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Summary. All polyadenylated RNAs expressed in 
mammalian tissues are assumed to be transported to the 
cytoplasm where they direct the synthesis-of a protein 
product. This mainstream view of the function of 
p~lyaden~lated transcripts is currently being challenged 
by the identification of a novel class of genes which, 
although they encode polyadenylated RNA, do not make 
a translated protein. Many of these noncoding RNAs are 
developmentally regulated or show highly restricted 
patterns of gene expression, and their functions are 
providing important insight into RNA-based mecha- 
nisms of gene expression, genomic imprinting, cell cycle 
progression, and differentiation. The purpose of 
this review is to discuss the current understanding of 
mammalian noncoding RNAs, and to highlight their 
potential for identifying new pathways of human 
disease. 
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sequence information with features of a complex 
language (Ossadnik et al., 1994), and that its presence in 
the genome is associated with the maintenance of 
chromosomal stability and human disease (Lothe, 1997; 
Zakian, 1997). RNA polymerase I1 is one of three RNA 
polymerases and is primarily responsible for transcribing 
the protein coding genes of the eukaryotic genome. 
RNAs that are transcribed by this enzyme generally 
possess a clearly identifiable open reading frame (ORF) 
that directs the translation of a single protein on - .  

cytoplasmic ribosomes. Although the concept that all 
polymerase 11-transcribed genes must encode a protein is 
based upon a large body of evidence, a small group of 
genes that produce noncoding RNAs have recently been 
shown to provide exceptiois to this generalized rule. 
This review will provide an overview of the known 
mammalian polyadenylated RNAs that are believed to 
function without translation into a protein product. This 
is an exciting area of investigation that i s  providing 
some intriguing information about new mechanisms of 
RNA-based gene function that are relevant to the 
understanding of human disease. 

Introduction 

In contrast to lower eukaryotes, where most of the 
genome is responsible for directing the synthesis of 
mRNAs that are translated into proteins, the over- 
whelming majority of genomic DNA in higher species 
does not code for protein. In humans, the protein- 
encoding portions of genes account for only 3% of the 
genome, and although some of the remaking 97% may 
be transcribed into RNA, it does not encode protein 
(Nowak, 1994; Gardiner, 1995). Since most known 
catalytic functions in the cell are accomplished by 
proteins, the prevailing notion has been that noncoding 
DNA represents either transcriptional regulatory 
sequences or "junk DNA". This concept is changing 
however, with the discovery that "junk" DNA has 
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Initial interest in this locus began with the 
demonstration that the His-l gene is transcriptionally 
activated by retroviral insertional mutagenesis in mouse 
retrovirus-induced leukemias (Askew et al., 1991). Since 
His-l transcripts are not normally present in hemato- 
poietic cells, this observation indicated that His-l gene 
activation is associated with the neoplastic phenotype 
and may therefore contribute to leukemogenesis. The 
His-l gene is comprised of 3 exons spanning 6 kb on 
mouse chromosome 2, and is expressed as a 3 kb spliced 
and polyadenylated cytoplasmic RNA (Askew et al., 
1994). Although there is currently no single unifying 
characteristic that can unequivocally demonstrate that an 
RNA does not encode a protein, several characteristics 
are generally shared by noncoding sequences. Instead of 
the single long ORF that is found in most protein-coding 
RNAs, noncoding RNAs contain multiple small ORFs, 
many of which contain direct repeats that are atypical of 














