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Nucleoporins are the constituents of the nuclear pore complex, but they are also 
known to shuttle to the nuclear interior, the function of which is unclear. Mechanistic 
studies of leukemogenic fusion proteins that contain nucleoporins suggest that 
nucleoplasmic nucleoporins have a direct role in transcription.

Nucleoporins are the molecular components of the nuclear pore complex (NPC), a 

structure that permits selective exchange between the nucleus and cytoplasm of interphase 

eukaryotic cells. The functional elements in nucleoporins that permit the selective passage 

appear to be the nucleoporin phenyl-alanine-glycine (FG) repeats, which form a barrier 

at the center of the NPC. Surprisingly, these FG regions are also encountered in a large 

number of oncogenic fusion proteins. The most promiscuous FG repeat region is that of 

Nup98, which is found in no less than 19 different oncogenic fusion proteins (1). These 

fusions are generated as consequences of chromosomal translocation or inversion that 

are associated with multiple types of myeloid or lymphocytic leukemia. A second oncogenic 

FG repeat is that of Nup214, which is found in two different leukemia-associated fusion 

proteins (2). How do these quintessential nucleoporin domains function in leukemogenesis, 

and does this reflect a regular function of nucleoporins? A recent article by Wang et al. (3) 

clearly defines the role of one of the oncogenic Nup98 fusions, Nup98-NSD1. It also adds 

importance to the question of whether Nup98 has roles that are not directly related to 

nucleocytoplasmic transport.

The largest group of Nup98 oncogenic events fuses the Nup98 FG repeat region to 

homeodomain transcription factors, in particular of the HoxA, HoxC, HoxD and Prrx (Pmx) 

subfamilies. This results in chimeric transcription factors that are able to transactivate or 

transrepress target genes (4, 5). Transactivation or transrepression  coincides with the 

ability of FG repeats to interact with CBP/p300 acetyltransferase (5) or histone deacetylase 

HDAC1 (4), respectively. Interestingly, in the case of Nup98-HoxA9, the Nup98 FG region 

can be functionally replaced by those of Nup153 and Nup214, suggesting that recruitment 

of CBP/p300, and perhaps other histone modifiers, is an intrinsic property of FG repeat 

regions. Apart from homeobox transcription factors, Nup98 is also found fused to two
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Figure 1 Model of mechanism of NupFG oncoproteins and their relation to normal nucleoporin 

function. (A) Nup98-NSD1 or Nup98-HoxA9, Nup98-Prrx1 associate with target genes; for example the 

HoxA10-7 cluster in case of Nup98-NSD1 (3) and possibly Nup98-HoxA9 (6), or the c-Fos gene in the case 

of Nup98-Prrx1 (4), leading to activation or repression of the locus through histone H3 acetylation (Ac) or 

methylation (Me) on lysine (K) 4 and 36, or histone deacetylation mediated by CBP/p300 (CBP), NSD1/3 

(NSD) or HDAC1 (HDAC), respectively. (B) Transcriptional activation of NupFG oncogenic fusion proteins 

may reflect a normal function of nucleoporins at the NPC, where an active or repressive gene environment is 

created by associating histone modifiers. Such complexes may also be formed inside the nucleoplasm, where 

nucleoporins are also known to reside. The question mark indicates uncertainty about whether nucleoporins 

would be targeted to chromatin or nascent transcripts.
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related histone methyltransferases, NSD1 and NSD3, as a consequence of recurring 

chromosome translocations in acute myeloid leukemia (for references see 3). Using 

expression studies and chromatin immunoprecipitations, it was found that Nup98-

NSD1 directly activates HoxA10, A9 and A7 gene transcription, which correlated with 

increased histone acetylation and methylation (3). Reversely, deletion of the methyl 

transferase domain or CBP/p300 binding domain of Nup98-NSD1 rendered the fusion 

protein transcriptionally inactive. Nup98-NSD1-mediated expression of the HoxA10-9-

7 locus was required for self-renewal of primary myeloid progenitor cells, which clearly 

links the two histone modifying activities of Nup98-NSD1 to tumorigenesis (Figure 

1A). Interestingly, HoxA9 is also a direct transcriptional target of the Nup98-HoxA9 

fusion protein (6). Therefore, Nup98-NSD1 and Nup98-HoxA9 may function in a similar 

manner: through recruitment of CBP/p300 via Nup98 FG repeats to the HoxA locus.

These data place the FG domain of Nup98, and by extension those of Nup153 and Nup214 

(5), firmly in the context of transcription. This raises the question whether any other direct 

links exist between nucleoporins and transcription. Indeed, in yeast, nucleoporins have 

been found to bind to transcriptionally active genes, and certain loci are targeted to the 

nuclear periphery upon activation (reviewed in 7).  Therefore it is possible that the NPC 

recruits histone modifiers through FG repeat regions, creating an active environment close 

to the NPC (Figure 1B), possibly contributing to the global organization of gene expression. 

In parallel, nucleoporins could also act in transcription complexes in the nuclear interior, 

away from the NPCs (Figure 1B). Three clues point in this direction. First, several 

nucleoporins that face the nucleoplasm, including Nup98 and Nup153, are known to 

shuttle on and off the NPC (8). The reason for this happening is not immediately clear from 

their roles as mediators of NPC translocation. Second, stimulation of myeloid cells with 

interferon γ induces a large increase in Nup98 protein, which is accompanied by increased 

gene expression (9). The increase of Nup98 is particularly high in the nucleoplasm, which 

indicates that intranuclear presence of nucleoporins is at least in part regulated. Third, 

Nup98 and Nup153 decrease their intranuclear mobility when transcription is inhibited (10). 

Together, these facts suggest that at least Nup98 and Nup153 are normally present in 

intranuclear transcription complexes. Whether these nucleoporins are recruited directly to 

the DNA or interact with nascent mRNPs remains to be determined. 

An open question therefore remains whether transcription and transport functions of 

nucleoporin FG domains have a common molecular and/or evolutionary basis. In any case, 

mechanistic study of three FG-repeat oncogenic fusion proteins directly relates nucleoporins 

to three different histone modifying complexes: NSD1, CBP/p300 and HDAC1. With novel 

FG fusion proteins continuing to be discovered, the intranuclear life of nucleoporins is likely 

to turn out to be rich and varied.
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