http://rjms.iums.ac.ir Voo eV ojlad YA o )55 15jl) 1sSaisjs ogle alan

s € e dvyre® oCope )0

&

*3

S3950 dlo J

[ Downloaded from rjms.iums.ac.ir on 2025-11-04 ]

s o

& e

S99 Al O 18 g pad S (wihigo 3O U 59T you S

Ol (lion (plian (S pole olRily ¢ JSge (S Slaiod S po « oS53 G5leSinn (S Gyl 16 g Mol

Ol o8 o (il e pariljo o3l o gl 09,8 Sitingly 1 RIS ol

Ol (e cplaon (K33 pole olSisls ¢ JoSge (S5 Sliiod 8 3o panass (1585 10ly 035 (5 e

e wsostilie (53l slasho 05,5 olnl (lion colren (K3 psle oKl o JoSge (S o 3 e (K55 (5555Snm 1 6)T> Syt o G (o
mohsen.sh2009@gmail.com (Jstus siiwsg #) o)l o cod 2Ll

oS

o3lgals e o .
3o 48 Cwl (Bl by lyd > (B s slacilies] dxwgr g 3wl iy pas cdly awiipe CBlial y Sete 51 (S
95hg s gyt oty it o S 5 dus D i |y pm By pa ol oL Bg it alydeamel e 4 5] Nign
Wl (wdige s By ( owiilze (clajlo i g (BBuisloj] Lase y> adl b yiuS Seloil (clacamg,iiS dlon sl Jolw gt
gy ly sy dg25e o )3 @ly biord 5 (Sjed Lulpd B S oo M &S el 1551500 9 239 oo et sk ol 59 &S
wlls Sute Bgypie glaylidle drwgi sliwly )0 (3L gl piny 4> 5108 gilwjb wled Wby Cuwl B CBgpae O] »

S99

by ool (plimsibsSe38 ol e o 155 Bgpcit (slolisla Jlo (b ol 30 Jolo (il Ll g
oyt Jolw ciS )0 (SolSe slagys 4 dogs pas ¢ udmo ol BV 51 S5 lodly LS anb CBgpie & cuns
bly b cos 4 ilg o alerdon b (Seidsn soanl ool 50 o8 Ggd o iy claliwy lsisdr )5S0 ol
VEeo/o ¥/ bl )b [ERES 0O, Dl (gdxe dlgo ad e dod pH ooz (daslyd o byielyly lgi o Jlie lgieds 858 )8 (gloass ]S
VEoo/oY/F Lg‘b: Cﬂ)b uL_vJUM)I u._‘>)4 u_.w)ﬁ5u_§5)_.éé A.A_Sla (o ) Lm)yfl)%u@dﬂuzo dalllas L)"I ERTY b}oa J)~S I) le) )‘5&:

b o 5558 g 5l oliul b (g piae cdl awdige disej y odd ploul b i 9 2isbejl

ol o5 5155 28l 4o, lad
2y Jlo ol 05 Colos g

@l ol 4 oloiwl o gl
Manoochehri H, Kalhor N, Tanzadehpanah H, Sheykhhasan M. The role of bioreactors in cartilage tissue
engineering: A review study. Razi ] Med Sci. 2021;28(7):50-66.

sl 43 )5 o3 y9u0 CC BY-NC-SA 3.0 b Galloo SI3T (s piand s yg004y Allite ¢yl Hitusl™


https://orcid.org/0000-0002-2522-4292
https://rjms.iums.ac.ir/article-1-6285-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-11-04 ]

Razi Journal of Medical Sciences. 2021;28(7):50-66. http://rjms.iums.ac.ir

[ Review Article

The role of bioreactors in cartilage tissue engineering: A review study

Hamed Manoochehri: PhD Student, Research Center for Molecular Medicine, Hamadan University of Medical Sciences,
Hamadan, Iran

Naser Kalhor: Researcher, Department of Stem Cell, the Academic Centre for Education, Qom Branch, Qom, Iran

Hamid Tanzadehpanah: PhD, Research Center for Molecular Medicine, Hamadan University of Medical Sciences,
Hamadan, Iran

Mohsen Sheykhhasan: PhD Student, Research Center for Molecular Medicine, Hamadan University of Medical Sciences,
Hamadan, Iran, & Department of Stem Cell, the Academic Centre for Education, Qom Branch, Qom, Iran (* Corresponding
author) mohsen.sh2009@gmail.com

Abstract
One of the most important aims of cartilage tissue engineering is the in vitro creation and Keywords
development of cartilage implants, which, after transplantation to the damaged site, show the Bioreactor

. . b
properties of normal cartilage. ) ) )
The three major combinations of cartilage tissue engineering include: cellular sources, Tissue Engineering,
consisting of autologous chondrocytes developed in the laboratory and mesenchymal .

& & Y P Y Y Cartilage,

precursors; biomaterials upon which the cells are cultivated; and a bioreactor that tries to
rebuilds the physical and chemical characteristics of the in vivo system, which allows the Review Study
cartilage to grow in it. Although much progress has been made towards developing cartilage

structures for clinical conditions, nevertheless, current cartilage structures have inappropriate

physicochemical properties, compared to normal cartilage. One of the reasons for this

problem is the lack of attention paid to mechanical stimuli in cartilage cell culture. Several

mechanisms can be involved in chondrocyte response into mechanical stimuli, including

alteration of serum level of oligomeric matrix protein, alteration of expression of cartilage-

specific genes (collagen type 2 and aggrecan), that leads to organizes the rearrangement of

collagen, integrin, and glycosaminoglycan binding. Other mechanisms also include altered

integrin expression and induction of apoptotic mechanisms. Several mechanical forces such

as tensile and compressive forces regulate chondrocyte production.

Bioreactors are designed to enhance the biochemical and mechanical properties of cartilage .

tissue and to transfer sufficient volume and mechanical stimulation of cartilage tissue. Received: 30/06/2021
Bioreactors are deﬁned as a means in which biological or biochemical processes can occur Published: 29/09/2021
under controlled conditions. For example, several parameters and conditions, such as pH,

temperature, nutrient supply, O, stress, and waste removal, can be controlled by the

bioreactor.

Various bioreactor systems, including rotating-wall vessels, spinner-flasks, direct perfusion

bioreactors, compressor bioreactors, magnetic bioreactors, ultrasonic bioreactors and stirrer

double chambers, have been used in cartilage tissue engineering. In addition, existing

bioreactors were used in combination with other emerging technologies. For example, 3D-

Printed (3DP) Bioreactors were used for cartilage tissue engineering. Furthermore,

bioreactors using microcarriers were another strategy which used for cartilage tissue

engineering. Additionally, bioreactors that use combined mechanical force are also among

the bioreactors that are being developed in cartilage tissue engineering.

Over the past few decades, fluid flow bioreactors (shear pressures) have been widely used in

cartilage tissue engineering. The rotating wall vessel is a specialized cell culture vessel

developed initially as a microgravity simulator to mimic and model the effects of

microgravity on cells in laboratory studies. The vessel creates low-shear culture

environments and supports three-dimensional tissue development. It has a motor that drives a

belt that rotates the cylindrical culture vessel along its horizontal axis. It contains an air
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pump, which draws incubator air through a filter and discharges the air through a rotating
coupling on the shaft that carries the vessel. Spinner-flask bioreactor alternatives to the static
culture that attempt to reduce gradients in metabolite and nutrient concentrations. Perfusion
systems are the most complex because they can perfuse fluid directly via the structures,
making good mass transport inside the constructs, and they have been shown to overexpress
the expression of chondrocyte markers. compressor bioreactors are another type of bioreactor
which use compression force to modulate the behavior of cells in tissue or scaffold. magnetic
bioreactors are a type of bioreactors which are based on microscale mechanobiological
techniques such as magnetic forces. these bioreactors can influence on cells, tissues, and
entire organisms, including the hyaline cartilage synthesis, bovine chondrocytes
proliferation, and the proteoglycan formation. Ultrasonic stimulation is another parameter
which could affect cell growth in some cases. Specially, low-intensity continuous ultrasound
(US) has been demonstration to regulate the expression of chondrocyte-specific genes.
Ultrasonic bioreactors are a type of bioreactors which are based on ultrasonic stimulation.
Another bioreactor used in cartilage tissue engineering is hydrostatic pressure bioreactors.
These bioreactors have been shown to have the ability to dramatically increase cartilage
formation. Hydrostatic pressure can be applied to culturing monolayer cells on the dish by
covering the cultured cells with the culture medium and placing them in a pressure chamber
(where a pressure step is applied to both sides of the dish). Hydrostatic pressure bioreactors
consist of fluid-filled chambers connected to a water pump. In these bioreactors, the tank is
completely filled with water and a sealed syringe is placed at the bottom. The syringe
contains the culture volume with the sample. The water pump squeezes the water into the
container and, as a result, moves the syringe and applies hydrostatic pressure to the transfer
culture volume. Significantly, recent studies have shown that constant hydrostatic pressure is
more efficient on cartilage cells in three-dimensional culture. Another bioreactor used in
cartilage tissue engineering is compression bioreactors. These bioreactors cause dynamic
pressure loading, which is similar to the physiological loading that normally occurs in
cartilage. Compression bioreactors can improve mass formation and modulate flexible
cartilage formation similar to the approach that occurs in natural cartilage. Furthermore,
static and perfused bioreactors are two other bioreactors used for cartilage tissue engineering.
Spinner-flask bioreactors have shown high efficiency in cartilage regeneration and this
regeneration has been confirmed by PCR and histological analysis. Chondrocyte cultured in
injectable bioreactors increased viability and produced cartilage uniformity that had
biomechanical properties similar to normal cartilage tissue. Structures cultured in perfusion-
compression bioreactors showed higher cell proliferation and better structural integrity
compared to stable conditions.

In general, the use of bioreactors has led toimprovements in terms such asthe
glycosaminoglycan (GAG) quantification and relevant gene expression and matrix secretion,
extracellular matrix synthesis, collagen Il synthesis, changed expression integrin, cell
proliferation, migration, apoptosis and viability, and gene expression of specific-
chondrocytes markers, chondrogenic differentiation, cartilage formation, recovery and retain
functional joint surface, hyaline cartilage formation, compression modulus, biosynthetic
activity of osteoarthritic chondrocytes and metabolic activity in cartilage tissue engineering.
Bioreactors are used in standard conditions such as pH and oxygen stress, which are
important in the reproducibility of biological batches. However, much discussion remains
regarding the specific function of various mechanical stimuli. Findings from case studies
have shown that bioreactors will also be effective in providing the necessary conditions for
further study on these stimuli. There are now new ideas in the use of bioreactors, such as
bioreactor in vivo, which is hoped to provide cartilage engineering in vivo.
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