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Abstract

Up to today, there are not satisfactory therapies for Osteoarthritis (OA), but only pal-
liative methods to reduce chronic pain: therefore, more understanding and knowledge on
the OA mechanisms and pathways are needed.
The aim of this thesis is investigating the influence of miRNAs-loaded polyplexes in a
bioprinted cell-laden Gellan Gum Methacrylate (GGMA) in vitro model, simulating OA
disease conditions.
Firstly, different types of miRNA-polyplexes were manufactured and characterised for
their size and zeta-potential using Dynamic Light Scattering (DLS). Then, their cyto-
compatibility was tested by using immortalized Y201 stromal Mesenchimal Stem Cells
(MSCs). Lastly, 3D GGMA hydrogels were bioprinted, encapsulated with cells, and poly-
plexes, and cultured up to 14 days. To simulate OA, cells where nurtured with a cocktail
of cytokines. Healthy condition was used as control.
DLS showed that size of the polyplexes ranged from �90 nm to �1000 nm and z-potential
ranged from �-1 mV to �45 mV. Of the two concentrations of PEI-g-PEG studied (0.1%
and 0.9% w/v), the lowest along with an N:P ratio of 7, together with chitosan, proved to
be non-cytotoxic and were able to deliver miRNAs inside cells (as showed by Live/Dead
and immunostaining results). Results coming from H&E and AlcianBlue stainings con-
firmed that the pathological media successfully simulated OA conditions and polyplexes
were able to counterbalance cytokines’ effects in both chitosan and PEI-g-PEG samples.
Gene expression was also studied taking into consideration three anabolic genes and two
catabolic genes, but PCR results are poor and thus need to be further investigated.
Concluding, this model well reproduced in vitro OA conditions; chitosan confirmed its
adequate drug delivery characteristics and PEI-g-PEG is believed to be a cheaper and
more reliable alternative, but its risk of cytotoxicity when used in high concentrations, is
still to be fully addressed.
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Chapter 1

Scienti�c Background

1.1 Articular Cartilage: Function and Structure

As for every other biological structure, cartilage tissue (CT), derives its composition and

structure from its functions, which are mainly two, in adults: to provide structural support

to some organs (e.g. nose, trachea and bronchi) and to complete the last part of bones

that are connected via an articulation1. In children, CT also forms the template for the

development of the skeleton that will be gradually replaced by bones during the �rst years

of life. To ful�l those services, the inner composition of CT is very structured and hetero-

geneous: the surface of most cartilage is externally covered by the perichondrium (dense

and irregular connective tissue), which is itself divided into the outer and the inner layer.

The latter contains chondroblasts, while the former contains �broblasts. The core of CT

is composed of two types of cells (chondroblasts and chondrocytes), and extracellular

matrix (ECM)1.

Five types of CT exist within the human body: hyaline (or articular) cartilage, �bro-

cartilage, elastic cartilage, �broelastic cartilage and physeal cartilage. An example of

�broelastic cartilage is the meniscus, of �brocartilage are tendon and ligament insertion

into the bone, of elastic cartilage is the trachea and of physeal cartilage is the growth

plate. A peculiar characteristic of CT is that it is avascular, so it depends on diffusion

for nourishing the tissue and therefore it cannot become very thick, otherwise diffusion

only would not be suf�cient. The growth mechanism is very unique too: chondrocytes

themselves grow and divide from the inside of the tissue expanding the existing cartilage

(interstitial growth), while chondroblasts from the perichondrium, lay down new layers

of matrix upon the pre-existing one1 (�gure 1.1).
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Chapter 1. Scienti�c Background

Figure 1.1: Representation of the different types of cartilage tissue in the human body2.

Articular cartilage (AC) is a type of hyaline cartilage. This is the type of CT with

the softest mechanical properties and weakest inner structure. In fact, its functions are to

provide a smooth and almost frictionless surface between two bones, and to make easier

the transmission of loads during movements, impacts and general insults of the articula-

tion. AC does have the perichondrium and has a glassy appearance, from which it derives

its name (“hyalos” means “glassy” in Greek).

Speaking of AC's composition in more details, ECM is heterogeneously distributed from

the surface (in which water accounts for 80% of the weight), to the deepest zone (here,

water accounts only for 65%). Water also accounts for the delivery of nutrients around

the ECM, due to the lack of vessels, and it also provides lubrication. Another component

of the ECM is collagen which makes up 10% to 20% of the total cartilage mass. Colla-

gen is the most abundant protein in the human body and serves primarily as a frame that

provides strength and stiffness to the ECM and more than 90% of the AC's collagen is

type II collagen. In addition to that, ECM is also made of proteoglycans, which are pro-

teins with modi�ed side chains with glycosaminoglycan (GAG), attached. This structure,

3



Chapter 1. Scienti�c Background

previously mentioned as aggrecan, is able to retain large amounts of water and thanks to

this, those proteins provide strength in compression: our body-weight is supported by the

cartilaginous ends of bones because when standing, water is squeezed out from aggrecans

until our body-weight compression is counterbalanced by the osmotic swelling of water

in the aggrecans. Proteoglycans are produced by chondrocytes which are the cells that

populate AC tissue. They also produce collagen and various enzymes. Chondrocytes'

progenitors are chondroblasts: as the latter secrete �bers and new matrices, they remain

trapped inside it and �nally mature into chondrocytes. It is also known that chondrocyte

metabolism actively responds to various mechanical and chemical stimuli such as com-

pression, mechanical load, growth factors or cytokines. In this regard, chondrocytes have

both anabolic and catabolic effects on the ECM1,2.

Moving our attention to the macro-structure (see �gure 1.2), three different zones can

be described, each one with its own characteristics, regarding the shape of chondrocytes,

ECM composition and orientation of the type II collagen �bers.

The super�cial zone (or tangential zone), has condensed collagen type II �bers parallel

to the joint with �attened chondrocytes and dispersed proteoglycans. It has the highest

concentration of collagen but the lowest concentration of proteoglycans. The intermedi-

ate zone is the thickest layer with random or oblique collagen �bers organization and is

abundant in proteoglycans; chondrocytes in this zone are more rounded. The deepest layer

of AC is where the collagen �bers become perpendicular to the joint, with the highest con-

centration of proteoglycans and with rounded chondrocytes which this time are arranged

in columns1. For what concerns layers' functionality, the aim of the super�cial zone is the

maintenance and protection of the zones right below it; the intermediate zone represents

the �rst shield of defense against compression forces, while the deep zone, thanks to its

chondrocytes disposition, has the strongest resistance to compressive forces3.
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Figure 1.2: Representation of different cartilage structures and a histology picture as comparison1.
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Chapter 1. Scienti�c Background

1.2 Osteoarthritis

William Hunter4, in 1743 stated:

“An ulcerated cartilage is a troublesome problem and once destroyed, it never

repairs.”

We can say that almost 280 years later, this statement about the most common degen-

erative joint disease, is still true5. In fact, in the United Kingdom (UK) only, in a time

span of 20 years, from 1997 to 2017, almost 500 000 cases of OA had been reported in

the general population aged� 20 years. Even if incidence is slowly declining, prevalence

has increased for the �rst ten years and plateaued in 2008. For what concerns Italy, the

2020 report of ISTAT (Istituto Nazionale di Statistica, Statistic National Institute), which

refers to the year 2019, highlights medical statistics in the Italian population. In particu-

lar, OA is the second most prevalent chronic disease after hypertension, and it affects 16%

between those affected by chronic disease. Berto and colleagues reports that OA counts

for 2% of the total hospital discharges with an annual total cost per patient estimated at

aroundC3 0006.

As a matter of fact, even with the most modern techniques, we are still unable to properly

heal a damaged cartilage. This is mainly due to the very limited self-healing capacity of

cartilage tissue, to its avascular nature, and thus to its very little nutrient's supply. Most

of the nourishment comes from the synovial �uid at the surface of the cartilage and the

subchondral bone is in charge for supplying nutriment to cells. Given the avascularity

of the tissue, chondrocytes live in an anaerobic environment (lack of oxygen) and con-

sequently, low metabolic turnover. Making things worse, healing mechanisms take place

only for deep lacerations and not for more super�cial scratches; and even in case of deep

damage to the AC's structure, the �nal bio product of the undifferentiated marrow mes-

enchymal stem cells is �brocartilage rather than AC, which is lower in quality. In fact,

�brocartilage is lower in stiffness, resiliency, and wear resistance and this will lead to

early arthritis1,7.

1.2.1 Causes and Pathogenesis

As described in the previous paragraph, CT's organization is very intricate and structured,

and this generate a very fragile homeostasis. As reported by He et al.8, and shown in �g-

ure 1.3, there are several factors that can lead to OA. External factors could be traumas
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and chronic overload; biological ones are in the realm of obesity, gender, age and meta-

bolic and hormone pro�les. Even if ageing is the single greatest risk factors because it

is characterized by both progressive cellular and tissue aging, and consequently loss of

organ function, OA still remains a multifaceted and complex disease that involves not

only the cartilage layers in between joints and bones, but also subchondral bone, synovial

�uid, ligaments and joint capsule.

Figure 1.3: Risk factors, structural alterations, and chondrocyte-speci�c changes in osteoarthritis
(OA)8.

Over the past several years, researchers started to study the signaling cascade that

maintains the homeostasis' equilibrium, but also what are the possible causes that could

unbalance the homeostasis. Even if the entire path is not yet entirely understood, some

hallmarks have been established (�gure 1.4 summarize pathways involved in OA form-

ation and progression). Brie�y, red arrows indicate the primary signaling protein that

regulates OA progression, while the black arrows indicate the activation of the proteins.

Experiments showed that there are several signaling cascade involved in OA, for example

Transforming Growth Factors-Beta1 (TGF-b1), Bone Morphogenetic Proteins (BMP-

2,4,7), Wnt Family Member 5A (Wnt5a), Insulin Growth Factor-1 (IGF-1), and Fibroblast

Growth Factor-2 (FGF-2). All of them contribute to cartilage formation and development

(anabolic effect), but during OA, they become catabolic factors. In healthy tissue, BMP-7

and BMP-2 have a positive effect on chondrocytes activity and hypertrophy, but during
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OA, mRNA levels of BMP-2 are up-regulated, provoking the terminal differentiation of

chondrocytes. This last step generates the secretion of lower quality collagen type X

�bers and Matrix Metalloproteinase-13 (MMP-13). Ultimately, BMPs during OA trigger

the formation of osteophyte and boost the catabolic activity of proteolytic enzymes. In

addition to that, cross-talk between different signaling cascades like BMPs, TGF-b1 and

Wnt is also known to monitor terminal differentiation of chondrocytes, and imbalances

between this signaling network could quicken OA. Despite numerous studies and experi-

ments, scientists still have not clearly understood neither how this disproportion is caused

and what causes it, nor what regulates the cross-talk between each factor7.

Figure 1.4: Signaling cascades involved in OA7.
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1.3 Current Treatment Strategies

The current treatment strategies may have different goals in relation to the stage of OA

and the type of patient.

If OA is early detected, treatment should focus on maintenance and improvement of func-

tional capabilities, and on the reduction of pain and joint stiffness. Long term goals in

this case are improvement of life's quality and the non-progression of the disease. As

reported in �gure 1.5, diverse types of treatment are currently used with those patients

and they can be combined in different ways to tailor treatments to the individuals, taking

into consideration also the various risk factors9.

Figure 1.5: Principles' pyramid for treatment of OA in relation to the severity of the disease9.

The �rst stage of treatment suggested by Dieppe et al.9, is a non-pharmacologic pre-

scription whose objective is to improve overall �tness by reducing weight, doing daily

exercise and every other measure that may unload damaged joints. Exercises should

be based on personal preferences in order to provide a sustainable routine in the long

term. Other commonly suggested treatments are acupuncture, insoles, electrotherapy, ul-

trasound, trans-cutaneous electrical nerve stimulation, lasers, and application of heat and

ice. Those last two seem to provide better overall results, are the easiest to use and are

reported to be quite effective.

The second stage of treatment of OA is pharmacological treatments, and the most es-
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tablished ones are Non-Steroidal Anti-In�ammatory Drugs (NSAID). Those are used in

symptomatic patients, preferably for the shortest duration at the lowest effective dose

possible (e.g. before and maybe during the speci�c activity). NSAID alone have some

side effects that can vary from patient to patient, and they are more likely to happen if

taken chronically. Alternatively, NSAID can be used with some weaker opioids, but the

combination of the two is associated with even more adverse events. Another concern

about opioids, in addition to the lack of strong evidence for their safeness and effect-

iveness, is the possibility of dependence and/or addiction that they will likely create in

patients. Other pharmacological treatments can comprehend intra-articular injections,

Avocado Soybean Unsaponi�able (ASU), and diacerhein10.

Dealing with intra-articular injections, in table 1.1 there is a summary from a review art-

icle made by Billesberger et al.11. Brie�y, clinical practice guidelines decide treatment

with two major factors in mind: cost of the cure and their ef�cacy. Being mindful of this,

injections therapies are de�ned in the paper as of “poor-quality studies” because they are

supported by heterogeneous and diverse protocols, even for the same type of treatment.

The article concludes that intra-articular injections of corticosteroid (I-CS), despite being

one of the most common treatments for OA, are far from being the best one. This because

the risks associated in using them may out-weight their bene�ts. Intra-articular injections

of platelet-rich plasma (I-PRP), should be reconsidered but the lack of standardization of

the manufacturing process and the fact that they are not covered by the Canadian health

care system (while they are in UK and in Italy), limit their use11.

Lastly, there are surgical treatments. Those types of procedures comprehend Total Joint

Replacement (TJR), Periarticular Osteotomy (PO), Debridement of Femoroacetabular Im-

pingement (FAI) lesions, and Joint Distraction (JD). Except for TJR, those other proced-

ures are all joint-preserving operations, and even if they have promising results in follow-

up of 5 and 10 years, strong evidences for the effectiveness of these surgical operations

are still to be attested. Mosaicplasty and osteochondral grafting try to repair localised

cartilage lesions, and they form another category of surgical treatment. Those procedures

aim to graft in loco healthy cartilage taken from non-load-bearing joints. In addition to

the two previously mentioned possibilities, microfractures are thought to stimulate the

regeneration of cartilage tissue releasing chondroprogenitor cells; the main concern here

is that the �nal product is �brocartilage and not the higher quality hyaline cartilage12.
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Type of Injections Reported ef�cacy Limitations

Corticosteroid Injections
• provide the most pain

relief during the �rst 4 weeks
post-injection

• systemic side effects of
corticosteroids

• post-injection �are-up of
pain can occur in 2–25% of

patients
• effect is not long lasting

Hyaluronic Acid Injections
• can be used preferentially
to treat those with “dry” OA

• con�icting data regarding
its ef�cacy

• no signi�cant difference in
outcome compared to oral

NSAIDs but fewer negative
effects

• up to 25 months after
injection, the most common
side effect was joint swelling

and arthralgia
• better outcomes at 5 and

13 weeks than
corticosteroids injections

Platelet-Rich Plasma

• no clear bene�t between
LP-PRP or LR-PRP, but
more adverse events with

LR-PRP

• not covered by insurance
plans

• minor adverse events after
all I-PRP interventions

• non-standardized �nal
product

• weekly I-PRP injections
provided more sustained

bene�t than a single I-PRP
injection

• compared to I-HA,
signi�cantly decreased

WOMAC scores at both 3
and 6 months, as well as at 6

and 12 months

• I-PRP had better results in
younger patients with early

K-OA

• when taken into
considerations different

outcomes, changes also the
ef�cacy of I-PRP

Prolotherapy
• relatively simple and
inexpensive with a high

safety pro�le

• systematic review in 2017
concluded meta-analysis was
not possible because of high
data heterogeneity (patients

were satis�ed though)

Table 1.1: Summarizing table about intra-articular injections for OA treatment in the Canadian
Health Care System11. Abbreviations: LP leukocyte-poor, LR leukocyte-rich, K-OA knee os-
teoarthritis.
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1.4 Novel Treatment Strategies

1.4.1 Clinical Need for Cartilage Tissue

As previously pointed out, none of the current therapies is able to provide a satisfact-

ory outcome for patients with OA; this is even more true when examining the long-term

outcomes of the various treatments (non-surgical, injections and surgical ones). If not

cured in time, articular cartilage defects can lead to long term disability with high cost

for both the individual and society, and disability can only be averted by TJR. To address

this arousing problem, in recent years a variety of different solutions have been investig-

ated thanks to new knowledge and expertise provided by tissue engineering, regenerative

medicine and gene therapy treatments.

1.4.2 Use of Autologous Cells

One of the �rst and most promising alternatives is represented by Autologous Chondro-

cyte Implantation (ACI) procedures. Given that chondrocytes are the most common cells

found in the native cartilage, they have been examined thoroughly. Brie�y, ACI com-

prises the retrieval of mature autologous articular chondrocytes from the patient, and har-

vest themin vitro; after some nurturing, the last step is the reintroduction of the cultured

chondrocytes aggregates into the defect site or in a cell suspension (but usually this solu-

tion is not able to suf�ciently retain cellsin situ), or in a engineered scaffold2. The most

important challenges that still have to be addressed before landing in clinical practices are

durability of the constructin vivo, and satisfying tissue engineering process that can be

replicated and standardized.

Researchers have also investigated other type of cells, like stem cells, coming from differ-

ent niches (e.g. mesenchymal stem cells coming from bone marrow or adipose tissue), but

chondrogenesis' process requires a variety of different factors to happen such as scaffold

morphology and adequate gene expression of growth factors. The most important ones

are summarized in table 1.2.
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Growth Factors
Family members involved

in AC
Main effects on AC

Transforming Growth
Factor-b (TGF-b)

• TGF-b, exists in 5
isoforms, with differences

even in their effects on
various cell types

• even combinations of
many growth factors have
been proven to enhance

chondrogenesis

• bone morphogenetic
proteins (BMPs)

• regulation of cell's growth,
differentiation and apoptosis

• inhibins
• effective on a variety of

different cells

• activins

Fibroblast Growth Factor
(FGF)

• 22 family members
• regulation and

proliferation of AC

• 18 members are secreted,
while FGF1,2,11,14remain

intracellular

• enhancement of the
differentiation and matrix
production of AC bothin

vitro andin vivo

Insulin-like Growth Factor
(IGF)

• IGF-1 is capable of
stimulate proliferation, of

regulate cell's apoptosis, and
of inducing expression of

chondrocyte's markers

• combination of IGF-1 and
TGF-b1 produced higher

amounts of
glycosaminoglycan than
TGF-b1 alone at 8 weeks

• non-standardized �nal
product

Table 1.2: Summarizing table about different families of growth factors involved in chondrogenic
differentiation2.

In addition to growth factors, other important stimuli that stem cells, MSCs in par-

ticular, require in order to maintain the chondrocyte phenotype, are mechanotransduction

stimuli such as hydrostatic pressure, shear stress but also dynamic compressive strain and,

probably one of the most important, cyclic mechanical compression. Bioreactors are the

ideal instruments for delivering these impulses.

Bioreactors are the natural evolution of cell culture incubators. In fact, the latter are cap-

able of controlling just temperature, humidity and CO2 concentration, while the former

can control nutrient and waste transport rates and can provide speci�c stimuli and 3D

environment for cells to have additional incentives during the nurturing process. Those
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stimuli can either be electrical or physical. Examples of physical stimuli are shear forces,

tensions applied to the cell layers, hydrostatic pressure or compression13. Bioreactors are

still in an early-stage development step, nevertheless they are an encouraging technology

thanks to the high level of complexity that can be obtained.

1.4.3 Biomaterials

Since the �rst experiment for cartilage repair carried out in 1977 by Green, biomaterials

have made huge steps towards various requirements in order to have a signi�cant contri-

bution to the regenerative process. Some of those necessities are:

(i) chosen cells should form a functional tissue (such as chondrocytes);

(ii) the scaffold itself must be cytocompatible and have matching mechanical properties

with the tissue it should repair or substitute to;

(iii) scaffold should be loaded with additional bioactive molecules such as cytokines or

growth factors, and it must show a safe grafting process, and must pass numerous

safety studies14 (�gure 1.6).

Biomaterials are divided into two classes: natural and synthetic materials. Natural bio-

materials are well known for their cytocompatibility, biodegradability and overall mimetic

ability once in contact with biological molecules and environments. Synthetic materials

on the other hand, can provide more reliable and cheaper manufacturing processes, and

their mechanical properties can be easily tuned towards the speci�c application. The main

cost of using synthetic materials is that they are much more cytotoxic in comparison to

natural biomaterials and because of that, they trigger an immune response once put in

a biological environment. In trying to overcome the disadvantages of both families, in

the last years researchers have been trying to produce and synthesize composite scaffolds

which means that the scaffold is made of both natural (for the mimetic properties), and

synthetic (for their customizable mechanical and manufacturing properties), materials.

In table 1.3 are reported some of the most common choices for AC regeneration's scaf-

folds: collagen, alginate, polycaprolactone (PCL), poly-lactic-co-glycolic acids (PLGA)

and the vast realm of hydrogels or a composition of those. Up to today, none of the

presented candidates is able to overcome all the disadvantages and to be proposed in clin-

ical practice. There is still research going on in order to �nd the ideal biomaterial: the
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ideal scaffold for cartilage tissue should present properties such as biocompatibility, cell

af�nity and suitable porosity. On top of all of that, it also should be manufactured in a

cheap, secure and reliable way.

Figure 1.6: Illustration of the role of chemistry in closing the gap between biology and engineering
of biomaterials15.
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Material Advantages Disadvantages

Collagen

• promotes spontaneous
differentiation of

endogenous MSCs into
chondrocytes

• fast degradation

• formation of hyaline-like
tissue, and functional

recovery of the articular
cartilage

• loss of mechanical
properties to support
neo-tissue formation

• non-toxicity of
degradation products

Alginate
• can be crosslinked by

divalent metal ions
• ionic crosslinking-based
gels are generally unstable

• FDA approved • still lack of clinical trials

• chondrocytes produce
cartilage-speci�c ECM after
2 weeks of culturein vitro

Polycaprolactone • very slow degradation rate • hydrophobic

• satisfactory
biodegradability in bothin

vivoandin vitro
• weaker cell attachment

• excellent mechanical
properties

• mechanical properties
rapidly change overtime

Poly-lactic-co-glycolic acids
• controlled

biodegradability
• poor overall stability

• low immunogenicity • low mechanical strength

• ef�cient carrier of drugs to
the target tissue

Table 1.3: Table with the most studied biomaterial for AC regeneration using scaffold and tissue
engineering techniques16,17,18,19
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1.5 Gene Therapy

1.5.1 Introduction

As shown in �gure 1.7, in September 1990, the Food and Drug Administration (FDA),

approved for the �rst time a gene therapy (GT) trial in humans with therapeutic aim. With

this milestone, a new type of therapies against diseases otherwise poorly treated, if treated

at all, started and in two decades, more than 2000 clinical trials were being conducted in

research. In 2012, the European Commission authorized the �rst GT product. In the

meantime, both the FDA and the European Medicines Agency (EMA), had come up with

a de�nition of what GT is with little if no difference between the two. Most importantly,

both allow GT only on somatic cells which means that the change is not passed along

to the next generation. There is in fact another possibility: germ line GT permits to the

therapeutic or to the modi�ed gene, to be passed on to the next generation20,21.

Figure 1.7: Some GT hallmarks chronologically ordered20.

Naturally, the �rst choice for delivering vehicles is represented by viruses: they already

have been optimized by nature for this exact purpose, and two-thirds of the worldwide

clinical trials are in fact based on those. Still, they have undesirable limitations such as

limited cargo capacity, immunogenicity, restricted cell tropism, and various challenges in

the manufacturing process. For those reasons, scientists started to also test other types

of vectors that could intervene and �ne-tune the regulation of genes at various stages. In
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�gure 1.8, are shown different stages of therapeutic intervention. From exogenous DNA

and mRNA, that are introduced into the nucleus, to RNAi nucleic acids (such as miRNA

and siRNA), that suppress the target mRNA translation outside the nucleus21.

Figure 1.8: Different stages of therapeutic intervention by nucleic acid21.

1.5.2 miRNA

Micro-RNAs (miRNA), are single-stranded, non-protein-coding RNAs (ncRNAs); they

are approximately 22 nucleotides long, they have been found not only in all the eukaryotic

realm, but also in several viruses22, and their main goal is to �nely adjust the expression

of protein-coding RNAs such as messenger-RNAs (mRNA). miRNAs are able to do that

in various way: they can either bind to speci�c regions of the three prime untranslated

region (3'-UTR) or to the 5'-UTR. The former is the section of mRNA that immediately

follows the translation termination codon, and often contains regulatory regions that post-

transcriptionally in�uence gene expression. The latter is the region of mRNA that is

directly upstream from the initiation codon. The binding position is not the only factor that

in�uence and regulate gene expression: binding and repression strength, RNA secondary

18



Chapter 1. Scienti�c Background

structure, number of target sites and their accessibility also play an important role.

As can be seen in �gure 1.9, the biogenesis starts inside the nucleus by the RNase III

called Drosha that from the precursor form of a miRNA, �rstly cut the genome-encoded

stem-loop precursor. Another enzyme, the RNase III called Dicer, �nally cut the precursor

into the mature form outside the nucleus, into the cytoplasm. Once the �nal miRNA has

been created, it binds to a protein of the argonaute family (AGO) and this complex forms

the core of the RNA-induced silencing complex (RISC), that can �nally interfere with

mRNA to regulate gene expression23,24.

Figure 1.9: Schematic representation of the biogenesis of miRNAs inside and outside the nucleus
of a cell23.

There are thousands of different miRNAs that could be encoded by differentiated cells

and they all have some in�uences in both up-regulating or down-regulating growth factors

and signaling factors. In �gure 1.10, are graphically represented the various effects that

only three miRNAs (miR-140-3p, miR140-5p and miR-146a), have in OA tissue. In

red and with perpendicular lines are pictured inhibition effects. On the other hand, with

arrows and green are pictured positive regulation effects25.
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