1.9 0.030
Ca2" (mg/day) 1367.2 + 614.8 1780.6 +830.7  0.027
BPAQ Past 104.2 £ 93.0 56.3+41.8 0.021
BPAQ Total 54.1 +46.7 29.6 £21.7 0.019
Tot vBMC (mg/mm) 38% 3045 +33.4 2827+257  0.008
Cort vBMC (mg/mm) 289.1 +34.2 266.6 +27.8  0.009
Cort Area (mm?) 248.3 £ 30.7 230.2+£ 225 0.015
SSI (mm?) 1405.4 £ 210.5 1298.7 £194.2 0.049
Total vBMC (mg/mm) 66% 329.4 +40.6 299.1 £ 335 0.003
Cort vBMC (mg/mm) 289.8 +40.0 260.2+41.7  0.008
Cort Area (mm?) 260.4 + 36.0 2354+ 318 0.007
Ipolar (mm?) 36167 + 7215 32008 + 6003 0.021
SSI (mmd) 2076.5 £ 317.4 1858.5 £ 260.4  0.006

Mean + SD; JHt: Jump Height; Ca®*: Calcium Intake; Tot: Total; Cort: Cortical; SSI:
Stress Strain Index
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Table 23. Comparison between Non-expressed and Expressed Samples of miR-

13/3;?iable Non-Express (n=49)  Express (n=14) P
Age (yr) 68.8 + 6.2 723+45 0.005
Total aBBMD (g/cm?) 1.139 + 0.103 1.078 + 0.081 0.009
JHt (inch) 7.7+21 6.0+2.1 0.030
BPAQ Past 97.7+85.2 448 +43.1 0.021
BPAQ Total 50.7+42.8 23.9+229 0.019
Tot vVBMD (mg/cm®) 4% 275.3+34.4 242.7 £ 42.6 0.004
Tot Area (mm?) 965.7 +101.1 1056.1 +£138.5 0.004
Trab vBMD (mg/cm?) 2375+ 31.6 207.4 £40.3 0.036
Trab Area (mm?) 796.7 £90.7 877.5+123.0 0.036
Peri_C (mm) 110.0+5.8 1150+ 7.7 0.039
Tot BSI (mg?/mm*) 739+17.3 62.5+18.7 0.037
Trab BSI (mg?/mm?) 456 +12.0 38.1+13.0 0.047
Tot vBMD (g/cm?) 38% 882.1+73.2 818.4+77.0 0.006
Cort vBMC (mg/mm) 285.0+33.1 264.7 +31.4 0.046
Endo_C (mm) 345+ 4.6 38.0+5.0 0.018
Tot vBMD (g/cm?) 66% 642.7 £ 81.4 580.2 +103.4 0.020
Cort vBMC (mg/mm) 284.3+41.1 258.5+44.2 0.045

Mean + SD; JHt: Jump Height; Tot: Total; Trab: Trabecular; Peri_C: Periosteal

Circumference; Cort: Cortical; Endo_C: Endosteal Circumference
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