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OUTLINE
I. Human Development Stages (19A)*
II. Cell Fate Determination (19A)
III. Cell Fate Mechanism = gene regulation (19A & 19C)
IV. Stem Cells

V. Methods of Manipulating/Creating Stem Cells (19B)
*Note: Handouts are accidentally numbered 19 A-C instead of 17A-C. 

Handouts:  19A (human life cycle & cell fate), 19B (stem cell sources & somatic nuclear transfer - Dolly) and 19C (histone modifications affect gene expression)
Vocabulary

Totipotent – can form all cells of the embryo, including placenta

Pluripotent – can form all cells of the embryo but not the placenta

Multipotent – can become more than one cell type; the number of different cell types the cell can become varies

Progenitor Field – cells that have the potential (the correct genes have been activated) to become a specific cell type
Germ Cells – gametes

Germ layers – endoderm, mesoderm, ectoderm

ICM – inner cell mass; becomes embryo

Master Regulatory Genes (MRGs) – transcription factors (TFs) that control the expression of all the genes necessary to confer a specific cell fate
Problem Set: Chapter 14 (Heicklen Questions)
Physiology describes how cells & organisms function
Developmental biology describes how cells and organisms are built

Class I (3/31/09): cell fate determination. 
Class II (4/02/09): sex determination as an example of cell fate determination

I. Human Developmental Stages (19A)

A. :Zygote->Morula->Blastocyst->Gastrulation->Embryo->Fetus->Adult->gametes*
* Gametes enable the life cycle to begin again – the egg and sperm have the unique quality that they can reverse the partial differentiation they have done and begin the cycle again; egg and sperm are a unique type of specialization with distinctive characteristics

B. Developmental stages, cell types or processes:
· Zygote – fertilized egg
· Blastomeres – cells of the early embryo
· 1 - 8 cell stage – totipotent; removal of 1 or 2 cells at 8 cell stage still results in an entire organism

· Morula – 16 –early 32 cells; stage before fluid filled cavity forms, inner 8 cells are pluripotent
· Blastocyst – early embryo with fluid filled cavity that forms at the 32-cell stage
· Inner cell mass (ICM) – pluripotent; source of embryonic stem cells
· Trophoblast – forms the embryonic portion of the placenta

· Gastrulation – first massive cell movements
· Germ Layers – endoderm, mesoderm and ectoderm
· Embryo – week 1-8; cell division, cell migration and organ development
· Fetus – size increase & organ refinement
II. Cell Fate Determination

Analogy: High School Student –> Undergraduate -> Graduate –> Doctor

Analogous to the progressive specification of cells as the differentiate
The number of career paths you can follow as your education increases decreases

The same is true of a cell as it progresses down the cell fate pathway during development

A. Stages of Commitment

1. Specification – fate is still reversible

2. Determination – fate is no longer reversible

3. Differentiation – overt changes in structure & function – looks like muscle & produces structural proteins necessary for function, e.g. muscle

B. Important Features

-No changes in shape or function until differentiation

-What is the difference between the first two stages? The transcription factors & signaling cascades that have been activated at each stage

C. Specification vs Determination

In both of these stages no overt changes are obvious

Specification – if development proceeds normally, it will become the fate that tissue of the embryo normally becomes, if the environment changes, the cell fate can still be changed

Determined - the cell has activated transcription of the genes necessary for a particular fate, the cell will no longer change its fate regardless of the signals received from the environment

III. Cell Fate Mechanism = Gene Regulation
A. The Question:
How are different proteins turned on in different cell types? 

Dr. M discusses that all cells have the same DNA but different cells express different proteins:
-Some are unique to heart or to liver or to lung

-Some are shared by more than 1 cell type: heart & liver or liver & lung

-Some are expressed in all cell types: these genes are housekeeping genes - important for the normal function of all cells: metabolism, cytoskeleton, secretion, etc.

B. Three levels of transcriptional regulation:

1. TFs

2. Histone Modifications

3. DNA methylation

1. TFs in the ICM vs Trophoblast (19A)
· Oct4 and Cdx2 are both on in all cells up until the 8-cell stage

· At the 16 cell stage, the 8 inner cells express Oct4 and the 8 outer cells express cdx2

· Oct4 and Cdx2 repress each other at the level of transcription
· Oct4 maintains proliferation and inhibits differentiation in the inner cell mass (ICM)
Example: Heart Differentiation
General: Totipotent->Pluripotent->Germ Layer->Progenitor Field->Differentiated

Heart:

Totipotent–>pluripotent –>Mesoderm–>Heart Field–>Heart Muscle
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Master Regulatory Genes
· Master Regulatory Genes (MRGs)– Transcription factors (TFs) that are master regulators of cell fate, they turn on all the genes necessary to confer a specific cell fate
· In between each of the steps from pluripotent to heart field the cell goes through specification and determination
· During the last step, from heart field to heart muscle, the cell progresses through specification, determination and differentiation, where the MRG (e.g. Nkx2.5 – master regulator for heart muscle) for the specific cell fate turns on the transcription factors (e.g. GATA-4) and the structural genes (e.g. myosin and muscle actin) necessary to confer the cell phenotype, e.g. heart muscle phenotype
· When differentiation occurs the MRG stays on, e.g. Nkx2.5 and Pax6 (master regulator for lens) remain active even after the differentiation process is finished. However, during the progression of differentiation such as mesoderm differentiation, Bry is on during the process of specification and determination of mesoderm but then turns off once the cells become cardiac muscle.
2. Histone Modifications (19C)
· Histone modifications affect protein expression

Examples:
-Phosphorylation closes chromatin, decreasing transcription, every mitosis
-Methylation increases or decreases transcription depending on the amino acid methylated; H3K4 methylation opens the chromatin, increasing transcription; H3K27 methylation closes the chromatin, decreasing transcription
· MRG expression regulated by histone methylation
· Examples:
1. MRGs are bivalently methylated on H3K4 and H3K27 in embryonic stem cells (ES cells), i.e. gene transcription levels are poised to go either way

2. Nkx2.5 is methylated on H3K4 & H3K27 in ES cells, on H3K4 but not H3K27 in heart cells and on H3K27 but not H3K4 in lens cells
3. Pax6 is bivalently methylated in ES cells, methylated on H3K4 but not H3K27 in lens cells and methylated on H3K27 but not H3K4 in heart cells

3. DNA Methylation
· CGs are methylated on inactive promoters increasing chromatin condensation, decreasing transcription
· Differential globin gene expression throughout your lifetime

http://www.ncbi.nlm.nih.gov/books/bv.fcgi?highlight=humans,globin,genes,beta-like&rid=cell.figgrp.2084
IV. Stem Cells (19B)
Stem Cell Characteristics:


A. Self renewal


B. Forms desired cell type with appropriate signals

Stem cell divides into two; one becomes a stem cell, continues to divide providing additional cells & the other cell may begin to differentiate

Different cells make these cell fate decisions at different times in the life cycle. As development progress, the body contains less pluripotent and multipotent (hair, blood & gut lining are examples of adult multipotent stem cells) progenitors.

V. Methods of manipulating/creating stem cells (19B)

A. Cloning Dolly – somatic nuclear transfer

· Demonstrates that DNA is intact in somatic cells; differentiation is reversible
· Circumvents immunorejection
· Dolly is not a true clone – could use egg cytoplasm and nucleus both from Dolly’s nuclear donor but this was not the point of the experiment.

1) This experiment was performed in the 1990’s to demonstrate that somatic cells (a few exceptions exist) contain all of the DNA necessary to produce a complete animal. If they had used an egg from Dolly’s nuclear donor you couldn’t examine the DNA and say it comes from Dolly’s nuclear donor rather than the egg donor because they would be one and the same.

2) Now we would like to use cloning for therapeutic cloning:

a. Perform somatic nuclear transfer

b. Drive cells down a specific lineage such as heart to save a person from dying from a heart attack: The person with the heart attack or other disease we are trying to treat 50% of the time isn’t female and most of the other people that need the cells aren’t of reproductive age so we can’t use the same person’s nucleus & egg cytoplasm anyways.  

· Hwang faked human cloning – the answer is all in the mitochondria.

· The journal “Nature” proved that Hwang had not cloned humans by looking at his frozen Blastulas. They saw that the nuclear and mitochondrial DNA were both derived from the same individual. 
· If somatic nuclear transfer had occurred, which is what he claimed, the nuclear and mitochondrial DNA would have been derived from different individuals. 

B. Skin + 4 TFs = ~embryonic stem cells, circumvents immunorejection 

C. Other Stem Cell Sources: primordial germ cells, adult SCs, umbilical cord

D. Advances in heart regeneration & mps1 cell cycle checkpoint protein

E. New trachea – donor ECM + patient bone marrow cells


F. Balance between regeneration & cancer
Notes for Exam:

· Master regulatory genes that you have to memorize their function:

· Oct4 – MRG for inner cell mass and embryonic stem cells 

· Sry – MRG for sertoli cells (mentioned next lecture). 
· If other master regulatory genes are mentioned in the exam, the tissue they regulate will be provided.

· You will not need to memorize which germ line (ectoderm, mesoderm or endoderm) a tissue is derived from
Related Article:

http://www.nytimes.com/2009/02/24/science/24chromatin.html?_r=2
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