In vivo gene therapy techniques :
We use a virus, and it’s usually crippled (i.e. doesn’t cause infection) by removing the gene responsible for infectivity so these viruses become beneficial as they have receptors which allow them to go inside the desired cells.
So we put the target inside the virus and inject it in the human being then the virus will transfer the gene to the target cells.
There are some problems which we may face:
- defective replication of the virus (replication for short time)
- incomplete diffusion or inability to enter the cell by phagocytosis, so the virus stays on the cell membrane and it’s not delivered to the cytoplasm
- inability to enter the nucleus

Ex vivo gene therapy techniques:
The whole experiment is done in vitro and then transferred to the human body, here we use materials like liposome, calcium phosphate, gold bullets, human artificial chromosome or others to transfer the desired gene to a cell in vitro before introducing it to the human being.
so we take the cell and do the experiment in vitro then check for the products of the DNA (the desired protein) then we inject the cell back to the body  we can use this method for hematopoietic system

Limitations of the gene therapy:
- the virus usually has a limited tropism, which means it doesn’t reach the target cells
- dependent on the cell cycle (mitosis required by some viruses)
- duration of gene activity (how many generations it stands) so after certain time it will be aborted and won’t do the function completely

Now the dr shows 2 charts, the 1st one is about the phases of gene therapy in clinical trials:
- phase I – the highest number of trials – the experiment is in vitro
- phase II – less number of trials – experiments done on laboratory animals
- phase III – a few number of trials – experiments done on humans

2nd chart is about the types of vectors used in gene therapy:
we mainly use viruses like adenovirus and retrovirus
Curing genetic diseases:
There are many trials to treat diseases using gene therapy, one of these diseases is combined immunodeficiency where the adenosine deaminase was deficient, so they transfected the cell (using a retrovirus) with the gene responsible for the production of this enzyme 
Another successful trial was ex vivo isolated T-lymphocytes and they transferred the gene of adenosine deaminase
An attempt was made to treat cystic fibrosis using gene therapy but the patient died and the experiment was stopped

Risk of gene therapy:
since we’re talking about viruses, although we took out the gene responsible for infectivity but still there is a probability that the virus activates an oncogene and cause a disease or tumor
So it’s important to look for patient safety when using a virus or T-lymphocyte because the patient might develop hypersensitivity response (immune response) and there might be a continuous activation of the immune system by this antigen

So there are many organs that can be targeted by the gene therapy. But we must not forget the ethical issue in such experiments and trials.
There are some unsolved questions on gene therapy like 
- can gene expression be controlled in the patient ? 
- what happens when a normal gene is overexpressed ? 
- how long will the therapy last ? 
- what is the best vector to use ?
- what is the minimum number of cells needed to achieve success ?
Now we will talk about Stem cells which are used in many fields including treatment of many diseases most importantly are blood malignancies which appear to be very successful 




We have 5 types of stem cells:
· Totipotent – seen in embryo and can produce any type of cells
· Pluripotent – seen in amniotic and cord blood (which can be taken and frozen) and can produce almost any type of cells
· Multipotent – produce many types
· Oligopotent – produce few types 		seen in adult
· Unipotent – produce only one type
In the totipotent, each cell can develop into a complete individual, it is found after 5-6 days of fertilization (in most cases) which can be seen in IVF trials
pluripotent can differentiate into over 200 types of cells, and it can be found after 14 days of fertilization
multipotent can be found in fetal tissues, cord blood and adult stem cells and these cells are the most used in stem cells-based treatment
Frozen pluripotent can be used in future possibilities, so that if an individual gets sick he can use his own pluripotent stem cells for the treatment  it’s expensive and we don’t know how many cells will remain viable
Adult stem cells are generally collected from the bone marrow or the periphery 
Theoretically, if we can stimulate the stem cell using specific growth factors we will have a resulting cell or organ, but practically only skin drafting was completely successful
	Embryonic stem cells
	Adult stem cells

	Do not die
	Do not last

	Multipotent
	Not multipotent

	Easy to find
	Hard to locate

	Ethical issue
	No ethical concerns


 
There are no ethical concerns in using adult stem cells because we do not manipulate the cells, we just take certain stem cells with certain markers on them, then we re-inject the cells in the site of injury without manipulation. However if we manipulate it ex vivo by adding certain growth factors, there is ethical issue



Cloning:
to take a certain gene and expand it to get the same product. One type of cloning is somatic cell cloning in which we take a somatic cell and an ovum, then we remove the nucleus of the ovum and replace it with the nucleus of the somatic cell, so the ovum will grow (no need for a sperm) and produce an animal
Example, if we took a skin cell from mouse A and an ovum from mouse B and we replaced the nucleus of the ovum with that of the skin cell then we will get an animal completely identical to mouse A. it’s applied in animals and plants successfully . we can do the same in the human beings
Another type of cloning is therapeutic cloning in which we just clone a gene that is needed in treatment, or we clone a cell by adding growth factors to a stem cell to form the desired kind of cells
Another therapeutic cloning is using the animals to produce certain drugs or materials in the milk. We talk the gene responsible for the product then we insert it into the milk producing cells and as they develop they will produce what I want
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