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Figure 2. Pedigrees of Families 3 to 9.
Seven families with retinomas family
members in which RB/ mutations have
been identified, the families harbor
different level of expressivity but are not
low-penetrance ones. Causing
mutations are all truncating except the
E737D thus truncating mutations are
responsible of the majority of retinomas
in this study. In Families 6 and 9 novel
RBI mutations segregate, namely the
675X and the A766fsX44 mutation.
Solid black symbols represent bilateral
retinoblastoma (RB). Half black
symbols represent unilateral RB. Solid
gray symbols represent bilateral
retinoma. Half gray symbols represent
unilateral retinoma. Slashed symbols
represent deceased individuals, and
symbols with black dot represent
unaffected mutation carriers.

presentation and thought to be caused by less severe inherited
mutations. We have shown in this series that even severe
inherited mutations segregating in families with bilateral RB
patients can also cause retinoma. Recently, it has been shown
that RB emerges from retinoma after accumulation of
genomic changes, whereas retinoma develops after
homogeneous loss of RBI [16]. Thus, what we used to
consider as low or attenuated expressivity should be revisited
as a step in the cell pathway to malignant tumor development.
Genetic counseling, treatment, and follow-up
recommendations may highly be influenced by such advances
in RB and retinoma development understanding.

ACKNOWLEDGMENTS
We thank Isabelle Favre, Tatiana Favez, and Natacha
Nanchen for technical help. Portions of this research were
funded by a grant from the Swiss National Science Foundation
(32-111948/1).

REFERENCES

1. Gallie BL, Ellsworth RM, Abramson DH, Phillips RA.
Retinoma: spontaneous regression of retinoblastoma or
benign manifestation of the mutation? Br J Cancer 1982;
45:513-21. [PMID: 7073943]

2. Balmer A, Munier F, Gailloud C. Retinoma. Case studies.
Ophthalmic Paediatr Genet 1991; 12:131-7. [PMID:
1754160]



Molecular Vision 2009; 15:771-777 <http://www.molvis.org/molvis/v15/a79>

3.

10.

11.

12.

13.

14.

Gallie BL, Phillips RA, Ellsworth RM, Abramson DH.
Significance of retinoma and phthisis bulbi for
retinoblastoma. Ophthalmology 1982; 89:1393-9. [PMID:
7162783]

Singh AD, Santos CM, Shields CL, Shields JA, Eagle RC Jr.
Observations on 17 patients with retinocytoma. Arch
Ophthalmol 2000; 118:199-205. [PMID: 10676785]

Margo C, Hidayat A, Kopelman J, Zimmerman LE.
Retinocytoma. A benign variant of retinoblastoma. Arch
Ophthalmol 1983; 101:1519-31. [PMID: 6626001]

Knudson AG Jr. Mutation and cancer: statistical study of
retinoblastoma. Proc Natl Acad Sci USA 1971; 68:820-3.
[PMID: 5279523]

Balmer A, Zografos L, Munier F. Diagnosis and current
management of retinoblastoma. Oncogene 2006; 25:5341-9.
[PMID: 16936756]

Harbour JW. Molecular basis of
retinoblastoma. Arch Ophthalmol 2001;
[PMID: 11709023]

Lohmann DR, Brandt B, Hopping W, Passarge E, Horsthremke
B. Distinct RB1 gene mutations with low penetrance in
hereditary retinoblastoma. Hum Genet 1994; 94:349-54.
[PMID: 7927327]

Cavenee WK, Dryja TP, Phillips RA, Benedict WF, Godbout
R, Gallie BL, Murphree AL, Strong LC, White RL.
Expression of recessive alleles by chromosomal mechanisms
in retinoblastoma. Nature 1983; 305:779-84. [PMID:
6633649]

Abouzeid H, Munier FL, Thonney F, Schorderet DF. Ten novel
RBI1 gene mutations in patients with retinoblastoma. Mol Vis
2007; 13:1740-5. [PMID: 17960112]

Valverde JR, Alonso J, Palacios I, Pestana A. RB1 gene
mutation up-date, a meta-analysis based on 932 reported
mutations available in a searchable database. BMC Genet
2005; 6:53. [PMID: 16269091]

Sanchez-Sanchez F, Ramirez-Castillejo C, Weekes DB,
Beneyto M, Prieto F, Najera C, Mittnacht S. Attenuation of
disease phenotype through alternative translation initiation in
low-penetrance  retinoblastoma. Hum  Mutat 2007,
28:159-67. [PMID: 16988938]

Houdayer C, Gauthier-Villars M, Laugé A, Pagés-Berhouet S,
Dehainault C, Caux-Moncoutier V, Karczynski P, Tosi M,
Doz F, Desjardins L, Couturier J, Stoppa-Lyonnet D.
Comprehensive screening for constitutional RB1 mutations
by DHPLC and QMPSF. Hum Mutat 2004; 23:193-202.
[PMID: 14722923]

low-penetrance
119:1699-704.

16.

17.

18.

19.

20.

21.

22.

23.

24.

© 2009 Molecular Vision

. Richter S, Vandezande K, Chen N, Zhang K, Sutherland J,

Anderson J, Han L, Panton R, Branco P, Gallie B. Sensitive
and efficient detection of RB1 gene mutations enhances care
for families with retinoblastoma. Am J] Hum Genet 2003;
72:253-69. [PMID: 12541220]

Dimaras H, Khetan V, Halliday W, Orlic M, Prigoda NL,
Piovesan B, Marrano P, Corson TW, Eagle RC Jr, Squire JA,
Gallie BL. Loss of RB1 induces non-proliferative retinoma:
increasing genomic instability correlates with progression to
retinoblastoma. Hum Mol Genet 2008; 17:1363-72. [PMID:
18211953]

Onadim Z, Hogg A, Baird PN, Cowell JK. Oncogenic point
mutations in exon 20 of the RB1 gene in families showing
incomplete penetrance and mild expression of the
retinoblastoma phenotype. Proc Natl Acad Sci USA 1992;
89:6177-81. [PMID: 1352883]

Schubert EL, Strong LC, Hansen MF. A splicing mutation in
RBI in low penetrance retinoblastoma. Hum Genet 1997,
100:557-63. [PMID: 9341870]

Otterson GA, Chen W, Coxon AB, Khleif SN, Kaye FJ.
Incomplete penetrance of familial retinoblastoma linked to
germ-line mutations that result in partial loss of RB function.
Proc Natl Acad Sci USA 1997; 94:12036-40. [PMID:
9342358]

Kratzke RA, Otterson GA, Hogg A, Coxon AB, Geradts J,
Cowell JK, Kaye FJ. Partial inactivation of the RB product in
a family with incomplete penetrance of familial
retinoblastoma and benign retinal tumours. Oncogene 1994;
9:1321-6. [PMID: 8152792]

Dryja TP, Rapaport J, McGee TL, Nork TM, Schwartz TL.
Molecular etiology of low-penetrance retinoblastoma in two
pedigrees. Am J Hum Genet 1993; 52:1122-8. [PMID:
8099255]

Bremner R, Du DC, Connolly-Wilson MJ, Bridge P, Ahmad
KF, Mostachfi H, Rushlow D, Dunn JM, Gallie BL. Deletion
of RB exons 24 and 25 causes low-penetrance retinoblastoma.
Am J Hum Genet 1997; 61:556-70. [PMID: 9326321]

Gallie BL, Dunn JM, Chan HS, Hamel PA, Phillips RA. The
genetics of retinoblastoma. Relevance to the patient. Pediatr
Clin North Am 1991; 38:299-315. [PMID: 2006079]

Eagle RC Jr, Shields JA, Donoso L, Milner RS. Malignant
transformation of spontaneously regressed retinoblastoma,
retinoma/retinocytoma  variant. Ophthalmology 1989;
96:1389-95. [PMID: 2780006]

The print version of this article was created on 11 April 2009. This reflects all typographical corrections and errata to the article
through that date. Details of any changes may be found in the online version of the article.

777


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=7162783
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=7162783
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=10676785
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=6626001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=5279523
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=5279523
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=16936756
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=16936756
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=11709023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=11709023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=7927327
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=7927327
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=6633649
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=6633649
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=17960112
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=16269091
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=16988938
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=14722923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=14722923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=12541220
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=18211953
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=18211953
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=1352883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=9341870
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=9342358
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=9342358
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=8152792
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=8099255
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=8099255
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=9326321
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=2006079
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=2780006
http://www.molvis.org/molvis/v15/a79

