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1. ABSTRACT 
 

The eukaryotic nucleus is highly 
compartmentalized, and this structural complexity allows 
the regulation of complex gene expression pathways. Some 
of the subnuclear structures called nuclear bodies are 
known to contain RNAs. Recently multiple noncoding 
RNAs (ncRNAs) have been identified as products from 
regions covering large portions of mammalian genomes. 
Several abundant ncRNAs were found to localize in nuclear 
bodies, suggesting new roles for ncRNAs in these nuclear 
bodies. Paraspeckle, one of these nuclear bodies, contains 
specific ncRNAs, termed MEN (Multiple Endocrine 
Neoplasia) epsilon/beta ncRNAs, and characteristic RNA-
binding proteins. Paraspeckle is ubiquitously observed in 
cultured cell lines but is cell type-specific in mouse tissues. 
Paraspeckle reportedly plays an important role in the 
nuclear retention of inosine-containing mRNAs and is 
regulated under stress conditions. Intriguingly, MEN 
epsilon/beta ncRNAs are prerequisite for the formation of 
paraspeckles, indicating architectural roles for these 
ncRNAs and, presumably, significant roles in the nuclear 
retention of mRNAs as well. This review focuses on known 
aspects of the paraspeckle structure and its components, 
and we attempt here to construct a model of the ncRNA-
dependent formation of nuclear body structures. 

 
 
 
 
 
 
 
 
 
2. INTRODUCTION 
 

Postgenomic transcriptomic analyses, including 
full-length cDNA sequencing and tiling array analyses, 
have revealed that large numbers of transcripts that are 
unlikely to code for polypeptides are produced from 
regions covering large portions of the human and mouse 
genomes (1-6). These transcripts are commonly termed 
noncoding RNAs (ncRNAs). Extensive analyses of the 
subcellular localization of human transcripts have revealed 
an obvious enrichment of ncRNAs in the cell nucleus, 
suggesting diverse roles for ncRNAs in nuclear events (7-
13). Recently, several nuclear abundant long ncRNAs have 
been shown to localize in specific subnuclear structures, 
raising the intriguing possibility that these subnuclear 
structures are sites where ncRNAs play important 
regulatory roles in nuclear events, including gene 
expression or the modulation of protein function. For 
instance, Gomafu ncRNA (also known as MIAT) is highly 
expressed in a subset of neurons in the central nervous 
system and localizes in novel nuclear structures (14). 
Malat-1 ncRNA (also known as MEN alpha and NEAT2) is 
a highly expressed nuclear ncRNA of 8 kb in size that is 
significantly associated with cancer metastasis (15, 16). It 
was recently reported that Malat-1 ncRNA is localized to 
nuclear speckles; that it regulates alternative splicing
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Table 1. Nuclear bodies 
Name Number/cell Diameter(micrometer 

) Marker protein Associated genomic locus References 

Paraspeckle 2-20 0.36(average) PSP1 MENepsilon/beta 37, 90 
Nucleolus 1-5 0.5-5.0 Nucleolin rDNA 22, 23 
Cajal body 0-6 0.2-2.0 Coilin U-snRNA 20, 24, 26 
Histone locus body n/d n/d NPAT Histone 26 
Gem 1-4 0.3-1.0 SMN n/d 20, 28 
Nuclear speckle 25-50 0.8-1.8 SC35 n/d 20, 30 
Sam68 body 2-5 0.6-1.0 Sam68 n/d 32, 33 
Nuclear stress body 4-6 2.0-2.5 HSF1 pericentromeric 34, 35 
Cleavage body 1-4 0.2-1.0 CstF64 n/d 20, 33 
Polycomb body 12-16 0.3-1.0 Bmi n/d 20, 33 
PML body 10-30 0.3-1.0 PML MHC class I 20, 36 

 
patterns through the modulation of the phosphorylation 
status of SR (Serine/Arginine) splicing factor (15,17); and 
that it controls synaptogenesis by modulating gene 
expression (18).   

 
The eukaryotic nucleus is highly 

compartmentalized, and this structural complexity is 
thought to allow the regulation of complex gene expression 
pathways, especially in mammalian cells. In such cells, 
more than ten membraneless suborganelles (Table 1) (19) 
have been discovered and are thought to serve as 
specialized hubs for various nuclear events (Figure 1A, B) 
(20,21). These subnuclear organelles, called nuclear bodies, 
exist in the interchromosomal space, and multiple nuclear 
regulatory factors, such as transcription factors and RNA 
processing factors, are enriched in these nuclear bodies. 
The nucleolus, the most classical nuclear body, is known to 
be a “factory for ribosome biogenesis” in which RNA 
polymerase I transcription, pre-rRNA processing and 
modification, and subsequent ribosomal protein assembly 
are thought to occur sequentially in the hierarchical 
structure of the nucleolus (22, 23). Cajal bodies were 
originally discovered at the beginning of the 20th century 
and are spherical sub-organelles of 0.2-2.0 micrometer in 
diameter in size that occur in the nucleus of various cell 
types (24). Cajal bodies are involved in the biogenesis of 
multiple small nuclear ribonucleoprotein particles 
(snRNPs) (25, 26). Cajal bodies often overlap with distinct 
nuclear structures called histone locus bodies, in which 
histone gene loci along with histone mRNA processing 
factors, such as U7 snRNP, are localized (26, 27). Another 
nuclear body called Gems that contain a protein complex 
that includes the survival motor neuron (SMN) protein 
often overlaps with Cajal bodies (26, 28). Nuclear speckles 
are 25-50 irregularly shaped nuclear structures of 0.8-1.8 
micrometer in diameter in size that are found in the nucleus 
of various cell types. Nuclear speckles are relatively well-
characterized nuclear bodies in which various SR splicing 
factors are localized, along with several other RNA-binding 
proteins, Malat-1 ncRNA as well as uncharacterized 
polyadenylated RNAs (29, 30). Although still 
controversial, nuclear speckles are widely considered to be 
the reservoir of various splicing factors that are translocated 
to transcriptionally active sites of the chromosome (31). 
Among the splicing regulatory factors, Sam68 (Src-
associated in mitosis, 68 kDa) is specifically localized to 
distinct nuclear foci on the periphery of the nucleolus. 
Electron microscopic analysis has revealed that Sam68-
containing foci, called Sam68 bodies, are electron dense, 

 
suggesting that RNA is a major constituent of these 
structures (32, 33). Nuclear stress bodies (nSBs) are formed 
on specific pericentromeric regions in response to thermal 
and chemical stress (34). Under such stress conditions, 
polyadenylated ncRNAs are transcribed from the satellite 
III (SatIII) DNA regions of the pericentromeric 
heterochromatin of human 9q11-12. RNA-binding proteins, 
including splicing factors, are captured with SatIII ncRNAs 
in nuclear stress bodies (35). Although some nuclear bodies 
still remain to be functionally characterized, others are 
recognized as sites for the localization of specific 
regulatory factors of gene expression; cleavage body, 
polycomb body (PcG body) and PML body contain the 
protein factors involved in mRNA 3’ end processing, 
epigenetic regulation and transcriptional control, 
respectively (20, 33, 36). Many nuclear bodies contain 
specific RNA molecules, together with RNA-binding 
proteins, and serve as platforms for ribonucleoprotein 
biogenesis in addition to their functions as reservoirs. This 
review will focus on the structure and function of the 
specific nuclear body called the paraspeckle. The 
paraspeckle structure includes nuclear-retained long 
ncRNAs and RNA-binding proteins. Current understanding 
regarding the components, building process, and function 
of these nuclear bodies will be introduced, and the 
significance of ncRNAs employed for cellular structural 
formation will be considered.   
 
3. THE PARASPECKLE: AN RNA-CONTAINING 
NUCLEAR BODY 

 
The paraspeckle is a nuclear body that was 

discovered in 2002 (37). Lamond and his colleagues 
performed large-scale proteomics analysis of isolated HeLa 
cell nucleoli treated with the transcription inhibitor, 
actinomycin D. Among 271 nucleolar protein candidates 
identified, more than 30% of these candidates were 
functionally uncharacterized proteins. Subsequent analysis 
of these uncharacterized proteins revealed that two of the 
proteins exhibited nuclear punctate localization. They were 
not enriched in nucleoli but were enriched in other 
unknown nuclear bodies. These newly discovered nuclear 
bodies were localized in close proximity to nuclear 
speckles (37-40). Therefore, they were named 
“paraspeckles” and the colocalized proteins were named 
paraspeckle protein 1, (PSP1) and paraspeckle protein 2 
(PSP2 or CoAA/RBM14). Non-POU domain-containing 
octamer-binding protein (NONO or p54nrb) was 
simultaneously identified as a paraspeckle component. 
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Figure 1. A. Schematic of nuclear structure and major nuclear bodies. B. Visualization of nuclear bodies by immunostaining or 
RNA-FISH to detect molecular markers corresponding to each nuclear body. Malat-1 ncRNA and SC35 are markers of nuclear 
speckle-localized RNA and protein, respectively. Coilin and NPAT are markers of partially overlapped Cajal bodies and histone 
locus bodies, respectively. PSP1 and HSF1 are markers of paraspeckles and nuclear stress bodies, respectively. C. Paraspeckles 
visualized by RNA-FISH of MEN epsilon/beta ncRNAs and the immunostaining of paraspeckle marker proteins including 
CoAA, p54nrb, and PSP1. D. Relocation of paraspeckle proteins to the perinucleolar cap structure upon actinomycin D treatment. 
It should be noted that MEN epsilon/beta ncRNAs never relocates to perinucleolar caps. 

 
Subsequently, Splicing factor, proline- and glutamine-rich 
(SFPQ or PSF), and Cleavage and polyadenylation 
specificity factor subunit 6 (CPSF6) were identified as 
additional paraspeckle proteins. Normally, paraspeckles 
occur as 2–20 punctate nuclear structures with an average 

size of 0.36 micrometer in diameter (Figure 1C, 37-40). 
Paraspeckles have been found in mammalian cells from 
humans and mice; however, the presence of 
phylogenetically orthologous nuclear bodies remains to be 
investigated. Orthologues of paraspeckle proteins (p54nrb, 
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PSF and PSP1) with >60% amino acid sequence identities 
to mammal paraspeckle proteins are present in other 
vertebrate species such as chicken and tetradon, suggesting 
that similar nuclear bodies may exist in these vertebrate 
species. Paraspeckles exist in various mammalian cultured 
cells, including primary and transformed cell lines. The 
number of paraspeckles per interphase nucleus is variable 
and depends on the cell line (37). Paraspeckle is 
reminiscent of the interchromatin granule-associated zones 
(IGAZs) that were previously detected as electron-dense 
interchromatin structures by high resolution in situ 
hybridization with electron microscopic observation (38, 
39, 41). IGAZs are electron-dense fibrillar structures 
located in close proximity to interchromatin granules that 
correspond to nuclear speckles (41). In contrast to cultured 
cell lines, observation in adult mouse tissues revealed that 
the intact paraspeckles were observed in the specific cell 
types (42). For example, in digestive organs, such as 
stomach and intestine, the paraspeckle-possessing cells are 
typically observed only in the most distal regions of the 
surface but not in the deep layers of the gastric epithelium. 
Even in cultured cell lines, embryonic stem cells and a few 
transformed cell lines lack intact paraspeckles (43, 
Kawaguchi et al., unpublished). Therefore, this nuclear 
body is likely a highly dynamic structure. Paraspeckle 
formation is tightly regulated during the cell cycle. Time-
lapse fluorescent imaging analysis using a fluorescent 
protein tagged paraspeckle protein, YFP-PSP1, expressed 
in a stable cell line revealed that paraspeckles persist 
throughout interphase and almost throughout mitosis, 
including prophase as well as metaphase, anaphase, and 
telophase, and that they exist in the cytoplasm during 
mitosis because of the elimination of the nuclear envelope 
(44). Subsequently, the cytoplasmic paraspeckles disappear 
between telophase and early G1 phase and reappear during 
the G1 phase (44).   

 
   Blocking RNA polymerase II transcription 

with transcription inhibitors such as actinomycin D or 
alpha-amanitin disassembles paraspeckles, resulting in the 
relocation of paraspeckle proteins to the nucleolar cap 
structure formed on the nucleolar periphery (Figure 1D). 
Treatment of the cells with the reversible transcription 
inhibitor DRB (5,6-dichloro-1-beta-D-
ribofuranosylbenzimadizole) (45) also disassembles 
paraspeckles; however, they recommence assembly quickly 
after the removal of DRB, suggesting that paraspeckle 
formation requires active transcription by RNA polymerase 
II (37, 44). Paraspeckle structure is resistant to DNase I 
treatment but disappears after RNase A treatment, 
suggesting that the paraspeckle structure contains RNA 
component(s) required to maintain the structural integrity 
of the paraspeckle. Therefore, paraspeckles are considered 
to be RNA-containing nuclear bodies or tremendously large 
ribonucleoprotein complexes, the maintenance of which 
requires certain RNA molecule(s) and active transcription 
by RNA polymerase II. In 2009, four groups using different 
approaches (43, 46-48) simultaneously found that two 
ncRNAs (MEN epsilon/beta ncRNAs) transcribed from the 
Multiple Endocrine Neoplasia type 1 (MEN1) locus are 
paraspeckle architectural components and are essential for 
paraspeckle formation in human and mouse cultured cell 

lines. Our group identified a paraspeckle enriched fraction 
in HeLa cell nuclei by biochemical purification (47). 
Spector and colleagues identified an ncRNA that was 
upregulated 3-fold during the differentiation of a C2C12 
mouse myoblast cell line into myotubes (48). Lawrence and 
colleagues identified an ncRNA by searching for nuclear 
abundant ncRNA (46). Carmichael and colleagues reached 
MEN epsilon/beta ncRNAs during their research on nuclear 
retention of mRNAs (43). 
 
4. RNA COMPONENTS INVOLVED IN STRUCTURAL 
FORMATION AND FUNCTIONS OF PARASPECKLES 
 

Discovery of MEN epsilon/beta ncRNAs 
involved in paraspeckle structural formation opened a new 
window in the investigation of the roles of ncRNAs in the 
construction of intracellular structures. The paraspeckle 
could be a model system to dissect the mechanism of 
ncRNA-dependent cellular structure formation. 
Paraspeckles are composed of not only ncRNAs but also 
multiple protein factors. In this chapter, the known 
components of paraspeckles are introduced. 
 
4.1. MEN epsilon/beta ncRNAs as the structural core of 
paraspeckles 
4.1.1. Unique structure of MEN epsilon/beta ncRNAs 

MEN epsilon/beta ncRNAs were originally 
identified as transcripts produced from the MEN I 
(Multiple Endocrine Neoplasia type 1) locus on human 
chromosome 11 (11q13) (49). Their counterparts are found 
on mouse chromosome 19 (19qA). MEN epsilon/beta 
ncRNAs (also known as NEAT1(Nuclear Enrichment 
Abudant Transcript 1), Vinc(Virus-inducible non-coding 
RNA), TSU (Trophoblast Stat Utron), or TNC (Trophoblast 
noncoding RNA) (15, 50-52) are comprised of two 
isoforms, MEN epsilon ncRNA, the shorter isoform (3.7 kb 
in human and 3.2 kb in mouse), and MEN beta ncRNA, the 
longer isoform (23 kb in human and 20 kb in mouse). 
These two isoforms share a common promoter recognized 
by RNA polymerase II and overlap across 3.7 kb of their 
sequence, at the 5’ terminal region, in humans (Figure 2A, 
38-40, 47, 48). Although MEN epsilon/beta ncRNAs are 
products of RNA polymerase II, they have several unique 
features distinct from those of protein-coding mRNAs. 
First, both MEN epsilon/beta ncRNAs are transcribed as 
intronless single-exon transcripts. Second, MEN 
epsilon/beta ncRNAs are never exported to the cytoplasm, 
but are exclusively retained in the nucleus (15, 43, 46-48). 
Third, the MEN beta ncRNA is not canonically 
polyadenylated; instead it is matured via a unique 3’ end 
processing pathway (Figure 2B) (48). In mammalian cells, 
more than 90% of protein-coding genes are divided by at 
least one intron, and the primary mRNA transcripts are 
matured via pre-mRNA splicing. Pre-mRNA splicing is 
known to induce dynamic remodeling of ribonucleoprotein 
on the mRNAs, resulting in the recruitment of factors 
involved in nuclear export (53). The unique structure of 
MEN epsilon/beta ncRNAs may be related to the pathway 
responsible for producing RNAs that do not need to be 
exported. It would be intriguing to pursue the process of 
cotranscriptional assembly of ribonucleoproteins onto 



Noncoding RNA-dependent formation of nuclear body structure 

1733 

 
 

Figure 2. A. Schematic of MEN epsilon/beta ncRNAs and their genomic locus. The length of each isoform is shown on the right. 
The MEN epsilon ncRNA is polyadenylated as shown by (A)n, but the MEN beta ncRNA does not possess the canonical poly(A) 
tail. B. RNA processing of MEN epsilon/beta ncRNAs. At the 3' end of MEN epsilon ncRNA, canonical polyadenylation that 
depends on a polyadenylation signal (PAS) (AAUAAA) takes place to produce MEN epsilon ncRNA. Alternatively, transcription 
readthrough occurs to produce the MEN beta ncRNA. The mature 3’ end of MEN beta ncRNA is processed by RNase P cleavage 
without the addition of a poly (A) tail. The tRNA-like structure located adjacent to the MEN beta ncRNA 3’ end is recognized by 
RNase P. The genomically-encoded oligoadenylates (oligo(A)) are located at the processed MEN beta ncRNA 3’ end. C. MEN 
epsilon/beta ncRNAs are essential components of paraspeckles. MEN epsilon/beta ncRNAs, PSP1, and merged images are shown 
at the top (control). The images obtained upon MEN epsilon/beta ncRNAs knockdown using an antisense oligonucleotides are 
shown at the bottom (ASO).   

 



Noncoding RNA-dependent formation of nuclear body structure 

1734 

nascent MEN epsilon/beta ncRNAs, which avoid the 
canonical mRNA biogenesis pathway. MEN epsilon 
ncRNA is polyadenylated at its 3’ end through its canonical 
polyadenylation signal (PAS) (AAUAAA or AUUAAA), 
while MEN beta ncRNA lacks the canonical poly(A) tail 
and a PAS. Instead, the 3’ terminus of MEN beta ncRNA is 
reported to be processed by the tRNA-processing 
endonuclease RNase P, which recognizes a tRNA-like 
structure located downstream of the 3’ end of MEN beta 
ncRNA (Figure 2B, 48). A similar mechanism is also 
employed for 3’ end processing of Malat-1 ncRNAs, which 
are transcribed from a region in MEN I locus that is 55 kb 
apart from MEN epsilon/beta ncRNA gene (54). The 
processed 3’ termini of MEN beta ncRNA and Malat-1 
ncRNA include short A-rich sequences (oligo (A)) that may 
be important for the stable accumulation of these ncRNAs 
in the nucleus. The mechanism of RNA stability control in 
the nucleus largely remains to be investigated. PAN RNA 
(polyadenylated nuclear RNA), viral ncRNA that is highly 
enriched in the nucleus and is associated with Kaposi's 
sarcoma, possesses a specific 79-nucleotides RNA motif 
called PAN-ENE (PAN RNA expression and nuclear 
retention element) at the 3’ terminus. This motif plays a 
crucial role in both the nuclear enrichment and stability of 
PAN RNA (55). Recently, X-ray crystallography of this 
RNA motif revealed that it formed a non-canonical triple 
helix structure that contributes to the stabilization of PAN 
RNA (56). Although the significance of the non-canonical 
3’ end processing of MEN beta ncRNA remains to be 
elucidated, such 3’ end processing would be critical for the 
stabilization or selective degradation of MEN beta ncRNA 
and Malat-1 ncRNA under certain conditions. 
  
4.1.2. Architectural function of MEN epsilon/beta 
ncRNAs 

MEN epsilon/beta ncRNAs and Malat-1 ncRNA 
are exceptionally highly abundant long ncRNAs, in 
comparison to thousands of other ncRNAs transcribed from 
the intergenic genomic regions (15). The apparent evidence 
of specific paraspeckle localization of MEN epsilon/beta 
ncRNAs together with a previous report showing RNase-
sensitive paraspeckle structure raised the intriguing 
possibility that MEN epsilon/beta ncRNAs serve as 
structural components of paraspeckle. This hypothesis was 
confirmed by specific elimination of MEN epsilon/beta 
ncRNAs by knockdown with antisense chimeric 
oligonucleotides or siRNAs (43, 46-48). Knockdown of 
MEN epsilon/beta ncRNAs causes the disintegration of 
paraspeckle, resulting in the dispersal of paraspeckle 
protein components in the nucleoplasm (Figure 2C). Using 
the reversible transcriptional inhibitor DRB, the 
paraspeckle reassembly process was monitored after 
depletion of MEN epsilon/beta ncRNAs. The disassembled 
paraspeckle proteins were unable to reassemble in the 
absence of MEN epsilon/beta ncRNAs (47, 48). Taken 
together, it was concluded that MEN epsilon/beta ncRNAs 
are prerequisite for both the maintenance and formation of 
the intact paraspeckle structure (43, 46-48). This is 
consistent with evidence that paraspeckle is absent in 
human embryonic stem cells in which MEN epsilon/beta 
ncRNAs are poorly expressed (43). To understand the 
architectural roles of MEN epsilon/beta ncRNAs, it is 

critical to determine the RNA regions required for their 
architectural function. In mouse NIH3T3 cells in which 
mouse MEN epsilon/beta ncRNAs were eliminated by 
antisense oligonucleotides, neither human MEN epsilon 
ncRNA nor a truncated 13 kb-MEN beta ncRNA lacking 
the 10 kb 3’ terminal region were able to rescue 
paraspeckle formation (47). Future experiments using full-
length MEN beta ncRNA and its deletion constructs should 
identify the RNA region responsible for architectural 
function. Another important issue is the respective roles of 
MEN epsilon ncRNA and MEN beta ncRNA. This is 
described below, with respect to the roles of paraspeckle 
protein components in paraspeckle formation.  
 
4.2. Paraspeckle-localized nuclear-retained mRNAs  

The function of paraspeckle and the significance 
of the ncRNA core of this nuclear body remain largely 
enigmatic. A number of reports have indicated that 
paraspeckles are involved in unique regulatory mechanisms 
of gene expression through the nuclear retention of specific 
mRNA transcripts. The starting point of this line of work is 
to attempt to identify the factors that recognize inosine-
containing RNAs. Inosine nucleotides in RNAs are 
produced by deamination of specific adenosine nucleotides 
with an enzyme called ADAR (adenosine deaminase acting 
on RNA) (57). ADARs recognize double stranded RNAs 
(dsRNAs) and convert adenosine to inosine (so called A-to 
I RNA editing) within the dsRNA region (57, 58). Some 
virus-produced dsRNAs are edited at multiple sites and 
retained in the nucleus (59). Carmichael and his colleagues 
identified the protein complex containing p54nrb, known as 
a major paraspeckle protein component (described below) 
that specifically binds to inosine-containing RNAs (60). A 
search of potential dsRNA structures in genomically 
encoded mRNAs revealed that more than 333 mRNAs were 
found to contain the inverted repeat Alu element (IRAlu) in 
their 3’ untranslated regions (UTRs) (61). The double 
stranded inverted repeats (IRs) are potentially recognized 
by ADARs; therefore, they may possibly be retained in the 
nucleus. The insertion of IRs into the 3’ UTR of green 
fluorescent protein (GFP) reporter constructs revealed that 
GFP mRNA was localized to the paraspeckles, suggesting 
that paraspeckles serve as nuclear retention sites of unique 
subsets of mRNA (61).  

 
CTN-RNA (cationic amino acid transporter 2 

transcribed nuclear RNA) is a natural paraspeckle-localized 
RNA with several unique features. It was originally 
identified as an RNA component enriched in the purified 
nuclear speckle fraction (62). By fluorescent in situ 
hybridization (FISH), CTN-RNA was found to be 
specifically localized in paraspeckles. CTN-RNA is a 
relatively long isoform of mRNA encoding mouse cationic 
amino acid transporter 2 (mCat2). The full-length 3’ UTR 
containing CTN-RNA is retained in the nucleus; however, 
the 3’ UTR is endonucleolytically cleaved upon external 
stimulation (e.g., Interferon gannma or lipopolysaccaride), 
producing the processed mCat2 mRNA with a shorter 3’ 
UTR that is exported to the cytoplasm for translation 
(Figure 3) (62). CTN-RNA contains a long inverted repeat 
(IR) sequence in its 3’ UTR that forms a long stem-loop 
structure that is subjected to A-to-I RNA editing. This 



Noncoding RNA-dependent formation of nuclear body structure 

1735 

 
 

Figure 3. A. Paraspeckle-mediated mechanism of the nuclear retention of CTN-RNA. The status of CTN-RNA in normal cells is 
shown at the top. CTN-RNA is transcribed as an isoform transcript from the mCat2 gene locus, which is not attached to the 
paraspeckles. The stable stem-loop structure in the 3’ UTR (red line) is shown. The putative nuclear retention factors may 
recognize this stem-loop structure. B. Release of the nuclear-retained CTN-RNA under stress conditions. The long 3’ UTR of 
CTN-RNA is cleaved by an unidentified endonuclease, resulting in its release from nuclear retention status. The cleaved CTN-
RNA (corresponding to mCat2 mRNA) may be subsequently polyadenylated and exported to the cytoplasm, where it is 
translated. 
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Table 2. Paraspeckle components 
RNAs Synonyms Known function References 
RNA components 
MEN epsilon/beta NEAT1 Essential for paraspeckle integrity 43, 46-48 
CTN-RNA mCAT2 Nuclear retained mRNA 62 
U1 snRNA   Unknown in paraspeckles 37, 38, 84, 90 
Protein components 
Proteins Synonyms Known function References 

p54nrb NONO DBHS, Essential for paraspeckle 
integrity 44,47 

PSF SFPQ DBHS, Essential for paraspeckle 
integrity 47, 60 

PSP1 PSPC1 DBHS 37,44 

CoAA PSP2, RBM14 Transcription/RNA processing 
coregulator 37 

CPSF6 CFIm68 RNA 3'end processing factor 81 
HnRNP M NA Pre-mRNA binding protein  85 
Sox9 SRA1 Transcription factor 87 
WTX NA Transcription factor 88 
RNA polymerase II NA Transcription 86 

 
situation is consistent with the above scenario, in which the 
p54nrb-containing complex recognizes A-to-I edited RNA and 
retains it in the nucleus. Indeed, p54nrb and another 
paraspeckle protein, PSP1, were shown to bind to CTN-RNA. 
Furthermore, artificial reporter mRNA containing an inverted 
repeat sequence of CTN-RNA has been shown to be retained 
in the nucleus. It is endonucleolytically cleaved at its 3’ UTR 
in response to external stimuli, and then processed reporter 
mRNA is likely to be polyadenylated and exported to the 
cytoplasm where it is translated. CTN-RNA is the first 
identified natural paraspeckle-localized RNA; however, CTN-
RNA is not capable of paraspeckle formation, in contrast to 
MEN epsilon/beta ncRNAs.  
 

The mechanism underlying the nuclear retention of 
mRNA through the paraspeckle remains to be understood. 
Carmichael and his colleagues have reported that intact 
paraspeckle is required for the nuclear retention of several 
mRNAs that contain IRs in their 3’ UTRs (43). One of these, 
Lin28 mRNA, was shown to be exported to the cytoplasm and 
translated in human embryonic stem cells (ES cells). Here, the 
expression of MEN epsilon/beta ncRNAs are silenced and 
paraspeckles are not formed. On the other hand, when the ES 
cells are induced to differentiate into the trophoblast, where 
MEN epsilon/beta ncRNAs are substantially expressed, intact 
paraspeckles are formed, and Lin28 mRNA is retained in the 
nucleus (43). These data provide the insight that MEN 
epsilon/beta ncRNA expression and concomitant paraspeckle 
formation is regulated under various physiological conditions, 
and, consistently, the nuclear retention of IR-containing 
mRNAs is controlled by the status of paraspeckle formation. 
Our recent report indicated that the expression of MEN 
epsilon/beta ncRNAs exhibited tissue-specific patterns in adult 
mouse tissues (42). Furthermore, a number of other reports 
also indicated dynamic regulation of MEN epsilon/beta 
ncRNA expression under various conditions, including 
myoblast differentiation, virus infection, and carcinogenesis 
(48, 50, 63), suggesting that nuclear retention of IR-containing 
mRNAs is regulated under such conditions. 
 
5. MULTIPLE FUNCTIONS OF PARASPECKLE 
PROTEIN COMPONENTS 
 

The paraspeckle structure is organized by 
cooperative interactions between MEN epsilon/beta

 
ncRNAs and multiple protein components. In other words, 
the paraspeckle proteins are able to localize to the 
paraspeckles through interaction with MEN epsilon/beta 
ncRNAs or other protein components. Intriguingly, one of 
the common features of paraspeckle proteins is that they 
rapidly dissociate from MEN epsilon/beta ncRNAs and 
relocate to the nucleolar periphery when RNA polymerase 
II transcription is arrested. In this condition, MEN 
epsilon/beta ncRNAs never relocate to the nucleolar 
periphery and instead diffuse in the nucleoplasm, 
suggesting that a common mechanism controls paraspeckle 
protein interactions with MEN epsilon ncRNA and MEN 
beta ncRNAs (47, 48). The paraspeckle protein components 
work not only for paraspeckle structure formation but also 
for paraspeckle function. The known protein components of 
paraspeckles (summarized in Table 2) and the events in 
which these proteins are involved are introduced. 
 
 5.1. DBHS protein family and RNA-binding proteins 

The DBHS (Drosophila melanogaster behavior, 
human splicing) protein family includes PSP1, p54nrb, and 
PSF. These proteins are characteristically localized to 
paraspeckles (37-40, 44, 62). They are composed of similar 
conserved domains, including two RNA recognition motifs 
(RRMs) and a coiled coil domain (Figure 4A). The three 
proteins are capable of forming each combination of 
heterodimer (PSP1/p54nrb, p54nrb/PSF, and PSP1/PSF) 
that likely serves as part of the paraspeckle core (47). 
DBHS proteins are multi-functional nuclear proteins that 
are involved in a wide variety of gene expression events 
(64). The p54nrb/PSF complex plays roles in multiple steps 
of transcription, from initiation to termination, as well as in 
cotranscriptional RNA processing events. P54nrb and PSF 
are known to bind to the C-terminal domain (CTD) of the 
largest subunit of RNA polymerase II (65). P54nrb/PSF 
acts as a coactivator or corepressor of transcription, and 
modulates the activity of transcription factors in response to 
various signals such as steroid hormones and cAMP (66-
68). The p54nrb/PSF heterodimer interacts with Brm, the 
catalytic subunit of the SWI/SNF chromatin remodeling 
complex, and is involved in the transactivation of 
telomerase reverse transcriptase (TERT) gene transcription 
as well as the modulation of its pre-mRNA splicing pattern 
(69). P54nrb is a component of a huge ribonucleoprotein 
complex formed on the 5’ splice site during the splicing 
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Figure 4. The domain structures of paraspeckle-localized DBHS proteins (A) and other RNA-binding proteins (B). The 
characteristic domains of each paraspeckle protein are shown. The functional regions that are involved in protein-protein 
interactions or intracellular localization are shown. 

 
reaction (70). P54nrb and PSF are required for the coupling 
of the processes of transcriptional termination and mRNA 
3’ end processing, in which PSF recruits the Xrn2 
exoribonuclease (71). Meanwhile, PSP1 exhibits the most 
prominent paraspeckle localization pattern, and PSP1 
protein has been used as a major paraspeckle protein 
marker. However, the elimination of PSP1 using RNAi 
failed to change the integrity of paraspeckles (47). The 
functional domains of the DBHS proteins required for 
interaction and localization have been identified (Figure 
4A): p54nrb binds PSF through its C-terminal region, 
which contains a coiled-coil domain (69, 72), while PSP1 
binds p54nrb through its coiled-coil domain (44). Although 
the responsible domain remains unidentified, PSF also 

binds PSP1 (73). The region containing RRMs as well as 
the coiled-coil domain is required for the paraspeckle 
localization of PSP1 (44), while the second RRM is 
required for the localization of PSF in paraspeckle-like foci 
(74).  

 
CoAA/PSP2 is identified as a paraspeckle 

component together with PSP1 and p54nrb (37). CoAA is 
known as a “coactivator activator” that coactivates 
transcription by association with the thyroid hormone 
receptor binding protein (TRBP) (75). CoAA contains two 
RRMs that are sufficient for its regulatory function in 
transcriptional control. In contrast, the role of CoAA in 
paraspeckle formation and the domain required for 
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paraspeckle localization remain to be determined. 
Additional CoAA functions include pre-mRNA splicing 
regulation as well as transcription repression through the 
prevention of the function of Runt domain transcription 
factors (76, 77). CoAA is also known as SIP (SYT-
interacting protein) and interacts with proto-oncoprotein 
SYT (synovial sarcoma translocation, also known as SS18), 
the DNA-dependent protein kinase subunit, 86 kDa subunit 
of Ku antigen (Ku86), and Poly-(ADP-ribose) polymerase 
(PARP) (75, 78). Intriguingly, CoAA pre-mRNA is regulated 
by the DBHS paraspeckle protein heterodimer p54nrb/PSF; 
transient expression of p54nrb/PSF switches the splicing 
pattern of CoAA mRNAs, resulting in the production of the 
dominant negative isoforms (79). Overexpression of CoAA 
promotes cell proliferation in the NIH3T3 stable cell line, 
while knockdown of CoAA downregulates cell proliferation in 
the NCI-H69 human lung cancer cell line (80). These aspects 
of the CoAA structure may also be related to the functions of 
the homologous domains of the oncoproteins EWS (Ewing’s 
sarcoma) and TLS/FUS (translocation/fusion in liposarcoma), 
which are also known as regulators of RNA processing (78). 

 
CPSF6 (cleavage and polyadenylation specificity 

factor 6, also known as CFIm68) is a paraspeckle protein 
component (81). CPSF6 is a subunit of the Pre-messenger 
RNA cleavage factor I (CFIm) complex, which is involved in 
mRNA 3’ end processing. CFIm targets UGUAN sequences 
(N: arbitrary nucleotide) clustered upstream of the 
cleavage/polyadenylation site, which is followed by the 
recruitment of the catalytic CPSF complex (82). Recently, it 
was reported that the CFIm complex is involved in the 
regulation of alternative polyadenylation of various mRNA 
species (83). Deletion analysis of CPSF6 revealed that an RNA 
recognition motif is required for localization in paraspeckles 
and interaction with CPSF5/CFIm25, suggesting that CPSF6 
associates with RNA component(s) in paraspeckles (Fig 4B, 
81, 84). This raises the interesting possibility that CPSF6 is 
involved in the regulation of the 3’ end processing of 
paraspeckle-localized RNAs. MEN epsilon/beta ncRNAs are 
comprised of two isoforms that are likely synthesized by 
alternative 3’ end processing (Figure 2B); therefore, CFIm, 
including CPSF6, may be responsible for isoform synthesis of 
MEN epsilon/beta ncRNAs. Another possibility is that CPSF6 
is involved in the processing of nuclear-retained mRNA. As 
described above, the long 3’ UTR of CTN-RNA is processed 
in response to certain stresses (Figure 3). A CFIm-dependent 
RNA processing mechanism is a candidate for the processing 
of the CTN-RNA 3’ UTR as well as other nuclear-retained 
mRNAs. 

 
   Finally, it was recently reported that 

heterogeneous nuclear ribonucleoprotein M (hnRNP M) 
interacts with p54nrb and PSF and colocalizes within 
defined nuclear structures that are probably paraspeckles 
(85). HnRNP M and PSF showed counteracting activity in 
alternative splicing for the inclusion of exon 4 of the 
preprotachykinin minigene transcript. Thus, several 
RNA-binding proteins that play multiple regulatory 
functions in transcriptional and posttranscriptional events 
are related to paraspeckles. These functions, in which 
paraspeckle proteins are involved, will be important in 

the characterization of the physiological functions of 
paraspeckles. 
 
5.2. Other protein components suggest paraspeckle 
functions   

Several proteins other than RNA binding 
proteins have been reported to localize in paraspeckles. 
First, immunofluorescent observations have revealed that 
paraspeckles contain RNA polymerase II. However, 
paraspeckles are not considered to be sites of active 
transcription, since neither the elongating form of RNA 
polymerase II with a phosphorylated second serine (Ser 2P) 
in the heptad repeat (YSPTSPS) of CTD nor newly 
synthesized RNAs labeled by bromo-uridine incorporation 
has been detected in paraspeckles (86). It is noteworthy that 
active transcription may occur in the periphery of 
paraspeckles, suggesting the transient involvement of 
paraspeckles in transcriptional regulation (86). Indeed, 
several transcription factors have been detected to localize 
in paraspeckles. The transcription factor SRY (sex 
determining region Y)-box 9 (Sox9) interacts with p54nrb 
and colocalizes in paraspeckles in a murine chondrogenic 
cell line. Also, various functional analyses have revealed a 
link between p54nrb- and Sox9-mediated transcription and 
pre-mRNA splicing during chondrogenesis in mice (87). 
The nucleo-cytoplasmic shuttling protein WTX (an X 
chromosome gene commonly inactivated in Wilms tumor), 
which interacts with and modulates the transcription factor 
WT1 (Wilms tumor 1), is localized to paraspeckles (88). 
Although the significance remains to be determined, 
BCL11A-XL, the longest isoform of BCL11A acting as a 
DNA-sequence specific transcriptional repressor, and the 
interacting BCL6 proto-oncogene product colocalize in 
paraspeckles (89). Although paraspeckles are not the major 
sites of active transcription as described above, the 
presence of several transcription factors in paraspeckles 
suggests that either the transcription of limited gene loci 
occurs in paraspeckles or the repression of transcription of 
specific gene loci is localized on paraspeckles. It is also 
intriguing that several transcription factors are 
preassembled with RNA polymerase II before recruitment 
onto the chromosome. 

 
Paraspeckles correspond to interchromatin 

granule-associated zones (IGAZs), which are observed by 
electron microscopy (41, 90). High resolution in situ 
hybridization analysis has shown that IGAZs contain U1 
snRNA but not U2 snRNA, suggesting that IGAZs are the 
sites of U1 snRNP maturation rather than the sites of pre-
mRNA splicing (41). Recently, it was reported that U1 
snRNA has a distinct function from that involved in 
splicing, and that U1 snRNP prevents aberrant 
polyadenylation within introns (91). It is possible that U1 
snRNA acts in the synthesis of non-truncated MEN 
epsilon/beta ncRNAs in paraspeckles. 
 
6. HOW ARE PARASPECKLES BUILT ON 
NCRNAS? 
 

The present review has described RNA and 
protein components of paraspeckles and also their known 
functions. These aspects may be useful in the exploration of 
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Figure 5. Detection of de novo synthesis of paraspeckle at the MEN epsilon/beta ncRNAs transcribing locus. The position of the 
artificial MEN epsilon/beta gene locus is marked by the binding of a fluorescent protein fused with the Lac repressor (Lac I-X). 
Lac I-X binds to the integrated 256x tamdem repeats of Lac operator (Lac O) sequences, which are referred to as the Lac O array. 
Transcription of MEN epsilon/beta ncRNAs is driven by a tetracycline-induced promoter (TRE) which is transactivated by the 
tetracycline-dependent transactivator, rtTA. Doxycycline (dox) is a tetracycline derivative. The synthesized MEN epsilon/beta ncRNAs 
are tagged with MS2 phage coat protein-binding sequences (MS2-binding sequence) that can be visualized by the binding of fluorescent 
protein fused to MS2 coat protein (MS2BP-Y) to these sequences. The de novo paraspeckle signal is superimposed onto the Lac I signal, 
which can be recognized as the integrated genomic site of the artificial MEN epsilon/beta gene. 

 
the biological roles of paraspeckles. We would now like to 
integrate the knowledge described above and consider the 
prerequisite steps of paraspeckle construction from the 
multiple components. The paraspeckle is an RNase-
sensitive nuclear body that is built on MEN epsilon/beta 
ncRNAs. It can therefore be considered to be a huge 
ribonucleoprotein complex. Electron microscopic 
observation-based estimates indicate that the average size 
of paraspeckles is ~0.36 micrometer in diameter (90), more 
than 1,500 times larger than the ribosome, a classical 
ribonucleoprotein complex. The biogenesis process 
underlying the construction of intact ribosomes is 
extremely complicated, with many of the details not yet 
understood. Briefly, however, ribosome biogenesis begins 
with the transcription of pre-rRNA by RNA polymerase I 
and is followed by the processing and modification of pre-
rRNA (92). Multiple ribosomal proteins may assemble onto 
the pre-rRNA molecule cotranscriptionally and/or 

posttranscriptionally in a specific order (92). How does 
paraspeckle assembly proceed?  First, paraspeckle 
formation is initiated by the transcription of MEN 
epsilon/beta ncRNAs by RNA polymerase II from the 
corresponding locus on human chromosome 11. Combined 
DNA-FISH and RNA-FISH analyses show that 
subpopulations of MEN epsilon/beta ncRNAs localize to 
the MEN epsilon/beta genomic locus in interphase HeLa 
cell nuclei, indicating that the initial stage of paraspeckle 
assembly occurs in close proximity to the MEN 
epsilon/beta chromosomal locus (46). Spector and his 
colleagues recently demonstrated that the ongoing 
transcription of MEN epsilon/beta ncRNAs is required for 
paraspeckle formation (93). In their analyses, an artificial 
MEN epsilon/beta gene conjugated with a LacO array was 
integrated onto a specific chromosomal locus (Figure 5). 
Paraspeckle formation was observed on the visualized 
chromosomal locus, marked by the LacO array, where 
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transcription of the designed MEN epsilon/beta ncRNAs 
was induced. Importantly, no paraspeckle formation was 
detectable if the MS2-tagged MEN epsilon/beta ncRNAs 
were tethered onto the specific chromosomal locus (Figure 
5). Taken together, it was concluded that ongoing 
transcription of MEN epsilon/beta ncRNAs is required for 
initial paraspeckle formation on the corresponding 
chromosomal locus. It should be noted that the majority of 
paraspeckle foci are detected outside of MEN epsilon/beta 
chromosomal loci, indicating that the assembled 
paraspeckles either dissociate from the chromosomal locus 
of origin and then diffuse randomly or are transported to a 
programmed specific location in the nucleoplasm. The 
identification of the detailed locations of released 
paraspeckles as well as the investigation of their association 
with specific chromosomal loci would represent an 
intriguing avenue of inquiry.   

 
The next important point regarding paraspeckle 

formation is the role of each isoform of MEN epsilon/beta 
ncRNAs. Two paraspeckle proteins, p54nrb and PSF, are 
essential for paraspeckle formation, since the elimination of 
either of them leads to the disintegration of the 
paraspeckles. Importantly, under the same conditions, it has 
been clearly shown that MEN beta ncRNA can become 
destabilized and disappear while MEN epsilon ncRNA 
remains stably accumulated (47). Furthermore, 
immunoprecipitation experiments have shown that PSF and 
p54nrb selectively bind the MEN beta ncRNA. These data 
strongly suggest that MEN beta is an essential ncRNA 
isoform for paraspeckle formation, and that the interaction 
of p54nrb and PSF with the MEN beta ncRNA serves to 
sustain the paraspeckle structure (Figure 6)(40, 47). 
Meanwhile, it has been reported that MEN epsilon ncRNA 
interacts with p54nrb and PSP1 in vivo and in vitro (46, 94) 
and that RRMs of PSP1 are required for the colocalization 
with MEN epsilon ncRNA in paraspeckles (46), although 
MEN epsilon and MEN beta isoforms were not 
distinguished from each other in these reports. Spector and 
his colleagues have reported that p54nrb 
coimmunoprecipitates with both MEN epsilon ncRNA and 
MEN beta ncRNA (48). In addition, it has been reported 
that a MEN epsilon ncRNA-overexpressing stable cell line 
increases the number of paraspeckle foci in accordance 
with MEN epsilon ncRNA expression level (46). These 
data suggest facilitative and decorative functions for MEN 
epsilon ncRNA in concert with DBHS proteins in 
paraspeckle organization. Furthermore, they are consistent 
with the electron microscopic observation of MEN epsilon 
ncRNA localization at the paraspeckle periphery (90), 
which raises the possibility that the MEN epsilon ncRNA 
may be required for functional execution occurring at the 
paraspeckle periphery rather than paraspeckle structural 
organization. Electron microscopic observations also 
indicate that the 3’ terminal region of MEN beta ncRNA, as 
well as the MEN epsilon/beta ncRNA overlapping region, 
localizes in the paraspeckle periphery, while the middle 
region of MEN beta ncRNA is localized in the interior of 
the paraspeckle (Figure 6, 90). This observation is 
consistent with our model postulating that the MEN beta 
ncRNA is critical to the maintenance of paraspeckle 
structural integrity. This model is also supported by our 

recent observation that paraspeckles are formed only in 
limited adult mouse tissues in which the MEN beta ncRNA 
is highly expressed (42). To clarify the significance of each 
isoform, it is obviously important to attempt a rescue 
experiment of either the MEN epsilon ncRNA or the MEN 
beta ncRNA in cells in which MEN epsilon/beta ncRNAs 
has been eliminated.  

 
The assignment of the functions of the MEN 

epsilon/beta ncRNA isoforms in paraspeckle formation 
raises the importance of alternative 3’ end processing, 
which leads to the creation of the two MEN epsilon/beta 
ncRNA isoforms. As described above, paraspeckle-
localized CPSF6 is presumably involved in MEN epsilon 
ncRNA production though facilitating 3’ end processing. 
Another factor, which would serve to counteract the effect 
of CPSF6, would arrest MEN epsilon ncRNA 3’ end 
processing, and this would eventually lead to the synthesis 
of the MEN beta ncRNA. A search for additional 
paraspeckle protein components will identify such an 
additional essential factor(s) for paraspeckle formation. 

 
 Are MEN beta ncRNA and its stabilizing protein 

factors, such as p54nrb and PSF, sufficient for paraspeckle 
formation? Careful observation of paraspeckles and the 
related accumulation levels of MEN beta ncRNA suggest 
that certain mouse tissues and a few cultured cell lines 
exhibit an absence of intact paraspeckles, in spite of the 
substantial accumulation of the MEN beta ncRNA. This 
suggests that MEN beta ncRNA accumulation is required 
but not sufficient for paraspeckle formation (42, 
Kawaguchi et al., unpublished). Additional factors may be 
required to mediate the assembly of individual 
ribonucleoprotein subcomplexes containing either MEN 
beta ncRNA or MEN epsilon ncRNA. Another intriguing 
possibility is that posttranslational modifications, such as 
phosphorylation, acethylation, and methylation could 
modulate characteristics of paraspeckle proteins, such as 
properties related to interaction with MEN epsilon/beta 
ncRNAs or other paraspeckle proteins. Indeed, various 
posttranslational modifications have been reported in 
p54nrb, PSF, PSP1, and CoAA paraspeckle proteins (95-
99). This mechanism may also account for the drastic 
disintegration of paraspeckles upon actinomycin D 
treatment through the dissociation of paraspeckle proteins 
from MEN epsilon/beta ncRNAs (Figure 1D).  
 
7. INTRACELLULAR STRUCTURES BUILT WITH 
RNA MOLECULES 
 

Several cellular bodies are known to contain 
RNAs, and it is intriguing to explore additional RNA 
molecules that may play architectural roles. Thermal and 
various chemical stresses induce the formation of transient 
nuclear structures called nuclear stress bodies (nSBs) (35). 
These nuclear bodies contain the transcription factor Heat 
shock factor protein 1 (HSF1) and a specific subset of pre-
mRNA splicing factors. nSBs are assembled on specific 
pericentromeric heterochromatic domains containing 
satellite III (SatIII) DNA. In response to stress, these 
domains change their epigenetic status from 
heterochromatin to euchromatin, and subsequently 
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Figure 6. The current model of paraspeckle structural formation. The required steps for intact paraspeckle formation are 
summarized on the left. First, MEN epsilon/beta ncRNA transcription needs to be initiated by RNA polymerase II (RNAPII). 
Some of the paraspeckle proteins are thought to associate with nascent MEN epsilon/beta ncRNAs cotranscriptionally. Canonical 
3’ end processing and polyadenylation takes place 3.7 kb from the 5’ end to produce the MEN epsilon ncRNA; however, this 
processing is relatively inefficient, resulting in the occurrence of transcriptional readthrough to produce the MEN beta ncRNA . 
At the end of MEN beta ncRNA, a tRNA-like structure acts as a signal for processing with RNase P. The MEN beta ncRNA 
preferentially binds with DBHS proteins (p54nrb and PSF), resulting in the formation of a putative MEN beta ribonucleoprotein 
subcomplex, while MEN epsilon ncRNA is considered to form its own ribonucleoprotein subcomplex. These two subcomplexes 
are bundled to form a higher order complex in which the 5’ terminal and 3’ terminal regions of MEN beta ncRNA as well as 
MEN epsilon ncRNA are located at the paraspeckle periphery. 

 
transcribe polyadenylated SatIII RNAs that remain 
associated with the nSBs. The elimination of SatIII RNAs 
significantly affects the recruitment of RNA splicing 
factors to nSBs without altering the association of HSF1 
with these structures. Recently, the tethering of MS2-
tagged RNA revealed that SatIII RNA could initiate de 
novo formation of nSBs (100), indicating that SatIII RNAs 
play a major role in the formation of functional nSBs.  

 
RNA has a structural role in the organization of 

the cytoskeleton and the mitotic spindle. In Xenopus 
oocytes, short interspersed repeat transcripts (Xlsirts 
ncRNA) and mRNA for T-box factor from the vegetally 
localized transcript (VegT) are integrated within the 
cytoskeleton and are required for the proper organization of 

the cytokeratin cytoskeleton (101, 102). The elimination of 
either transcript disrupts the cytokeratin network, but not 
the actin cytoskeleton. Interestingly, VegT mRNA plays a 
role as a nontranslated RNA, since blocking its translation 
had no effect on the cytokeratin network (102, 103). 
Mitotic spindles have been found to associate with various 
RNA species, including ribosomal RNAs and a number of 
uncharacterized transcripts (104). RNase treatment, but not 
translation inhibitors, disrupts spindle assembly and causes 
the spindle to collapse, indicating that the associated RNAs 
play an important role in spindle assembly during M phase 
(104). Further research will reveal additional ncRNAs as 
well as mRNAs that play architectural roles in organizing 
intracellular structures. The functional analysis of these 
RNA-containing structures and their assembly process will 
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expand our understanding of the biological significance of 
RNA as a structural molecule.  
 
7. SUMMARY AND PERSPECTIVES 
 

The paraspeckle is a unique nuclear body that is 
constructed on MEN epsilon/beta ncRNAs. This nuclear 
body contains multiple characteristic RNA-binding proteins 
that play various transcriptional and posttranscriptional 
regulatory events. These protein factors are likely 
integrated by MEN epsilon/beta ncRNAs to form the 
functional paraspeckle. Paraspeckles play important roles 
in the retention of mRNA subsets in the nucleus, in 
processes which may be regulated by certain signals. It is 
important to investigate whether natural nuclear-retained 
mRNAs are localized to paraspeckles or not, since CTN-
RNA is the only natural mRNA whose localization to 
paraspeckles has been confirmed. For the formation of the 
paraspeckle core, the ongoing transcription of MEN 
epsilon/beta ncRNAs, alternative 3’ RNA processing of 
MEN epsilon/beta ncRNAs, and subsequent association of 
DBHS RNA binding proteins, including PSF and p54nrb, 
with the longer MEN beta ncRNA must occur in a 
programmed order. Other paraspeckle proteins, including 
PSP1 and the shorter MEN epsilon ncRNA, may join the 
core ribonucleoprotein complex to form intact paraspeckles. 
Future research on paraspeckles has the important potential to 
elucidate the following biological concepts: [1] new roles for 
long ncRNA; [2] new construction processes for intracellular 
structures; and [3] new regulatory mechanisms through 
intracellular structures. Further dissection of RNA-protein 
interactions and their modulation under various physiological 
conditions would be advantageous for the exploration of the 
concepts listed above. The identification of additional 
paraspeckle components and the investigation of each 
component would also be required to achieve a solid 
understanding of the process of paraspeckle formation. Animal 
models in which paraspeckles have been removed by blocking 
the expression of MEN epsilon/beta ncRNA by gene targeting 
would serve as a useful tool for the investigation of the 
physiological roles of this nuclear body.  
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