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® FGF (Fibroblast growth factor)

® BMP (Bone Morphogenetic Protein)
® Shh (Sonic Hedgehog)

® VWnt
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Eric Wiechaus
Nobel Prize, 1995

segment
polarity gene

1) " . . ' - . .
Kruppel even-skipped hedgehog
Figure 2. Phenotypes of Mutations affecting segmental pattern. The size and spacing of the pattern deletions in
mutant embryos at the end of development allows extrapolation back to requirements for gene activities at
blastoderm stage. Segmentation genes can be grouped into threi: classes: mutations in gap genes show large
contiguous deletions in the pattern, mutations in pair-rule genes show pattern deletions spaced at double

segment intervals, and mutations in segment polarity genes cause pattern deletions in each segment. One

example is shown for each class.
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FGFI10 FGFI10 KO Review

Development 124,

4867-4878 (1997) Nat Gen. 21, 138- (1999) Dev Dyn 219:121-130 (2000)
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Table 1. Examples of mutations in mouse giving a reported lung and/or tracheal phenotype

7

Gene symizol

Gene name

Expression pattarn

Phenotype

Reference

Signaling molecule

Egfr Epidermal growth factor receptor Epithelium and Impaired branching and deficient Miettinen et al. {1997}
mesenchyme alveclization
Fgfi18 Fibroblast growth factor 18 Mesenchyme Deficient alveolization Usui et al. (2004)
Fgifg Fibroblast growth factor 9 Epithelium and pleura  Impaired branching, reduced Caolvin et al. (2001}
mesenchyme
GremT Gremlin 1 Epithelium and Deficient alvealization Michos et al. (2004)
mesenchyme
Hip1 Huntingtin-interacting protein 1 Mesenchyme Impaired branching Chuang et al. (2003)
Shh Sonic hedgehog Epithelium Impaired branching, Litingtung et al. {1998)
trachecesophageal fistula
Tgfb3 Transforming growth factor, B3 Epithelium and pleura  Impaired branching Kaartinen et al. (1995)
Wnt7b Wingless-related MMTV integration  Epithelium Wascular defect, reduced mesenchyme  Shu et al. (2003)
site TB
Catrnb? p-Catenin Epithelium Impaired branching, proximaldistal Mucenski et al. (2003}
specification
Lthpd Latent transforming growth factor Not reported Pulmonary emphysema Stemer-Kock et al. (2002}
@ binding protein 4
Wniha Wingless-related MMTV integration  Mesenchyme and Increased branching, tracheal defect Li et al. (2002)
site DA epithelium
Fgfid Fibroblast growth factor 10 Mesanchyme Lung agenesis Sekine et al_ (1999)
Fgfrib Fibroblast growth factor receptor 2b Epithelium Lung agenesis De Moerooze et al. (2000)
FgfB Fibroblast growth factor B Not reported Right pulmonary isomerism Fischer et al. {2002)
Aovr2b Activin receptor lIB Not reported Right pulmonary isomerism Th and Li {1997)
Nodal Naodal Not reported Right pulmonary isomerism Lowe et al. (2001)
Leftyl Left right determination factor 1 Not reported Left pulmonary Bomerism Meno et al. (1998)
Trarfd Tnf receptor associated factor 4 Not reported Tracheal defect Shiels et al. (2000)
Fgfr3iFgfrd Fibroblast growth factor receptor Epithelium and Deficient alveolization Weinstein et al. {1998)
L mesenchyme
Nog Noagin Mesanchyme Lobation defect Weawver et al. (2003)
Transcription factor
Cebpa CCAATfenhancer binding protein Epithelium Hyperproliferation of type 1l cells Sugahara et al. (2001)
{U/EBF), @
FoxaliFoxaZ  Forkhead box A1/A2 Epithelium Impaired branching, reduced smooth ~ Wan et al. (2005)
miusche
Fouxfla Forkhead box Fla Mesenchyme Impaired branching, lobation defect Lim et al. (2002)
Hoxah Homeobox A% Mesanchyme Impaired branching, tracheal defect Aubin et al. (1997)
KIf2 Kruppel-like factor 2 {lung) Not reported Impaired sacoulation Wani et al. (1999)
Mycn MNeurcblastoma myc-related Epithelium Impaired branching Moens et al. (1993)
oncogene 1
Trp&3 Transformation-related protein 63 Epithelium Tracheobronchial defect Dianiely et al. {2004)
Tt Thyroid transcription factor 1 Epithelium Loss of distal lung fate, impaired Kimura et al. {1909&)
branching, tracheoesophageal
fistula
Nfib MNuclear factor /B Epithelium and Sacculation defect Steele-Perkins et al. (2005)
mesenchyme
SoxT1? SRY-box-containing gene 11 Epithelium Hypoplastic lung Sock et al. (2004)
Tof21 Transcription factor 21 (Pod1) Mesenchyme Impaired branching Quaggin et al. {1999)
Rarb/Rara Retinoic acid receptor ofp Epithelium and Left lung agenesis and right lung Mendelsohn et al. (1994)
masenchyme hypoplasia
Fited Faired-like homecdomain Mesenchyme Right pulmonary isomerism Lin et al. (1999}
transcripticn factor 2
Foug 1 Forkhead box 11 Epithelium Left-right asymmetry, loss of ciliated Brody et al. (2000)
cells
Gatab GATA-binding protein & Epithelium Impaired sacoulation Yang et al. (2002)
GR2IGH3 GL-Eruppel family member Mesanchyme Lung agenesis Motoyama et al. (199E)
GLIZAGLIZ
Ascit klljfet;!-su.rte complex homolog- Neurcendocrine cells Loss of nreurcendocrine cells tto et al. (200d0)
ike
Others
Eln Elastin Mesenchyme Deficient alvealization Wendel et al. 2000)
Lmnbi Lamin B1 Epithelium and Deficient alveolization Vergnes et al. (2004)
mesenchyme
Lama5 Laminin =% Epithelium and pleura  Defective lobation Mguyen et al. (2002)
Peaf pI00CBP-assodated factor Epithelium and Defective proximal and distal Shikama et al. (2003)
mesenchyme epithelial cell differentiation
Adami7 A disintegrin and metallopeptidase  Epithelium Impaired epithelial differentiation, Zhao et al. (2001}
domain 17 impaired branching Peschon et al. (199E8)
Crh Corticotropin releasing hormone Epithelium Defective epithelial and mesenchymal  Muglia et al. (1999)
maturation
Pthih Farathyroid hormone-like Epithelium Deficient alveolization Rubin et al. (2004)
eptide
ltga3 Intlijagprl?n o3 Epithelium Impaired branching Kreidberg et al. {1996)
Cutl] Cut-like 1 Epithelium Impaired epithelial differentiation Ellis et al. (2001)

Development 133, 1611- (2006)
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Table 1. Examples of mutations in mouse giving a reported lung and/or tracheal phenotype
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Gene symbaol

Gene name

Expression pattern

Phenctype

Reference

Signaling molecule

Egir Epidermal growth factor receptor Epithelium and Impaired branching and deficient Miettinen et al. {1997)
mesenchyme alveolization
Fgf18 Fibroblast growth factor 18 Mesenchyme Deficient alvealization Usui et al. (2004)
Fgfg Fibroblast growth factor 9 Epithelium and pleura  Impaired branching, reduced Colvin et al. (2001)
mesenchyme
Grem1 Gremilin 1 Epithelium and Deficient alvealization Michos et al. (2004)
mesenchyme
Hip1 Huntingtin-interacting protein 1 Mesenchyme Impaired branching Chuang et al. (2003)
Shh Sonic hedgehog Epithelium Impaired branching, Litingtung et al. (1998)
tracheoesophageal fistula
Tgfh3? Transforming growth factor, B3 Epithelium and pleura  Impaired branching Kaartinen et al. {1995)
Wint7b Wingless-related MMTV integration  Epithelium Vascular defect, reduced mesenchyme  Shu et al. (2002)
site 7B
Catnnb? p-Catenin Epithelium Impaired branching, proximaldistal Mucenski et al. {2003)
specification
Lthpd Latent transforming growth factor Not reported Pulmaonary emphysema Stermer-Kock et al. (2002}
B binding protein 4
Wni5a Wingless-related MMTV integration  Mesenchyme and Increased branching, tracheal defect Li et al. (2002}
site 5& epithelium
Fgfl0 Fibroblast growth factor 10 Mesenchyme Lung agenesis Sekine et al. (1999)
Fgfr2h Fibroblast growth factor receptor 2b - Epithelium Lung agenesis De Moerooze et al. (2000)
Fgr8 Fibroblast growth factor B Not reported Right pulmonary isomerism Fischer et al. {2002)
AcowrZb Activin receptor I1B Not reported Right pulmonary isomerism Th and Li (1997)
Nodal MNaodal Not reported Right pulmonary isomerism Lowe at al_ (2001)
Leftyl Left right determination factor 1 Mot reported Left pulmonary somerism Meno et al. (1998)
Trafd Tnf receptor associated factor 4 Not reported Tracheal defect Shiels et al. (2000)
FgfrifFgird Fibroblast growth factor receptor Epithelium and Deficient alvealization Weinstein et al. (1998)
34 mesenchyme
Nog MNoaggin Mesenchyme Lobation defect Weaver et al. (2003}
Transcription factor
Cebpa CCAAT/enhancer binding protein Epithelium Hyperproliferation of type [l cells Sugahara et al. (2001)
{C/EBF), o
Foxal/FoxaZ Forkhead box A1/AZ Epithelium Impaired branching, reduced smooth Wan et al. (2005)
miusche
Foxfla Forkhead box Fla Mesenchyme Impaired branching, lobation defect Lim et al. (2002)
Hoxas Homeobox A5 Mesenchyme Impaired branching, tracheal defect Aubin et al. (1997)
Kif2 Kruppel-like factor 2 (lung) Not reported Impaired sacoulation Wani et al. (1999)
My MNeuroblastoma myc-related Epithelium Impaired branching Moens et al. (1997)
oncogene 1
Trpé3 Transformation-related protein 63 Epithelium Tracheobronchial defect Daniely et al. {2004)
Titfl Thyroid transcription factor 1 Epithelium Loss of distal lung fate, impaired Kimura et al. (1996)
branching, tracheoesophageal
fistula
Nfib MNuclear factor /B Epithelium and Sacculation defect Steele-Perkins et al. (2005)
mesenchyme
Sox11 SRY-box-containing gene 11 Epithelium Hypopilastic lung Sock et al. (2004}
Tof21 Transcription factor 21 (Pad1) Mesenchyme Impaired branching Quaggin et al. {1999}
FRarbiRara Retinoic acid receptor «fp Epithelium and Left lung agenesis and right lung Mendelsohn et al. (1994}
mesenchyme hypoplasia
Fitx? Paired-like homecdomain Mesenchyme Right pulmonary isomerism Lin et al. {19949)
transcription factor 2
FoufT Forkhead box 11 Epithelium Left-right asymmetry, loss of ciliated Brody et al. (2000)
cells
Gatab GATA-binding protein & Epithelium Impaired sacoulation Yang et al. (2002)
GRZIGH3 GL-Kruppel family member Mesenchyme Lung agenesis Motoyama et al. (1998)
GLI2GLI3
Ascll Achaete-scute complex homalog- Neuroendocrine cells Lioss of neurcendacring cells lto et al. (2000}
like 1
Others
Eln Elastin Mesenchyme Diefident alveolization Wendel et al. (2000)
Lmnb1 Lamin B1 Epithelium and Deficient alveolization Vergnes et al. (2004)
mesenchyme
Lamas Laminin o5 Epithelium and pleura  Defective lobation HNguyen et al. (2002)
Pcaf p300/BP-associated factor Epithelium and Defective proximal and distal Shikama et al. (2003)
mesanchyme epithelial cell differentiation
Adami17 A disintegrin and metallopeptidase  Epithelium Impaired epithelial differentiation, Fhao et al. (2001}
domain 17 impaired branching Peschon et al. (1998)
Crh Corticotropin releasing hormone Epithelium Defective epithelial and mesenchymal  Muglia et al. {1999)
maturation
Pthif Parathyroid hormane-like Epithelium Deficient alvealization Rubyin et al. (2004)
eptide
Itga3 Ingpr#l o3 Epithelium Impaired branching Kreidberg et al. {1996)
Cull? Cut-like 1 Epithelium Impaired epithelial differentiation Ellis et al. (2001}
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Crouzon syndrome - FGFR GOF mutation

Child’s Nerv Syst (2000) 16:645-658
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J. Murray "Mathematical Biology



“WVell, the stripes are easy but
what about the horse part?”

F Crick, 1972
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