GREG’S GOLD




STEM CELLS FROM FAT




CLONING AND STEM CELLS

A. Cloning
1. Biological basis of cloning
2. Cloning of plants
3. Cloning of animals

B. Stem cells
1. Biology of stem cells
2. Stem cells in medicine
3. Embryonic stem cells and IPS cells



DEVELOPMENT

ANIMAL DEVELOPMENT

Zygote Eight cells Blastula Gastrula Pluteus
(fertilized egg) (cross section) (cross section) larva

PLANT DEVELOPMENT

Seed leaves
(cotyledons)
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Zygote Two Octant “Globular” “Heart”

(fertilized egg) cells embryo embryo “Torpedo” =
embryo Mature plant



DEVELOPMENT
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DIFFERENTIATION

Human fertilized egqg: Human heart cells:
Totipotent. can make Differentiated:
all types of cells fully specialized
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CLONING IN PLANTS

METHOD

Root of
carrot plant



CLONING IN FORESTRY

Tissue sample Tissue samples
scraped from placed in Agar growth
parent plant medium containing
nutrients and auxins

Samples develop
into tiny plantlets

Plantlets planted
into compost
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TOTIPOTENCY IN AN ADULT ANIMAL.:
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NUCLEAR TRANSFER FOR CLONING

Donor nucleus
inserted into

Cgg

Egg is
enucleated




CLONING A FROG

Frog embryo C‘/\/\\;irog egg cell
b uv
Less differ- +
entiated cell
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/
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Donor :
nucleus * Enucleated
trans- egg cell
planted

Most develop
into tadpoles

Frog tadpole

Fully differ-
~ entiated
(intestinal) cell

\ b Donor

\ nucleus
: trans-
planted

<2% develop
into tadpoles

Cloned albino frogs and
their egg donor



CLONING A SHEEP

METHOD

Scottish
blackface
sheep (#2)

‘( Dorset ‘
sheep (#1)
Nucleus@ Micropipette

&Donor nucleus (#1)
¢ Enucleated egg (#2)

Scottish
blackface
sheep (#3)

RESULTS

Dolly, a Dorset
sheep, genetically

identical to #1




SOME REASONS FOR ANIMAL
REPRODUCTIVE CLONING

*Propagation of valuable animals
*Preservation of endangered species

*Preservation of a pet



CLONING CATTLE

Used for leaner beef

and more milk Resistant to brucellosis

(bacterial infection
causes abortion)



CLONED PIGS

High levels of omega-3

, Genetically modified
fatty acids, leaner meat

for organ transplants
to humans



CLONING FOR SPECIES PRESERVATION

Bessie, the cow that
carried the cloned guar

Frozen zoo:
San Diego




CLONED PETS

Surrogate
mother

Nuclear
donor

CC and her
nuclear donor




CLONED HORSE

Surrogate
mother

Powerful horse associations have enacted
rules forbidding the registration of clones



HUMAN CLONES: IDENTICAL TWINS

Two chorions

Inner cell mass



SOME REASONS FOR HUMAN
REPRODUCTIVE CLONING

*Problems with normal reproductive mechanisms
*Perpetuation of valuable genotypes

*Perpetuation of a dying child



HUMAN REPRODUCTIVE CLONING
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STEM CELLS

What is a stem cell? \)
replicate itself, or...
A single cell that can J
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differentiate |n’ro many
cell types.

Y @
Types of stem cells:
Totipotent. Can produce a whole organism: fertilized egg

Pluripotent. Can produce most cell types: embryonic stem cells
Multipotent. Can produce a few cell types: fat stem cells



TOTIPOTENT STEM CELLS

3-day human embryo: Each cell
can produce a complete human



PLURIPOTENT STEM CELLS:
EMBRYONIC STEM CELLS

Human ES cells




MULTIPOTENT STEM CELLS
FROM FAT

. Stem cells
v from fat
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Bone Cartilage Fat Muscle Heart  Blood Vessels Nerve
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MULTIPOTENT STEM CELLS
FROM BONE MARROW
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MULTIPOTENT STEM CELL
TRANSPLANTATION

Radiation and Before treatment, stem High-dose Blood stem
drug therapy Kill cells are removed from therapies kill cells are put
blood stem cells the blood and grown the tumor and back into
as well as tumor in the lab. stem cells. patient.

cells.




THE NEED FOR NEW CELLS

*Heart: attack damage
*Pancreas: diabetes
Liver: cirrhosis damage

*Brain: Parkinson’s

Problems: Source of cells

Rejection of transplants
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POTENTIAL USES OF
PLURIPOTENT STEM CELLS

Identify drug Understanding

targets and A Study cell prevention &
( L ) differentiation ) treatment of

test potential — S )
therapeutics — T birth defects
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Bone marrow Nerve cells Heart muscle Pancreatic
for leukemia for Parkinsons cells for islet cells
& chemotherapy & Alzhiemer’s heart disease for diabetes

disease



PLURIPOTENT STEM CELL THERAPY

Patient

Transplantation

Cells transplanted into patient with
Diabetes, Alzheimers, Parkinson’s,
spinal cord injury, Lou Gehrig’s Disease,
cancer, cardiovascular disease,
rheumatoid arthritis, etc.

Fertilized egg

morula

\.. Development

e

Blastocyst
(64 to 200 cell stage,

\ cross-section)
@@, trophoblasts

Development of specialized cells
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eart muscle cells

Propagation
in Culture
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intestinal cells
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PROBLEMS WITH EMBRYONIC STEM
CELLS

* Rejection
 Availability

 Ethical concerns



INDUCED PLURIPOTENT STEM CELLS

Human Starting Material Pluripotent Stem Cells Differentiated Cells
(skin cells, blood cells, etc) (heart,blood, kidney, nerve, liver..)
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Genes that are expressed The altered skin cells
embryonic stem cells are are pluripotent

added to skin cells in a form
that they are expressed



PLURIPOTENT STEM CELLS:
NOT REJECTED

Therapeutic cloning

Egg cell Body cell
- !\o’!, ‘
Nucleus o @ Nucleus

removed \ l removed

Nucleus from the
body cell inserted
into egg cell

Cloned cell
induced to form
an embryo

'

Stem cells harvested
from embrvo cells

Nuclear reprogramming
Skin cells

Genes inserted to
induce reprogramming
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Reprogrammed cells resemble
embryonic stem cells
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