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Cartilage

• Cartilage is a flexible type of connective tissue that is made up of

cells called chondrocytes as well as from the materials that they

secrete.

• The relatively stiff structure that cartilage boasts plays an important

role in the development of the formation of bones during a fetus’s

early stages of progress.

• The skeleton is first laid out in its form as cartilage, thereafter being

replaced by the more solid structure of bones.

http://www.differencebetween.net/science/difference-between-epithelial-and-connective-tissue/










• The chondrocytes rely on a process of diffusion to obtain their

needed nutrients.

• Unlike bones, car.lage is avascular, meaning that is has no

blood vessels for the transport of fresh blood to the

car.lage.

• Due to this lack of blood supply, car>lage has a much longer

healing process and >me when compared to the healing >me of

bones.

• The base structure of car>lage when observed under a microscope, is

vastly less organized that the structure of  

complica>ng the healing >me

a bone, further  

of cartilage.

http://www.differencebetween.net/science/the-difference-between-effusion-and-diffusion/






• There are 3 main types of car>lage that make up the human body:

• Hyaline Car+lage– the most common, and is found on the ribs, nose, larynx,

trachea, and is the pre-cursor to a bone.

• Fibrocar+lage – is the strongest car>lage, and is found in the in intervertebral  

discs, joint capsules and ligaments.

• Elas+c Car+lage – provides strength and shape maintenance, and can be

found in the external ear, epigloEs and the larynx.





HyalineCartilage

• Of the three main cartilages found in the body, in adults, hyaline

cartilage is the most widespread.

• Forming the articular surfaces of long bones, between the ribs, the

rings of the trachea in the throat and some parts of the skull.

• Hyaline cartilage has been given its name due to its glossy appearance,

and is predominantly made up of collagen, although it displays few

collagen fibers.

• In an embryo, hyaline cartilage is first formed before the bones solidify.

http://www.differencebetween.net/language/difference-between-long-and-short-vowels/




• The most common site where hyaline cartilage is found in adults  
include:

• The upper respiratory tract: the nose, larynx, trachea and bronchi.  
Cartilage is used in these areas to prevent the airways from  
collapsing during inhalation.

• The articulating surfaces of bones: the cartilage here prevents bones  
from rubbing and creating friction against another bone as part of a  
synovial joint.

• The epiphyseal plates of bones: these are the growth plates attached  
to the ends of the body’s long bones. They assist during adolescent  
growth and are replaced by solid bone once growth is complete.

http://www.differencebetween.net/language/difference-between-this-and-these/


ElasticCartilage

• Elas>c car>lage, also known as yellow car>lage, is made up of

networks of elas>c and collagen fibers of which the principal proteins

are elas>n.

• Elas>c car>lage has a high concentra>on of elas>n fibers arranged in

an extracellular matrix structure, and unlike hyaline car>lage, it does

not calcify for the forma+on of bones.







Articular
Cartilage

• Articular cartilage is a non-vascularized and poorly cellularized

connective tissue that is frequently damaged as a result of trauma

and degenerative joint diseases such as osteoarthritis.

• Because of the absence of vascularization, articular cartilage has low

capacity for spontaneous repair.

• Today, and despite a large number of preclinical data, no therapy

capable of restoring the healthy structure and function of damaged

articular cartilage is clinically available.

https://www.sciencedirect.com/topics/medicine-and-dentistry/cartilage
https://www.sciencedirect.com/topics/medicine-and-dentistry/osteoarthritis
https://www.sciencedirect.com/topics/medicine-and-dentistry/vascularity




Osteoarthri>s  

accompanied

is  

by

degradation of the articular

cartilage, thickening of the

subchondral bone,

formation of osteophytes an

d variable degrees of

synovium inflammation

Osteoarthritis

https://www.sciencedirect.com/topics/medicine-and-dentistry/ossification
https://www.sciencedirect.com/topics/medicine-and-dentistry/osteophyte
https://www.sciencedirect.com/topics/medicine-and-dentistry/ossification
https://www.sciencedirect.com/topics/medicine-and-dentistry/synovitis




Cartilage TissueEngineering
• The ideal biomaterial should be biocompa>ble  

inflammatory and immunological reac>ons.

to prevent

• It must provide a favorable environment for the 3D maintenance of

chondrocyte phenotype and be adhesive to enable attachment of the

cells within the lesion.

• It must be permeable to allow the diffusion of molecules, nutrients

and growth factors.

• Finally, it should be biodegradable enough to be integrated in the

physiological processes of tissue remodeling and ideally, should be

injectable, thereby allowing for implantation by minimally invasive

surgery.

https://www.sciencedirect.com/topics/medicine-and-dentistry/immunity
https://www.sciencedirect.com/topics/medicine-and-dentistry/chondrocyte
https://www.sciencedirect.com/topics/medicine-and-dentistry/adhesive-agent
https://www.sciencedirect.com/topics/medicine-and-dentistry/physiological-process
https://www.sciencedirect.com/topics/medicine-and-dentistry/minimally-invasive-surgery




• Despite the large number of preclinical and clinical studies related to

biomaterials for car>lage >ssue engineering, none of the solid

matrices may be injected percutaneously.

• In this context, recent studies are directed toward the development

of self-hardening and injectable materials that can be used in the

percutaneous transplanta+on of chondrogenic cells.



Hydrogels

• The properties and structures of hydrogels make them ideal

candidates for implantation by minimally invasive surgery.

• Hydrogels are composed of chains of synthetic or natural

macromolecules capable of forming hydrogels after

physical, ionic or covalent crosslinking.

• They exhibit a high level of hydration close to that of the

articular cartilage, which allows them to mimic the 3D

environment of chondrocytes







• As a scaffolding material for cartilage engineering, hydrogels

have many advantages:

• They can exhibit similar mechanical, swelling, and lubricating

behavior to articular cartilage

• their viscoelastic nature facilitates the transfer of mechanical loading

; and they allow their loaded cells to take on a spherical morphology,

which is characteristic of the chondrogenic phenotype.

• Cell-laden hydrogels have also been extensively investigated for use

as bioink for the 3D bioprinting of cartilage with biomimetic structure

and function.

• Advanced hydrogels have been designed that permit the controlled

release of chondroinductive factors or chondroprotective drugs.

https://www.sciencedirect.com/topics/engineering/swelling
https://www.sciencedirect.com/topics/engineering/mechanical-loading
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/biomimetics
https://www.sciencedirect.com/topics/engineering/controlled-release




Cells

• Chondrocytes, fibroblasts, stem cells and gene>cally modified cells

have all been tested in car>lage engineering.

• However, chondrocytes and mesenchymal stem cells (MSCs)

remain the most largely inves>gated sources of chondrogenic cells

for car>lage repair.

• Adult chondrocytes having the ability to form an ECM can be isolated

from various sources such as ar>cular car>lage, nasal septum, costal

car>lage or auricular car>lage

• Nevertheless, auricular chondrocytes are derived from an elas>c

car>laginous >ssue, which does not have the mechanical proper>es

of hyaline car>lage

https://www.sciencedirect.com/topics/medicine-and-dentistry/fibroblast
https://www.sciencedirect.com/topics/medicine-and-dentistry/nasal-septum
https://www.sciencedirect.com/topics/medicine-and-dentistry/auricular-cartilage
https://www.sciencedirect.com/topics/medicine-and-dentistry/hyaline-cartilage


• One of the main drawbacks in the use of autologous chondrocytes is

instability of their phenotype in monolayer culture.

• Indeed, chondrocytes cultured in monolayer rapidly lose their

phenotype, as evidenced by the loss of expression of chondrocy>c

markers such as type II collagen, aggrecan and the superficial zone

protein.

• This loss is accompanied by the orienta>on of cells toward a

fibroblas>c phenotype characterized by increased expression of type I

collagen and adop>on of the characteris>c spindle shape of

fibroblasts

https://www.sciencedirect.com/topics/medicine-and-dentistry/collagen-type-2
https://www.sciencedirect.com/topics/medicine-and-dentistry/aggrecan
https://www.sciencedirect.com/topics/medicine-and-dentistry/collagen-type-1


Mesenchymal StemCells

• MSCs can give rise to several types of differen>ated cells, including

chondrocytes, adipocytes, osteoblasts, and myogenic and neuronal

cells

• The most-studied source of MSCs is the bone marrow, but MSCs have

also been isolated from muscles, adipose

>ssue, periosteum and perichondrium

• In addi&on, MSCs isolated from bone marrow, adipose &ssue,

muscle and synovium showed chondrogenic differen&a&on

ability.

• Consequently, adult MSCs have been considered of major interest in

>ssue engineering

https://www.sciencedirect.com/topics/medicine-and-dentistry/adipocyte
https://www.sciencedirect.com/topics/medicine-and-dentistry/osteoblast
https://www.sciencedirect.com/topics/medicine-and-dentistry/adipose-tissue
https://www.sciencedirect.com/topics/medicine-and-dentistry/periosteum
https://www.sciencedirect.com/topics/medicine-and-dentistry/adipose-tissue
https://www.sciencedirect.com/topics/medicine-and-dentistry/perichondrium
https://www.sciencedirect.com/topics/medicine-and-dentistry/synovial-membrane


GrowthFactors

• Several

cartilage

growth factors involved in the development of

growth were identified as factors deeply affecting the

chondrogenic differen>a>on of MSCs.

• Among these factors, the transforming growth factor β (TGF-β)

superfamily members TGF-β1 and -β3 are the most commonly used to

induce the chondrogenesis of adult MSCs.

• Alterna>vely, the use of bone morphogene>c protein with or

without TGF-β has been extensively inves>gated

https://www.sciencedirect.com/topics/medicine-and-dentistry/transforming-growth-factor-beta
https://www.sciencedirect.com/topics/medicine-and-dentistry/bone-morphogenetic-protein




Growth Factors

• Articular cartilage is avascular and develops naturally in the presence

of a low oxygen tension (hypoxia) ranging from 2% to 7%.

• Furthermore, hypoxia can upregulate the chondrocytic phenotype by

hypoxia inducible factors (HIFs), which promote the expression of

cartilage ECM genes. Therefore, placing MSCs in a hypoxic condition

can promote the chondrogenesis of MSCs

https://www.sciencedirect.com/topics/medicine-and-dentistry/hypoxia
https://www.sciencedirect.com/topics/medicine-and-dentistry/hypoxia-inducible-factor




What is Cell and Tissue Culture

• Tissue culture is the general name for the removal of cells, tissues or

organs from an animal or plant and their subsequent placement into

artificial environment conductive to growth

• This environment usually consists of a suitable glass or plastic culture

vessel containing a liquid or semi-solid support medium that supplies

the nutrients essential for survival and growth



What is Cell and TissueCulture

• When the cells are

removed from the organ

fragments, thus

disrupting their normal

relationship with

neighboring cells, it is

called cell culture





Classes of CultureCells

•Cultures of animal cells are usually divided  

into 3 classes:

1. Primary cells

2. Cell lines

3. Con9nuous cell lines



1- Primary Culture

• When cells are surgically removed from an organism and placed into a

suitable culture environment they will attach, divide and grow. This is

called as primary culture

• Most of the primary culture cells have a finite lifespan of 5-10 divisions

in vitro

• Due to their limited lifespan, one cannot do long-term experiments with

these cells

• Primary cells are considered by many researchers to be more

physiologically similar to in vivo cells





Types of Cell culture

• Primary Cultures
• Derived directly from excised tissue and cultured either as

• Outgrowth of excised tissue in culture
• Dissociation into single cells (by enzymatic digestion or 

mechanical dispersion)
• Advantages:

• usually retain many of the differentiated characteristics 
of the cell in vivo

• Disadvantages:
• initially heterogeneous but later become dominated by

fibroblasts.
• the preparation of primary cultures is labor intensive
• can be maintained in vitro only for a limited period of

time.







• In cell cultures, the next step after primary culture is

subculture by passaging.

• Reproduction speeds decrease after cells in culture use

the whole nutrients

• They consume a large proportion of the components in

the breeding environment. Reproduction stops

completely in time.

• In this period, the cul- ture division is the most

appropriate process. This process is called subculture or

passage.



Secondary Culture

• When a primary culture is sub-cultured, it becomes known as

secondary culture or cell line.

• Subculture (or passage) refers to the transfer of cells from one

culture vessel to another culture vessel.

• This is periodically required to provide fresh nutrients and

growing space for continuously growing cell lines.

• The process involves removing the growth media and

disassociating the adhered cells (usually enzymatically). Such

cultures may be called secondary cultures.





Why sub culturing.?

• Once the available substrate surface is covered by cells (a

confluent culture) growth slows & ceases.

• Cells to be kept in healthy & in growing state have to be sub-

cultured or passaged

•It’s the passage of cells when they reach to 80-90% confluency

in flask/dishes/plates

• Enzyme such as trypsin, dipase, collagenase in combina.on with

EDTA breaks the cellular glue that aBached the cells to the

surface



Continuous Cultures
• derived from subculture (or passage, or transfer) of primary

culture

• Subculture = the process of dispersion and re-culture the 

cells afer they have increased to occupy all of the 

available substrate in the culture

• usually comprised of a single cell type

• can be serially propagated in culture for several passages

• There are two types of con>nuous cultures

• Cell lines

• Con.nuous cell lines



Experimental Methods 2006 46

Types of continuousculture

1) Cell lines
• finite life, senesce after approximately thirty

cycles of division (30 passages)
• usually diploid and maintain some degree of

differentiation.
• it is essential to establish a system of Master

and Working banks in order to maintain such
lines for long periods



Experimental Methods 2006 47

Types of continuousculture

2) ConGnuous cell lines
• can be propagated indefinitely
• generally have this ability because they have  

been transformed
• tumor cells.
• viral oncogenes
• chemical treatments.
• simultaneously

• the disadvantage of having retained very liJle  
of the original in vivo characterisGcs



















Culturing of cells

• Cells are cultured as anchorage dependent or independent
• Cell lines derived from normal tissues are considered as  

anchorage-dependent grows only on a suitable substrate
e.g. tissue cells

• Suspension cells are anchorage-independent e.g. blood cells
• Transformed cell lines either grows as monolayer or as  

suspension



Adherent cells

• Cells which are anchorage dependent
• Cells are washed with PBS (free of ca & mg ) solution.
• Add enough trypsin/EDTA to cover the monolayer
• Incubate the plate at 37 C for 1-2 mts
• Tap the vessel from the sides to dislodge the cells
• Add complete medium to dissociate and dislodge the cells
• with the help of pipette which are remained to be  

adherent
• Add complete medium depends on the subculture
• requirement either to 75 cm or 175 cm flask



Suspension cells

• Easier to passage as no need to detach

them

• As the suspension cells reach to

confluency

• Ascep:cally remove 1/3rd of medium

• Replaced with the same amount of pre-

warmed medium



Cell Confluency




