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Presenter
Presentation Notes
Welcome to ANAT2341, where we will introduce you to the wonderful world of human embryology. This is going to be a very exciting course. For the beautiful material that you get to learn. But also because this is my first ever course, and first lecture as a lecturer. And how lovely is it, that my first lecture is on fertilization, the start of a new life! Anyway, don’t worry, this is not the first ever lecture that I have given. So you are not guinee pigs. And I have lots of experinece in this field, so I do know what I am talking about.

Please note that you can find the learning material in these two excellent text books that are available as eBook in the uni library, and the contents of my slides and Mark Hill’s website will be examined. The intrroduction of this course will be held next week when the course coordinator Steve Palmer is back from a conference in NZ for which our apologies. During the course you will see a lot of me and of Steve Palmer. Steve and I wil each deliver 5 or so lectures. And we will both be present during most labs. The other lectures will be delieverd by other lecturers and by experts in the fields. I will be giving the first 3 lectures of the course and IVF expert Steve Fleming will run the first lab tomorrow.

In these first 3 lectures, I will introduce you to early embryonic development, which is until week 3 in humans. In these 3 weeks the entire toolbox for further embryonic development is cmoplete. So in 3 weeks time, the embryo has all the basic tissues that are required for development of the remaining 37 weeks. So my three lectures provide you with the very basis of embryology. The remainder of the lectures will cover the development of the diferent embryonicl systems or organs that make up a human embryo.

http://php.med.unsw.edu.au/cellbiology
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Prenatal development 

Presenter
Presentation Notes
So I am a developmental biologistst and dev bilogists like to talk about prenatal development. And so do I. So embryonic development covers all from fertilization, when you have a one cell embryo, up to when the individual is born. Sometimes it hatches from eggs, sometimes it is born from a mother, sometimes it develops outside of the mother imdependently. 

The one cell stage is very similar in many organisms. However, during embryonic develoment it undergoes divisions and morphological chanhges and eventually completely different organisms are generated. Look for instance at the figure here. This is a sea urchin zygote, and it gives rise to this very spikey creature here. However,. The zygote of a mouse embryo develops into a mouse even though it looks very much the same. So how is it that these fairly similar structures can gicve rise to organisms so very diverse? And then when you look at the organisms they consist of many different tissues and cell types as well. SO how come that one cell knows how to generate different organisms, and how does it know how to generate all the differenty tissues and cell types?

How does a zygote know what to develop? This is all encoded by the genome. The genome guides the cells to undergo a number of activities, such as growing, dividing, attaching to other cells, differentiate, signaling, etc etc.

Developmental biology is the research field that tries to understand how an organism develops from a one single cell, and how the genome instructs the zygote and all of its descendants to form a complete and well-functioning organism.



Tissue homeostasis 
 

Maintenance of the organism’s internal environment in response to internal and external conditions 

Presenter
Presentation Notes
But development does not stop at birth. After birth all these different tissues will need to be maintained in working order to sustain an organism. Some tissues are replaced on a regular basis. An example of this is the highly regenerative interstinal epithelium that is being replaced every 3rd day. Some tissues need to grow in response to external stimuli. For example muscles will grow in response to repeated exercise.

The process to respons to mainatin the organisms internal environment despite changing external stimuli is called This process is called homeostasis: maintenance of the organism’s internal environment in response to external conditions. There is daily turn over of cells in what tissues?



Tissue renewal in higher vertebrates 

Presenter
Presentation Notes
These are examples of tissues that undergo continuous renewal in higher vertebrates

Epidermis is replaced on a monthly basis
Intestinal epithelium every 3rd day
Red blood cells live 100-120 days
Hepatocytes live 5 months

So regeneration happens in many tissues to mainatin bodily homeostasis. This is a completely natural process.



Assymmetric cell division 

Stem cells divide to self renew and  
to produce terminally differentiated cell types  

High proliferation rates 
No function 

Limited proliferation 
Highly functional cell 

Mostly quiescent 

Transit-amplifying cell 

Presenter
Presentation Notes
These are the humble stem cells. So stem cells divide and daughter cells can decide to either self renew and become a stem cell, or they can go down the path of differentiation and give rise to initially a dividing precursor or transit amplifying cell, and eventually give rise to terminally differentiated cell types, which usually have very limited capacity to divide.

Stem cells usually are quiescent, the do not divide very often. However their descendants, the TA cells do divide rapidly and produce lots of progeny that go on and follow a differentiation path. Differentiated cells however, loose the capacity to divide.

So stem cells: can divide but have no other function in a tissue. Differentiated cells carry out functions in a tissue, but cannot divide.




Stem cells potential 

Totipotency: 
 capacity to generate all cell types within the body + extraembryonic tissue 

 
Pluripotency:  

capacity to generate all cell types within the body  
 

Multipotency:  
capacity to give rise to more than 1 cell type 

 
Unipotent stem cell: 

tissue precursor cells, capacity to give rise to one cell type only 

Presenter
Presentation Notes
There are different classes of stem cells based on the capacity to generate cell types. So there are totipotent stem cells, and the can generate all cell types in the embryo and body, inclusing the extra-embryonic tissues.



Stem cells potential 

Multipotent 

Presenter
Presentation Notes
So totipotent stem cells are the zygote (obviously), and the blastomeres of rthe morula. These can give rise to embryonic and extra-embryonic tissues.

Cells of the inner cell mass (ICM) cells within a blastocyst are pluripotent. These stem cells can become any tissue in the body, excluding a placenta. 

Then stem cells in the postnatal animal are either multipotent. They can give rise to a restricted number of cell types, such as the blood cell lineage. Or they are unipotent. They give rise to only one cell type. Such as the stem cells in the epidermis.






Adult stem cells 

Presenter
Presentation Notes
Okay, so where do we have stem cells? There are stem cells in may different tissues such as the. There are only a very limited number of stem cells, and usually they are very hard to identify. 



Stem cell niche:  
Keeps stem cells in an undifferentiated state 

Presenter
Presentation Notes
So stem cells are located in different tissues. And usually they are loctead in the stem cell  niche. This is a highl;y specialized environment that instructs the stem cells to either divide or to remain silent. 

Stem cells are located in a cellular niche, where instructions are produced by neighbouring cells. Or they are loctaed in non-cellular niches, and present on ECM molecules, that will instruct them what to do. 

SO the niche is crucial for instructing the stem cells what to do. Let’s talk about a number of stem cell types and their niches in adult tissues. 




Usually there is only a very small number of stem cells in a tissue surrounded by precursor cells, differentiated cells and ECM that signal and communicate with each other using growth factors etc. How is the stem cell protected from all these signals?

The niche is composed of differentiated cell types that provide cell-cell contact and secreted factors (orange arrow) or non-cellular substrates that maintain stem cells in a quiescent state.

"Stem-cell populations are established in 'niches' — specific anatomic locations that regulate how they participate in tissue generation, maintenance and repair. The niche saves stem cells from depletion, while protecting the host from over-exuberant stem-cell proliferation. It constitutes a basic unit of tissue physiology, integrating signals that mediate the balanced response of stem cells to the needs of organisms. Yet the niche may also induce pathologies by imposing aberrant function on stem cells or other targets. The interplay between stem cells and their niche creates the dynamic system necessary for sustaining tissues, and for the ultimate design of stem-cell therapeutics...The simple location of stem cells is not sufficient to define a niche. The niche must have both anatomic and functional dimensions"




Epidermal Stem Cell Niches 

Presenter
Presentation Notes
Skin is a highly regenerative tissue. Consists of epidermis, dermis and hypodermis. Epidermis is a stratified squamous epithelium consisting of keratinocytes. Produces the overlying layer: interfolicular epidermis and the epidermal appendages: hair folicles, sweat glands, sebaceous glands.



The Intestinal Crypts Stem Cell Niche 
Descendants of Crypt Base Columnar Stem Cells live up to 48-72 hours 

Transit-amplifying  
cell 

(Radtke and Clevers, Science 2005) 

Presenter
Presentation Notes
Single layered columnar epithelium consisting of enterocytes (absorptive cells), secretory cells: goblet cells (secreting protective juice coating the epithelium), Paneth cells (secrete antimicrobial agents) and enteroendocrine cells (secrete serotonine, substance P, or secretin).

Epithelium continuously renews ever 3 days.

Stem cells are located in base of the crypts, these divide and give rise TA cells and proliferative progenitors that move up and differentiate into absorptive and secretory cells. Paneth cells move downwards.

Replicating CBC stem cells can self-renew or give rise to rapidly dividing transit-amplifying (TA) cells, which are short-lived progenitors that differentiate into mature cell types, including absorptive enterocytes, hormone-secreting enteroendocrine cells, mucus-secreting goblet cells, antimicrobial peptide-secreting Paneth cells and chemosensing tuft cells.



Figure 5.1. Hematopoietic Stem Cell Differentiation (2001 Terese Winslow, Lydia Kibiuk) 

The Haemopoietic Stem Cell Niche 

HSC: haemopoietic stem cell 
MPP: multipotent progenitor cell 
CLP: common lymphoid progenitor 
CMP: common myeloid progenitor cell 
GMP: granulocyte/monocyte precursor cell  
MEP: Megakaryocyte-erythroid precursor cell  

approximately 1011–1012 new blood cells are produced daily 

Bone marrow Blood and tissues 

Presenter
Presentation Notes
During embryogenesis blood cells are produced in yolk sac and extraembryonic mesoderm, than in liver, spleen and eventually in bone marrow

IN postnatal life, haemopoiesis takes place in the bone marrow of long bones, within the honeycomb spaces of the trabecular bone. The niche consists of osteoblasts located in a matrix of collagen, reticulin fibres, ECM molecules that house haemopietic stem cells,  mesenchymal stem cells, macrophages, fibroblasts and fat cells.

The HCSs are multipotent and give rise to the entire blood cell lineage. The HSC gives rise to multipotent progenitor cells (MPP), that either differentiate into myeloid progenitor cells (CMP) or lymphoid progenitor cells (CLP). The CLPs give rise to T and B-lymphocytes, NK cells etc. The CMPs give rise to granulocyte/monocyte precursor cells (GMPs) and Megakaryocyte-erythroid precursor cells (MEPs). GMPs differentiate into neutrophils, eosinophiles, etc. MEPs give rose to red blood cells and platelets.

Hematopoiesis is initiated by a relatively small number of multipotent self-renewing hematopoietic stem cells that generate large numbers of differentiated progeny by a process of amplification and progressive lineage restriction. The process of hematopoietic differentiation involves the generation of multilineage progenitors that are restricted to either the myeloid or lymphoid lineages (the CMP, common myeloid progenitor and the CLP, common lymphoid progenitor, and further differentiation of these pluripotent cells generates mature erythroid, megakaryocytic, myeloid or lymphoid cells (Fig.1).



Seminiferous Tubules 
Spermatogenesis: 2 months life span 



Regulation of Stem Cells 

Should I stay quiescent? 

Should I die? 

Should I proliferate? 

Should I self-renew? 

Should I generate transit amplifying cells? 

Should I generate differentiating daughter cells? 

Presenter
Presentation Notes
Okay, so now we know that stem cell niches are very important for the control of stem cells. And we have discussed a number of tissues and their stem cell niches. Now let’s talkj about stem cell regulation. There are a number of choices that a stem cell needs to make based on signals from its environment. These are:



Stem cell niche:  
Keeps stem cells in an undifferentiated state 

Presenter
Presentation Notes
And as we know the choices the stem cells make, are based on instructions they receive from their environment, the stem cell niche. The niche may be a cellular niche, where instructions originate from differentiated enighbouring cells. Or they may receive signals in a non-cellular niche, often the ECMs.

So what are these signals?



Regulation of Stem Cells 
Signalling pathways 

Transcriptional response Cellular 
response 

Presenter
Presentation Notes
Signals from external environment 
trigger a response within a cell
resulting in a changed transcriptional program




Regulation of Stem Cells 

Hes/Hey 

γ-secretase 

Jagged/Dl
l 

Presenter
Presentation Notes
Delta-like
Hairy Enhancer of Split
NICD: Notch intracellular domain
RBP-J: transcription factor




The Hippo Pathway 

Regulation of Stem Cells 



What happens if cell renewal regulation goes wrong? 



Mutations in Wnt pathway result in Cancer 
Adenomatous Polyposis Coli  

X 

hyperproliferation 

Presenter
Presentation Notes
But mutations in components of the signalling pathways important for stem cell proliferation also cause cancer. For instance.



Mutations in Hedgehog pathway result in cancer 
Basal Cell Carcinoma 

X 

hyperproliferation 



Regenerative medicine 
the clinical application of stem cells 

 
"process of replacing or regenerating human cells, tissues or organs  

to restore or establish normal function" 

Presenter
Presentation Notes
So stem cells are in the news a lot lately. They are now considered to have the potential to cure lots of human degenerative diseases. WE think that we may be able to replace dysfunctional cells in all of these human diseases by implantation of new cells generated using stem cells. But where do we get these stem cells from?



Stem Cell Sources for Regenerative Medicine 

Multipotent 

Stem cells derived  
from embryos 

Stem cells derived  
from adults 

Presenter
Presentation Notes
During mammalian development, cells gradually loose potential and become progressively differentiated to fulfill specialized functions of somatic tissues.

Potential stem cell sources are first of all, germ cells and zygotes, which have the potential to generate all tissue types in the human body. They are omnipotent. We could use the inner cell mass cells from human embryos, which are pluripotent. Or we could use multi- or unipotent stem cells from adult human tissues.

Researchers have tried for many decennia to isolate stem cells.




Embryonal Carcinoma Cells are pluripotent 
 

1964 – Pierce and Kleinsmith isolate EC cells from teratocarcinomas 

Source: gametes 

Pluripotent 
In vitro culture and expansion 

Genetic abnormalities 

Presenter
Presentation Notes
A particular type of cell from a human teratoma has the potential to give rise to lots of different tissue types as can be seen in the photo. Teratomas have been reported to contain hair, teeth, bone and, very rarely, more complex organs or processes such as eyes,[1][2] torso,[3][4] and hands, feet, or other limbs.[5] These are tissues derived from all 3 germ layers. Do you know what germ layers are? So the stem cell type developing teratomas is pluripotent. 

Teratomas develop from germ cells that are severely misbehaving. So germ cells may be a great stem cell source, given their pluripotent potential. Therefore in researchers have tried to isolate the stem cells from these tumors, and managed to do so first in 1964. They have been able to isolate the cells, and grow them in culture. They are now called embryonic carcinoma cells.

However, the EC cells have accumulated mutations and are, as you will understand, hard to control and they may develop into tumors, which is an unwanted and life-threatening side-effect. So probably this cell type is not the best to use for stem cell therapy and implant into diseased human tissues to help cure the patients.



In 1964, researchers isolated a single type of cell from a teratocarcinoma, a tumor now known to be derived from a germ cell. These cells isolated from the teratocarcinoma replicated and grew in cell culture as a stem cell and are now known as embryonic carcinoma (EC) cells.[26] Although similarities in morphology and differentiating potential (pluripotency) led to the use of EC cells as the in vitro model for early mouse development,[27] EC cells harbor genetic mutations and often abnormal karyotypes that accumulated during the development of the teratocarcinoma. These genetic aberrations further emphasized the need to be able to culture pluripotent cells directly from the inner cell mass.

A teratoma is an encapsulated tumor with tissue or organ components resembling normal derivatives of more than one germ layer. The tissues of a teratoma, although normal in themselves, may be quite different from surrounding tissues and may be highly disparate; teratomas have been reported to contain hair, teeth, bone and, very rarely, more complex organs or processes such as eyes,[1][2] torso,[3][4] and hands, feet, or other limbs.[5]



Embryonic Stem Cells are pluripotent 
 

1981 – Martin Evans, Matthew Kaufman and Gail Martin 
 

Pluripotent 
No genetic abnormalities 

In vitro culture and expansion 
Ethical issues 

Presenter
Presentation Notes
So we want healthy cells without genetic abberations that still are pluripotent. And that is why researchers have attempted to grow ICM cells from blastocysts, that can develop into all human tissue types as well.

In 1981, embryonic stem cells (ES cells) were independently first derived from mouse embryos by two groups. Martin Evans and Matthew Kaufman from the Department of Genetics, University of Cambridge published first in July, revealing a new technique for culturing the mouse embryos in the uterus to allow for an increase in cell number, allowing for the derivation of ES cells from these embryos.[28] Gail R. Martin, from the Department of Anatomy, University of California, San Francisco, published her paper in December and coined the term “Embryonic Stem Cell”.[29] She showed that embryos could be cultured in vitro and that ES cells could be derived from these embryos. So ES cells can give rise to all tissue types including germ cells. These are true pluripotent cells, with an enormous potential for regenerative medicine.

The ES cells do have the potential to be the ultimate stem cell that can be used for regenerative medicine, given they do not have the genetic abnormalities that cause cancer, such as the EC cells. But they can be grown and expanded in tissue culture dishes possibly infinitely. However, they are isolated from embryos, and there are lots of ethical issues concerning using human embryos for research of for therapies.

Embryonal carcinoma (EC) cells are the stem cells of teratocarcinomas, and the malignant counterparts of embryonic stem (ES) cells derived from the inner cell mass of blastocyst-stage embryos, whether human or mouse. On prolonged culture in vitro, human ES cells acquire karyotypic changes that are also seen in human EC cells. They also 'adapt', proliferating faster and becoming easier to maintain with time in culture.



Adult stem cells 
 

“An undifferentiated cell, found among differentiated cells in a tissue or organ  
that can renew itself and can differentiate to yield some or all of  

the major specialized cell types of the tissue or organ” 

No ethical issues 
Restricted plasticity 
Limited quantities 
Hard to identify  

Presenter
Presentation Notes
So how do we avoid the ethical issues surrounding the use of human embryos or oocytes and nuclear reprogramming, but still get stem cells for regenerative medicine?

Another potential source of stem cells, are the stem cells found in adult tissues. So we know from the previous lecture that there are stem cells in the bone marrow, etc

These stem cells are however not pluripotent, but multipotent (haemopoietic stem cells) or unipotent. So they are lineage-restricted limiting their use. Also, it is very hard to isolate these stem cells from human bodies as no one likes tissue to be taken from them. But also, there is only a very limited number of stem cells present in a tissue, and it is not straight forward to identify them.

So, also these stem cells are not an ideal source for stem cell therapy.




Somatic Cell Nuclear Transfer 
John Gurdon, 1958 

The developmental potential of nuclei of differentiated cells 

Presenter
Presentation Notes
Explore the developmental potential of nuclei isolated from differentiated cells in enucleated oocytes.

He irradiated frog eggs, and performed nuclear transplantation using the nucleus of a differentiated epithelial cell from the intestine of a tadpole. After transplantation he allowed the cell to develop, an in very rare cases he was able to generate swimming tadpoles using this technology. SO what happened is that the differentiated nuclei of the intestinal cells was reprogrammed and reactivated to an embryonic program. So what he showed was that nuclei of differentiated have the intrinsic potential to be reprogrammed and restart the transcriptional programs to grow a 1-cell embryo into an animal. Later, other researchers found that nuclear reprogramming could also be done in mammals. 

Showed that development imposes reversible changes, rather than irreversible genetic changes on the genome during cellular differentiation.

However, success rates are very low, and often display minor or severe phenotypic abnormalities.



Somatic Cell Nuclear Transfer 

“mature, differentiated cells  
can be reprogrammed  
to become pluripotent” 

Presenter
Presentation Notes
However, cloned animals display minor to severe phenotypic and gene expression abnormalities.



Reproductive/Therapeutic Cloning 

Pluripotent (totipotent?) 
Low success rate 

Genetic/phenotypic abnormalities 
Ethical issues 

Presenter
Presentation Notes
And that brings me to reproductive vs therapeutic cloning. So with nuclear reprogramming technology we can use a human oocyte, remove the DNA, and transplant the nucleus of a healthy cell of a patient, and allow the embryo to develop into a blastocyst, which we use as a source for pluripotent embryonic stem cells. However, the cloned embryo has the potential of developing into a human, which is the reason for ethical discussions. And this has been attempted, but embryos were euthanized before the implantation stage.

The first hybrid human clone was created in November 1998, by Advanced Cell Technologies.[4] It was created from a man's leg cell, and a cow's egg whose DNA was removed. It was destroyed after 12 days. Since a normal embryo implants at 14 days, Dr Robert Lanza, ACT's director of tissue engineering, told the Daily Mail newspaper that the embryo could not be seen as a person before 14 days. While making an embryo, which might have resulted in a complete human had it been allowed to come to term, according to ACT: "[ACT's] aim was 'therapeutic cloning' not 'reproductive cloning'"
On January, 2008, Wood and Andrew French, Stemagen's chief scientific officer in California, announced that they successfully created the first 5 mature human embryos using DNA from adult skin cells, aiming to provide a source of viable embryonic stem cells. Dr. Samuel Wood and a colleague donated skin cells, and DNA from those cells was transferred to human eggs. It is not clear if the embryos produced would have been capable of further development, but Dr. Wood stated that if that were possible, using the technology for reproductive cloning would be both unethical and illegal. The 5 cloned embryos, created in Stemagen Corporation lab, in La Jolla, were killed.[5]
In May, 2013, a group of scientists published a report of successful human cloning.[6] The approach involved the somatic cell nuclear transfer from human fibroblasts to oocytes and resulted in viable embryos developing to the blastocyst stage. The authors managed to obtain embryonic stem cell from the blastocysts which can lead to therapeutic cloning. It remained unclear however if the cloned embryos are capable of further development as no such experiments were attempted.



Nuclear Reprogramming 
Induced pluripotency (iPS), Yamanaka, 2006 

“mature, differentiated cells can be reprogrammed to become pluripotent” 

Oct4 
Sox2 
c-Myc 
Klf4 

Pluripotent  
Good success rates 

No need for human embryos 
Genetic/phenotypic abnormalities? 

Presenter
Presentation Notes
So now we have a source of pluripotent stem cells that is relatively easy to get, that we can grow in high numbers, that does not pose ethical challenges. Also, given that we can use healthy cells of a patient for iPS, we do not risk the tissue rejection reaction that we get when transplanting whole organs. So all is looking up for regenerative medicine!

However, the next major challenge in regenerative medicine is to understand how we can instruct these iPS cells to differentiate into a particular cell type that reliably carries out its function in a tissue of a patient. 



Stem Cell Sources 
Embryonic vs Adult Stem Cells 

iPS Cells 

- Can generate any cell type 
- Easy to generate, maintain 

and grow in lab 
- Perfect genetic match to 

patient 

- May retain age of parental 
cell 

- Inheritance of mutations: 
teratomas 

- No major ethical concerns 



The Future of Regenerative Medicine 

! 
? 

? 

? 

? 

Presenter
Presentation Notes
So, with iPS technology, we can make pluripotent stem cells in a petridish that we can grow in bulk, that do not cause immune rejection reactions, and that do not generate complex ethical discussions. So the future looks up for regenerative midicine.

So, the next major challenge in regenerative medicine is to understand:
1- how we can maintain pluripotency and 
2- how we can instruct pluripotent cells to differentiate into a particular cell type that reliably carries out its function in a tissue of a patient, and 
3- how we can treat diseased cells, and
4- how we can repair mutations in cells. 




Future of Regenerative Medicine 

1- how we can induce and maintain pluripotency? 
2- how we can direct differentiation? 
3- how we can cure diseased cells? 
4- how we can repair mutations in cells?  
 

Presenter
Presentation Notes
So, the next major challenge in regenerative medicine is to understand how we can maintain pluripotency and how we can instruct ES and iPS cells to differentiate into a particular cell type that reliably carries out its function in a tissue of a patient, and how we can repair mutations in cells. 

This is done in in vitro studies, which allow for identification, isolation and characterization of cell populations representing early stages of lineage commitment 
Progress has been made in establishing defined culture systems and selection strategies
for the generation of highly enriched lineage-specific populations.



Directed differentiation of pluripotent stem cells 
Future of Regenerative Medicine 

Presenter
Presentation Notes
And some progress has been made in directing the differentiation of pluripotent stem cells into diverse somatic cell types. This slide summarizes the achievements so far. So, somatic cell types derived of all 3 germ layers have been generated in a petridish, including. And also germ cell-like cells. IT was found that directed differentiation  works best if you treat pluripotent cells with growth factors that are also active during embryogenesis to guide these cells along a certain differentiation path.

Adipocytes
Haemopoietic progenitor cells
Endothelial cells
Insulin producing pancreatic-cells
Cardiomyocytes
Neural cells



Stem Cell Therapy 
Macular Degeneration 

Masayo Takahashi (RIKEN) 
 

iPS on skin cells of patient 
 

Differentiate into retinal pigment epithelium cells 
 

Grow in sheets to transplant in retina 
 

(Surgery on 12 September 2014) 
 keratinocytes 

Presenter
Presentation Notes
In age-related macular degeneration, extra blood vessels form in the eye, destabilizing a supportive base layer of the retina known as the retinal pigment epithelium. This results in the loss of the light-sensitive photoreceptors that are anchored in the epithelium, and often leads to blindness.



How can we cure disease? 

Disease Modeling and Drug discovery  

(personalized medicine) 

 

Future of Regenerative Medicine 

Presenter
Presentation Notes
So, the next major challenge in regenerative medicine is to understand how we can maintain pluripotency and how we can instruct ES and iPS cells to differentiate into a particular cell type that reliably carries out its function in a tissue of a patient, and how we can repair mutations in cells. 

This is done in in vitro studies, which allow for identification, isolation and characterization of cell populations representing early stages of lineage commitment 
Progress has been made in establishing defined culture systems and selection strategies
for the generation of highly enriched lineage-specific populations.



Disease Modeling of Spinal Muscular Atrophy 
Mutations in SMN1 

Future of Regenerative Medicine 

Svensden Lab, 2009 
 

iPS on skin fibroblasts of SMA patient 
 

Differentiate iPS cells into neurons, astrocytes and motor neurons 
 

Selective death of motor neurons after few weeks of culture 
 

Response to drug to increase SMN1 levels in iSMA-motor neurons 
 
 

http://www.nature.com/nature/journal/v457/n7227/full/nature07677.html  

Presenter
Presentation Notes
Spinal muscular atrophy (SMA) is a very serious genetic disorder that affects the nerves surrounding the spine and these nerves in turn control muscular movements including sitting, standing, walking, talking, and even swallowing. While the condition is rare it is very serious; it is the number one killer of children under the age of 2. 

SMA is an autosomal recessive genetic disorder caused by mutations in the survival motor neuron 1 gene (SMN1) significantly reducing SMN protein expression1, 2 and resulting in the selective degeneration of lower α-motor neurons3. Clinically, patients with SMA 1 typically show symptoms at 6 months of age and die by age 2

iPS-SMA cells can produce similar numbers of neurons and motor neurons initially, but that the disease phenotype selectively hinders motor neuron production and/or increases motor neuron degeneration at later time points. 

http://www.nature.com/nature/journal/v457/n7227/full/nature07677.html
http://www.nature.com/nature/journal/v457/n7227/full/nature07677.html


How can we repair mutations in cells? 

 

Gene Therapy:  

CRISPR/CAS9 genome editing 

 

Future of Regenerative Medicine 

Presenter
Presentation Notes
So, the next major challenge in regenerative medicine is to understand how we can maintain pluripotency and how we can instruct ES and iPS cells to differentiate into a particular cell type that reliably carries out its function in a tissue of a patient, and how we can repair mutations in cells. 

This is done in in vitro studies, which allow for identification, isolation and characterization of cell populations representing early stages of lineage commitment 
Progress has been made in establishing defined culture systems and selection strategies
for the generation of highly enriched lineage-specific populations.



CRISPR/Cas9 Genome Engineering 
(Clustered Regularly Interspaced Short Palindromic Repeats) 

Guide RNA and Cas9 

http://www.youtube.com/watch?v=Edx9L0Sasoc 

Presenter
Presentation Notes
In the last 5 or so years a new genome editing technology has been developed, which is based on immune response mechanism in bacteria.

It is called ..

So with this technology we use guide RNAs that hybridize to a target sequence, and guide the nuclease Cas9 to this DNA sequence, which will then generate single and double stranded breaks. These breaks will be repaired.

Overview of possible genome editing outcomes using site-specific nucleases. Nuclease-induced DNA double-strand breaks (DSBs) can be repaired by homologydirected
repair (HDR) or error-prone nonhomologous end joining (NHEJ). (A) In the presence of donor plasmid with extended homology arms, HDR can lead to the
introduction of single or multiple transgenes to correct or replace existing genes. (B) In the absence of donor plasmid, NHEJ-mediated repair yields small insertion or
deletion mutations at the target that cause gene disruption. In the presence of double-stranded oligonucleotides or in vivo linearized donor plasmid, DNA fragments up to
14 kb have been inserted via NHEJ-mediated ligation. Simultaneous induction of two DSBs can lead to deletions, inversions and translocations of the intervening segment.



CRISPR/Cas9 Genome engineering 
Repair 

Homology-directed repair: 
Provide donor template with homology arms 

Gene mutation/correction/addition 
(Cas9 D10A mutant) 

 

Non-homologous end joining: 
Small insertion/deletion  

gene disruption 
(and occasional errors) 
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So once double strand breaks have been generated the breaks will be repaired by the cell. IN the absence of template, the cell will undergo NHEJ, which results in small insertions of deletions that result in gene disruption. This is a rather stochastic uncontrolled event. In gene technology, we want to know precisely what happens. SO what we do to be in control is to introduce a template DNA> This template DNA is required to have 3’ and 5’ homologous arms that hybridize to the target DNA, and the sequence in between the homology arms will guide the repair. WE can introduce anything in between these homology arms. WE can correct mutations, we can insert extra sequence, we can take it out. And this all in a highly controlled fashion. This type of repair is called homology-directed repair.

Overview of possible genome editing outcomes using site-specific nucleases. Nuclease-induced DNA double-strand breaks (DSBs) can be repaired by homologydirected
repair (HDR) or error-prone nonhomologous end joining (NHEJ). (A) In the presence of donor plasmid with extended homology arms, HDR can lead to the
introduction of single or multiple transgenes to correct or replace existing genes. (B) In the absence of donor plasmid, NHEJ-mediated repair yields small insertion or
deletion mutations at the target that cause gene disruption. In the presence of double-stranded oligonucleotides or in vivo linearized donor plasmid, DNA fragments up to
14 kb have been inserted via NHEJ-mediated ligation. Simultaneous induction of two DSBs can lead to deletions, inversions and translocations of the intervening segment.



CRISPR/Cas9 Genome engineering 
Applications in Stem Cells 

CRISPR/CAS9 

Presenter
Presentation Notes
So how can we use this technology in stem cell therapy. 

Well, we can use this in ES and iPS cells, and transfect in Cas9, guide RNAs and template DNA to correct mutations. These cells can then be grown and differentiated in vitro, and used for stem cell therapy.

Or we can use this technology to directly target genes in 1-cell zygotes. Much more efficient and quicker than old fashioed gene targeting.

Recombined ES cells are subsequently injected into blastocyst embryos and take part in the development of an embryo into a chimeric mice. If the ES cells are omnipotent enough,  they also become part of the gamete population and give rise to mutant heterozygote offspring. Interbreeding heterozygote mice results in the generation of complete knock out mice.



Repair of Cystic Fibrosis Gene CFTR by CRISP/CAS9 
(cystic fibrosis transmembrane conductor receptor) 

Schwank et al., Cell Stem Cell 2013  

Lgr5+ intestinal stem cells -> organoids 
 

In vitro assay in intestinal organoids: 
 

Forskolin -> CFTR -> expansion 
 

CF: accumulation of viscous mucus in pulmonary and gastrointestinal tract 
Life expectancy: 40 years 

F508del in CFTR (anion channel essential for fluid and electrolyte homeostasis of epithelia) 
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Cystic fibrosis (CF), also known as mucoviscidosis, is an autosomal recessive genetic disorder that affects most critically the lungs, and also the pancreas, liver, and intestine. a disease that leads to the accumulation of viscous
mucus in the pulmonary and gastrointestinal tract and to a current median life expectancy of approximately 40 years. It is characterized by abnormal transport of chloride and sodium across an epithelium, leading to thick, viscous secretions.[CFTR encodes an anion channel essential for fluid and electrolyte homeostasis of epithelia. Mutations in this receptor cause cystic fibrosis (CF).

Intestinal organoids or ‘‘miniguts’’ comprise
nearly intact physiology; self-renewing Lgr5+ stem cells and
the niche-supporting Paneth cells are located in a domain that
resembles the crypt, and enterocytes as well as goblet and
enteroendocrine cells move upward to build a villus-like domain
that lines the central lumen.

Here we use the CRISPR/Cas9 genome editing system to correct the CFTR locus by homologous recombination in cultured intestinal stem cells of CF patients. The corrected allele is expressed and fully functional as measured in clonally expanded organoids. This study provides proof of concept for gene correction by homologous recombination in primary adult stem cells derived from patients with a single-gene hereditary defect.

Forskolin activates
CFTR by raising the amount of intracellular cyclic AMP,
leading to fluid secretion into the lumen and swelling of organoids
(Dekkers et al., 2013). Unlike wild-type organoids, the CFTR
F508 del patient organoids did not expand their surface area
upon forskolin treatment (Figures 2A, 2C, and 2D), confirming
loss of function of CFTR as published previously.



The Future of Regenerative Medicine 
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So, with iPS technology, we can make pluripotent stem cells in a petridish that we can grow in bulk, that do not cause immune rejection reactions, and that do not generate complex ethical discussions. So the future looks up for regenerative midicine.

So, the next major challenge in regenerative medicine is to understand:
1- how we can maintain pluripotency and 
2- how we can instruct pluripotent cells to differentiate into a particular cell type that reliably carries out its function in a tissue of a patient, and 
3- how we can treat diseased cells, and
4- how we can repair mutations in cells. 


The team extracted skin cells from the patient and created iPS cells from them, which were later developed into a layer of cells known as pigment epithelium. These were transplanted into the patient.



The Future of Regenerative Medicine 

Very hopeful and promising,  
 

but are we there yet? 

http://www.sbs.com.au/news/insight/tvepisode/stem-cells 
 

http://iview.abc.net.au/programs/head-first/DO1333V001S00 
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So, with iPS technology, we can make pluripotent stem cells in a petridish that we can grow in bulk, that do not cause immune rejection reactions, and that do not generate complex ethical discussions. So the future looks up for regenerative midicine.

So, the next major challenge in regenerative medicine is to understand:
1- how we can maintain pluripotency and 
2- how we can instruct pluripotent cells to differentiate into a particular cell type that reliably carries out its function in a tissue of a patient, and 
3- how we can treat diseased cells, and
4- how we can repair mutations in cells. 


The team extracted skin cells from the patient and created iPS cells from them, which were later developed into a layer of cells known as pigment epithelium. These were transplanted into the patient.
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ANAT2341: lecture overview 

Dr Annemiek Beverdam – School of Medical Sciences, UNSW  
Wallace Wurth Building Room 234 – A.Beverdam@unsw.edu.au 

Stem Cell Biology 
 

Tissue homeostasis and regeneration 
Stem cell biology 
Stem cell niches 

Stem cell regulation 
Stem cells and cancer 
Regenerative medicine 

Stem cell sources 
Future of regenerative medicine 
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Welcome to ANAT2341, where we will introduce you to the wonderful world of human embryology. This is going to be a very exciting course. For the beautiful material that you get to learn. But also because this is my first ever course, and first lecture as a lecturer. And how lovely is it, that my first lecture is on fertilization, the start of a new life! Anyway, don’t worry, this is not the first ever lecture that I have given. So you are not guinee pigs. And I have lots of experinece in this field, so I do know what I am talking about.

Please note that you can find the learning material in these two excellent text books that are available as eBook in the uni library, and the contents of my slides and Mark Hill’s website will be examined. The intrroduction of this course will be held next week when the course coordinator Steve Palmer is back from a conference in NZ for which our apologies. During the course you will see a lot of me and of Steve Palmer. Steve and I wil each deliver 5 or so lectures. And we will both be present during most labs. The other lectures will be delieverd by other lecturers and by experts in the fields. I will be giving the first 3 lectures of the course and IVF expert Steve Fleming will run the first lab tomorrow.

In these first 3 lectures, I will introduce you to early embryonic development, which is until week 3 in humans. In these 3 weeks the entire toolbox for further embryonic development is cmoplete. So in 3 weeks time, the embryo has all the basic tissues that are required for development of the remaining 37 weeks. So my three lectures provide you with the very basis of embryology. The remainder of the lectures will cover the development of the diferent embryonicl systems or organs that make up a human embryo.



ANAT2341: Stem Cell Lab 

Duration: 12 minutes max! 
Do not discuss M&M in detail 

Do not improvise your lines, take time to rehearse 

Stem cell isolation and maintenance: Group 4 
Stem cell differentiation: Group 1, 2, 6 

Regenerative Medicine: Group 2, 3 
Anti-cancer stem cell therapy: Group 5 
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In these first 3 lectures, I will introduce you to early embryonic development, which is until week 3 in humans. In these 3 weeks the entire toolbox for further embryonic development is cmoplete. So in 3 weeks time, the embryo has all the basic tissues that are required for development of the remaining 37 weeks. So my three lectures provide you with the very basis of embryology. The remainder of the lectures will cover the development of the diferent embryonicl systems or organs that make up a human embryo.
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