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Summary. Cancer is essentially caused by alterations in 
normal cellular genes. Multiple gene changes involving 
at least two types of cancer genes, protooncogenes and 
tumor suppressor genes, are required for the clonal 
expansion of a malignant cell. This discussion focuses 
on the recently recognized role of a small but expanding 
family of PR-domain genes in tumorigenesis. The 
protein products of these genes are involved in human 
cancers in an unusual yin-yang fashion. Two products 
are normally produced from a PR-domain family 
member which differ by the presence or absence of the 
PR domain; the PR-plus product is disrupted or 
underexpressed whereas the PR-minus product is present 
or overexpressed in cancer cells. This imbalance in the 
amount of the two products, a result of either genetic or 
epigenetic events, appears to be an important cause of 
malignancy. 
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Cloning of RIZ gene and identification of the PR 
domain 

One of the best studied tumor suppressor genes is 
the retinoblastoma susceptibility gene Rb. Rb is believed 
to act as a cell cycle break to stop cell growth when the 
need arises, such as when cells are committed to undergo 
differentiation. Rb acts by protein complex formation 
with DNA binding proteins to modulate nuclear DNA 
related events. This activity of Rb is regulated by G1- 
specific cyclin-dependent kinases. The essential role of 
Rb in tumorigenesis is underscored by the observation 
that nearly all of the components of the Rb pathway are 
altered in tumor cells (Weinberg, 1996). The Rb- 
interacting zinc finger gene RIZ was isolated in a 
functional screening for Rb-binding proteins (Buyse et 
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al., 1995) and independently as  a GATA-3-binding 
protein G3B (Shapiro et al., 1995) and as a DNA- 
binding protein MTB-Zf  (Muraosa et al. ,  1996). 
Although the role of RIZ in Rb function remains to be 
determined, RIZ itself has proven to be a very interesting 
gene consistent with its potential in the Rb pathway. 

One immediate novel feature recognized from the 
full-length RIZ cDNA sequences of rat and human is the 
PR domain (Fig. 1). This domain represents an -100- 
amino acid region of homology first found between IUZ 
and the previously cloned PRDI-BFI protein (PRDI- 
BFI-RIZI homologous region) (Huang, 1994; Buyse et 
al., 1995). The murine homolog of PRDI-BFI was later 
independently cloned as Blimpl (Keller and Maniatis, 
1991; Turner et al., 1994). 

When the RIZl PR domain peptide sequence was 
later used as a query to search the translated nucleotide 
database of Genbank (by the tblastn program), we found 
that a portion of the 5'  untranslated region of the EVll 
oncogene encodes the B and C boxes of the PR domain, 
and the MDSI gene 5'  to the EVII locus encodes the A 
box of PR (Fears et al., 1996). Indeed, the expression of 
the fusion MDSI-EVII gene has been experimentally 
confirmed (Fears  et a l . ,  1996).  Furthermore, the 
Caenorhabditis elegans homolog of MDSI -EVII gene 
egl-43, which controls motor neuron migration, also has 
a PR domain (Garriga et al., 1993). Thus, the MDSI- 
EVll gene is a PR gene that normally produces at least 
two different length products, the PR-containing MDSI- 
EVIl protein and the PR-lacking EVIl protein. 

The recently completed C. elegans genome sequence 
revealed two more PR domain-containing open reading 
frames. One of these F25D7.3 is the homolog of  
BLIMP1 because the zinc finger domains are also highly 
homologous. The other T21B10.5 is devoid of zinc 
finger domains and is the first example of a PR protein 
without any zinc finger domains. EST clones of PR 
domain genes are also found in the Drosophila EST 
databases. However, no PR peptides can be detected in 
the yeast genome. Thus, the PR domain may have 
evolved as a result of the special need of multicellular 
organisms. 

The PR domain is primarily associated with the 


















