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Regenerative Medicine: From Mice to Men
Gearhart and Addis. The Use of Animals in Human Stem Cell Research: Past, Present, and Future, pp. 1-2


Domain 3 (Research), Task 3 – Design and conduct research


SUMMARY: Animal research is critical in stem cell research, both at the “proof-of-principle” stage and during the FDA approval of clinical trials.


Background: Stem cells are the catalyst of regenerative medicine. Research with hematopoietic lines and mesenchymal cells began in the 1970s, and first reports emerged about derivation of human pluripotent stem cells in the 1990s.  Adult stem cells have been the focus of the past decade and reside in ‘niches’, which modulate signaling pathways and determine the fate of the cells.  Stem cells are identified with genetic markers and then followed to reveal whether pluripotent (capable of self-renewing indefinitely but also generating all cell types), multipotent (giving rise to multiple differentiated cell types, usually in a particular tissue or organ), or unipotent (specializing into one cell type) as well as their plasticity (capable of becoming specialized cell types of different tissues).  There appears to be a continuum from fully undifferentiated to fully differentiated.
 
Recent and Prospective Developments: Cellular reprogramming can occur in somatic cells, ES-like cells, or from one differentiated cell type to another through lineage reprogramming.  High-efficiency differentiation and cells that appear “authentic” are important for clinical use.


Proliferating Questions: What is the best source/type of stem cell for a particular treatment?  What ‘developmental stage’ of a cell should be used, and should cells be pretreated?  How many cells, and how and where should they be delivered?  Should tissue be engineered prior to being grafted?  How can cells be tracked?  How appropriate are animal models to the human condition?   What are the outcome measures for safety and efficacy?

QUESTIONS

1.
A cell that can give rise to multiple differentiated cell types, usually in a particular tissue or organ, is referred to as:

a.
Pluripotent

b.
Multipotent

c.
Unipotent

d. 
Plastic

2.  
T or F. Research with mesenchymal stem cells began in the 1990s.

ANSWERS

1.
B

2. 
F

Garzon-Muvdi and Quinones-Hinojosa.  2010.  Neural Stem Cell Niches and Homing: Recruitment and Integration into Functional Tissues, pp. 3-23

Conditions   (K6 - drugs used to induce disease) 

Domain 3: Research

Overview, applications, and importance: Neural stem cells (NSCs) are a specialized multipotent subpopulation of astrocytes which are able to self-renew, proliferate, and generate lineages of neurons, astrocytes, and oligodendrocytes.  Endogenous neurogenesis has been reported to occur following brain lesions such as ischemia, MS, and gliomas.  A thorough understanding of the signals involved in the recruitment and integration of these cells into functional tissue may potentially provide us with molecular targets for treatment of neurodegenerative diseases or the introduction of exogenous NSCs could provide a method of treating neurologic disorders in which the endogenous NSCs are insufficient or genetically abnormal. Sources of exogenous NSCs include: skin, embryonic stem cells, bone marrow and adipose-derived mesenchymal stem cells, induced pluripotent stem cells, and fetal and adult nervous systems.  Further research is necessary to further characterize cell lines prior to starting human treatment since isolated NSCs can become tumorigenic after serial passaging and transplantation.  Interestingly, although the primary safety concern surrounding the use of stem cells is tumorigenesis, recent work has suggested an antitumorigenic application of NSCs. Exogenous NSCs implanted into mouse models of glioblastoma migrate to the glioma, thus having the potential to be modified to deliver therapeutic molecules directly to the tumor.  

The NSC Niche and Homing: Although NSCs are found throughout life in the adult brain in the subventricular zone, subgranular zone, and the hippocampus, the NSCs which exist in the neural stem cell niche of the subventricular zone (SVZ) are the focus of this review.  A stem cell niche is defined as a microenvironment that is able to maintain the population of stem cells away from differentiation stimuli and apoptotic signals in a stable balance with adequate stem cell proliferation.  In the rodent model, the NSCs migrate through a “channel” of non-blastic astrocytes known as the rostral migratory stream (RMS) towards the olfactory bulb where in rodents and primates, they differentiate into interneurons.  Migration of NSCs is primarily driven by inflammatory factors (stromal-derived factor 1a, leukemia inhibitory factor /LIF, Interleukin-6), growth factors (vascular endothelial growth factor /VEGF, hepatocyte growth factor, platelet-derived growth factor), and cell adhesion molecules (integrins).  Homing and integration into the target regions are currently under study and the published results in this area are currently under criticism. 

Animal models used in NSC trials to treat neurodegenerative diseases: Rodent models of multiple sclerosis (MS) can be created using three different methods: 1) injecting lysolecithin to demyelinate white matter tracts, 2) the experimental autoimmune encephalomyelitis (EAE) model in which inflammatory demyelination is generated by the injection of an encephalitogenic peptide, 3) X-ray irradiation and ethidium bromide exposure of the rat spinal cord.  Transplanted NSCs were shown to improve disease progression and integrate into injured tissues in all three models. 

Lesions typical of Parkinson’s disease can be induced by the application of MPTP (1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine) or 6-OHDA (6-hydroxidopamine) to induce cell death of dopaminergic neurons in the substantia nigra.  While studies of NCS implantation have shown clinical and pathologic improvement in rodent and nonhuman primate models, trials in human patients have not yet shown success. 

Although mouse models of Huntington ’s disease (HD) which express mutations of the huntingtin gene exist, models can also be induced through the injection of glutamic acid analogues into the striatum causing neuronal death leading to clinical features of HD.  Functional improvement has been obtained through NSC implantation in these models. 

The most commonly used model of amyotrophic lateral sclerosis (ALS) is generated through the over expression of the mutant form of the superoxide dismutase (SOD1) gene.  

Models of ischemic stroke are induced via surgical occlusion of arterial blood supply to the brain.  Data suggest that NSC transplantation is a potential regenerative therapy for stroke.

QUESTIONS:

1.
What is the primary concern with respect to the use of neural stem cell lines into a host?

2.
Injection with lysolecithin induces lesions used to model which neurodegenerative disease?

ANSWERS:

1.
The risk of inducing tumorigenesis
2.
Multiple Sclerosis

Joers and Emborg. Preclinical Assessment of Stem Cell Therapies for Neurological Diseases, pp. 24-41

SUMMARY: Stem cells therapy is expected to be one of the main approaches for regenerative medicine to treat neurological disorders. The advances in stem cell research for neurological disorders, requirements of stem cell–based therapy and models used to test these developing therapies are reviewed. This review focuses on Parkinson’s disease, stroke and multiple sclerosis because these diseases have a very high incidence in a broad spectrum of people and because multiple animal models in which to test stem cell applications for these diseases are available.  The need of preclinical screening of stem cell–based therapy is emphasized. The goal was to review all available in-vivo experimentation data to be better prepared and achieve successful clinical applications.
QUESTIONS:

1. What was the original goal of cell-based therapies?

2. What are the factors affecting the possible applications of stem cells (SCs)?

3. Cell grafting methods can be used for: 

4. Recruiting endogenous SCs can be used for:

5. In vitro studies Disease modeling can be used for:

6. What Federal Agency regulates the development of SC-based therapies intended for transplantation in humans? 

7. What are the requirements of SC-based therapies intended for transplantation in humans? 

8. Different neurological disorders do not require different types of cells with specific characteristics. TRUE or FALSE?

9. One challenge of SC therapy development is the need to test SCs of human origin in rats and monkeys in accordance with the FDA requirement that a product proposed for use in humans first be tested in appropriate animal models. These animal models rely on immunosuppression to decrease immune response to xenografts, but significant immune reaction is not present. TRUE or FALSE?


10. Neuroprogenitor (NP1) cells, in the germinal layers of the brain, are generally not suitable for regenerative medicine as they have the capacity both to multiply and to differentiate into a specific cell type, although these properties are limited compared to strictly defined SCs. TRUE or FALSE?

11. Because mesenchymal cells can be obtained from an autologous source, rapidly expanding culture, have self-renewal properties, and have the potential for neural plasticity, they are appealing not candidates for application in human neurodegenerative diseases. TRUE or FALSE?

12. The committed neuronal phenotype of NP cells and the ability to populate CNS regions suggest the potential for cell replacement after ischemic injury. TRUE or FALSE?

13. Stem cells are a promising alternative to achieve remyelination, neuroregeneration, and restored nerve function. TRUE or FALSE?

14. ES cells can be differentiated into oligodendrocytes and therefore are appealing for therapeutic use in demyelinating diseases. TRUE or FALSE?

ANSWERS:

1. To obtain cells that can replace those lost to disease.

2. Type of cell and the method used.

3. Cell replacement


Circuit reconstruction Neurotransmitter delivery 

Trophic support


Vehicles of therapies via ex vivo gene transfer

4. Cell replacement


Circuit reconstruction
5. Drug screening (toxicology, personalized medicine)

6. The US Food and Drug Administration (FDA), 

7. The donor cells are free of infectious or genetic disease.


The processing of the cells does not damage or contaminate them.

Only the intended cells (purity) with specific potency (efficacy) are present.


The cells are safe and effective in vivo. 

8. FALSE

9. FALSE

10. FALSE

11. FALSE

12. TRUE

13. TRUE

14. TRUE

Gordeladze et al. From Stem Cells to Bone: Phenotype Acquisition, Stabilization, and Tissue Engineering in Animal Models, pp. 42-61

ACLAM Task: Domain 3 – Research.   K3 – animal models.    
Species mentioned - Small ruminants and dogs.

SUMMARY: The article is a summary of current reports on generating or differentiating bone cells from Stem Cells (SC).
Mentioned sources for SC’s for bone engineering – Mesenchymal SC (MSC), SC from adipose tissue, muscle, peripheral blood and placenta have been use for bone cell differentiation.

Factors mentioned to affect bone SC differentiation [from posteoprogenitor c’s to preosteoblasts to mature osteoblasts (Ob’s) and survival (Ob’s will go through apoptosis or transform into osteocytes (Oc’s)]:

· Transcription factors (TF) Runx2 is both necessary and sufficient for MSC differentiation toward osteoblastic lineage. It also negatively controls osteoblastic proliferation.  However, Runx2 is not essential for maintenance of the expression of major bone matrix protein genes in the mature osteoblast as it’s over expression yields osteopenia by reducing the number of osteoblasts and increasing the number of osteoclasts. Finally, Runx2, negatively controls osteoblasts proliferation.

· Hormones and Growth factors (GF):  Many (e.g., parathyroid hormone [PTH], leptin, estrogen, glucocorticoids, prostaglandin E2 [PGE21], calcitriol, bone morphogenetic protein [BMP1]-2, transforming growth factor [TGF1] β, fibroblast growth factor [FGF]-2, and insulin-like growth factor [IGF]-1) impinge on signaling cascades as they converge toward common mechanisms of action involving the TFs.

· Signaling systems: 

· Wnt pathway: The Wnt/β-catenin signaling cascade, on the other hand, is related to bone remodeling and/or modeling. It ensures transcription of genes leading to bone accrual, overcoming the problem of diminished Ob differentiation and bone tissue maintenance due to senescence and is affected (in Ob’s and Oc’s) by mechanical loading.

· Notch pathway:  The Notch signaling mechanism leads to suppressed osteoblast differentiation.  In the nucleus Notch intracellular domain (NICD) forms complexes with proteins to control gene transcription to inhibit osteoblastogenesis. NICD also inhibits Wnt signaling further inhibiting differentiation.

Mechanostimulation: Mechanostimulation is an important aspect of bone growth.  Weight load, pressure, shear and strain affect bone growth and remodeling.  It is a hormone driven effect with many aspects involved.   Investigators have performed in vivo mechanostimulation on individual intact limbs (sinusoidal and trapezoidal loading) and through whole body vibrations.  

Cell-Seeded Scaffolds: Three-dimensional scaffolds (temporary matrices for bone regeneration) provide structural support to the bone tissue defect site and support the body’s intrinsic regenerative potential, although autologous bone remains the most compatible source of bone graft material. The specific material properties of scaffolds are crucial for the success of the healing process.  Macro- and microstructures of the scaffold as well as their shape are important to ensure an open porous system that allows capillary ingrowth and adequate nutrition and oxygen supply to the cells.

After genetic manipulation, the cells in the scaffolds should be exposed to external stimuli such as hormones, GFs, and mechanical forces in a standard medium containing dexamethazone, L-ascorbic acid, and β-glycerophosphate;  these factors not only affect cellular signaling systems that prompt the differentiation of osteoblasts from SCs but also appear necessary for osteoinduction in vitro. It may also be appropriate to apply mechanical forces 

Gene therapy: Gene therapy is defined as the introduction of nucleic acids into a host cell for therapeutic purposes. For MSC based tissue engineering, gene therapy provides a potential for stable delivery of one or multiple gene product(s), in a target-specific and controllable manner.  Delivery of lineage specific triggers into MSCs is not the main obstacle, since these cells are efficiently transduced by several types of vectors; a large panel of clinically assessed viral and non-viral vectors is available for transgenic expression.

Application of Animal Models for bone replacement: When selecting animal species as model systems for repairing critical-size bone defects, it is important to consider a number of factors, such as age, species phylogeny, maximal defect size, anatomic location, bone structure and vascularization, presence of periosteum, adjacent soft tissue, mechanical loads and stresses on the limb, metabolic and systemic conditions, stabilization method/stiffness, and nutritional status (Reichert et al. 2009). The choice of species for research should also reflect physiological and pathophysiological analogies to human bone with respect to the scientific question under investigation (Cancedda et al. 2007; Pearce et al. 2007; Reichert et al. 2009); the researcher should compare micro and macrostructures, advantages, and disadvantages along with bone remodeling, bone composition, and diameter of the selected bone (Cancedda et al. 2007).  Of the different animals used in such studies, sheep, goats, and pigs (and sometimes dogs) exhibit favorable characteristics, since the bone remodeling, bone mineral density (BMD1) values, and measures of the Haversian system resemble the makeup of the human bone physiology and anatomy.  2). Small mammals such as mice and rats are easier to handle, both in terms of administration and selected parameters for analysis of bone repair; however, they continue growing throughout their life and therefore poorly reflect human bone modeling and remodeling. 

Osteoporosis: Osteoporosis presents a special case for SC treatment because there is no fracture but decrease Bone density and/or inferior bone architecture.  The focus should therefore be on the Wnt signaling system and osteocytes as targets for enhancing bone formation in patients with low BMD. 

Authors concluding remarks: As described in this article, the implantation of cell-seeded scaffolds in the bone of animal models of bone lesions prompts the release of GFs that effectively yield de novo bone production (especially in goats and sheep). Mechanostimulation of scaffolds, either directly (in vivo) or indirectly (through mechanical manipulation of the limb where the scaffold has been implanted), has also proven effective. Genetically manipulated cells, transfected with constructs expressing either GFs or TFs important for the differentiation of osteoblasts from SCs, have also added to the reliability of these animal models in repairing bone lesions. The development of scaffolds that mimic the structure and chemical composition as well as the mechanical properties of the bone lesion (mainly cortical bone) has set a standard for scaffolds to be used in the future.

QUESTIONS:           

1. What is Gene therapy?

2. Mention 3 species that proves suitable as animal models for bone bioengineering from SCs.

3. Mention 3 factors that have to be mimicked in vitro to derive bone progenitor cells from SC’s.

4. Mention 4 hormones involved in bone creation and remodeling.

ANSWERS:
1. Gene therapy is defined as the introduction of nucleic acids into a host cell for therapeutic purposes.

2. Sheep, Goats, Pigs, Dogs, Rats and Mice.

3. Transcription Factors, Signaling systems (Notch and Wnt) and, Hormones and Growth factors.

4. Parathyroid hormone [PTH], leptin, estrogen, glucocorticoids, prostaglandin E2 [PGE21], calcitriol, bone morphogenetic protein [BMP1]-2, transforming growth factor [TGF1] β, fibroblast growth factor [FGF]-2, and insulin-like growth factor [IGF]-1.

Glover et al.  Chimeric Animal Models in Human Stem Cell Biology, pp. 62-73

Domain 3: Research K3 Animal Models

Species: all

 

SUMMARY: This overview discusses the key issues and challenges in the use of animal models to study stem cell biology. 

Challenges: In vitro models are cheaper, faster, easier to standardize and measure; easier to replicate, and involve large volumes of cells that facilitate research. However, in vitro may not accurately predict in vivo cell behavior. Examples of stem cell-mediated repair in animal models must be tempered by the scaling factors involved in translating to the human body. Several strategies have been developed to avoid inducing immune responses: immunosuppression; using genetically immunodeficient animals; autologous stem cells; stem cells with diminished or eliminated MHCs; and the desensitization of the host immune system to xenotypic stem cells. Implanted cell survival can be substantially lower that the number of cells injected. Controls for cell fusion need to be included. Finding and tracking implanted stem cells involves either intracellular or genetic markers, fluorescent or bioluminescent proteins, or tagging with radiochemical and magnetic resonance labels. 

The second section covers the different chimeric animal models used to study human stem cells and their advantages and disadvantages. Models include immunodeficient rodents, rodent-human chimeras, sheep, goats, pigs, non human primates, and chicken embryos. Table 2 compares, for each model, the size, cost, current feasibility of genetic manipulation, suitable for whole animal imaging, similarity to human, and level of ethical concern.

The authors conclude that the choice of animal model hinges on the methods to be used and the desired proximity to clinical translation, as no single animal model is ideal. They also recommend related studies in more than one animal model because no single model is ideal. 

 

QUESTIONS:
1. 
T/F BrdU is released from apoptotic or necrotic cells and is taken up by surrounding cells, which can create false negatives.

2. 
T/F Embryonic stem cells have the potential to generate complex teratomas in vivo, some of which may become cancerous. 

3. 
NHPs models have been used to study the application of stem cell therapy to: _______________ and _______________.

 

ANSWERS:
1. 
False. It creates a false positive. 

2. 
True. 

3. 
Parkinson’s disease; spinal cord injury

 

Song et al.  The Use of Animal Models to Study Stem Cell Therapies for Diabetes Mellitus, pp. 74-81

Primary Species: mice and rats

Domain 3 (Research), Task 3 - Design and conduct research

 

Introduction:  The incidence of both Type 1 and Type 2 diabetes mellitus (DM) is increasing rapidly.  Researchers are developing several approaches for increasing β cell mass for treating DM.  Efforts to develop treatments for the disease rely on induced animal models in which endogenous β cells are destroyed.  The main sources for derivation of insulin-producing cells are embryonic and induced pluripotent stem cells, endogenous progenitor cells, stimulation of β cell proliferation, and genetic “reprogramming” of cells.

 

SUMMARY: β cell ablation methods include partial (for regeneration studies) or complete (for de novo generation studies) ablation.  The two most popular agents for chemical ablation (streptoxotocin and alloxan) are toxic glucose analogues that accumulate in pancreatic β cells after entry by glucose transporter 2 (GLUT2).  Streptozotocin (STZ) results in destruction of β cells, but does not prevent pancreas regeneration after partial pancreatectomy.  Alloxan suppresses glucose-stimulated insulin secretion.  Surgical ablation of pancreatic tissue is accomplished by two methods: removal of tissue and surgical ligation.  Removal of 60-90% of pancreatic tissue (partial pancreatectomy, PPX) is followed by a robust regeneration of pancreatic tissue, mostly by regeneration of existing β cells with some proliferation of pancreatic epithelial cells in small ductules.  Partial pancreatic duct ligation causes rapid atrophy of tissue distal to the ligation and proliferation of duct epithelium to form new islets and acinar tissue.  Concerns about the toxicity of STZ and alloxan to GLUT2-expressing cells that may be possible progenitors for β cells regeneration have led to creation of genetic models that allow for targeted ablation of insulin-expressing cells only.   The PANIC-ATTAC2 transgenic mouse model has a population of cells that express GLUT2 but not insulin and show variable degrees of β cell ablation after pharmacologic activation of cellular apoptosis cascades.  Regeneration in mice genetically engineered to have β cell specific conditional expression of diphtheria toxin A (DTA) occurs predominantly by replication of existing β cells.

 

β cell proliferation studies address circumstances of increased insulin demand (such as diet-induced insulin resistance and pregnancy.)  Models for insulin resistance have varying results based on the strain of mice: either proliferation is robust (preventing diabetes development) or insufficient (resulting in glucose intolerance and type 2 DM.)  In humans, genome-wide association studies have linked type 2 DM to single-nucleotide polymorphisms in genes, and gene expression profiles of mouse strains have been compared between those prone to development of DM and those not prone to DM.  Pregnant mice have shown that serotonin synthesis by β cells appears to be an important step in proliferation.  In rodents, the incretin hormone glucagon-like peptide 1 (GLP1) and its long-acting peptide analogue extendin-4 is used to stimulate β cell proliferation.  In mouse models, all β cells have an equal capacity to proliferate.  β cell proliferation is robust in young rodents, but diminished in aged animals with evidence that a prominent role is played by the cell cycle negative regulatory proteins encoded by the Ink4/Arf locus with preserved regeneration capacities with ablation of p16INK4a.  It is recommended to avoid using young rodents when studying age-related causes of DM.

 

Transdifferentiation studies address circumstances when no β cells are present or existing β cells do not proliferate; studies include differentiation of pancreatic duct epithelium, exocrine pancreatic acinar cells, liver cells, and bone marrow cells.  Pancreatic duct epithelium can be cultured and differentiated into islet-like structures that reverse DM in mice lacking β cells.  Animals with partial duct ligations show subpopulations of pancreatic duct epithelial cells that express the transcription factor neurogenin 3 (ngn3) and contribute to newly formed endocrine cells.  In contrast, pancreatic endocrine regeneration after PPX in mice occurs primarily via proliferation of existing β cells and does not require reexpression of ngn3.  This suggests differences between the molecular mechanisms underlying pancreatic endocrine cell (re)generation after PPX versus partial duct ligation.  In pancreatic acinar cells, in vivo expression of a combination of developmentally important transcription factors (pdx-1, mafA, ngn3) results in a reprogramming of acinar cells into insulin-secreting β cell and rapid, sustained recovery from STZ-induced diabetes in mice.  In hepatocytes, transduction of ngn3 results in transient expression of insulin and emergence of periportal clusters of islet-like cells expressing phenotypic markers of islet cells with long-term reversal of STZ-induced diabetes in mice.  Bone marrow-derived cells have the ability to differentiate into insulin-producing cells after transplantation into animals, and clinical trials in humans have reported a reversal of clinical type 1 diabetes after autologous treatment with bone marrow cell transplantation.

 

Other studies involve transplantation of islet and islet-like cells, embryonic stem cell differentiation, and induced pluripotent stem cells.  Transplantation of insulin-producing cells, islets, and islet-like structures permits in vivo assessment of the functional performance of newly derived β cells.  Before transplantation, syngenic or immunocompromised recipient animals are rendered diabetic by β cell ablation using STZ.  Transplantation sites include the peritoneal cavity, portal vein, and space between the kidney capsule and kidney parenchyma.  Aginate is the main substance used for encapsulation of transplantation tissue.  Protocols for Embryonic Stem Cell–to–β cell differentiation have been developed by attempting to stimulate the signaling cascades that govern embryonic β cell development and differentiation.  Approximately 10% of ESCs differentiate into glucose-responsive cells.  Induced pluripotent stem cells have been differentiated to a variety of tissue specific phenotypes; however, only one report has described in vitro differentiation of insulin-producing cells from human iPS cells.  The potential for teratoma formation from ESC-derived tissue and iPS cells poses safety concerns for clinical application.  Animal models of diabetes mellitus will become increasingly important to studies of the multitude of progenitor cell-derived insulin-producing cells.  

            

QUESTIONS:
1.
What two chemicals are used for β cell ablation?

a.
Streptozotocin and alloxan

b.
Alginate and Streptozotocin

c.
Incretin and Streptozotocin

d.
Streptozotocin and Chloramphenicol

2.
What is alginate?

a.
One of the two main chemicals used for β cell ablation studies

b.
Main component of encapsulations for transplanted tissues

c.
An agent delivered to pancreatic acinar cells to cause differentiation into insulin-secreting β cells

d.
A regulatory protein encoded by the Ink4/Arf locus responsible for preserved β cell regeneration

3.
T/F – It is better to use young animals in β cell proliferation studies.

 

ANSWERS:
1.
a.  Streptozotocin and alloxan are the two most popular agents for chemical ablation.

2. 
b.  Alginate is the main component of encapsulating substances used for transplantation studies because it allows effective diffusion of glucose to reach encapsulated tissue and insulin to exit the capsule and enter the host circulation? 

3.
F – Young rodents (in which β cell proliferation is robust) may not reflect the circumstances of adult humans, in which β cell proliferation is rare and not as robust as in the early postnatal period.  

VandeWoude and Rollin. Practical Considerations in Regenerative Medicine Research: IACUCs, Ethics, and the Use of Animals in Stem Cell Studies, pp. 82-84

Practical Considerations in Regenerative Medicine Research: IACUCs, Ethics, and the Use of Animals in Stem Cell Studies

SUMMARY: This article analyses the scope of the IACUC in reviewing stem cell research proposals. It emphasizes the IACUC positive impact in educating researchers about ethics and animal welfare in laboratory settings. Yet, indicates the lack or minimal role of the IACUC in educating the general public about issues that could be considered ethics matters. Further, the authors argue that the general issue of the “ethicality” of stem cell use is outside the scope of the IACUC indicating that subject is mainly theologically based. However, because research is conducted with the consent of the public and mainly with public money, public opinion can not be ignored. Therefore, it is recommended that the IACUC minutes include discussions of such issues in the hope of clarifying differences between real and unreal ethical issues. The article concludes including some practical guidelines and IACUC relevant issues.
QUESTIONS:

1.
Why public opinions can not be avoided when conducting research?
2.
What are the (suggested) questions that protocols using human embryonic stem cells should address?
3.
Because stem cells used in animals could cause harm, pain, distress, and disease, what issues should investigators and animal care staff consider?
4.
Most of the issues debated in the press and political arenas about stem cell experiments DO or DO NOT fall under IACUC regulatory authority?
ANSWERS: 

1.
Because much research is done with public money and with the permission of the public, scientists cannot be contemptuous or dismissive of public opinion.
2.
The suggested questions are: 

· Are hES cells required, or can cells from other primates or animals or nonembryonic human tissue be used?

· Has sufficient animal work preceded the proposed work involving hES cells?

· Might the cell transfer result in the animal’s acquiring characteristics that are valued as distinctly human?

· If hES cells are to be transferred into an animal embryo or fetus, have studies (for example, with ES cells from other species or interspecies chimeras) suggested that the resulting creature would exhibit human characteristics that would be allegedly ethically unacceptable to find in an animal
· If visible human-like characteristics might arise, have all those involved in these experiments, including animal care staff, been informed and educated about this?

3.
The following issues should be considered:

· Be aware of potential complications of induced disease, immunosuppression, and other conditions that may result in studies involving the use of stem cells in animals

· Be able to recognize symptoms that demonstrate animal pain and distress

· Take actions to symptomatically minimize distress associated with sequelae (e.g., provide ready access to food and water if ambulation is impaired, provide analgesics if possible and maintain hydration)

· Establish well-defined observation frequencies and endpoints for euthanasia in response to anticipated adverse effects

4.
DO NOT
Womack. A “Season of Light” in Stem Cell Research and Regenerative Medicine: Observations on Recent Developments, pp. 85-87
SUMMARY: There have been both positive and negative developments, especially in the last three years, in the field of stem cell research.  One of the highlights has been the development of methods for the reprogramming of differentiated adult cells into cells with developmental pluripotency (the capability of generate all cell types), which has negated the use of controversial embryonic stem (ES) cells.  A team at Kyoto University was able to accomplish this by introducing four genes.  This was later improved by eliminating the c-Myc gene, which is potentially cancer causing.  However, longer term studies still need to be completed, especially with nonhuman primates.  Another group has focused on reprogramming adult cells directly from one type to another.  This group has succeeded in converting pancreatic exocrine cells into insulin producing cells in mice.  The benefit to this method is the absence of potential harmful retroviruses.  Along with these breakthroughs have come success stories and failures.  One success was a trachea transplant coated with the recipient's own stem cells, following removal from a cadaver.  One failure occurred when a young boy receiving stem cell therapy developed two tumors containing the donor's DNA.  Despite such failures, there is a bright future in stem cell research, and the field is developing quickly.

 

QUESTIONS:  

1. 
What is pluripotency?

2. 
T/F One of the main concerns in stem cell therapy is the development of cancer.

3. 
T/F.  All stem cell therapy involves retroviruses. 
 

ANSWERS:

1. 
The ability of a cell to generate all cell types.  

2. 
True. The use of retroviruses enhances this risk.

3. 
False.  Not with direct conversion of cell types. 

