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Introduction This lead into formation of the hyaline-like caatje.

. . .. However, this approach showed some disadvantages,
Recently, despite the advances in medicine,. PP 9

damaged articular cartilage as a consequence O;fncl_uding_ reagquisition of.chondrocyte phel_wotype
inborn defects, injury or pathological process Istil d_urlqg !n vitro expansion gnd non-uniform
represent serious medical problem. It may lead indlstrlbut|on of ceIIs_ due to gravitational forge.

gradual imobilization and decreasing of life quaiit More recently, it was shown that somatic stem cell
affected individuals. Mentioned is mainly contribdt ~ Undergo the process of chondrogenic differentiation

to low self-healing potential of mature articular Under propper conditions, boiin vitro and in vivo.
cartilage due to intrinsic properties. Articulartiage They should be obtained from different tissue searc
is aneural and avascular tissue with low density of@nd easily expendeth vitro (Danisovicet al., 2011).
cells. Moreover, high level of protease inhibitors Therefore, the great hope is addressed on thékatidn
inhibit tissue repair (Zhanet al., 2009a). in relation to repairing damaged articular cariélag
Small defects are usually regenerated by the The main goal of the present article is to review
migration of chondrocytes to cartilage lesions. yhe the current status and advances of the cartilegpeigi
synthesize new ECM components of cartilage. In céise €ngineering with respect to their potential apptima
large scale and deep defects, this process is matgd N orthopaedic surgery and traumatology.
by low cell density, by low mitotic potential of
chondrocytes as well as by high level of proteaseHistology of Articular Cartilage

inhibitors. It results in formation of the biomeciizally Articular cartilage is a type of hyaline cartilage

insufficient fibrillar cartilage (Mobashest al., 2009). (Fig. 1) and belongs to connective tissues. It is
Unfortunately, current treatment techniques for composed of abundant Extracellular Matrix (ECM)
cartilage reparation are insufficient and it is not \yhich contains predominantly collagen type II,
possible to obtain expected results. chondroitine sulphate and proteoglycans. Articular
The tissue engineering offers new concept to solvecartilage is characterized by zonality. Different
this serious problem. The first cell-based therémy  organization of collagen fibbers and cross-linkitog
articular cartilage treatment was introduced by other components influence its biomechanical
Brittberg et al. (1994) who injected autologous properties (Sophia Foet al., 2009).
chondrocytes into the lesion covered by periostieal The ECM is very poor for cells-chondrocytes. On the
in 23 people with deep cartilage defects in theekne periphery they have elliptic morphology. Chondresyt
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localized inside ECM are of round morphology with They have been isolated and expandiedsitro from
average size of 10-30 um. They formed isogenous celdifferent tissue sources, including bone marrovipese
groups in cavities, called cartilagacunae (Mescher, tissue, muscles, dental pulp, umbilical cord Whaso
2013). They are responsible for production of ECM jelly (Odabaset al., 2014; Danisovicet al., 2011;
components. Moreover, they are involved in the Vargaetal., 2011; Zhangt al., 2009b).

maintaining and remodelling of the articular cagg SSCs are adherent cells, which express specific
(Cucchiariniet al., 2012; Danisoviet al., 2013). surface antigens, including Stro-1, CD29, CD44,
CD73, CD90 and CD105. They are negative for CD31,
Cell Sources for Articular Cartilage Tissue CD34 and CD45. Moreover, Kestendjieataal. (2008)
Engineering demonstrated expression of antiapoptotic protein-

survivin, which is also expressed in most humarceen
Chondrocytes are the cells of first choice for itzaye (Adamkovet al., 2012; 2011).
tissue engineering, because they occurs withircideati Since the end of 1990s, a lot of studies focused on
cartilage in vivo. They have been used in all current chondrogenic differentiation were done. It was
Autologous Chondrocyte Implantation (ACI) procedure demonstrated that SSCs derived from bone marrow
Chondrocytes have been isolated from differentcgsyr  cultured in high densities with culture medium @aming
including low load-bearing area of knee cartilagel a TGF{1 lead into increased expression of collagen type |
auricular cartilage (Berigt al., 2012; Malicevet al., and X typical for articular cartilage vivo. On other hand
2009). However, this technique has some limits ue the expression of collagen type | was significantly
low mitotic potential and senescence of chondrazyte decreased (Fortieet al., 2011). More recently, the
Moreover, they undergo dedifferentiation process SPontaneous chondrogenesis of SSCs was also pioved
when culturedin vitro, gradually changing their ¢ase of pellet cultures (Havlesal., 2011). o _
morphology to a fibroblast-like shape and the Results from clinical case _re_zports and cllnlcadilt_n
production of type Il collagen is replaced by the indicated that SSCs may positively affect the gt
production of collagen type I. This problem may be repair. Kurodaet al. (2007) !solgted au_tolo_gous SSCs
overlapped by adding specific growth factors. from bone marrow. After theiin vitro cuIt|v§1t|on, S_SCs
Somatic Stem Cells (SSCs) because of their Vere e_mbedded within a collagen gel,_whlch wasiagpl
. . _ L to cartilage defect and covered by periosteal fhdter 7
biological characteristics represent another primmis

ool f il i . . ssSC months the deffect was filled with a hyaline cagg.
ool for  cartiage —USsue engineering. S A€ centenoet al. (2008) injected suspension of autologous

undiffe_rentiated ce_II_s with .unique potential of fsel SSCs isolated from bone marrow into the subjeatisek
renewing and plasticity (Danisovetal., 2011). with MRI proven degenerative joint disease. Aftetr 2
weeks it resulted in significant cartilage growth,
decreased pain and increased joint mobility ofgueti

More recently, the extensive study was conducted to
compare the clinical effect of autologous chondtesy
implantation to patients treated with autologousCS§S
from bone marrow. About 72 patients were divided in
two groups, 36 were treated by chondrocytes andi®t
SSCs. The results proved that both types of ceall$ h
similar effect on cartilage defect treatment, outase of
SSCs it required 1 less knee surgery, reduced eosts
minimized donor-site morbidity (Nejadnét al., 2010).

Induced Pluripotent Stem Cells (IPSCs)
significantly expand options of cell therapy. IPS@s
type of pluripotent cells that can be generateéatly
from terminally differentiated somatic cells
(Csobonyeiovat al., 2013).

The first evdence that differentiated somatic celsy
be reprogrammed into undifferentiated cells havenbe
demonstrated by somatic nuclear transfer (Wiletual.,
1997). The first IPSCs have been prepared from

Fig. 1. Schematic drawing of articular (hyaline) rtitage fibroblasts of mouse with using 4 transcription téas
containing abundant ECM and chondrocytes Oct4, Sox2, c-myc a KlIf4 (Takahashi and Yamanaka,
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2013). This combination did not work in human. Table 1. Types of biomaterials used in cartilaggi engineering

Moreover, utilizaton of c-myc led to malignant Natural polymers Synthetic polymers

transformation (Shimizwet al., 2010). The first human Agarose Polyd-hydroxy esters)

IPSCs have been prepared by two independent rasearchlginate Poly (ethylene glycol/oxide)

groups in USA (University of Wisconsin-Madison) and Cellulose Poly (NiPAAm)

Japan (Kyoto University) from fibroblasts by usofgOctd, ~ S0hagen Poly (propylene fumarate)
’ Chitosan Poly (urethane)

Sox2, Nanog a LIN28 (Yat aJ_., 2007; Takahash_it al., Fibrin Poly (vinyl alcohol)
2007). IPSCs displayed similar morphological and Gelatine
biological properties as embryonic stem cells, udtig Hyaluronic acid
expression of specific antigens, increased pralilen and  Silk fibroin
telomerase activity and pluripotency. Moreoverythere
able to produce embryoid bodies and teratomase{al, Hyaluronic Acid (HA) is another natural biopolymer
2007). Since these discoveries, IPSCs belong tot mosstudied in the context of cartilage tissue engiingerHa
promising tools of regenerative and personalizedalso occurs in native cartilage and should be utsetf
medicine. For overview of their biological propes or in combination with other biomaterials. It wdmwn
possibilities of preparation and utilization in triedicine  that chondrocytes cultured within HA hydrogels are
check article by (Csobonyeioehal., 2013). forced to produce collagen type Il and aggrecaicyp
IPSCs were also studied in context of cartilageugs ~ for hyaline cartilage. Furthermore, SSCs culturethiw
engineering. Diekmaet al. (2012) fabricated artificial ~Photo-cross-linked HA hydrogel undergo chondrogenic
cartilage tissue from IPSCs using micromass cuttore ~ differentiation (Chung and Burdick, 2009). .
purification of chondrogenic cells and pellet cuitu Other natural biomaterials that have been used in
system with TGH3 to induce chondrogenic cartilage tissue engineering include alginate, GEgar
differentiation in vitro. Their results proved increased chitosan, silk fibroin (Nooeaiet al., 2012; Yuet al., 2012).
expression of collagen type Il and aggrecan. More Besides the above mentioned natural biopolymers, a
recently, Ko et al. (2014) demonstrated successful Variety of synthetic polymers may be applied inticzge
chondrogenesis and regeneration of damaged cartilagtiSsue engineering. When compared with natural
with human iPSCs. Chondrogenic differentiation was biomaterials, they have several advantages, inugudi
induced by using alginate hydrogel culture system.highly controlled physical characteristics, coresisy,
Afterwards, micro aggregates of alginate construgtee  Uniformity and unlimited production (Yet al., 2012).
implanted in osteochondral defects created on the The most widely used are Polylactic Acid (PLA)
patellar groove of immunosuppressed rats. After 21and Polyglycolic Acid (PGA) (and their co-polymer).
days, they observed greater glycosaminoglycan ntaite Both of them belong to biodegradable polymers. It
and better chondrocytic features including lacund a Wwas demonstrated that they increase chondrocyte
abundant matrix formation. However, further studies  proliferation and GAGs production. Moreover, severa
necessary for translation of IPSCs into clinicagtice,  authors provide evidence of their effect on SSCs

mainly focused on their biological safety. proliferation and chondrogenic differentiation
(Foldberget al., 2012; Xueset al., 2012).

Poly (Ethylene Glycol) (PEG) and its derivates,
mainly in form of hydrogel wer also evaluated ispect

Cartilage tissue engineering employs many bionaseri to cartilage regeneration. Hwangt al. (2010)
of natural or synthetic origin (Table 1). They mag in demonstrated that chondrocytes cultured within PEG
form of hydrogel, sponges, fibrous meshes and ilzesf  scaffold remain alive and underwent chondrogenic
The crucial characteristics are their non-toxiciyd differentiation. More recently, Cui al. (2014) prepared
biocompatibility. Other characteristics, such agopity cartilage constructs by using 3D printing technglog
(size and orientation of pores) and structurahgtie also  They used PEG-based scaffold with chondrocytes and

Biomaterials for Cartilage Tissue Engineering

influnce their final utilization (Litet al., 2013). demonstrated their full viability and prominent
The most commonly used natural material is collagenproduction of collagen type Il and GAGs.
which belongs to basic constituents of cartilageivo. There are a lot of other synthetic materials treateh

The mechanical properties of collagen-based saiffol peen studied in respect to cartilage tissue engitge

may be easily controlled by chemical modifications e g. poly ¢-hydroxy esters), poly (propylene fumarate),
(Danisovicet al., 2013). It was shown that chondrocytes poly (urethane) (Yt al., 2012).

cultured within collagen scaffolds maintain theiigmal

phenotype and production of Glycosaminoglycans

(GAGs) underin vitro conditions. Moreover, several Growth Factors

authors provide evidence of strong chondroinductive  Growth factors play pivotal role in the process of
effect on SSCs (Zharg al., 2012; Zhengt al., 2010). chondogenesis. They represent a group of bioldgical
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active polypeptides that may affect cell prolifevatand underin vitro conditions. Considerable progress can be
differentiation. In the hyaline cartilage, specifjcowth expected also in field of material technology, nhain

factors regulate homeostasis, integrity and devetopg. combination with 3D bioprinting.
The effect of growth factor on chondrogenic

differentiation may differ depending on its dosgedfic
cell type and cell differentiation (Yet al., 2012).

Most studied growth factors in respect to cartilisgie The present study was partly supported by the grant
engineering include members of Transforming Growth of Ministry of Health of the Slovak Republic No.
Factorf (TGF) superfamily, Fibroblast Growth Factor 2012/4-UKBA-4.

(FGF) family and Insulin-like Growth Factor 1 (IGF-

TGF superfamily contains at least 20 members in Author’s Contributions
vertebrates. The best candidates for cartilageudiss
engineering are TGPBi, TGF$3, BMP-2, BMP-4,
BMP-7 and CDMP-1 (also known as GDF-5). TRE- .
promotes the synthetic activity of chondrocytes and Ethics
decreases catabolic activity of IL-1 and MMiRsvivo. This article is original and contains unpublished
TGF$3 enhances synthesis of sulphated GAGs. BMP-material. The corresponding author confirms thabal
2 stimulates synthesis of cartilage-specific ECNM B the other authors have read and approved the m@piusc
4 is essential for normal embryogenic developmant a and no ethical issues involved.
exhibits osteogenic and chondrogenic potentalivo.

BMP-7 has significant anabolic activity by which References

protects cartilage against damage. GDF-5 increase
proliferation of chondrocytes as well as play intpot
roles during the development of skeleton and joints
(Fortieret al., 2011).

FGF family contains at least 23 members in
vertebrates. Mainly FGF-2, FGF-4, FGF-8 and FGF-18
were studied in the context of cartilage tissue
engineering. It was shown, that FGF-2 promotes the
proliferation of chondrocytei vivo. FGF-2 with FGF-4
and FGF-8 are involved in the process of anabolic
pathways activation which leads to decrease of
aggrecanase effect after cartilage load. Furthezmor
FGF-18 is involved in a variety of biological preses,
including embryonic development, cell growth,
morphogenesis and tissue repair (Ellnagal., 2013).

IGF-1 stimulates chondrocytes to synthesize
cartilage-specific ECM and decreases catabolic
responses. Moreover, it was demonstrated that IGF-1
has an additive effect on increase of cartilagerixat
synthesis when acts with TGH:, BMP2 and BMP7
(An et al., 2010; Gowet al., 2010).
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