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ABSTRACT

The project “Recovery from bone loss, diminished mineral density and strength in mice after treatment
with steroidal and nonsteroidal anti-inflammatory drugs by injection of exosomes enriched with agomir
miRNAs" is an animal experiment project, and an attempt to apply small RNA strands to reverse the harm-
ful effects of anti-inflammatory drugs. Patients chronically treated with an anti-inflammatory drug suffer
from musculoskeletal side effects, including reversed mineralisation and disabled bone fracture healing.
The aims of the study are to measure changes in bone mineral density and bone strength in mice treated
with methylprednisolone or diclofenac in combination with treadmill exercise. The reversal of the nega-
tive effects of these drugs will be assayed using modified miRNA agomir. Bones obtained from the treated
mice will be analysed using micro-CT, dynamic mechanical analysis (DMA), nanoindentation, Raman spec-
troscopy and gene expression. We expect to find specific miRNA counteracting the demineralisation of the
mice bones caused by methylprednisolone or diclofenac.
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Figure 1. A general overview of the project

General information

The project "Recovery from bone loss, diminished
mineral density and strength in mice after treat-
ment with steroidal and nonsteroidal anti-inflam-
matory drugs by injection of exosomes enriched
with agomir miRNAs" was awarded by the Pol-
ish National Science Center (NCN) under project
number: 2016/21/B/NZ7/02748 (OPUS 11 com-
petition). The duration of the grant is 36 months,
from 3™ March 2017 to 2" March 2020. The con-
tract between NCN and Poznan University of
Medical Sciences (PUMS), Poland, was signed on
3 March 2017.

Management

The Principal Investigator of the grant is profes-
sor Maciej Gtowacki, Department of Paediatric
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Orthopaedics and Traumatology, Poznan Univer-
sity of Medical Sciences.

The main Co-Investigator of the grant is dr
Tomasz Lehmann Department of Biochemis-
try and Molecular Biology, Poznan Universi-
ty of Medical Sciences. In addition, the Co-In-
vestigators in alphabetical order are: prof. dr
hab. Pawet Jagodzinski, dr Pawet Kotodziejski,
prof. dr hab. Stawomir Mielcarek, dr Marek
Nowicki, prof. dr hab. Celina Pezowicz, dr Ewa
Pruszynska-Oszmatek, prof. dr hab. Stawomir
Szybowicz, dr hab. Aleksandra Trzaskowska, and
dr Magdalena Wojtkow.

Ethics

The experiments were approved by the Local Eth-
ics Commission for Investigation on Animals,
Poznan University of Life Sciences, 14™ July 2017.



Finance

The total amount of grant funding is PLN
620,750 (about 145,000 Euro). The amount of
funding in the first year is PLN 243,750 (about
56,937 Euro). Grant funds were designed to pur-
chase animals, equipment, and reagents, and
also to cover the personnel costs of the proj-
ect participants, and the dissemination of the
research results, such as publications in peer
reviewed journals.

Research Project Objectives

Rehabilitation after hip replacement, bone fracture
healing, and other orthopedic operations require
the application of steroidal and nonsteroidal
anti-inflammatory drugs (NSAIDs). In bones, glu-
cocorticoids (GC) act on osteoblast cells revers-
ing the mineralisation of the extracellular matrix
[1. When treated with these steroids, patients
suffer from musculoskeletal side effects; mainly
accelerated bone loss [2]. Consequently, frac-
tures of the femur and spine are a frequent con-
sequence of GC treatment in 30—50% of patients.
This medication causes apoptosis of osteoblasts
and osteocytes and depresses osteoblastic func-
tion, simultaneously acting on the expression of
many genes in the bones [3].

Chronic inflammation triggers bone loss
as a result of fractures, infection, non-unions,
arthritis, osteoporosis, metabolic bone disease,
tumours and post-operative complications [4].
The production of pro-inflammatory prostaglan-
dins are a required component of normal frac-
ture-healing, implicating that cyclooxygenase
inhibitors such as non-steroidal anti-inflammato-
ry drugs (NSAIDs) may directly influence osseous
repair [5]. NSAIDs interfere in the rehabilitation of
post-traumatic bone fractures and post-opera-
tive healing of bones after hip replacement and
other types of orthopedic surgery.

Mineralisation is the main factor of bone
strength and mechanical resistance, the applica-
tion of anti-inflammatory drugs diminishes the
mechanical properties of bone [6, 7].

Several strategies have been proposed to
assist in the recovery of the adverse effects of
analgesic treatment on the skeletal system [8].
Calcium, vitamin D supplementation and bis-

phosphonates treatment are the most appropri-
ate strategies to prevent glucocorticoid-induced
bone-loss in patients [9]. Another method to
diminish the side effects is hormone replacement
therapy for women (HRT) applied to diminish
the osteoporosis outcome [10]. The long-lasting
strategy that can delay the onset of GC-induced
osteoporosis is exercise. Osteogenesis is induced
by exercise and promotes bone anabolism. How-
ever, there are no current data comparing train-
ing with concomitant analgesic pharmacologi-
cal intervention [11, 12]. There is little data on the
impact of the composed effect of NSAIDs or GC
on trained mice, and ambiguous results of stud-
ies showing the impact of physical exercises on
bone strength.

New experimental approaches take advan-
tage of knowledge covering gene expression
and the role of small nucleic acid oligonucle-
otides (mMiRNAs) in the homeostasis of the bone
microenvironment [13]. As a result of these stud-
ies, several miRNA were proposed as potential
anti-bone-loss agents.

In our project, we intend to follow this
research using microcomputer tomography
(u-CT) for detailed examination of the bone
structure in situ. We also want to extend this
approach by a complementary study of bones
using dynamic mechanical analysis (DMA), gene
expression, nanoindentation, and Raman spec-
troscopy. Such an approach to ex vivo studies
has so far rarely been applied to mice treated
with GC s, and NSAIDs in combination with exer-
cise. There is also a small number of papers
describing p-CT, mechanical and histological
methods applied to assess bone strength with
miRNA treatment.

Aim

The aims of the study are a) to treat mice with
methylprednisolone or diclofenac and mea-
sure changes in bone mineral density and bone
strength, b) to produce exosomes containing the
modified miRNA agomir by the synthesis of mod-
ified miRNA agomir (miR-29a or miR216a), and
the transfection of mouse mesenchymal stem
cells, and c) by injecting the exosomes into mice,
to promote bone re-mineralisation and increase
the bone strength.
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Research Plan and Basic Concept

Step |

Estimation of bone mineralisation and mechani-

cal strength in mice treated with diclofenac, and

methylprednisolone in combination with exercise

> Mice treatment with diclofenac or methyl-
prednisolone for four weeks in combination
with enforced treadmill exercise.

> Mice termination, analysis of bones by
micro-CT dynamic mechanical analysis
(DMA), nanoindentation, Raman spectroscopy
and gene expression (Figure 1).

Step Il

Selection of miRNA with the highest remineralisa-

tion potential using mouse osteoblasts in culture

> Synthesis of oligonucleotides miR-29a, miR-
216a, and miR-150.

»  Transfection of osteoblast cell line MC3T3-E1
by oligonucleotides. After four days of incuba-
tion, cells will be harvested and the mRNA will
be extracted.

> Analysis of mRNA profile for 10 genes involved
in mineralisation, including genes regulated
by miR-29a and miR-216a.

> Specific miRNA which strongly reverses the
effect of the anti-inflammatory drug will be
selected for further studies.

> Selected miRNA will be labelled with Cy5 and
transfected into MC3T3-E1 cells.

> Extraction of exosomes and miRNA from exo-
somes. Measurement of selected miRNA in
exosomes by RT-PCR.

Step Il

Production of exosomes with selected miRNA in

bone marrow mesenchymal stem cells

> Selected miRNA will be labelled with Cy5 and
transfected into MSCs.

> Transfection of MSCs with the plasmid system
introducing GFP to the exosomes.

> Extraction of labelled exosomes and miR-
NA from the exosomes. Measurement of the
selected miRNA in the exosomes by RT-PCR.

> Treatment of MC3T3 with the labelled exosomes
with miRNA, analysis of gene expression.

Step IV

Injection of exosomes into mice treated with
anti-inflammatory drug
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> Injection of labelled exosomes into mice treat-
ed with the anti-inflammatory drug.

> Treatment of the mice with diclofenac or
methylprednisolone for 4 weeks.

> Mouse termination, and analysis of bones with
fluorescent microscope, by p-CT dynamic
mechanical analysis (DMA), nanoindentation,
Raman spectroscopy, and gene expression.

Step V

Vector-driven expression of selected miRNA in

bone marrow mesenchymal stem cells and injec-

tion into mice treated with anti-inflammatory

drug

> Construction of plasmid lentiviral vector bear-
ing the selected miRNA.

> Transduction of MSCs with lentivirus encod-
ing the selected miRNA and extraction of exo-
somes.

> Injection of the labelled exosomes with the
selected miRNA into mice and treatment of
the mice with the anti-inflammatory drug for
4 weeks.

> Mouse termination, analysis of bones by p-CT,
DMA, nanoindentation, Raman spectroscopy,
and gene expression.

> Analysis of the mRNA profile in the bones for
10 key genes involved in mineralisation.

> Incubation of human femur explants with
osteoporosis treatment with the labelled exo-
somes. Analysis of the mRNA profile in the
bones.

Research Methodology

1. Animals. 8-week-old female mice will be ran-
domly divided into six treatment groups (n = 10).
The mice will be intraperitoneally injected with
5 mg/kg/day of methylprednisolone or diclofenac.
After four weeks, these mice will be terminated by
an overdose of Pentothal. The bones (femurs and
tibias) will be obtained.

2. Enforced treadmill exercises. The animals
will be subjected to a running procedure using
a rodent horizontal treadmill at 12 m/min. for
30 min./day (5% gradient).

3. Dynamic Mechanical Analysis (DMA) is
a physical method used to measure the mechani-
cal properties of materials. DMA makes it possi-
ble to specify a storage modulus, a loss modulus



and a composite modulus. These moduli enable
a bone sample's the ability to retain energy to be
determined along with the ratio of its absorption.
4. Micro-computed tomography (u-CT) To mea-
sure the microstructure of the bone, the bone
mineral density, and other parameters, the sam-
ples will be analysed using a u-CT scanner and
associated analysis software.

5. Raman spectroscopic analysis of mouse tibia
chemical composition. In order to determine the
changes in the mineral and organic structure of the
compacted tissue of the tibial bones of the mice,
Raman light scattering studies will be conducted
using a confocal Raman microscope. It will allow
the index of bone mineralisation MI (mineralisation
index) to be determined. In order to investigate the
guantitative changes in a mineral component, the
ratio of integral intensities of these bands (CO,*/
PO,%), the Cl (carbonate index) will be used.

6. Nanoindenter micromechanical analysis. Opti-
cal measurements will be performed using a laser
confocal measuring microscope. The indenter
registers the force versus depth curve by making
an indent. During the test, the force applied to the
indenter tip oscillates sinusoidally, which allows
a quasi-continuous determination of the hardness
value and bone elasticity module. The measure-
ment will be carried out for a depth of indentation
between 400 and 2400 nm from the cross-section-
al area. The hardness and modulus of elasticity will
be determined at 10-15 points in the middle of the
cross-section of the bone wall on each bone.

7. Cell lines. A multipotent immortalised mouse
mesenchymal cell line will be cultured in mesen-
chymal stem cell culture media according to the
protocol of the cell line supplier.

The MC3T3-E1 mouse osteoblast cell line
will be cultured in a mineralisation medium. The
cultures will be induced to differentiate by trans-
ferring the cells, after detachment, into a culture
medium supplemented with L-ascorbic acid and
glycerol phosphate at final concentrations of
50 mg/ml and 10 mM, respectively.

8. Oligonucleotide synthesis, labelling Cy5. Syn-
thetic oligonucleotides, agomirs, antagomirs and
their Cy5-labelled counterparts will be ordered
from a high quality external service as siRNA.

9. mRNA extraction. The bone material des-
ignated for molecular testing will be stored at
-80°C. Prior to RNA isolation, the bones will be
mechanically powdered in liquid nitrogen. Total

RNA obtained from the bones and also from the
cultured cells will be extracted, quantified and
stored at -80°C. Real time RT-PCR will be used to
measure gene expression and the levels of spe-
cific miRNA in the bones and MC3T3-ET1 cells.

10. GFP labelling of exosomes and extraction.
A lentivector-based method expressing CD63,
CD9 or CD81 fused to GFP will be applied to the
staining of the exosomes. These vectors will be
used for transfections of MSCs to produce green
exosomes. The green exosomes will be extracted
with an Exosome Isolation Kit.

Other lentivirus system vectors will be used to
clone selected miRNA, which will be used in the
constitutive production of agomirs and antago-
mirs. The vectors will be used for transfection,
viron production in 293T cell line packing cells
and the transduction of MSCs.

11. Fluorescent microscopy, confocal micros-
copy. Examination of the fluorescently labelled
cells/exosomes will be carried out using fluores-
cence and confocal microscopy. Flow cytometry
finds particular application for testing exosome
purity and the presence of GFP and Cy5.

12. Matrix mineralisation will be detected by aliz-
arin red S (ARS) staining. The cells will be stained
with calcium alizarin red staining kits and quanti-
fied by spectrophotometer. The results of Alizarin
Red staining will be expressed as ng/mg protein.

Measurable Effects and Expected
Results

In step | the interference of methylprednisolone
and exercise, or diclofenac and exercise, on the
mice's bone structure, composition and mechan-
ical strength will be determined.

In step Il an anti-demineralisation miRNA will
be selected in osteoblast cells in culture.

In step Il exosomes containing selected
anti-demineralisation miRNA will be produced.

In step IV exosomes will be injected into mice to
achieve transient stimulation of bone rebuilding.

In step V exosomes will be efficiently pro-
duced in vector-transduced cell lines.
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