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The cell culture was initially by Ross Harrison in 1907 who demonstrated the frog
embryo growth in vitro. This technology showed the important role since the specific
individual cells and the first continuous cell lines were developed and the cells were
not only kept alive by cryopreservation technology but also they grew as they would
do in vivo after thawing and reculturing. The specific requirements of the differences
cell types like local micro-environment, local growth factors, extra cellular matrix, cell-
cell interactions, circulating proteins, cytokines and hormones were being developed
for the growth of specific cell types desired. The advances in cell culture techniques
enable researchers to create at least partially model complex interactions, drug testing
and investigate toxic effects, further more incorporating cells from several different
tissues in the culture offer the opportunity to create the interactions among separate
biological subsystems in vitro. The major benefit of cell culture technology utilisation is
not only greatly felt in the biomedical, production and reproduction areas but also in
the biopharmaceutical development. The future prospective of cell culture technology
among others perfect cell culture system for the preparation of autologous cell lines,
the processing of xenogenic cell lines for cellular implants, gene therapy, artificial
organ, and three-dimensional cell cultures development.
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The cell culture was initially by Ross Harrison in 1907 who demonstrated the frog embryo
growth in vitro. This technology showed the important role since the specific individual cells
and the first continuous cell lines were developed and the cells were not only kept alive by
cryopreservation technology but also they grew as they would do in vivo after thawing and
reculturing. The specific requirements of the differences cell types like local micro-
environment, local growth factors, extra cellular matrix, cell-cell interactions, circulating
proteins, cytokines and hormones were being developed for the growth of specific cell types
desired. The advances in cell culture techniques enable researchers to create at least partially
model complex interactions, drug testing and investigate toxic effects, further more
incorporating cells from several different tissues in the culture offer the opportunity to create
the interactions among separate biological subsystems in vitro. The major benefit of cell
culture technology utilisation is not only greatly felt in the biomedical, production and
reproduction areas but also in the biopharmaceutical development. The future prospective of
cell culture technology among others perfect cell culture system for the preparation of
autologous cell lines, the processing of xenogenic cell lines for cellular implants, gene
therapy, artificial organ, and three-dimensional cell cultures development.
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Introduction

Cell culture was initiated by Ross Harrison (1907) which showed the growth of frog
embryos in vitro, He also proved that the nerve axons can be formed from the development
of neuronal cell body. Enders et al. (1949) observed that non-neuronal cell cultures of
primary monkey kidney cells can proliferate in vitro so it can be used to produce the polio
virus, this discovery opens the way for large scale production of polio vaccines using animal
cell cultures. Nicolas (1978) utilized fibroblast cell culture to produce rabies vaccines. In the
early eighties, Montagnon (1984) developed Vero cells for commercial production of
inactivated polio vaccine. Since 1995, starting the usage of continuous cell line cultures for
human biological products. Further development was the discovery of various culture-

based cell technology for heterclogous protein expression, recombinant CHO-techniology,




The grow cells in vitro must mimic in vivo condition, so a various culture media
have been developed, these are: DMEM, BME, EMEM, GMEM, ]MEM,' m, etc. For some
types of cell culture, the use of serum-free media with or without protein is essential. Serum,
serum proteins as well as a single amino acids can be replaced by recombinant proteins,
peptides from protein hydrolysates and synthetic oligopeptides (Franek and Fussenegger,

2005).
Selular and Microenvironment Engineering

The usage of cellular and metabolic engineering aims to improve certain crucial
cellular functions. the behavior of the cell towards the conditions of environmental stress,
absence or expression of an inadequate level of endoplasmic reticulum and golgi enzymes
necessary for co and post translational modification. Some examples are the usage of GSto
select and optimize a system as to obviate the glutamine need in the culture medium; the
overexpression of cytosolique pyruvate carboxylase in continuous cell lines to improve
gtycolysis and Krebs-cycle (Elias ef al., 2003); the overexpression of antisense of LDH-A
cytoplasmic glycerol-3- phosphate dehydrogenase to increase oxidative phosphorylation
and decrease cellular respiration and thus reduce the sensitivity to reactive oxygen species

reducing celt apoptosis (Jeong et al., 2004}

The tissue microenvironment is an important factor to regulate a normal cellular
function. In other hand, cell culture limitation is the lack of natural structure and live
architecture. In cell cudture (in vitro condition), Not all celt types can adhere and grow well
and capable to produce optimally natural signals. The microenviroment play critical role in
the normal expression of cell phenotypes. The extra-cellular signal affects intracellular
genes expression in turn the result of fundamental changes in the composition of the

microenvironment. Inappropriate changes interactions cellular microenvironment may




produce abnormal cellular behavior, as seen in the development of the tumor; for example
an ectopic implantation of embryonic cells progress become malignant tissue while the

same cells located in the uterus has a normat embryo (Kim et al., 2004).
Cell interaction and Three-Dimensional Culture

Signaling between cells through the adhesion molecules can provide the essential
elements necessary to maintain normal cell physiology. Recent studies of functional
integrins provide evidence that the structural stability, provided by the interaction of the
Integrin-mediated cell-extra cellular matrix, is an important determinant of normal cells
behavior while the expression of E-cadherin (cell-cell adhesion molecule) promote
differentiation and inhibits the metastasis of severals cancer cell lines (Jones et al., 1992).
three dimensionat celt growth can lead the celi differentiation and enhance the expression of
E-cadherin and other cell adhesion molecules. But the fate of cells depends not only on the
adhesions mechanism, but also the interaction of the adhesion molecules with soluble
regulatory growth factors, such as hormones, cytokines and growth factors. For example,
normal stroma could be protective in delaying or preventing the tumour formation. A
normal stroma and its products can alter the adjacent cell (in the absence of malignant
epithelial cells) and promote the phenotypic and genomic changes in different epithelial
cells but an abnormal stroma can promote oncogenic activities including manipulation of
metalloproteinases, inflammatory cell recruitment and changes the stromal signals (Ronnov-

fessen et al., 1995)

In three-dimensinonal environment, the cell polarity increase thus stimulate the
differentiation of normal epithelial cells, some matrix extra cellular increase their biological
activities and narrowed Integrin usage compared to two-dimensional substrates,

furthermore these matrix promotes better adhesion, migration and morphogenesis of cells




(Cukierman ef al,, 2001). The overexpression of #1-Integrin and epidermal growth factor
(EGRF) in malignant epithelial cells is evident of a cross-modulation between pl-Integrin
and EGRF in human breast cancers cell culture (Wang et al., 1998). The changes in intrinsic
cell function greatly affects the response of a tissue model for an external agent (drugs,

growth factor, hormone or other protein additive)
Scaffold

Recent developments in this field is the usage of synthetic biomaterials to create
micro-environments mimic natural extracellular matrix. The specific goals is allowing stem
cell differentiation and morphogenesis to the target tissue. The main requirements for
scaffolds are biocompatibility and the ability to maintain or promote the growth of relevant
cells and providing a good model of tissue growth in three-dimensiononal environment
(Polak and Bishop, 2006). The decellularized tissue (allogeneic or xenogeneic) have
frequently been used although it can be inoculated with primary cells (Kim et al., 2004) .
Collagen is the most scaffold commonly used but other extra cellular matrix proteins can

also be used with the possibility additional of growth factors and other regulation subtances.

There are certain limitations associated with biological material used, including a
lack of consistency and f{lexibility. The biological materials is divided into three groups:
bioinert, resorbable, and bioactive. Bioinert is the raw material that almost completely inert
when implanted (e.g. stainless steel). Absorbable materials are the materials that eventually
dissolve after implanted. A variety of materials have been used, such as polymer (e.g.
Polyglycolic, polylactic acid) is usually used for suture, bioactive materials is the ingredient
that stimulates the body's biological response. Its can be classified as osteoconductive (e.g.

synthetic hydroxyapatite ceramic) bind and stimulate of bone growth on the edge of the




graft and osteoproductive (e.g. bioactive glass) stimulate growth of new bone within

material (Jones and Hench, 2003)

Cells can be harvested by using pre-fabricated Scaffolds. Cells adhere and migrate
along intertwined scaffold fibers. When the cells divides, they fill interstices within the
scaffold to form a three dimensional culture. Other type is pre-fabricated scaffolds
composed by natural or synthetic polymer molecules that can be used as a three
dimensional physical support matrix both in vitro culture and in vivo tissue regeneration.
This scaffolding capable to recreate physical properties and structure environment of lving
tissue promoting. extra celluar matrix molecule signaling pathways such as migration,

proliferation and differentiation (Tan et al., 2001).

A nanotopography controlling mechanical properties, and tissue engineering
scaffold mechanical loading environment, should improve the regulation of stem cell fate in
bioartificial systems. The adhesion molecules contribute to asymmetric stem cell division
including pl-integrin, CD146, and E-cadherin, have begun to be identified in the
environmental niche of the hair follicle, gut epithelium, and spermatogonial stem cells,
respectively (Kanatsu and Shinohara, 2008; Oatley and Brinster, 2008). Cellcell Interactions

in the stem cell niche can be highly influenced by paracrine signaling (Kasper, 2008).
Recent Benefits of Cell Culture Technology

Cell culture contribute to produce biological materials such as vaccines, monoclonal
or polyclonal antibodies, interferon, erythropoietin, hormones, clotting factors,
immunoadhesin. Most of the biological material is a glycoprotein secreted by embryonic
kidney cells such as human culture (HEK-293), Chinese hamster ovary (CHO) cells, and
hybridoma cells (murine myeloma). In biopharmaceutical, cells culture used to investigate

the drug activities and the design of new therapy strategies.




One of the new therapy is autologous cell therapy. Autologous cell therapy allows to
take a small portion of the tissue and proliferated in vitro and than used in the body of the
individuat to the therapy. Most forms of therapy with this method is still in research or in
clinical trials process. Research in, bone marrow mononuclear cell transplantation for acute
radiation victims, autologous hematopoietic cells as gene transfer targets for the treatment of
various blood disorders and autoimmune diseases, stroke ischemia, cardiac ischemia, leg
ischemia cell-mediated immunotherapy after chemotherapy, and autologous cells for

cancer therapy.

The cell culture can also be used to patient therapy in the form of cell
transplantation, artificial organs and tissue engineering. Another development is a therapy
based on gene therapy using a viral vector and development of artificial organs or tissue
engineering based on the use of stem cell technology. The tissue repair is possible based on
replacement tissue using stem cells. For this purpose, adult as well as embryonic stem cells
human can also be used. Stem cells are defined as undifferentiated cells that can proliferate
and the ability both to self renew and to differentiate to one or more types of specialized
cells. The challenge now is to optimize the isolation and proliferation of cells, the
differentiation of stem cells and to develope the scaffolding design and delivery systems that
promote coordinated growth of three-dimensional tissues. Currently, four therapeutic
approaches using stem cells have been identified : 1) the direct administration of adult stem
cells, 2) regeneration mediated by stimulation of endogenous stem cells, 3) the introduction
of differentiated stem cells and 4) tissue engineering. The majority of stem cell in clinic
applications are based on the application of an adult or foetal stem cells. For example,
intracperative orthopedic procedures using adult stem cells have been developed by using
adult osteogenic precursor cells, harvested from bone marrow, which is grown on a scaffold,

they have an advantage over the adult cells of the placement of new extracellular matrix,




without remove the old matrix as in the adult bone autografts (Muschler and Midura, 2002).
Embrionic Stem cell (ESC) may be induced to form osteoblast in vitro and in vivo, provide a
source for bone tissue engineering. After implantation, the tissue will be able to survive
and restore normal function and can integrate with the surrounding tissue (Bielby et al.,

2004),.

In the cardiovascular system, the delivery of autologous bone marrow stem cells is
used for the treatment of myocardial infarction. ESC differentiated cardiomyocytes have
been tested to repair the hearts of animal model cardiomyocytes regenerated and
introduction of undifferentiated murine ESC contained in the liquid matrix into infarcted
area increases cardiac contractility (Kofidis ef al., 2004). Human embrionic stem cell have
been differentiated into endothelial cells isolated with antibodies to platelet endothelial-1

cell adhesion molecule (Levenberg ef al. , 2002).
Future Prospect

Although cell culture media were developed but the ideal general purpose media
has not yet been developed. Development and optimization of serum-free media to produce
cell lines, the use of viral vectors for gene therapy, cell line and vector production are
promizing, Future developments in the three-dimensional culture is a three-dimensional
spheroids culture, This is a model heterologous multicellular complexes comprising
complex cell-cell and cel-matrix interaction, cufture organotypic composed of several types
of cells, matrix and other environmental factors to simulate the overall environment in the
culture of organs. Three dimensional spheroid culture is a valuable model to develop and
test various types of drugs or treatment of degenerative diseases, cancer, gene therapy,
influence immunocompetent cells to normal or abnormal cells differentiation and

proliferation. The role of the stem cell niche also provide a potential therapeutic target for




regenerative medicine in the future. In order to complete the optimization of high
performance, three dimensional culture should be combined with geno'mics- and proteomics,
sg that it becomes a very powerful tool to analyze cell behavior under different culture

conditions and develop gene therapy

Despite cell culture techniques showed a significant progress, but the final success of
its utilization require a in vivo confirmations, so a multidisciplinary approach in the
development of cell and tissue engineering involves many disciplines such as cell and
molecular biology, biomedical engineering, medicine, material sciences and other related

sciences.
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