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Outline

IEBRE (embryology) vs. 5 EYE (developmental biology)
ERAEH (model organisms)

BN EZPEER

BEIRRE 2

#H 485 B3 4 B Rt 41 e

abhowphE

Planarian Hydra Starfish

el el )

> || o=
VaR 4 Y

e
% 3




IEEGEE (Embryology) : The development of an embryo from the fertilized egg
(s BB HICRURFER,, BRETUMRI T B G TR 5 S BT REHY BH{EPT B -

ZHE4Y)E (Developmental Biology) is to understand how multicellular
organism develop EEN TR EYIE B X EAYIRRGEE -

Xenopus Zebrafish Chick Mouse Human
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Preformation theory (5c R iR)
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Epigenesis theory (i#fiR%7%)
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An homunculus in the head  Malpighi's description of the
of each sperm (1694) chick embryo. (1673)
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E2BERME R A Life cycle of Frog
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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



BEN=2F:

1. £&/5%: growth/cleavage

Increase in cell number
Increase in cell size

7 {E Differentiation
The fate of daughter cells

3. 285884 Morphogenesis

The formation of shapes and patterns

Bone marrow Nerve cells Heart muscle Pancreatic
for leukemia for Parkinsons cells for islet cells
& chemotherapy & Alzhiemer’s heart disease for diabetes

disease
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1. £&/5 % growth/cleavage

Increase in cell number
Increase in cell size

2. 771k Differentiation
The fate of daughter cells

3. BB &84 Morphogenesis

The formation of shapes and patterns

CELL PROLIFERATION CELL SPECIALIZATION CELL INTERACTION CELL MOVEMENT
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What happen if genetic control goes wrong in
limb development?
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germ layers: ectoderm, mesoderm, endoderm
organogenesis
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Model organisms to study developmental biology
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— nematode (C. elegans) #REs

— fruit fly (D. melanogaster ) S2ud
—seaurchins  8HE

— South African Frog (X. laevis)

— Zebrafish (D. Renio)

— chick

— mouse

— plant (A. thaliana)
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Universal mechanisms of animal development

5 FE |

A=/ IJ VAN

/1N

cerebellum

(A) normal mouse mouse lacking Engrailed-1 mouse rescued by Drdmphﬂa
Engrailed

Drosophila with mutant Mouse embryos with wild-type (L) and mutant
alleles of the eyeless (R) alleles of the Pax-6 gene
gene

Fig. Homologous proteins functioning interchangeably in the development of mice and flies.
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Comparative anatomy and Embryology provide clues to animal phylogeny
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fruit fly (Drosophila melanogaster )

Ventral view, early gastrula

Anterior Posterior

Lateral view, germ-band extension

mouthparts  thorax

Lateral view, segmentation
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Body plan: To build a body
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Adult
fruit fly

Fruit fly embryo
(10 hours)

Fly
chromosome

Mouse

chromosomes<

Mouse embryo
(12 days)

Adult mouse
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nematode (Caenorhabditis elegans)

Adult (hermaphrodite)
Fertilized

3d = o
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pharynx bulbs
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— nematode (Caenorhabditis elegans)
— fruit fly (Drosophila melanogaster )
— sea urchins EiE

— South African Frog (Xenopus laevis)
— Zebrafish (Danio Renio)

— chick

— mouse

— plant (Arabidopsis thaliana)
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‘Development of sea urchins




Sea urchin
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HEMMEE MR Z2—
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adult /7
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after
: 5
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Fertilized
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Gastrulation
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Three germ layers /gastrulation
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The sea-urchin embryo develops into a free-swimming larva



Development of the sea urchin embryo.

_ animal-vegetal
symmetric asymmetric hollow

Animal pole 4 cell 8cell 16 cell 32 cell 64-cell blastula

\ 4

Vegetal pole vegetal plate
Blastula mouth ectoderm 1 Pluteus
\  skeletal rod

Animal pole
ak L,

Vagetal pale primalvlrly.;lliesenchm;: % - | anus oral hood .. .. anus
FEREE gut invaginate e G )
Blue: prospective ectoderm ]

Yellow: endoderm
Red: mesoderm
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— nematode (Caenorhabditis elegans)
— fruit fly (Drosophila melanogaster )

mafE  — Sea urchins

— South African Frog (Xenopus laevis)
— Zebrafish (Danio Renio)
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South African Frog (Xenopus laevis)

Egg
(stage 1)

Metamorphosis f‘ (leavage
Blastula
/ 60 0 (stage 8)
Free-swimming tadpole (stage 45) ]l
‘ﬂ:'—.f“'b;.‘_‘-‘--l-—"——-u_ 5 " ”
B R o &
4 (at 25°C) '
Days Hours
after after
fertilization  fertilization 10
Tailbud embryo (stage 26)
1 stage 10
"""" (section)
R : 20 15 e
Organogenesis Gastrula Gastimiation
\ Neurula (section)
( [ =
(stage 1 6) Estag;ﬁ}
(dorsal view)




Zebrafish (Danio Renio)

30 minutes
after fertilization

Free 90
swimming

-
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yj Ye—— o |- - e
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= 4 pigment cell 2
Days after
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Hatching
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\ 16

Body plan |
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24hr heart beat

Hours after
fertilization

o

Cleavage

Sphere
stage
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Gastrulation
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75%
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/ ) (section)
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— nematode (Caenorhabditis elegans)
— fruit fly (Drosophila melanogaster )
— sea urchins

— South African Frog (Xenopus laevis)
— Zebrafish (Danio Renio)

— chick

— mouse

— plant (Arabidopsis thaliana)
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Part 3 Life cycle of the chicken

Egg Development
blastodarmh within the oviduct
\*E”"’W"J 2 layers
k/ J '\
T (leavage
: | i ﬁ area
F = ' opaca
e area
o Hours after pellucida

fertilization posterior

255 marginal

- | Days after Zone

T laying o Llaying P -
Q Noges afts! Gastrulation
i laying 16
Hatching ﬂ
Hensen'’s
\\5 50 node
= \\\.
Stage 30 | . ( 5
= W g i
Organogenesis
Stage 4
extra-embryonic
structures Stage 14 (22 somites)

Birds and mammals resemble each other and different from frog in some important

features of early development
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Fig. 47-11
Dorsal Fertilized egg

: .y Primitive
Anterior /streak
Left < » Right | \
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Primitive streak

Epiblast

Future p
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Migrating
cells
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chickembryogenesis




The extra-embryonic structure and circulation of the chick embryo

— Nd ays
amnion $H§:

A

umbilical artery

vitelline artery
umbilical vein

vitelline vein

B (B AEE)
Amnion and amniotic cavity provide mechanical protection
Chorion maintain shell
Allantois bridge for oxygen and waste

Vitelline vein take nutrient form yolk to embryo
Umbilical vein take oxygen to embryo



mouse

AR ?

19d, 8-]

Adult , Fertilized
X polar bodies €q9

._/7
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Cleavage
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development
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Blastocyst
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Implantation
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=72 wall

Gastrulation
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Turning
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Two-cell Four-cell

Eight-cell

Compacted morula
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plant (Arabidopsis thaliana)

Adult flower

|- stamen
e~ carpel

— petal

”— sepal

Growth and
maturation

ovule

| /A Gametogenesis
\\ 4

pollen

6
/ \
1
[ \\\ “Weeks (at 25°C)
a0
5
3
— cotyledons 4

e micropyle

— pollen grain

Ii— pollen tube
eB- ovule
embryo @

Y

root — =
Seed
Seedling . . T
In continuous illumination
i g Gl ted and Further culturing
Tissue sample from any region of an adult plant is cultured Callus forms sin;:::ﬁ;’:un“::d generates new plant

callus
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.15 (Fertilization)

2.903¢ (Cleavage)
cell division creates a hollow ball of cells called a blastula

3.[RiZ1E (Gastrulation)

cells are rearranged into a three-layered gastrula

4. 1878 (Neurulation)

5.8 B

z2 B £/ (Organogenesis)

the three layers interact and move to give rise to organs

6. [ElBE =% (Growth)




Fertilization

 Fertilization brings the haploid nuclei of sperm and
egg together, forming a diploid zygote

 The sperm’s contact with the egg’s surface
Initiates metabolic reactions in the egg that trigger
the onset of embryonic development

Head Tail




The acrosomal and cortical reactions during sea urchin fertilization

Basal body
(centriole)

Sperm

\\‘% healld

-

a1

( 55{ LAS) _\__S_g:-.};

crosome

= vitelline layer CIESE)

0 Egg plasma
b membrane

Jelly coat —~——
Sperm-binding
receptors <

Copyright @ 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.



The acrosomal and cortical reactions during sea urchin fertilization

\
\

Sperm pIasmaJ\
membrane

Sperm \x /

nucleus

Fertilization

Acrosomal
envelope

process (

.\.

Basal body
(centriole)

fllament\

-_\@ & s i

Cortical :

Fused granule tevad
plasma Sh e
membranes 3:'_::'.;;;: :

Acrosome — Hydrolytic enzymes SPEQ(\:/ételllne ﬁ

Jelly coat ~—_ - @ Vitelline layer
Sperm-binding @\ Egg plasma
receptors / membrane EGG CYTOPLASM
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2.903¢ (Cleavage)



B e
Cleavage lasiacan

(a) Fertilized egg (b) Four-cell stage (c) Early blastula (d) Later blastula
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Cleavage in Xenopus

spermentry _ polar bodies

point 2.
= Y "l
. 1)

1t three cleavages
are perpendicular




Cleavage in a frog embryo




Cleavage in a frog embryo

0.25 mm

Zygote 2-cell 4-cell 8-cell pole Blastula
stage stage stage (cross
forming  forming section)

Copyright @ 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.



Dorsal

Right A The body axes and their
\ establishment in an amphibian
Anterior o Cias = _ Posterior B
' Hil1& il (A/P axis)
=r/HEEH(D/V axis)
Left FEAER(L/R axis)
VeXtraI
(@) The three axes of the fully developed embryo
Animal pole _ Pigmented First
Animal | Point of /cortex cleavage
hemisphere sperm |
\— nucleus __ . Future y
entr '
'- y\ \\\ dorsal £ P\
| 3- side | a0
‘ = —>» —» | ,
— \\- /
Vegetal Gray _
crescent

hemisphere |

Vegetal pole

(b) Establishing the axes
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Fig. 47-23a
EXPERIMENT

Control egg
(dorsal view)

Gray—"C

crescent
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Fig. 47-23b

EXPERIMENT
Control egg Experimental egg
(dorsal view) (side view)
Gray
Gray 1 ~ crescent
crescent |
RESULTS

Normal Belly piece Normal
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video

Gastrulation in a sea urchin embryo
RISE

B Future ectoderm
B Future mesoderm

Future endoderm

HikE
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/ I Y Archenteron
Filopodia

Animal Blastocoel pulling

Blastocoel

> T,T Archenteron

pole archenteron
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Ectoderm

Vegetal

Mesenchyme
cells Mesenchyme Digestive tube
— (mesoderm (endoderm)
Blastopore 50 uym forms future
skeleton)

Anus (from
blastopore)
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Gastrulation in the frog

Cells of the dorsal lip originate
in the gray crescent and
invaginate to create the
archenteron (Jsps)

Cells continue to move by
involution

These cells become the
endoderm and mesoderm

The blastopore encircles a
yolk plug when gastrulation is
completed

ectoderm, endoderm, and
mesoderm

Key

B ruture ectoderm
B Future mesoderm
Future endoderm

SURFACE VIEW

CROSS SECTION

Animal pole

Blastocoel

:lbh?{
Dorsal lip B /=
. of blasto- | .
" pore ™ Dorsal lip
P ~ of blastopore
Blastopore
Early =" AL
gastrula Vegetal pole
Blastocoel
shrinking Archenteron
=H.
(J/iﬁ?ﬁ)
Ectoderm
Mesoderm
Blastocoel 4
remnant s A% Endoderm
e ' Archenteron
Blastopore «_ @8
Late . L
gastrula Blastopore Yolk plug —
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Mammal (human)

Copyright @ 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.
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4. 1848 (Neurulation)



neurulation gam=em)

Neural folds

Neural Neural plate

Eye Somites Tail bud

SEM T

Neural
crest

Neural tube

Neural Neural
fold plate
\ \

Neural crest
cells

Notochord
Ectoderm

Mesoderm

IR S Outer layer
EE\I%’ZHEIH of ectoderm
Neural crest
cells

Endoderm

Archenteron

(a) Neural plate formation
Neural tube =

(b) Neural tube formation
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(digestive
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5.8 B &/ (Organogenesis)
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ALINE

ENDODERM

*® Epithelial lining of
digestive tract

¢ Epithelial lining of
respiratory system

e Lining of urethra, urinary
bladder, and reproductive
system

o Liver

® Pancreas

® Thymus

®* Thyroid and parathyroid
glands
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Germ Layers: —
Ectoderm,
Mesoderm, dhjfE
Endoderm WHIE

Figure 3.15 The primordial embryo. When the three basic layers of the embryo
form at gastrulation, many cells becoms “fated” to follow a specific developmentat

Lens of eyertooth
pathway. However, each layer probably retains siem cells as the organism develops. Pituitary gland

Under cerfain condifions, these cells may preduce daughter cells that can specialize as Adranal medulla
many cell types.
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Effect of reduced or no FGF10

Figure 22-44a
Molecular Cell Biology, Sixth Edition
© 2008 W.H. Freeman and Company



Branching morphogenesis of lung
mediated by FGF10 and Shh signaling

two new centers
of FGF10

FGF10 production  production created ‘
FGF'IO made by inhibited by Shh o® .
cluster of ' ' ;
mesenchyme cells SAets
e Vol 3o s
T P

FGF10 receptor

on bud
epithelium cells

Sonic hedgehog
(Shh) produced

cells at tip of
growing bud

two new buds are formed and

the whole process

repeats
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Blood vessels

Angiogenesis and cancer



Schematic of human heart deveiopment

(Z5H)

Day 15 Day 21 Day28 Day 50
aortic 35
. sat
Ventricle (/El\%) v aorta
\ /4 vena ap:tnr;nary A
outflow tract o HH]
ventricle 7 -
t
. zlgntricle i >
) 1 |
: mitral g
W E
atrium
tricuspid
. N valve
Atrium ((35) x e s
right atrium ventricle left atrium _ :;sf}[ﬁ'- :ai::
Looping and ot ¢
Left side: Pitx2 partitioning

BMP—-> Nkx2.5 Transcription factor (7 activating regions and

Retinoic acid
GATA

3 repressor regions)

Turn cardiac cell differentiation gene expression



Organ handedness in vertebrates

In the mouse, the iv gene controls the handedness of internal organs.
In iv mutants, organ handedness is random and some individuals show
heterotaxis where normal and inverted organs are found in one animal.

Heterotaxis ([N 7 {i7): The organs of inverted normal and asymmerty are
present in the same animal

N . 6
It loops to the right




The condition, situs inversus, found in 1 in 10,000 people, is a mirror reversal
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Situs inversus causes the positions of
the heart and lungs to be mirrored.
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BN ERBE

1. %% (Fertilization)

2.90# (Cleavage)

3.[R#%1E (Gastrulation)

4. f84€ (Neurulation)

5.2 B4R (Organogenesis)
6. [E B2 =AY (Growth)

Pattern/ hair, spots, stripe
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Outline

4. BHEBPIEZHE
5. #H%k A EERAE




BERROE

Dorsal (back)

Pattern formation (body plan)
Morphogenesis (ZIHE)
Cell differentiation (531E)

Growth (£ &)

e
Fil1%Eh(A/P axis)
. /8 #H(D/V axis)
4.5 BB 21l J (LR axis)

1. Differential gene expression/signaling (BRZEIR)
2. Cell fate determination gZfjfarzE L E
3. Induction sF&E
4. Pattern formation
a. Positional information
b. Lateral inhibition

5. Asymmetric division ((R&FE51E)




4.1. Differential gene expression causes
cell differentiation

Representative cell types of a vertebrate

ANFEHA100{Ecells, 250f& N [EI2EEHY4HAE
2352952 cells.



Control regions

DA 2%
cis-regulatory
control rgion

RNA polymerase

transcription
factor

promoter region
Coding region

07 DNA

@ transcription
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Nudeus @ processing
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transport

Cytoplasm

<Ko=

nuclear
envelope

P e a

ribosome

v

protein (@
@ maodification

carbohydrate —

Gene expression and protein synthesis

In the early development of Drosophila, at least 60 genes are
directly involved in pattern formation to form segments.

In C. elegant, at least 50 genes are needed to specify vulva
(reproductive structure). About 9% of the genes (1722/ 20,000)
are involved in development.
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Study (tracking) gene expression in embryos

Single-stranded Mixture of single-
DNA probes stranded mRNA
specific for sequence A molecules in the cell

=
jl S

N N
N S A
Mix
N
N
B %"
A*
% A
h*
A A
C W o
D

A* can only bind to its complementary
sequence, A

SOX10: GFP




4.2. Cell fate determination

Cell transplantation

Fate mapping of normal development locates the presumptive eye region

presumptive Tailbud-stage embr
presumptive Lyclegion . H
epidermis )
presumptive N
neural plate >
. s 1%
presumptive presumplive
endoderm mesoderm
blastopore normal eye
The presumptive eye region of a gastrula, transplanted into the trunk
of a neurula embryo, forms structures typical of the trunk
transplantation host tissue somitic tissue from graft
N
I
Gastrula Host neurula

A transplant of the eye region from 6ater—stage embryo develops as an eye

Neurula

transplantation

Host neurula

eye-like structure

earlier stage: not determined

later stage: determined



2. Cell fate determination

Cell-linage analysis

Anterior Posterior

4 —Or O
®-®-®@

h ?3

tertiary tertiary  secondary primary secondary tertiary
L ] L ]
! 7 |
hypodermis vulva hypodermis
Development 4e Copyright © 2011 by Oxford
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4. 2. Cell fate determination

GFP labeled or Laser caged

(C) Animal pole

Somite muscle
Pronephros
Blood Fins Heart

Intestine Liver

Ventral

Pharynx J—~Endoderm

Blastoderm margin

Yolk cell

Vegetal pole



3. Induction

Dorsallip of blastopore grafted from an
unpigmented species of newt to the
blastocoel roof of a pigmented species

Triton cristatus

dorsal lip
of blastopare

Triton taeniatus S\, N\
gastrula

= =

A secondary embryo is induced

Primary
structures

Secondary
(induced)
: structures
neural tube - [

notochord ] notochord

“| | neuraltube

One group of cells could determine the
development of neighboring cells

Spemann and Mangold experiment
(Spemann organizer, 1935 Nobel Prize)

oy graft small group of

cells into host embryo
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evelops from the neural
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LUNMNU QAUIIuU LI 111 Ul Lii1uv 11vaAu
ectoderm
: cavity of .
out layer of forebrain
optic vesicle
Lens detach
. Inner layer of from ectoderm
from forebrain Pigmented optic vesicle
\ epithelium l \ tebs
i ; N
presumptive retinal lens

pigmented epithelium placode

optic ) > T
vesicle , B
mesenchyme
surface presumptive presumptive
of ectoderm optic stalk neural retina
of head lens vesicle optic nerve comea
Invagination Induce lens formation Overlying ectoderm

_ _ _ form cornea
Fig. The main stages in the development of the vertebrate eyes



4. Pattern formation
a. Positional information




4. Pattern formation

DAciti

A NnfArm ati ell-cell communication
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Position of each cell is defined by the
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A %Og
. 00 %
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of morphogen
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Additional polarizing region grafted to anterior margin
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Normal limb
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polarizing
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Additional polarizing region grafted to anterior margin




Synpolydactyly (SPD), caused by Mutations that affect antero-

mutations in HOXD 13, is characterized posterior patterning can cause

by extra fingers and toes and bone polydactyly. With preaxial

abnormalities in the hands and feet polydactyly has mutations in the
SHH gene
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Fi !
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4. Pattern formation (spacing patterns)
b. Lateral inhibition

Bird’s skin, animal’s spots

NATIONAL
GEOGRAPHIC
CHANNEL

Auther Quad



5. Asymmetric division

Cytoplasmic determinant

Asymmetric distribution of i
cytoplasmic determinants + ERE

Stem cells

2 =
D

Cell division

N

Different daughter cells

germline cell marker (green)
Cell nuclear (blue)




Outline
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Inflammatory Phase (Day 3)




Ba s

EEEEE—— G IAEM AN —REEZE  FEEEHEOERESRESNEED - AR
AR AOFF IR EbE) - ST EIRALN IS HAAB AR AR EENEDI RS HARE - SE R BRI AY
AUTE - ErAERRnt R ENEORS AR Rk -

IR s

':. !

®OME mEER [0 21 R s Bk M HiREBERLAE HERE

SRR A TR R SR - BB AR FE—H R - AR b B2 E(E ORI S EE BT AR RS A BN A R REAY R N« R AR FEE PRI R RIS P MRS T 2
B R S A E B EEERER S B ERRAY T - BFEREEARE » AETTRE A R & Rtz - FERRKRREMARD ETE— S MBI RD 53 L « 1 AR A LR [ T AR A
O » FEm iR 2R - it £ EHARAD ANLEY i B th LA E 1R L1872 - EIREE R AR - T RMEFIE - S B BILE ~ HE E e S R HADRIR R S AT Bk -

The capacity for regeneration in urodele
amphibians (newt)

(1) Dorsal crest, (2) limbs, (3,4) retina and
lens, (5) jaw, and talil
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stem ol

maintenance:;

In11, Mat, PCHA, Prodiferative

Pum, Mem2, S5mB, 'i"l'{ll.l-l'lrdﬂ'lpﬂﬂil' respone: Stermn cell differentiation:
'II|' Tudor, CychB --.._ll...l 5. WntP 1/ Wit 1 Iirl- Piwi2, Piwid, CHDG, p53, Cat.2/3 genes

t-cut 1h &h 12k 48h 72h 20h
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a. FiEEEF? HJH@ (adult stem cell):
BiE - KESEZEN (NSHASEEZE )

b. B Ra et 40 Be (embryonic stem cell):
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What Are Stem Cells?

o Stem cells share two basic characteristics that make
them distinctive from other cell types : self-renewal and
differentiation into specialized cell types

A stem cell can
1. Self-renew or 2. Differentiate into a

BB specialized cell type 3573

Progenitor cell
|9

R
seall W _

Skin Muschlle Red blood
cells cells cells




5 4l B SRR 2 — AA A 8% 4 e
human embryonic stem cells (hESCs)

Totipotent Blastocyst The inner cell mass, which contains
embryonic stem cells, is removed from the
blastocyst, leaving the blastocyst unable
to develop further.

—» Human fetus

If left intact and implanted into
a uterus, the blastocyst would
continue development into a
* human fetus.

Pluripotent
Inner Cell Mass

Adult stem cells
(ASCs) are present
Stem cells can be stimulated with : in mature tissues
different factors to differentiate and organs

into different cell types.

(1998, James Thomson) !{" -

Neurons Cardiac muscle Blood cells _
| 4




Cell differentiation (L)

A 4

fat cell

r-b

%

&
cells of inner cell mass L f/‘“:’__":z/

y
_ / neuron

cultured ES cells macrophage

early embryo

(blastocyst) N . =%
—_— =

smooth muscle cell

e — — "’

i

How to control the cell differentiation? Can differentiated cells reverse to
differential expression of gene? ES cells? IXERE?

The Nobel Prize in Physiology or Medicine 2012
Sir John B. Gurdon, Shinya Yamanaka

Promoter—coding region
>

SCNT vs iPS

Gene




Somatic Cell Nuclear Transfer (B4l ig1%125E)
SCNT
EEENY
«1997F2H27H%EERoslin
iff PR BB XS Naturef#
fo LB LR RERFF
(Dolly) 8 k11

)

Nature 385: 810




Somatic Cell Nuclear Transfer (B2l i21Z#%58)

REPRODUCTIVE
CLONING
(@ m
® @@ calf
©e ® 7z
cells from adult tissue embryo placed in

containing the genome @/ foster mother

to be cloned

—
meiotic CELL FUSION CELL & y
spindle OR NUCLEAR DIVISION = cells from early embryo
INJECTION early transferred to culture dish
— - embryo

ES cells

unfertilized removal of egg ‘ \

egg froman cell nucleus . @G&

adult female THERAPEUTIC
CLONING



Somatic cell nuclear transplantation (SCNT) by John Gurdon

(m.m skin :eh

UV radiation destroys
DNA in nucleus of
unfertilized egg

T

Removal of nucleus from
either cell source

Transfer of nucleus
into egg

Tadpole develops

Ll " RSN SR .

iPS (induced pluripotent stem cells)

The Nobel Prize in Physioclogy or Medicine 2012

Sir John B. Gurdon, Shinya Yamanaka

Creating iPS cells

1 Isolate cells from patient

(skin or fibroblasts);
grow in a dish

L
ﬁ?@

2 Treat cells with

“reprogramming” factors

3 Wait a few weeks

4 Pluripotent C - >
stem cells Fe . 5 Change culture conditions to
y stimulate cells to differentiate into
a variety of cell types
A . Cardiac
: muscle cells
Blood cells Gut cells
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#H4% T #£(Tissue Engineering)

- RBRE (25 =7)

- BEEE

— 1997 Dr. Charles Vacanti (University of Massachusetts)
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Orthopedic Vascular Grafts
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regenerative medicine (B4 EE)
Scientists working in regenerative medicine are also optimistic about their
ability to produce viable organs from stem cells

Sheets of skin and other organs such as the urinary bladder have been
created in vitro

Develbpment de Copyright © 2011 by Oxford
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Summary
AEAGEE (embryology) vs. 2B 4458 (developmental biology)
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