
Institut Mines-Télécom 

Roisin Owens 

Associate Professor, Dept. Of Bioelectronics 

owens@emse.fr 

Tissue engineering and cancer 



Institut Mines-Télécom 

Bibliography 

 Biochemistry by Jeremy M. Berg                           
─  ISBN 10 1429276355 

 Molecular Biology of the Cell 5E by Bruce  Alberts 
─  ISBN10 0815341067 

 Principles of Anatomy and Physiology by Gerard J. Tortura 
─ ISBN 10 0470233478 



Institut Mines-Télécom 

Some light reading 

 The emperor of all maladies,  Siddhartha Mukherjee 

 The immortal life of Henrietta Lacks, Rebecca Skloot 

 The dark lady of DNA, Brenda Maddox 

 The red queen, Matt Ridley 

 Power, Sex, Suicide, Nick Lane 

 The Spark of Life, Frances Ashcroft 



Institut Mines-Télécom 

Questionnaire 

 What are the four different tissue types? 

 What is the general type of tissue structure 

 What are the processes that go awry in cancer? 
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Cellular Diversity 

 The average adult has 
nearly 100 trillion cells 

 There are about 200 
different types of cells 

 Cells come in a variety of 
shapes and sizes 

 Cellular diversity permits 
organization of cells into 
more complex tissues 
and organs 

Copyright 2009 John Wiley & Sons, Inc. 
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What is a Tissue? 

 A tissue is a group of cells 

• Common embryonic origin 

• Function together to carry out specialized activities 

 Hard (bone), semisolid (fat), or liquid (blood) 

 Histology is the science that deals with the study of tissues. 

 Pathologist specialized in laboratory studies of cells and tissue for 
diagnoses 

 

 

Copyright 2009 John Wiley & Sons, Inc. 
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Figure 22-1  Molecular Biology of the Cell (© Garland Science 2008) 

Development of Tissues 
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Development of Tissues 

 Tissues of the body develop from three primary germ 
layers:  

─Ectoderm, Endoderm, and Mesoderm 

• Epithelial tissues develop from all three germ layers 

• All connective tissue and most muscle tissues drive from 
mesoderm 

• Nervous tissue develops from ectoderm 

Copyright 2009 John Wiley & Sons, Inc. 
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Figure 22-70  Molecular Biology of the Cell (© Garland Science 2008) 

Development of Tissues 
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Figure 22-18  Molecular Biology of the Cell (© Garland Science 2008) 

Development of Tissues 
Model for studying development: C. elegans 
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Figure 22-24  Molecular Biology of the Cell (© Garland Science 2008) 

Drosophila 

Development of Tissues 
Model for studying development: D. melanogaster 
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Figure 22-26  Molecular Biology of the Cell (© Garland Science 2008) 

Development of Tissues 
Model for studying development: D. melanogaster 
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Figure 22-71  Molecular Biology of the Cell (© Garland Science 2008) 

Development of Tissues 
Differentiation 
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Figure 22-72  Molecular Biology of the Cell (© Garland Science 2008) 

Development of Tissues 
Differentiation 
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Figure 23-68  Molecular Biology of the Cell (© Garland Science 2008) 

Development of Tissues 
Differentiation 
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Figure 23-66  Molecular Biology of the Cell (© Garland Science 2008) 

Development of Tissues 
Differentiation 
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Tissues as building blocks of organ systems 

 
Human body 

 

 

10 major organ systems 
 

 

Each organ (e.g., lung) 
 

 

 

Functional units  
(e.g., alveoli) 

 
 

Tissues 
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Four Types of Animal Tissue: 

1. Epithelial/Barrier Tissue 

• Covers body surfaces and lines 

organs, cavities and ducts, glands 

too 

2. Connective Tissue 

• Protects and supports. Bind organs, 

stores energy as fat, helps provide 

immunity 

3. Muscle Tissue 

• Generates physical force to make body 

move and generates body heat 

4. Nervous Tissue 

• Detects changes in environment inside 

and out and responds by generating 

action potentials that activate muscle 

contractions and secretions 

Tissue types 
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Epithelial Tissues 

 Epithelial tissue consists of cells arranged in continuous 
sheets, in either single or multiple layers 

• Closely packed and held tightly together 

• Covering and lining of the body 

• Free surface 

 3 major functions: 

• Selective barrier that regulates the movement of materials in and out of 
the body  

• Secretory surfaces that release products onto the free surface 

• Protective surfaces against the environment 

 

Copyright 2009 John Wiley & Sons, Inc. 

Tissue types 
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General Features of Epithelial Cells 

 Surfaces of epithelial cells differ in structure and have specialized 
functions 

• Apical (free) surface  

─ Faces the body surface, body cavity, lumen, or duct 

• Lateral surfaces 

─ Faces adjacent cells 

• Basal surface 

─ Opposite of apical layer and adhere to extracellular materials 

Copyright 2009 John Wiley & Sons, Inc. 

Tissue types 
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Copyright 2009 John Wiley & Sons, Inc. 

Basement membrane 

• Thin double extracellular layer that 
serves as the point of attachment and 
support for overlying epithelial tissue 

Basal lamina 

• Closer to and secreted by the 
epithelial cells 

• Contains laminin, collagen, 
glycoproteins, and proteoglycans 

Reticular lamina 

• Closer to the underlying connective 
tissue 

• Contains collagen secreted by the 
connective tissue cells 

 

Tissue types 

General Features of Epithelial Cells 



Institut Mines-Télécom 

Four Types of Animal Tissue: 

1. Epithelial/Barrier Tissue 

• Covers body surfaces and lines organs, 

cavities and ducts, glands too 

2. Connective Tissue 

• Protects and supports. Bind organs, 

stores energy as fat, helps provide 

immunity 

3. Muscle Tissue 

• Generates physical force to make body 

move and generates body heat 

4. Nervous Tissue 

• Detects changes in environment inside 

and out and responds by generating 

action potentials that activate muscle 

contractions and secretions 

Connective tissue 

Tissue types 
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Figure 19-53  Molecular Biology of the Cell (© Garland Science 2008) 

Connective tissue 

Tissue types 
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Most abundant and widely distributed tissues in the body 

Numerous functions 

• Binds tissues together 

• Supports and strengthen tissue 

• Protects and insulates internal organs 

• Compartmentalize and transport 

• Energy reserves and immune responses 

Connective tissue 

Tissue types 

Copyright 2009 John Wiley & Sons, Inc. 
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Extracellular matrix of Connective Tissue 
Extracellular matrix is the material located between the cells 

• Consist of protein fibers and ground substance 

• Connective tissue is highly vascular 

• Supplied with nerves 

• Exception is cartilage and tendon. Both have little or no blood supply, no nerves 

 

 

Tissue types 
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Connective Tissue Cells 

Fibroblasts 
• Secrete fibers and components of ground substance 

Adipocytes (fat cells) 
• Store triglycerides (fat) 

Mast cells 
• Produce histamine 

White blood cells 
• Immune response 
• Neutrophil and Eosinophils 

Macrophages 
• Engulf bacteria and cellular debris by phagocytosis 

Plasma cells 
• Secrete antibodies 

Copyright 2009 John Wiley & Sons, Inc. 

Tissue types 
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Figure 23-52  Molecular Biology of the Cell (© Garland Science 2008) 

Connective Tissue Cells 
Tissue types 
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Figure 23-53a  Molecular Biology of the Cell (© Garland Science 2008) 

Connective Tissue Cells: Fibroblasts 

Tissue types 
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Figure 23-62  Molecular Biology of the Cell (© Garland Science 2008) 

Connective Tissue Cells: Adipocytes 

Tissue types 
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Figure 23-63  Molecular Biology of the Cell (© Garland Science 2008) 

Connective Tissue Cells: Adipocytes 

Tissue types 
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Figure 23-64  Molecular Biology of the Cell (© Garland Science 2008) 

Leptin deficient mouse 

Connective Tissue Cells: Adipocytes 

Tissue types 
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Reticular Connective Tissue 

• Fine interlacing reticular fibers and cells 

• Forms the stroma of liver, spleen, and lymph nodes 

 

Connective Tissue Cells: Adipocytes 

Tissue types 
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Types of Mature Connective Tissue 

Cartilage is a dense network of collagen fibers and elastic fibers firmly 
embedded in chondroitin sulfate 

• Chrondrocytes 
─ Cartilage cells found in the spaces called lucunae 

• Pericondrium 
─ Covering of dense irregular connective tissue that surrounds the cartilage 

─ Two layers:  outer fibrous layer and inner cellular layer 

• No blood vessels or nerves, except pericondrium 

 

 

Copyright 2009 John Wiley & Sons, Inc. 

Tissue types 
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Figure 23-54  Molecular Biology of the Cell (© Garland Science 2008) 

Connective Tissue Cells: chondrocytes 

Tissue types 
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Bone tissue 

Bones are organs composed of several different connective 
tissues: bone (osseous) tissue, periosteum, and endosteum. 

 Compact or spongy 

 Osteon or haversian system 
• Spongy bone lacks osteons. They have columns called trabeculae 

Tissue types 
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Liquid Connective Tissue 

 Blood tissue 

• Connective tissue with liquid extracellular matrix called blood plasma 

 Lymph 

Tissue types 
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Table 23-1  Molecular Biology of the Cell (© Garland Science 2008) 

Blood cells 

Tissue types 
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Figure 23-42  Molecular Biology of the Cell (© Garland Science 2008) 

Blood cells 
Tissue types 



Institut Mines-Télécom 

Figure 23-37a-d  Molecular Biology of the Cell (© Garland Science 2008) 

White blood cells 
Tissue types 
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Figure 23-30  Molecular Biology of the Cell (© Garland Science 2008) 

Blood: artery 
Tissue types 
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Figure 23-31b  Molecular Biology of the Cell (© Garland Science 2008) 

Blood: capillary 
Tissue types 



Institut Mines-Télécom 

Figure 23-34  Molecular Biology of the Cell (© Garland Science 2008) 

Blood: new capillaries after wound 
Tissue types 
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Figure 23-33  Molecular Biology of the Cell (© Garland Science 2008) 

Blood: angiogenesis 
Tissue types 
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Figure 23-35  Molecular Biology of the Cell (© Garland Science 2008) 

Blood: angiogenesis 

Tissue types 
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Figure 23-36  Molecular Biology of the Cell (© Garland Science 2008) 

Blood cells in clot 
Tissue types 
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Figure 23-38  Molecular Biology of the Cell (© Garland Science 2008) 

Blood cells in inflammation 
Tissue types 
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Movie on leukocyte rolling 19.2 
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Membranes 

Membranes are flat sheets of pliable tissue that 
cover or line a part of the body 

Epithelial membranes are a combination of an 
epithelial layer and an underlying connective 
tissue layer 

• Mucous, Serous, and Cutaneous 
membranes 

Synovial membranes 

• Lines joints and contains connective 
tissue but not epithelium 

 

Tissue types 
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Epithelial Membranes  

 Mucous membranes 

• Lines a body cavity that opens directly to the exterior 

• Epithelial layer is important for the body’s defense against pathogens 

• Connective tissue layer is areolar connective tissue and is called lamina 
propria 

 Serous membranes or serosa 

• Lines a body cavity that does not open directly to the exterior.  Also covers the 
organs that lie within the cavity 

• Consist of areolar connective tissue covered by mesothelium (simple 
squamous epithelium) that secrete a serous fluid for lubrication 

Skin 

• Covers the entire surface of the body 

• Consists of epidermis (epithelial layer) and dermis (connective layer) 

 

 

Tissue types 
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Figure 23-1a (part 1 of 2)  Molecular Biology of the Cell (© Garland Science 2008) 

Epithelial Membranes: skin  

Tissue types 
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Figure 23-3  Molecular Biology of the Cell (© Garland Science 2008) 

Epithelial Membranes: skin  

Tissue types 
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Four Types of Animal Tissue: 

1. Epithelial/Barrier Tissue 

• Covers body surfaces and lines organs, 

cavities and ducts, glands too 

2. Connective Tissue 

• Protects and supports. Bind organs, 

stores energy as fat, helps provide 

immunity 

3. Muscle Tissue 

• Generates physical force to make 

body move and generates body heat 

4. Nervous Tissue 

• Detects changes in environment inside 

and out and responds by generating 

action potentials that activate muscle 

contractions and secretions 

Muscle tissue 

Tissue types 
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Muscular Tissue 

Consists of elongated cells called muscle fibers or myocytes  

• Cells use ATP to generate force 

• Several functions of muscle tissue 

• Classified into 3 types:  skeletal, cardiac, and smooth muscular tissue 

Tissue types 
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Figure 23-48  Molecular Biology of the Cell (© Garland Science 2008) 

Fusion of myocytes 

Tissue types 
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Figure 23-47b  Molecular Biology of the Cell (© Garland Science 2008) 

Skeletal Muscle Tissue 
Tissue types 
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Figure 23-47c  Molecular Biology of the Cell (© Garland Science 2008) 

Cardiac muscle tissue 

Tissue types 
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Figure 23-47d  Molecular Biology of the Cell (© Garland Science 2008) 

Smooth Muscle Tissue 

Tissue types 
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Four Types of Animal Tissue: 

1. Epithelial/Barrier Tissue 

• Covers body surfaces and lines organs, 

cavities and ducts, glands too 

2. Connective Tissue 

• Protects and supports. Bind organs, 

stores energy as fat, helps provide 

immunity 

3. Muscle Tissue 

• Generates physical force to make body 

move and generates body heat 

4. Nervous Tissue 

• Detects changes in environment 

inside and out and responds by 

generating action potentials that 

activate muscle contractions and 

secretions 

Nervous tissue 

Tissue types 
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Nervous Tissue 

 Consists of two principle types of cells 

• Neurons or nerve cells 

• Neuroglia 

 

Tissue types 
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Excitable Cells 

 Neurons and muscle fibers  

 Exhibit electrical excitability 

• The ability to respond to certain stimuli by producing electrical signals such as 
action potentials 

• Actions potentials propagate along a nerve or muscle plasma membrane to 
cause a response 

─ Release of neurotransmitters 

─ Muscle contraction 

Copyright 2009, John Wiley & Sons, Inc. 

Tissue types 
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Overview of the nervous system 

 The nervous system, along with the endocrine system, helps to keep 
controlled conditions within limits that maintain health and helps to 
maintain homeostasis. 

 The nervous system is responsible for all our behaviors, memories, and 
movements. 

 The branch of medical science that deals with the normal functioning and 
disorders of the nervous system is called neurology. 

 

Copyright 2009, John Wiley & Sons, Inc. 

Tissue types 
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Major structures of the nervous system 

Copyright 2009, John Wiley & Sons, Inc. 

 Central nervous system (CNS)  

 consists of the brain and 
spinal cord 

 Peripheral nervous system 
(PNS) 

  consists of cranial and 
spinal nerves that contain 
both sensory and motor 
fibers 

 connects CNS to muscles, 
glands & all sensory 
receptors 

 

Tissue types 
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Structure of a multipolar neuron 
• Functional unit of nervous system 

• Have capacity to produce action 
potentials 

• electrical excitability 

• Cell body 

• single nucleus with prominent 
nucleolus 

• Nissl bodies (chromatophilic 
substance)  

• rough ER & free ribosomes 
for protein synthesis 

• neurofilaments give cell shape 
and support 

• microtubules move material 
inside cell 

• lipofuscin pigment clumps 
(harmless aging) 

• Cell processes = dendrites & axons 

 

Tissue types 
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Neuroglia of the CNS 

 Most common glial cell 
type 

 Each forms myelin sheath 
around more than one 
axons in CNS 

 Analogous to Schwann 
cells of PNS 

 

64 

Copyright 2009, John Wiley & Sons, Inc. 

Tissue types 
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Regeneration & Repair 

 Plasticity maintained throughout life 

• sprouting of new dendrites 

• synthesis of new proteins 

• changes in synaptic contacts with other neurons 

 Limited ability for regeneration (repair) 

• PNS can repair damaged dendrites or axons 

• CNS no repairs are possible 

 Formation of new neurons from stem cells was not thought to occur in humans 

 There is a lack of neurogenesis in other regions of the brain and spinal cord. 

 Factors preventing neurogenesis in CNS 

• inhibition by neuroglial cells, absence of growth stimulating factors, lack of 
neurolemmas, and rapid formation of scar tissue 

 
Copyright 2009, John Wiley & Sons, Inc. 

Tissue types 
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Cancer 
Where do we stand? 
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Figure 20-1  Molecular Biology of the Cell (© Garland Science 2008) 

Cancer 
Where do we stand? 
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The War on Cancer 

 Richard N. Nixon:  
• announced in 1971 that cancer 

would be cured by 1976 

 

 Barack Obama:  
• increased federal money for cancer 

research by a third as part of 
stimulus package 

 

 NCI:  
• 4,000 employees 

• $105 billion spent since 1971 

 

 New (costly) therapies: 
• Up to $10,000 per month  

 

New York Times, 2009 Science Series: Forty Years’ War 

Cancer 
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Figure 20-3  Molecular Biology of the Cell (© Garland Science 2008) 

Benign vs malignant tumor 

Cancers arise from carcinogenesis: can be due to chemical carcinogen or radiation 

Cancer 
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Figure 20-8  Molecular Biology of the Cell (© Garland Science 2008) 

Carcinogen exposure 

Cancer 

Cancer 
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Figure 20-4  Molecular Biology of the Cell (© Garland Science 2008) 

Cancer statistics 
Cancer 
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Figure 20-6  Molecular Biology of the Cell (© Garland Science 2008) 

Cancer has monoclonal origin 
Cancer 
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Figure 20-9  Molecular Biology of the Cell (© Garland Science 2008) 

Early detection is key! 
Cancer 
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Figure 20-10  Molecular Biology of the Cell (© Garland Science 2008) 

Early detection is key: pap smear 

Papanicolaou smear 

Normal Pre-cancerous Cancerous 

Cancer 
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More than one mutation 
Cancer 

Figure 20-11  Molecular Biology of the Cell (© Garland Science 2008) 
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Figure 20-12  Molecular Biology of the Cell (© Garland Science 2008) 

Genetics vs epigenetics 
Cancer 
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Figure 20-14  Molecular Biology of the Cell (© Garland Science 2008) 

Balance between increased cell division and 
decreased apoptosis 

Cancer 
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By analogy with automobiles, defects in 
cancer-critical genes have been likened to 
broken brakes and stuck accelerators which are 
caused in some cases through faulty service by 
bad mechanics. Using this analogy decide how 
the cell cycle, programmed cell death and DNA 
maintenance genes relate to broken brakes, 
stuck accelerators and bad mechanics. Explain 
the basis for your choices. 

Test Question 
Cancer 
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Figure 20-17  Molecular Biology of the Cell (© Garland Science 2008) 

Metastasis 
Cancer 
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Figure 20-44  Molecular Biology of the Cell (© Garland Science 2008) 

Metastasis 
Cancer 
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Figure 20-18  Molecular Biology of the Cell (© Garland Science 2008) 

Colon adenocarcinoma metastasis in lung 
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Figure 20-20a  Molecular Biology of the Cell (© Garland Science 2008) 

Preventable causes of cancer 
Cancer 
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Figure 20-22  Molecular Biology of the Cell (© Garland Science 2008) 

Known carcinogens 
Cancer 
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Figure 20-23  Molecular Biology of the Cell (© Garland Science 2008) 

Tumor initiators vs promoters 
Cancer 
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Figure 20-24  Molecular Biology of the Cell (© Garland Science 2008) 

Tumor initiators vs promoters 
Cancer 
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Table 20-1  Molecular Biology of the Cell (© Garland Science 2008) 

Tumor initiators: viruses 

Cancer 
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Figure 20-25  Molecular Biology of the Cell (© Garland Science 2008) 

Other tumor initiators 
Cancer 
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Figure 20-26  Molecular Biology of the Cell (© Garland Science 2008) 

Other tumor initiators 

Cancer 
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Figure 20-29  Molecular Biology of the Cell (© Garland Science 2008) 

Other tumor initiators 
Cancer 
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Movie on wound healing assay 23.9 
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Figure 20-35a  Molecular Biology of the Cell (© Garland Science 2008) 

Tumor profiling 

Cancer 
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Figure 20-35b  Molecular Biology of the Cell (© Garland Science 2008) 

Tumor profiling 

Cancer 
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Figure 20-36  Molecular Biology of the Cell (© Garland Science 2008) 

Oncogene 

collaboration 
Cancer 
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Figure 20-37  Molecular Biology of the Cell (© Garland Science 2008) 

Major signaling pathways in cancer 
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Figure 20-39a  Molecular Biology of the Cell (© Garland Science 2008) 

Multiple cues needed for cell proliferation 
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Figure 20-39b  Molecular Biology of the Cell (© Garland Science 2008) 

Multiple cues needed for cell proliferation 
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Figure 20-40  Molecular Biology of the Cell (© Garland Science 2008) 

P53 tumor suppressor 
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Figure 20-42  Molecular Biology of the Cell (© Garland Science 2008) 

Virus related tumors 
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Table 20-2  Molecular Biology of the Cell (© Garland Science 2008) 

Colorectal tumor 
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Figure 20-46  Molecular Biology of the Cell (© Garland Science 2008) 

Colorectal tumor 
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Figure 20-48  Molecular Biology of the Cell (© Garland Science 2008) 

Progression of colorectal tumor 
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Figure 20-52b  Molecular Biology of the Cell (© Garland Science 2008) 

Anti cancer drugs 
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Figure 20-52c  Molecular Biology of the Cell (© Garland Science 2008) 

Anti cancer drugs 
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Figure 20-53  Molecular Biology of the Cell (© Garland Science 2008) 

Multidrug treatment 
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Hanahan, Cell, 2000 

Current approaches to basic research of cancer 

 Analysis of signaling mechanisms in  
2-D cell culture lacks tissue mimicry 

2-D cell culture 

3-D microenvironmental 

signals 

Differential cell 

signaling? 

cell-cell 
interactions 

cell-ECM 
interactions 
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Tissue Organization 

Cells Extracellular Matrix (ECM) 

4 major tissue types 

+ www.adam.about.net 
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Classification of tumors 

Categories Origin 

Carcinoma epithelial tissue (>80%) 

Sarcoma Connective (mesenchymal) tissue 

Lymphoma and 
leukemia 

hematopoetic (blood-forming) cells 
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ECM functions across scales 

 Scaffolding for orderly tissue renewal  

 Mechanical support for cell anchorage 

 Regulates cell orientation and migration 

 Control of cellular signaling: 
• Directly: via ECM receptors (integrins) 

• Indirectly: via modulating growth factor signaling 
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Characteristics of epithelial and mesenchymal cells 

Epithelial cells 
 

 

 

 

 

 

 

 

 

 Cuboidal morphology 

 Tight cell-cell interactions 

 Polar functionality 

Mesenchymal cells 
 

 

 

 

 

 

 

 

 

 Bipolar morphology 

 Exist alone or losely connected 

 Most common mesenchymal cell 
type: fibroblast 

 

Low density High density Low density High density 



Institut Mines-Télécom 

Epithelia and derived carcinoma  

Epithelial tissues 
(e.g., breast, skin) Cancer 

Malignant 

 

 transformation 

normal mammary 
gland

invasive breast 
cancer

*

normal mammary 
gland

invasive breast 
cancer

*
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Genetic and/or microenvironmental control of cancer  

Epithelial tissues 
(e.g., breast, skin) 

Genetic mutation of 

epithelial cells 

Cancer 
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Genetic and/or microenvironmental control of cancer  

Epithelial tissues 
(e.g., breast, skin) 

Genetic mutation of 

epithelial cells 

Altered  

tissue organization 

Cancer 

 Genetic mutation of cells leads to compromised tissue architecture and cancer? 
 Compromised tissue architecture is implicated in genetic mutations and cancer? 
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Microenvironmental control of cancer 

Suppressive forces 

Promotional forces 

Bissell, Hines, Nat. Medicine, March 2011 

 Normal tissue homeostasis and architecture inhibit cancer, but 
microenvironmental changes activate a cancerous switch 
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Movie on breast cancer 20.1 
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Figure 20-19  Molecular Biology of the Cell (© Garland Science 2008) 

Tumor microenvironment 
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Microenvironmental regulators of cell fate 

  Secreted soluble  
 factors 

  Cell-extracellular 
 matrix interactions 

  Direct cell-cell 
 interactions 

  Mechanical forces 

  Metabolic gradients 
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More insights through alternative strategies?  

Requirements: 
 Mechanical stability  

 Applicable both in vitro and in vivo  

 Reproducibility 

 Spatiotemporal control over cell signaling 

 Recreation of homo/heterotypic cell-cell 
interactions 

 

Physiologically more 

relevant model systems 

Recreation of 

microenvironmental 

conditions 

New insights 

into pathogenesis 

Development of therapies 

genetic
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Tissue engineering strategies? 

Matrigel Spheroids 
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Tissue Engineering 

Transplantation 
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Reorganization into new tissue: 

 Recreation of 

 microenvironmental 
 conditions 

 Phenotypic changes 
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3-D model systems  
for basic research  

of cancer 

Tissue Engineering 
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Cell growth in vitro: monitoring should adapt 
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2D cell 
cultures 

3D cell 
cultures 

Cell culture systems should be: 
 Suitable for long-term measurements 
 Preferably multiple (human) cell types 
 Recreate physiological niche 
 Take into account physical and chemical 

cues 
 Should be multi-parameter!!! 

Organoids 
Organ-on-chip 
Body-on-chip 

Co-cultures 
Layered cultures  
Cysts 
Spheroids 
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In vivo vs in vitro toxicology? 
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Homo sapiens 

= 

• Size 
• Genome 
• Susceptibility 
• Lifestyle 

Average drug cost = 1.2Bn€ 
Average time for devel. = 12yrs 
Average attrition = 90% 

Mus musculus 

Do more in 

vitro! 

Animal experiments currently gold standard for toxicology 
- Only way to get ‘whole organism’ response 

“ > 30 % of promising 
pharmaceuticals have failed in 

human clinical trials because they 
are determined to be toxic despite 

promising pre-clinical studies in 
animal models” TOX21 
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Animal models for Alzheimer’s research 
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• 99.6% failures 
• Zero new drugs in 

the last decade 


