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I.  Growth of mammals is dependent on growth factors

Fibroblast growth factors (FGFs):

*FGF-4: Requirement of FGF-4 for postimplantation 

mouse development. (Science 267:246-249, 1995)

*FGF-5: FGF5 as a regulator of the hair growth cycle: 

evidence from targeted and spontaneous mutations. 

(Cell 78:1017-1025, 1994).

*FGF receptor-1: fgfr-1 is required for embyonic 

growth and mesodermal patterning during mouse 

gastrulation. (Genes Dev. 8:3032-3044, 1994)

*FGF receptor-3: Skeletal overgrowth and deafness in 

mice lacking fibroblast growth factor receptor 3. 

(Nature Genetics 12: 390-397, 1996)

Fibroblast growth factor receptor 3 is a negative 

regulator of bone growth. (Cell 84:911-921, 1996)
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Insulin-like growth factors (IGF):

IGF- I: knock out animal model shows that IGF-

1 play an important role in the embryonic 

development. (Cell 75:73-82, 1993)

IGF- II: Knockout mice developed relatively 

normal, but weigh only 60% of the normal 

newborn body weight. (Nature 345:78-80, 1990)
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Transforming growth factors (TGF):

*TGF a: Mice with a null mutation of the TGF a gene 

have abnormal skin architecture, wavy hair, curly 

whiskers and often develop corneal inflammation. 

(Cell 73:249-261, 1993)

TGF a deficiency results in hair follicle and eye 

abnormalities in targeted and waved-1 mice. 

(Cell 73:263-278, 1993).

*TGFb1: Defective haematopoiesis and 

vasculogenesis in transforming growth factor b1 

knockout mice. (Development 121: 1845-1854, 1995)
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TGF-b Signal Pathway (movie)
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Nerve growth factors:

*NGF: Mice lacking nerve growth factor display perinatal 

loss of sensory and sympathetic neurons yet develop basal 

cholinergic neurons. 

(Cell 76:1001-1011, 1994).

*BDNF: Targeted disruption of the BDNF gene perturbs 

brain and sensory neuron development but not motor 

neuron development. 

(Cell 76: 989-999, 1994)

*GDNF: Defects in enteric innervation and kidney 

development in mice lacking GDNF. 

(Nature 382:73-76, 1996) 

Renal and neuronal abnormalities in mice lacking GDNF. 

(Nature 382:76-79, 1996)
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GDNF  KO:
Defects in kidney development



II. Cell adhesion: 
play important roles in the early embryonic development



Defects in mesoderm, neural tube and vascular 

development in mouse embryos lacking fibronectin. 

(Development 119:1079-1091, 1993)

Fibronectin
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a5 integrin: 

Embryonic mesodermal defects in a5 integrin-

deficient mice. (Development 119:1093-1105, 1993)

b1 integrin: 

Deletion of b1 integrins in mice results in inner cell 

mass failure and peri-implantation lethality. 

(Genes & Dev. 9: 1883-1894, 1995) 

Consequence of lacking of b1 integrin gene 

expression in mice. 

(Genes & Dev. 9: 1896-1908, 1995)

Development/Integrin.htm


E-cadherin: A targeted mutation in mouse E-

cadherin gene results in defective preimplantation.

(PNAS 92:855-859, 1995)



Connexin 43:
Cardiac malformation in neonatal mice lacking connexin 

43. (Science 267: 1831-1834, 1995).
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VCAM-1: 

Defective development of the embryonic and 

extraembryonic circulatory systems in 

vascular cell adhesion molecule (VCAM-1) 

deficient mice. 

(Development 121: 489-503, 1995) 

Targeted disruption of the murine VCAM-1 

gene: essential role of VCAM-1 in 

choriollantoic fusion and placentation. 

(Genes & Dev. 9: 1-14, 1995).

VCAM1.htm


Aging and Senescence
The life span, length of gestation, and age 

at puberty for various mammals



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 involved in unwinding 

DNA. (Science 272: 258-262, 1996).



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.



•Impaired 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, is a 3’ -> 5’ 

exonuclease (Nature genetics 20, 114-116, 1998)



The telomere theory: A feature shared by senescence 

cells in culture and in vivo is shorting of the telomeres. 

The length of the telomeres is reduced in older cells.

Telomerase: a  reverse transcriptase that synthesizes telomeric 

repeats onto the ends of chromosomes (movie).
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Analysis of telomere lengths in cloned sheep 

(Nature 399:316-317, 1999)

Cloned sheep Dolly

(Nature 385:810-813, 1997)

The length of terminal telemere 

fragment in Dolly is consistent with the 

age of her progenitor mammary tissue 

(6 years old). 



Telemere shortening in TR-/- embryos is associated 

with failure to close the neural tube. 

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



Telomeres: Ageing hard or hardly ageing?

(Nature 398, 191-193, 1999)

Table 1. Ageing syndrome in mouse and man



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)



The klotho gene product (shares sequence similarity with 

glucosidase enzymes) may function as part of a signaling 

pathway that regulates aging in vivo.



Mutation of the mouse Klotho gene leads to a syndrome 

resembling aging. Such as a short life span, infertility, 

arteriosclerosis, skin atrophy, and osteroporosis. 





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

Genes & Development 6:2248-2257, 1992)



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



p53 KO: developmentally normal but susceptible to 

spontaneous  tumors (Nature 356:215-221, 1992)



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)



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)



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 transcription factors Myf5 

and myogenin (Nature 379: 823-825, 1996)



Myostatin 

gene KO 
(Nature 

387:83-90, 1997)



Nature KO mutants:

in the Belgian Blue

Belgian Blue Mutation 

at the myostatin gene



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).



vimentin KO: No phenotype (Cell 79:679-694, 1994)

GFAP KO: No phenotype (EMBO J. 14:1590-1598, 1995)

QUESTION 2:

“No phenotype” means nothing wrong? How 

about “positive” effect?

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 TGF-

b superfamily member (myostatin KO) 

 “Super” mouse!! (Nature 387: 83-90, 1997)



QUESTION 3:

A knockout mouse model is a really good animal 

model for studying human genetic disease?

• CNTF (ciliary neurotrophic factor) KO 

mice: motor neuron degeneration (Nature 

365:27-32, 1993)

• A null mutation in the human CNTF 

gene is not causally related to 

neurological diseases. (Nature Genetics 

7:79-84, 1994).

•CNTFR KO mice: die perinatally and display severe motor 

neuron deficits. (Cell 83:313-322, 1995)


