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Mammalian Development:

From Stem Cells to Aging
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Blastocyst hatching
ES cell isolation
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Tissue engineering from ES cells
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Figure 2 Summary of the lineages of tissues constituting the mouse embryo. (Hatched areas) All tissues that will give rise to the embryo proper and
extraembryonic cells; (closed areas) extraembryonic tissues; (open areas) tissues of the embryo proper. (Adapted from Gardner 1983.)
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Growth of mammals is dependent on growth factors
Fibroblast growth factors (FGFs):

At 3 days At 3% days At 4 days
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Fig. 10.7 The apical ectodermal ridge is required developing limb Apical ecmdefmal ridge removed followed by

for proximo-distal development. Limbs develop in a the ridge is rems 1mplantat|on of beads soaked in FGF-4
proximo-distal sequence. Removal of the ridge from a

humerus

*FGF-4: Requirement of FGF-4 for
postimplantation mouse development. radius
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Fig. 10.8 The growth factor FGF-4 can
substitute for the aplcal ectodermal
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Feldman Science, Volume 267(5195)_January 13, 1995_246-249.htm

Sonic hedgehog controls the distal structure of limb

Anterior

FGF: SOﬂlC Posterior

induced - derog

|eg expreSSton Fig. 10.10 Sonic hedgehog is expresse!
\ in the polarizing region of a chick limb

bud. Sonic hedgehog is expressed at the
posterior margin of the limb bud in the polar-
izing region and provides a positional signa
along the antero-posterior axis. Scale bar =
0.1 mm. Photograph courtesy of C. Tabin.

Fig. 10.11 Polydactyly in a human
hand. The additional digit (arrowed)
resembles the adjacent digit.
Photograph courtesy of R. Winter.




*FGF-5: FGF5-as aregulator of the hair growth

cycle: evidence from targeted and spontaneous
mutations.

( ).

Figure 8-71 Mouse with an
engineered defect in fibroblast
growth factor 5 (FGF5).



fgf5.htm

*FGF receptor-1: fgfr-1is required for embyonic
growth and mesodermal-patterning during mouse
gastrulation. (Genes Dev. 8:3032-3044, 1994)

Signals in early Xenopus development

Factor Protein family Effects

Vg-1 TGF-3 family mesoderm induction

activin TGF-3 family mesoderm induction

bone TGF-[3 family ventral mesoderm patterning
morphogenetic
factor (e.g. BMP-4)

XWnt-8 Wnt family ventralizes mesoderm

fibroblast growth FGF ventral mesoderm induction
factor (FGF)

noggin dorsalizes—binds BMP-4
chordin dorsalizes—binds BMP-4

frizbee dorsalizes—binds Wnt proteins




Insulin-ltike growth factors (IGF):

IGF- I. knock out animal model shows that IGF-1 play an important
role in the embryonic development. ( )

IGF- II: Knockout mice developed relatively normal, but weigh only
60% of the normal newborn body weight. ( )

Mutation

Insulin 90%

1GF-1 60%
] 30%

IR 90%

IGF-1R 45%
920%

IGF-2R/M6P 140%0



IGF-1.htm
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Transforming growth factors (TGF):

*TGF a: Mice with a null mutation of the TGF o gene have abnormal
skin architecture, wavy hair, curly whiskers and often develop
corneal inflammation.

( )

TGF a deficiency results in hair follicle and.eye abnormalities in
targeted and waved-1 mice.

Receptor
unoccupied

2 |Plasma
membrane

Kinase Kinase Kinase constitutively
inactive active active

EGF receptor ErbB oncogene protein
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*TGFB1: Defective haematopoiesis and vasculogenesis in
transforming growth factor 1 knockout mice.
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Nerve growth factors:

*NGF: Mice lacking nerve growth factor display perinatal loss of sensory and
sympathetic neurons yet develop basalcholinergic neurons.

(

)-

*BDNF: Targeted disruption of the BDNF gene perturbs brain and sensory

neuron development but not motor neuron development.

(
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*GDNF: Defects in enteric innervation and kidney development in mice
lacking GDNF. ( )
Renal and neuronal abnormalities in_mice lacking GDNF. (

)
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GDNF-1.htm
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Il. Cell adhesion:

play important roles in the early embryonic development

Cadherin Ig-superfamily CAMs Mucin-like Integrin
(E-cadherin) (N-CAM) CAMs (03 Bq)
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Fibronectin

Defects in mesoderm, neural tube and vascular
development in mouse embryos lacking fibronectin.

( )
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Fibronectin.htm

a5 Integrin:
Embryonic mesodermal defects in a5 integrin-deficient mice.

(

B1 integrin:

)

Deletion of B1 integrins in mice results in‘inner cell mass
failure and peri-implantation lethality. (Genes & Dev. 9:

1883-1894, 1995)
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E-cadherin: Atargeted mutation in
mouse E-cadherin gene results in

defective preimplantation.
(PNAS 92:855-859, 1995)

RV-V:INPPRE Major Cadherin Molecules on
Mammalian Cells

Molecule Predominant Cellular Distribution

E-cadherin Preimplantation embryos, non-
neural epithelial tissue
P-cadherin Trophoblast

N-cadherin Nervous system, lens, cardiac and .

skeletal muscle

SOURCE: M. Takeichi, 1988, Development 102:639; M. Takeichi,
1991, Science 251:1451; H. Inuzuka et al., 1991, Neuron 7:69; and
M. Donalies et al., 1991, Proc. Nat’l. Acad. Sci. USA 88:8024.

8-cell-stage mouse  8-cell-stage mouse

embryo whose embryo whose
parents are white parents are black
mice mice

zona pellucida of each egg is removed by

treatment with protease

embryos are pushed together and
fuse when incubated at 37°

development of fused embryos
continues in vitro to blastocyst
stage

blastocyst transferred to pseudopregnant
mouse, which acts as a foster mother

the baby mouse has four parents (but
its foster mother is not one of them)

Figure 21-85 A procedure for
creating a chimeric mouse. Two
morulae of different genotypes are
combined.



Aging and Senescence

The life span, length of gestation, and age
at puberty for various mammals

Longevity and time to attain reproductive maturity at puberty for various mammals

Maximum Length Age at
life span (months) of gestation (months) puberty (months)
Man 1440  120years 9 144
Finback whale 960 12 —
Indian elephant 840 21 156
Horse 744 11 12
Chimpanzee 534 8 120
Brown bear 442 7 72
_ Dog 408 34 years 2 £
Cattle 360 9 6
Rhesus monkey 348 2.9 36
__Cat 336 28years 2 15 |

Pig 324 4 b 4
Squirrel monkey 252 5 36
Sheep 240 5 7
Gray squirrel 180 1:5 12
European rabbit 156 1 12
Guinea-pig 90 2 2
House rat 56 0.7 : 2
Golden hamster 48 0.5 2
Mouse 42 3.5years 0.7 1.5
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Mammalian Development:
From Stem Cells to Aging



Werner’'s syndrome: a human genetic disease shows
striking effects of premature-aging
The gene affected in Werner’s syndrome has been isolated

and Is thought to encode a protein invQlved in unwinding
DNA. (Science 272: 258-262, 1996).

Taking its toll. As a

looKed |




Fibroblasts isolated from Werner’'s syndrome patients undergo
fewer divisions In culture before becoming aging and dying
than do fibroblasts from unaffected people of the same age.

Cells divide until they completely cover the dish and continue to divide
when placed in fresh culture medium

“tortoise |_(175 years)

Human (120 years)

Chicken (30 years)

Mouse (3% years)

| | |
50 75 100
number of population doublings of cells in culture




sImpaired nuclear localization of defective DNA helicases In
Werner’s syndrome (Nature Genetics 16: 335-336, 1997)
*The three faces of the WS helicase (Nature Genetics 19:
308-309, 1998)

*The premature ageing syndrome protein WRN, isa 3" -> 5’

DNA polymerase on

newly synthesized leading strand
strand

parental
DNA helix

next Okazaki fragment ) ONORNRNNNG

will start here

DNA helicase

RNA primer
DNA primase
Okazaki fragment

single-strand
binding protein

DNA polymerase on lagging strand
(just finishing an Okazaki fragment)




The telomere theory: A feature shared by senescence
cells in culture and in vivo Is sharting of the telomeres.

R : parental strand
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Analysis of telomere lengths in cloned sheep
(Nature 399:316-317, 1999)

- ey : enat al weekly journalof
R | 2 B B B
N | 1 . :

age of her progenitor mammary tiSSHe
(6 years old).

Genetine =- £

Cloned sheep Dolly
(Nature 385:810-813, 1997)



Telemere shortening in TR-/- embryos Is associated
with failure to close the neural tube.

(EMBO J. 18:1172-1181,1999)

The EMBO Journal Vol.18 No.5 pp.1172-1181, 1999

Telomere shortening in mTR~/- embryos is
associated with failure to close the neural tube

Eloisa Herrera, Enrique Samper an
Maria A.Blasco'

Department of Immunology and Oncology, Centro Naci
Biotecnologia, CSIC, Campus de Cantoblanco. Madrid

Corresponding author
e-mail: mblasco@cnb.uam.es

Mice genetically deficient for the telom
(mTR) can be propagated for only a limi
of generations. In particular, mTR~- mice
C57BL6/129Sy genetic background are
the sixth generation and show serious he
defects. Here, we show that a percentage




AGING:
When Do Telomeres Matter?

<—-> Mouse
Telomeres: long
Telomerase: on

Science 291: 839-840, 2001

Mouse/rat
Telomeres long
Telomerase on

Inadequate
growth conditions
Checkpomt
arrest

pr/m gINKda
inactivation

Human
Telomeres short
Telomerase off

Telomere
shortening

Appropriate
environment

Checkpoint
arrest
(senescence)

Telomere p53
shortening | mutations

p1 gARF /p53/p1 gINK4a
inactivation

Continuous
growth in
culture
(immortal)

Chromosome
end fusions
and apoptosis
(crisis)

Telomerase (usually)
R
ALT pathway (rarely)




Telomeres: Ageing hard or hardly ageing?
(Nature 398, 191-193, 1999)

Symptoms ’ Werner's syndrome

Cataract




Klotho gene:

A new gene is involved in the suppression of several aging
phenotypes. Mutation of the mouse Klotho gene leads to a
syndrome resembling aging. (Nature 390:45-51,1997)

Mutation of the mouse kiotho gene
leads to a syndrome resembling
ageing

Makoto Kuro-o‘, Yutaka Matsumura*t, Hiroki Aizawa*t, Hiroshi Kawaguchit, Tatsuo Sugaft, Toshihiro Utsugit,
Yoshio Ohyamat, Masahiko Kurabayashit, Tadashi Kanames, Eisuke Kumel, Hitoshi lwasakill, Akihiro lidas,
(Takako Shiraki-lida*9, Satoshi Nishikawa#, Ryozo Nagai+” & Yo-ichi Nabeshima*“++

* Division of Molecular Genetics, National Institute of Neuroscience, NCNP, 4-1-1 Ogawahigashi, Kodaira, Tokyo 187, Japan
T'he 2nd Department of Internal Medicine, University of Gunma School of Medicine, 3-39-22, Showa, Maebashi, Gunma 371, Japan
& Department of Orthopaedic Surgery, Faculty of Medicine, University of Tokyo, 7-3-1 Hongo, Bunkyo, Tokyo 113, Japan
S Institute of Molecular Embryology and Genetics, Kumamoto University School of Medicine, Kumakoto 862, Japan
| Lead Optimization Research Laboratory, Tanabe Seiyaku Co. Ltd, 2-2-50 Kawagishi, Toda, Saitama 335, Japan
8 Tokyo Research Laboratories, Kyowa Hakko Kogyo Co. Ltd, 3-6-6 Asahimachi, Machidashi, Tokyo 194, Japan
# Pharmaceutical Research Laboratories, Kyowa Hakko Kogyo Co. Ltd, 118 Shimotagari, Nagaizumi, Sunto, Shizuoka 411, Japan
Core Research for Evolutional Science & Technology (CREST), JRDC and 11 Institute for Molecular and Cellular Biology, Osaka University, 1-3 Yamada-oka, Suita,
ODsaka 565, Japan

A new gene, termed k/otho, has been identified that is involved in the suppression of several ageing phenotypes. A
lefect in klotho gene expression in the mouse results in a syndrome that resembles human ageing, including a short
ifespan, infertility, arteriosclerosis, skin atrophy, osteoporosis and emphysema. The gene encodes a membrane
protein that shares sequence similarity with the p-glucosidase enzymes. The k/otho gene product may function as part
of a signalling pathway that regulates ageing in vivo and morbidity in age-related diseases.




The klotho gene product (shares sequence similarity with
glucosidase enzymes) may function as part of a signaling
pathway that regulates aging in.vivo.

Klotho (man) Lactase (archae bacteria)
503 518 950 981 1,001

linker




Mutation of the mouse Klotho gene leads to a syndrome
resembling aging. Such as a short life span, infertility,
arteriosclerosis, skin atrophy, and osteroporosis.

Survival rate (%)

50
Age (days)
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Methods for introducing genes into

mouse embryos

MICROINJECTION of @ GENE TRANSFER into
cloned DNA into ES cells with cloned DNA
zygoltes == lLes o a] ©Of by infection
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DNA injection into fertilized eggs (over-expression,
multiple copies of transgene)

e To study gene control

e To change the physiology of mice

e To study oncogene function

Il 2 Fit L& 78 (knock out): #4704 34 Ak FI A A indd '
!¢ (embryonic stem cells) p £ 7Lk > | * 47 Feciia?s
e BT I A FIR B E R e o

Gene transfer using embryonic stem (ES) cells (gene
knock-out, null mutation)

e To study gene function in vivo

e To change the phenotype of mice

o To examine the gene redundancy (gene knock-in)
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Transfer injected eggs
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GRTRES ST o (Alzhelmers disease)

zﬁ"]ﬁ BB 7 i

#E hk = 5% 3-v  (Amyloid Precursor Protein, APP) 8 #] & 78 % 1~
(Nature 373:523-527, 1995; ) 2t A0 AT B

LETTERS TO NATURE

B-peptide Familial AD mutation

Alzheimer-type neuropathology

a

PDGF-B

in transgenic mice promoter g SV40-poly(A)
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- - 12 3. 478 6 7 8 9 101112131415 161718
p-amyloid precursor protein
Dora Games™, David Adams’i, Ree AlessandriniT,
Robin Barbour®, Patricia Berthelet'te1 I d 1 2 3
Catherine Blackwellfi, Tony Carr®,
James Clemens$, Thomas Donaldson’i, ‘ c M. (K)
Frances Gillespiet, Terry Guido®, 'l 09 r
Stephanie Hagopian', Kelly Johnson-Wood*, M 0 200 =
Karen Khan*, Mike Lee*, Paul Leibowitz'1, it i
lvan Lieberburg*®, Sheila Little}, Eliezer Masliah|,
Lisa McConlogue™, Martin Montoya-Zavalafl,
Lennart Mucke ', Lisa Paganini”, M, (K) 97.4 =
Elizabeth Penniman’, Mike Power”, 200 -
Dale Schenk*, Peter Seubert”, Ben Snyder", 116 — 69.0 =

Ferdie Soriano*, Hua Tan*, James Vitale'],
Sam Wadsworthi, Ben Wolozin** & Jun Zhao*

* Athena Neurosciences, Inc., 800 Gateway Boulevard, 45 —
South San Francisco, California 94080, USA 46.0 =
+ Exemplar Corporation, One Innovation Drive, Worcester,
Massachusetts 01605, USA
§L tm Research Laboratories, Indianapolis, Indiana 46285, USA
e Scripps Research Institute, Department of Neuropharmacology,
1‘)666 North Torrey Pines Road, La Jolla, California 92037, USA
Department of Neurosciences, University of California, San Diego,

3) )0 Gilman Drivet La Jolla, California 92093, USA

* Laboratory of Clinicz ﬂ &( n n(,( Natlonai 1Hst|tum Of Memﬂ Health,

S A b ICA

~Aa A L


Nature1998.pdf

Cell

CosdNFH
Volume 73 Number 1 April 9, 1993 e

« Human
« Line 120
Control

L
Easessse Line 116

Hindlll

Line 200
- Linc 635
5

Hindlll
Hindlll

by 223 U4

NF-L Mstll Aval

Aval BssHIl Xbal

Hindlll
Hingi  BssHil

Sacl

NF-L(Bam)
Baf;‘”' Xbal
cceece GACGGATC/CTCTAGAGTC TGAGGG Xbal Xbal

Hindlll
Hindlll

Sacl

gy////////////é_Z-%-m§'lllllllllllllllllll

BssHill Aval BssHII

Motor

: MSV-NF-L C
Neuron s

Av BssHIl Xbal

Hindllt

Disease

NF-L promoter 7] NF-L coding region (] NF-Lintrons

NF-L 5'or 3' ut [mm NF-L 3' flanking region MSV LTR




Animal model for cerebellar atrophy

5 - T21 NT
BrCb S BrCb S BrCb S



2974.pdf
internexinTg/2974.pdf

Animal model for epidermolysis bullosa simplex
(J. Cell Biol. 115:1661-1674,1991)

A human keratin 14 ‘knockout” the absence of K14 leads to severe
epidermolysis bullosa simplex (Gene & Development 8:2574-2587, 1994)
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Animal models from nature mutants
Dystonia Musculorum

Dst mice for dystonia musculorum: The mouse dystonia musculorum gene Is
a neural isoform of bullous pemphigiod antigen 1. (Nature Genetics 10:301-3086,
1995). Bullous Pemphigoid Antigen 1 (BPAGL1) is a cytoskeletal linker protein).



ob mice for obesity:

Effects of the obese gene product-en body weight regulation in ob/ob

mice. (Science.269: 540-543, 1995)

The obese gene: leptin (Reviews for

Figure 22-49 Effects of leptin
deficiency. Normal mice are here
compared with a mouse that has a
mutation in the obese gene, which codes
for leptin. The leptin-deficient mutant fails
to limit its eating and becomes
grotesquely fat (three times the weight of
a normal mouse). (Courtesy of Jeffrey M.
Friedman.)

- Nature 404: 631-677, 2000




Leptin and insulin play roles in the energy balance
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Neuroendocrine regulations

of food intake
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Gene transfer using
embryonic stem (ES)
cells (gene knock-out,
null mutation)
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(3 days)
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Embryonic stem cells
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early embryo
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Mate chimeric mice
X to homozygous
white mice

Black progeny develop from germ-line
cells derived from ES cells and are
heterozygous for disrupted gene X
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The Wnt-1 (int-1) Proto-Oncogéne Is Required for I‘f
Development of a Large Region of the Mouse Brain

int-1%/int-1+ int-1*/int-1+ int-1-/int-1-

" Andrew P. McMahon® and All ‘ . A

© *Department of Cell and Deve
Roche Institute of Molecular Bi |
Roche Research Center
Nutlgy, New Jersey 07110
TInstitute for Molecular Genetic
Baylor College of Medicine
Houston, Texas 77030

forebrain

‘Summary

The Wnt-1 (int-1) proto-oncol
putative signaling molecule, i
in the developing central ne
testes. To examine the role of
independent embryonic stem
tion of a neo® gene by homolt ~ myelencephalon
activated a Wnt-1 allele. G ‘

cerebellum




N-myc KO: die during Organogenesis (E10.5 - E12.5)
(Genes & Development 6:2235-2247, 1992,
Genes & Development 6:2248-2257, 1992)

Embryonic lethality in mice homozygous
for a targeted disruption of the N-myc
gene

Jean Charron,'” Barbara A. Malynn,"” Peter Fisher,'* Valerie Stewart,"* Lucie Jeannotte,>®
Stephen P. Goff,' Elizabeth J. Robertson,’ and Frederick W. Alt'?

The Howard Hughes Medical Institute and Departments of Biochemistry and Molecular Biophysics, and Microbiology,
College of Physicians and Surgeons, Columbia University, New York, New York 10032 USA; *Centre de Recherche
en cancerologie de L'Universite Laval, Hotel-Dieu de Quebec, Quebee, Canada, GIR 2J6; “The Howard Hughes Medical
Institute, The Children's Hospital, Boston, Massachusetts 02115 USA; “Department of Pathology; *Department of Genetics
and Development, College of Physicians and Surgeons, Columbia University, New York, New York 10032 USA

Loss of N-myc function results

in embryonic lethality and failure

of the epithelial component of the embryo
to develop |

Brian R. Stanton, Archibald S. Perkins', Lino Tessarollo, David A. Sassoon,” and Luis F. Parada’

Molécylar Embryology and 'Molecular Genetics of Oncogenesis Sections, ABL-Basic Research Program, National Cancer
Institute—Frederick Cancer Research and Development Center, Frederick, Maryland 21702-1201 USA

myc genes are thought to function in the processes of cellular proliferation and differentiation. To gain insight
into the role of the N-myc gene during embryogenesis, we examined its expression in embryos during
postimplantation development using RNA in situ hybridization. Tissue- and cell-specific patterns o[‘
expression unique to N-myc as compared with the related c-myc gene were observed. N-myc transcripts
become progressively restricted to specific cell types, primarily to epithelial tissues including those of the
developing nervous system and those in developing organs characterized by epithelio-mesenchymal
interaction. In contrast, c-myc transcripts were confined to the mesenchymal compartments. Tllfese dat'a
suggest that c-myc and N-myc proteins may interact with different substrates in performing their iunctmr{
during embryogenesis and suggest further that there are linked regulatory mechani-sms for nor?nal expression
in the embryo. We have mutated the N-myc locus via homologous recombination in embryonic stem (ES) cells
and introduced the mutated allele into the mouse germ line. Live-born heterozygotes are under-represented

but appea R sous mutant embryos die prenatally at ~11.5 days of gestation. Histologic




Rb KO: defects in nheurogenesis and haematopoiesis
(Nature 359: 288-294, 1992; Nature 359:295-300, 1992).

Mlce deflclent for Rb are nonVIabIe and show

defects in neurogenesis and haematopoiesis

Eva Y.-H. P. Lee"’, Chi-Yao Chang’, Nanpin Hu', Yi-Chun J. Wang’,
Chen-Chmg Lai", Karl Herrup’, Wen-Hwa Lee’ & Allan Bradley'

ty of Te Health Science Center at San Antonio, Texas 78284, USA

eland, Ohio 441 USA

The retmohlastoma gene, a prototyplc tumour-suppressor gene, encodes a nuclear phosphopr !
(Rb). To understand better the role of Rb in development and in tumorigenesis, mice with an insert
mutation in exon 20 of the Rb-1 locus were generated. Homozygous mutants die before the
embryonic day with multiple defects. The haematopoietic system is abnormal; there is a signif
increase in the number of immature nucleated erythrocytes. In the nervous system, ectopic mit
and massive cell death are found, particularly in the hindbrain. All spinal ganglion cells die, bu
neural retina is unaffected. Transfer of the human retinoblastoma (RB) mini-transgene into the mt
mice corrects the developmental defects. Thus. Rb is essential for normal mouse development

RETINOBLASTOM A, an ocular n.hlldhnud tumour, h‘l\ been A

cgion seems to be important for Rb function be
model for stud

cancer predi

an autosomal dominant trait’. But ve nature of the
mutant gene was proposed in Knudson's ‘two-hit" hypothesis®,
and later substantiated’”. Although the eye is usually the first
site of tumour formation, patients with hereditary retinoblas-

terminal truncations of Rb deleting the T/E1A-b:

are nonfunctional'®*®,
ata surrounding the behaviour
present something paradox. Its ubiquitous expressio
seeming involvement in cell regulation suggest that it
a central role in essential cellular activity. But by con



P53 KO: developmentally normal but susceptible to
spontaneous tumors (Nature 356:215-221, 1992)

Mice deficient for p developmentally
normal but susceptible to spontaneous

tumours

Lawrence A. Donehower’, Michele Harvey’, Betty L. Slagle’, Mark J. McArthur/,
Charles A. Montgomery Jr , Janet S. Butel’ & Allan Bradley

.j\'\) )t Mol€ ar Virology, ' Center for Comparatt » Medicine, and : Institute for Mole
xas 77030 ,‘)"4

Mutations in the p53 tumour-suppressor gene are

the most frequently observed genetic lesions in
human cancers. To investigate the role of the pS3
gene in mammalian development and tumori-
genesis, a null mutation was introduced into the
gene by homologous recombination in murine
embryonic stem cells. Mice homozygous for the
null allele appear normal but are prone to the
spontaneous development of a variety, of neo-
plasms by 6 months of age. These observations
indicate that a normal p53 gene is dispensable for
embryonic development, that its absence. pre- #
disposes the animal to neoplastic disease, and that
an oncogenic mutant form of p53 is not obligatory




c-fos KO: defects in bone formation and haematopoiesis
(Cell 71:577-586, 1992; Nature 360:741-745, 1992).

c-src KO: osteopetrosis (impaired osteoclast function)

(Cell 64:693-702., 1991)

4

PDGF receptor Ras proteins EgSF [sis]
EGF receptor [erbB] [H-ras] M-CSF
M-CSF receptor [fms] [N-ras] Src protein kinase

[K-ras] [src] growth factors
growth-factor receptors GTP-binding membrane/cytoskeleton-
acting via tyrosine-specific proteins associated tyrosine-specific

protein-kinase activity protein kinases

thyroid hormone

[fels] receptor [erbA]

cytoplasmic tyrosine-specific steroid-type growth- serine/threonine-

protein kinases factor receptors specific
protein kinases




MyoD KO:normal in muscle development, yet leads to up-
regulation of the myogenic gene Myf-5 (Cell 71:383-390, 1992)

Myf-5 KO: abnormal rib development and perinatal death

(Cell 71: 369-382, 1992)

Table 2. Identification of MyoD1 and some MyoD1 homologs

MyoD1 homolog

Animal

Homology

MyoD1
Myf-3
XMyoD
CMD1
gmf1
CeMyoD
nau
Myogenin
Myf-4
gmf2
myf-5
gmf3
MRF-4
Herculin

Mouse
Human

Frog (X. laevis)

Chicken
Quail

Worm (C. elegans)
Fly (D. melanogaster)

Rat/mouse
Human
Quail
Human
Quail

Rat
Human

MyoD1
MyoD1
MyoD1
MyoD1
MyoD1
MyoD1
MyoD1
myogenin
myogenin
myogenin
myf-5
myf-5
MRF-4
MRF-4

*
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Inactivation of MyoD in Mice Leads to

Up-Reguilation of the Myogenic HLH Gene Myf-5 and
Results in Apparently Normal Muscle Development

Michael A. Audnicki, "™ Thomas Braun,*
Shuji Hinuma, *§ and Rudoit Jaenisch*
*Whitehead Institute

and Department of Biclogy
Massachusetts Institute of Technology
Cambridge. Massachusetts 02142
*Department of Toxicology

University of Hamburg Medical School
2000 Hamburg 13

Grindelallee 117

Germany

Cell, Vol 71, 369-382. October 30, 1992, Copyngnt © 1992 by Cell Press

Targeted Inactivation of the Muscle Regulatory

the skeletal myocyte lineage (Olson. 1990: Weintraub
al., 1991; Buckingham, 1992).

In vertebrates, skeletal muscle originates from a sm:
pool of progenitor cells that anse in the early somite (r
viewed by Buckingham, 1992; Miller, 1991, 1992). Thes
premyoblast stem cells become the dermamyotcmal cor
partment of the maturing somite, from which myoblas
expand into the developing embryo. In mice, skeletal mu
¢le development occurs in several phases. First. to diffe
entiate in the fetus at 8.5 days of gestation, the myotom
fiber precursors give rise to small spindle-like myotom
fibers displaying the earliest expression of muscle-speci

//

Gene Myf-5 Results in Abnormal Rib Development

and Perinatal Death

Thomas Braun,* Michael A. Rudnicki,*
Hans-Henning Arnold,” and Rudolf Jaenischt
“Department of Toxicology

University of Hamburg Medical School

2000 Hamburg 13

Grindelallee 117

Germany

tWhitehead Institute for Biomedical Research
and Department of Biology

Massachusetts Institute of Technology
Cambridge, Massachusetts 02142

Summary

The Myf-5 gene, a member of the myogenic basic HLH
tactor family, has been inactivated in mice after homol-
ogous recombination in ES cells. Mice lacking Myf-5
were unable to breathe and died immediately after

CANNTG. Detailed mutational analysis of MyoD (Davis et
al., 1990), myogenin (Brennan et al.. 1991), and Myf-5
(Winter et al., 1992) has demonstrated that the conserved
basic and HLH domains are responsible for sequence-
specific DNA binding and heterodimerization with the
ubiquitcusly expressed HLH products of the E2A gene,
respectively. Transcriptional activation is dependent on
a transactivator domain located in the NH.—terminus of
MyoD (Weintraub et al., 1991b), and on two_regions lo-
cated upstream and downstream of the conserved HLH
domain in myogenin and Myf-5 (Schwanz et al., 1992;
Braun et al., 1990b; Winter et al., 1892).

Despite suggestive evidence obtained from tissue cul-
ture experiments, the individual or collective role of myo-
genic factors during muscle development in vivo has not
been determined to date. It has been difficult 10 ascribe
specific functions to the individual myogenic HLH proteins,
because each factor can influence its own expression as
well as that of the other factors in most cell lines (Thayer




Myogenin KO: Muscle deficiency and neonatal death
(Nature 364:501-506, 1993)

Myf-5 and Myf-6 double KO: alterations in skeletal muscle
development (EMBO J. 14: 1176-1186,.1995)

Myogenin knock-in in myf-5 KO mice; Functional
reduundancy of the muscle-specific transcriptionfactors Myf5
and myogenin (Nature 379: 823-825, 1996)

wild type myg-ki/myg-ki

myf-6 -/- myf-6 &-5 -/-



Regulation of skeletal muscle
mass in mice by a new TGF-
superfamily member

Alexandra C. McPherron*, Ann M. Lawlerf & Se-Jin
* Department of Molecular Biology and Genetics, and T Department of
Gynecology and Obstetrics, Johns Hopkins University School of Medicine,
725 North Wolfe Street, Baltimore, Ma ryland 21205, USA

The transforming growth factor-B (TGF-B) superfamily encon
passes a large group of growth and differentiation factors playi
important roles in regulating embryonic development and
maintaining tissue homeostasis in adult animals'. Using dege
wild-type myostatin

mouse mutant

B gene KO

Myostatin

(Nature

387:83-90, 1997)
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Belgian Blue Mutation |
at the myOStat|n gene 929 GATTGTGATGAACACTCCACAGAATCT 955
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FiG. 3. Myostatin mutations in Belgian Blue (Left) and Picdmontese (Right) cattle compared with wild-type Holstein cattle. The nucleol
mediately preceding (A936) and following (C948) the Belgian Blue 11-nucleotide deletion are marked. Nucleotide and amino acid sequ
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QUESTION 1:
Can genes be truly redundant?

« Superfluous, nonfunctional expression of proteins in the
development or even in the adult. (Erickson, 1993, J.Cell Biol.
120:1079-1081) e.g. NGF In salivary gland

» Highly expression of c-src , a tyrosine kinase in platelets;,in
neurons, and in testis, surprisingly, these tissues appeared
completely normal in c-src KO mice.

# Data from immunocytochemistry (or Western) and in situ
hybridization (or Northern)

- Please do not jump to the conclusion too fast. Especially; if
you want to address the function of your favor gene products
(MRNA or proteins).



QUESTION 2:
“No phenotype” means nothing wrong? How
about “positive” effect?

vimentin KO: No phenotype (Cell 79:679-694, 1994)
GFAP KO: No phenotype (EMBO J. 14:1590-1598, 1995)

It depends on the viewpoint from gross function.

It also depends on the physiological or pathological‘view.

e.g. p53 KO-> Abnormal centrosome amplification
(Science 271: 1744 -1747, 1996)

Knockout the Negative factor:
Regulation of skeletal muscle mass in mass by a new TGE-

B superfamily member (myostatin KO)
- “Super” mouse!! (Nature 387: 83-90, 1997)



QUESTION 3:
A knockout mouse model is areally good animal
model for studying human genetic disease”?

* CNTF (ciliary neurotrophic factor) KO Distr"rt':::rz:‘t::g‘e’:Te':j;"ne results in
mice: motor neuron degeneration (Nature moro
365:27-32, 1993)

" Yasuo Masu, Eckhard Wolf, oltmann hael Sendtner,

article

A null mutation in the human CNTF
gene is not causally related to A null mutation in the human

neurological diseases. (Nature Genetics CNTF gene is not causally related
7:79-84, 1994). to neurological diseases

*CNTFR KO mice: die perinatally and display severe motor
neuron deficits. (Cell 83:313-322, 1995)



