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Cellular Therapies

• The use of grafted or transfused primary 
human cells into a patient to affect a 
pathological condition





Key Cellular Fate Processes

• Cell differentiation
• Cell division (mitosis)
• Cell migration (motion)
• Cell death (apoptosis)



Cellular Communication

• Soluble signals
• Direct cell-cell contact
• The extracellular matrix (ECM)



Challenges Facing the Tissue 
Engineer

• The reconstitution of physical (mass transfer) 
and biological (soluble and insoluble signals) 
microenvironments for the development of tissue 
function

• To overcome scale-up problems in order to 
generate cellular microenvironments that are 
clinically meaningful

• The system automation to perform on clinically 
meaningful scales

• The implementation of devices in clinical 
settings, with cell handling and preservation 
procedures that are required for cell therapies







Human Cells as Therapeutic Agents

• Bone marrow transplantation
• Skin
• Pancreas/β-islet cells
• Cartilage and chondrocytes



Bone Marrow Transplantation

Bone marrow is composed
of 500-1000 billion cells 
and produces approx.
400 billion myeloid cells 
daily



Bone Marrow Transplantation

• Autologous transplants

• Allogeneic transplants



Skin



Cultured Skin



Pancreas and β-islet Cells



Cartilage and Chondrocytes



Fundamental Questions Influence 
Cell Transplantation

• What are clinically meaningful numbers of cells?
– Require densities higher than 10 million cells per 

milliliter
• What are the fundamental limitations to the 

production of primary cells?
– Primary human cells can undergo about 30-50 

doublings in culture
• How rapidly do primary cells grow in culture?

– Hematopoietic progenitor cells have 11-12 h doubling 
time

– Adult chondrocytes have 24-48 h doubling time



• How are these cells currently produced?
– T cells (in bags)
– Chondrocytes (tissue culture flasks)



Cell Numbers in Vivo



Factors to Reconstitute Tissue 
Function

• The nature of the tissue microenvironment

• The dynamics of the cellular 
communication and metabolic processes



Considerations for Microenvironments

• The design of cell culture devices must 
produce uniformity in supporting factors 
such as nutrient, oxygen, growth 
factor/hormone concentrations

• The above input applications must be 
reasonably homogeneous down to 100 um 
distances



Three Dynamic States of Tissues

• Tissue function: the normal steady-state 
function of tissue

• Tissue formation: the formation of tissue is 
the field of developmental biology

• Tissue repair: wounded tissue displays a 
healing process that may be of concern in 
cell therapies and tissue engineering



Tissue Dynamics



Tissue Histogenesis



Cellular Fate Processes

• Cell replication - an increase in cell number

• Cell differentiation - changes in gene expression 
and the acquisition of a particular function

• Cell Motility - the motion of a cell into a particular 
niche or location

• Cell apoptosis - the controlled death of a cell, 
distinguished from necrotic death

• Cell adhesion - the physical binding of a cell to its 
immediate environment, which may be a neighboring 
cell, extracellular matrix, or an artificial surface





Highly Prolific Tissues

• Bone barrow and blood cell formation
• The villi in the small intestine
• Skin



Model for Cell Production in 
Hematopoiesis



White Blood Cells

• There are five types of white blood cell 
– neutrophils (中性球) 40 - 75 % 
– Eosinophils (嗜酸性球) 5 % 
– basophils (嗜鹼性球) 0.5 % 
– lymphocytes (淋巴球)20 - 50 % 
– Monocytes (單核球) 1 - 5 %

• Neutrophils, eosinophils and basophils are 
collectively known as granulocytes due to 
prominent granules in their cytoplasm.



Neutrophils







The Villi in the Small Intestine



Tissue Formation

Human Development 
• Pre-embryonic period (first 2 weeks) 

- includes cleavage, implantation
and gastrulation (原腸形成)

• Embryonic period (3rd - 8th week)
- includes induction of organ systems 

• Fetal period (3rd to 9th month)
- includes growth and development



Tissue Repair

Wound Healing
• The entire wound healing process is a complex 

series of events that begins at the moment of 
injury and can continue for months to years. 



Phases of Wound Healing

I. Inflammatory Phase 
A) Immediate to 2-5 days

B) Hemostasis (止血)
Vasoconstriction 
Platelet aggregation 
Thromboplastin (血栓形成素) makes clot 

C) Inflammation
Vasodilation

Phagocytosis



II. Proliferative Phase
A) 2 days to 3 weeks
B) Granulation (肉芽)

Fibroblasts lay bed of collagen 
Fills defect and produces new capillaries 

C) Contraction 
Wound edges pull together to reduce defect 

D) Epithelialization (上皮化)
Crosses moist surface 
Cell travel about 3 cm from point of origin in all directions 



III. Remodeling Phase
A) 3 weeks to 2 years 
B) New collagen forms which increases tensile strength to 

wounds 
C) Scar tissue is only 80 percent as strong as original 

tissue 



Organization of Tissues into 
Functional Subunits



The Gastrointestinal Organs





Stem Cells





Stem Cell Aging

• Telomeres
– Linear chromosomes have noncoding

repeating sequences on their ends 
– Normal human somatic cells lack of 

telomerase activity and the telomeres are 
shortened by about 50-200 bp per replication

• Telomerase
– A ribonucleoprotein DNA polymerase
– Elongate telomeres in eukaryotes





DNA Replication





Cell Differentiation

• A process by which a cell undergoes 
phenotypic changes to an overtly 
specialized cell type

• A carefully orchestrated switching off and 
on of gene families





Experimental Observation of 
Differentiation



Two Different Approaches of the 
Kinetics of Cell Differentiation

• Compartmental Models

• Differentiation as a Continuous Process



Cell Migration is Important During

• Organogenesis
• Embryonic development
• Tissue repair

– wound healing
– angiogenesis

• Immune system
• Cancer Metastasis



Cell Motion is a Random 
Walk Process





Cancer Metastasis



Cell Cycle



• Changes in cell number of cellular 
processes are equal to:
Entry by input – differentiation – exit by 

apoptosis + entry by cell division



How Do Cells Communicate?

• They secrete soluble signals, knowns as 
cyto- and chemokines

• They touch each other and communicate 
via cell-cell contact

• They make proteins that alter the chemical 
microenvironment (extracellular matrix) 







Extracellular Matrix



The Microenvironment is 
Characterized by

• Neighboring cells
Cell-cell contact, soluble growth factors, etc

• The chemical environment
The extracellular matrix, the dynamics of the 
nutritional environment

• The local geometry







Oxygenation





Key Design Challenges of Scaling Up

• Oxygenation-providing adequate flux of 
oxygen at physiology concentrations

• Provision and removal of cyto- and 
chemokines

• Physiological perfusion rates and 
uniformity in distribution

• Biomaterials-functional, structural, toxicity 
and manufacturing characteristics



In Situ Respirometer



Microelectrode pO2 Historgraph



1cm SCC Tumor
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Breathing Carbogen
15 Gy Tumor Irradiation

Before XRT 100 min. After 15 Gy
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Fluid Flow



Uniformity



Problems of Delivering Cellular 
Therapies in a Clinical Setting

• Donor-to-donor variability
• Strongly interacting variables
• Immune rejection
• Tissue procurement



Exercises

• Please discuss a new method to measure 
oxygen tension in tissues other than OMRI 
or pO2 microelectrode

• Please describe details of DNA replication 
process

• Please explain why the tissue 
microenvironment is important for tissue 
engineering


