
Table 6. HPE Candidate Genes and Their Chromosomal Loci 

Gene Chromosomal 
Location Candidate Genes Reference 

Cytogenetically defined HPE loci 

HPE1 21q22.3 Lanosterol 
synthase? 

Muenke et al 1995, 
Roessler et al 1996 

HPE2 2p21 SIX3 Schell et al 1996, Wallis et 
al 1999 

HPE3 7q36 Sonic hedgehog 
(SHH) 

Gurrieri et al 1993; Belloni 
et al 1996; Roessler et al 

1996; Roessler, Belloni et al 
1997  

Sacral agenesis 7q36 Not sonic 
hedgehog (SHH) Vargas et al 1998 

Limb anomaly 7q36 Not sonic 
hedgehog (SHH) Vargas et al 1998 

HPE4 18p11.3 Homeobox gene 
TGIF 

Bertolino et al 1995, 
Overhauser et al 1995, 

Gripp et al 2000 

HPE5 13q32 Zinc finger protein 
gene (ZIC2) Brown et al 1998 

HPE6 3p24-pter 
Zinc finger protein 
gene, ZIC1 and/or 

ZIC4? 

Aruga, Nagai et al 1996; 
Aruga, Yozu et al 1996 

HPE7? 13q12-q14 

Forkhead homolog 
(FKHR)?  

Homeobox 
transcription 

factor, CDX3? 

Norman et al 1995 

HPE8? 14q13 
Thyroid 

transcription 
factor-1 (TTF1)? 

Chen et al 1997, OMIM 
600635 

HPE9? 20p13 HNF3 beta Muenke et al unpublished 

HPE10? 1q42-qter ? Norman et al 1995 

HPE11? 5p ? Norman et al 1995 

HPE12? 6q26-qter ? Norman et al 1995 

SHH signaling pathway 

PATCHED (PTC) 9q22.3 Role in HPE? 
Hahn, Christiansen et al 

1996; Hahn, Wicking et al 
1996; Ming et al 



unpublished 

SMOOTHENED 
(SMO)?   Role in HPE? Stone et al 1996, Ming et al 

unpublished 

GLI family (various) Role in HPE? Roessler, Du et al 
unpublished 

WNT family (various) Role in HPE? 

OMIM 164820, 147870, 
165330, 164975, 601570, 
601967, 601396, 601906, 

601968 

BMP family (various) Role in HPE? Golden et al 1999, OMIM 
112264, 112262, 112265 

Cholesterol metabolism 

Smith-Lemli-Opitz 
(SLO gene) 11q13 

7-dehydro 
cholesterol 
reductase 

Kelley et al 1996, Moebius 
et al 1998 

 

References 

Aruga J, Nagai T, Tokuyama T, Hayashizaki Y, Okazaki Y, Chapman VM, Mikoshiba K 
(1996) The mouse zic gene family. Homologues of the Drosophila pair-rule gene odd-
paired. J Biol Chem 271:1043-7 [Medline]    

Aruga J, Yozu A, Hayashizaki Y, Okazaki Y, Chapman VM, Mikoshiba K (1996) 
Identification and characterization of Zic4, a new member of the mouse Zic gene family. 
Gene 172:291-4 [Medline]    

Belloni E, Muenke M, Roessler E, Traverso G, Siegel-Bartelt J, Frumkin A, Mitchell HF, 
Donis-Keller H, Helms C, Hing AV, Heng HH, Koop B, Martindale D, Rommens JM, Tsui 
LC, Scherer SW (1996) Identification of Sonic hedgehog as a candidate gene 
responsible for holoprosencephaly. Nat Genet 14:353-6 [Medline]   

Bertolino E, Reimund B, Wildt-Perinic D, Clerc RG (1995) A novel homeobox protein 
which recognizes a TGT core and functionally interferes with a retinoid-responsive motif. 
J Biol Chem 270:31178-88 [Medline]    

Brown SA, Warburton D, Brown LY, Yu CY, Roeder ER, Stengel-Rutkowski S, 
Hennekam RC, Muenke M (1998) Holoprosencephaly due to mutations in ZIC2, a 
homologue of Drosophila odd-paired. Nat Genet 20:180-3 [Medline]  

Chen CP, Lee CC, Chen LF, Chuang CY, Jan SW, Chen BF (1997) Prenatal diagnosis 
of de novo proximal interstitial deletion of 14q associated with cebocephaly. J Med 
Genet 34:777-8 [Medline]    



Golden JA, Bracilovic A, McFadden KA, Beesley JS, Rubenstein JL, Grinspan J (1999) 
Ectopic bone morphogenetic proteins 5 and 4 in the chicken forebrain lead to cyclopia 
and holoprosencephaly. Proc Natl Acad Sci U S A 96:2439-44 [Medline] 

Gurrieri F, Trask BJ, van den Engh G, Krauss CM, Schinzel A, Pettenati MJ, Schindler 
D, Dietz-Band J, Vergnaud G, Scherer SW, et al (1993) Physical mapping of the 
holoprosencephaly critical region on chromosome 7q36. Nat Genet 3:247-51 [Medline]   

Gripp KW, Wotton D, Edwards MC, Roessler E, Ades L, Meinecke P, Richieri-Costa A, 
Zackai EH, Massague J, Muenke M, Elledge SJ (2000) Mutations in TGIF cause 
holoprosencephaly and link NODAL signalling to human neural axis determination. Nat 
Genet 25:205-8 [Medline]  

Hahn H, Christiansen J, Wicking C, Zaphiropoulos PG, Chidambaram A, Gerrard B, 
Vorechovsky I, Bale AE, Toftgard R, Dean M, Wainwright B (1996) A mammalian 
patched homolog is expressed in target tissues of sonic hedgehog and maps to a region 
associated with developmental abnormalities. J Biol Chem 271:12125-8 [Medline]   

Hahn H, Wicking C, Zaphiropoulous PG, Gailani MR, Shanley S, Chidambaram A, 
Vorechovsky I, Holmberg E, Unden AB, Gillies S, Negus K, Smyth I, Pressman C, Leffell 
DJ, Gerrard B, Goldstein AM, Dean M, Toftgard R, Chenevix-Trench G, Wainwright B, 
Bale AE (1996) Mutations of the human homolog of Drosophila patched in the nevoid 
basal cell carcinoma syndrome. Cell 85:841-51 [Medline] 
   

Kelley RL, Roessler E, Hennekam RC, Feldman GL, Kosaki K, Jones MC, Palumbos JC, 
Muenke M (1996) Holoprosencephaly in RSH/Smith-Lemli-Opitz syndrome: does 
abnormal cholesterol metabolism affect the function of Sonic Hedgehog? Am J Med 
Genet 66478-84 [Medline] 

Moebius FF, Fitzky BU, Lee JN, Paik YK, Glossmann H (1998) Molecular cloning and 
expression of the human delta7-sterol reductase. Proc Natl Acad Sci U S A 95:1899-902 
[Medline]  

Muenke M, Bone LJ, Mitchell HF, Hart I, Walton K, Hall-Johnson K, Ippel EF, Dietz-Band 
J, Kvaloy K, Fan CM, et al (1995) Physical mapping of the holoprosencephaly critical 
region in 21q22.3, exclusion of SIM2 as a candidate gene for holoprosencephaly, and 
mapping of SIM2 to a region of chromosome 21 important for Down syndrome. Am J 
Hum Genet 57:1074-9 [Medline]  

Norman MG, McGillivray B, Kalousek DK, Hill A, Poskitt J (1995) Holoprosencephaly: 
Defects of the mediobasal prosencephalon. In: Congenital Malformations of the Brain: 
Pathological, Embryological, Clinical, Radiological and Genetic Aspects. Oxford 
University Press, NY  

Overhauser J, Mitchell HF, Zackai EH, Tick DB, Rojas K, Muenke M (1995) Physical 
mapping of the holoprosencephaly critical region in 18p11.3. Am J Hum Genet 57:1080-
5 [Medline]    



Roessler E, Belloni E, Gaudenz K, Vargas F, Scherer SW, Tsui LC, Muenke M (1997) 
Mutations in the C-terminal domain of Sonic Hedgehog cause holoprosencephaly. Hum 
Mol Genet 6:1847-53 [Medline]    

Roessler E, Belloni E, Gaudenz K, Jay P, Berta P, Scherer SW, Tsui LC, Muenke M 
(1996) Mutations in the human Sonic Hedgehog gene cause holoprosencephaly. Nat 
Genet 14:357-60 6:1847-53 [Medline]    

Schell U, Wienberg J, Kohler A, Bray-Ward P, Ward DE, Wilson WG, Allen WP, Lebel 
RR, Sawyer JR, Campbell PL, Aughton DJ, Punnett HH, Lammer EJ, Kao FT, Ward DC, 
Muenke M (1996) Molecular characterization of breakpoints in patients with 
holoprosencephaly and definition of the HPE2 critical region 2p21. Hum Mol Genet 
5:223-9 [Medline]    

Stone DM, Hynes M, Armanini M, Swanson TA, Gu Q, Johnson RL, Scott MP, Pennica 
D, Goddard A, Phillips H, Noll M, Hooper JE, de Sauvage F, Rosenthal A (1996)The 
tumour-suppressor gene patched encodes a candidate receptor for Sonic hedgehog. 
Nature 384:129-34 [Medline] 

Vargas FR, Roessler E, Gaudenz K, Belloni E, Whitehead AS, Kirke PN, Mills JL, 
Hooper G, Stevenson RE, Cordeiro I, Correia P, Felix T, Gereige R, Cunningham ML, 
Canun S, Antonarakis SE, Strachan T, Tsui LC, Scherer SW, Muenke M (1998) Analysis 
of the human Sonic Hedgehog coding and promoter regions in sacral agenesis, 
triphalangeal thumb, and mirror polydactyly. Hum Genet 102:387-92 [Medline]    

Wallis DE, Roessler E, Hehr U, Nanni L, Wiltshire T, Richieri-Costa A, Gillessen-
Kaesbach G, Zackai EH, Rommens J, Muenke M (1999) Mutations in the homeodomain 
of the human SIX3 gene cause holoprosencephaly. Nat Genet 22:196-8 [Medline]  

 


