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Nuclear Import of DNA
David A. Dean and Kerimi E. Gokay

N uclear trafficking of macromolecules usually brings to mind the nuclear import of NLS-

containing proteins and certain RNAs and the export of NES-containing proteins and mRNAs. One
macromolecule whose nuclear import is often overlooked and under-appreciated is exogenously
administered DNA. While extrachromosomal DNA may not be a “normal” species in the cell, its nuclear
localization is integral to the life cycles of many pathogens and necessary for the success of
transfections in the laboratory and gene therapy in the clinic. Moreover, the movement of DNA from
the cytoplasm to the nucleus remains one of the major barriers to efficient gene transfer and
expression (Fig. 1). Without localization of DNA to the nucleus, no transcription, replication, integration,
maintenance, or “gene therapy” can take place. Surprisingly, there has been relatively little attention
directed toward either discovering or exploiting the mechanisms used by the cell to direct DNA to the
nucleus, despite its importance in gene therapy. The discussion that follows will highlight our working
knowledge of the mechanisms of DNA nuclear import in both non-viral and viral systems.

The Nuclear Envelope Isa Barrier to Gene Delivery

That the nuclear envelope presents a major barrier to gene transfer and viral infections was
realized over 20 years ago in seminal experiments by Capecchi and others in which plasmids that had
been microinjected into the cytoplasm were found to be virtually incapable of directinggene expression
while those injected into the nucleus were highly proficient for gene expression.s Using similar
microinjection strategies, Graessman demonstrated that when 1000 to 2000 copies of a plasmid were
injected into the cytoplasm, less than 3% of the expression was seen as compared to cells injected in
the nucleus with the same number of plasmids.33 Other experiments in a variety of mammalian cell
types,e384 as well as in Xenopus oocytesio4 has confirmed that plasmids injected into the cytoplasm
are much less capable of directing gene expression than those injected into the nucleus. The same is
true for many viral genomes: direct nuclear injection, instead of cytoplasmic injection, of the DNA
genome from SV40 or a reverse-transcribed retroviral genome resulted in 10 to 100-fold more
infectious virus particles in a given time. 32,49,64

During mitosis, the nuclear envelope breaks down, eliminating a major barrier to gene transfer. If
plasmids or viral DNA genomes are present in the cytoplasm, they have unencumbered access to the
nuclear compartment during this stage of the cell cycle. By contrast, in nondividing cells, the nuclear
envelope provides a substantial barrier to the DNA (see above). Indeed, it has been demonstrated that
retroviruses cannot productively infect non-dividing cells due to the fact that their reverse-transcribed
viral genomes (rtDNA) cannot traverse the nuclear envelope to gain access to the nucleus. However,
when the cells undergo mitosis, tDNA can localize to the nucleus, integrate, and lead to new rounds of
replication. 54,62 Similarly, it is greatly appreciated by researchers the world over that non-dividing cells
(growth-arrested cells, confluent cells, primary cells, etc.) are exceedingly difficult to transfect. Again,
the main reason for this is that the nuclear envelope restricts access of exogenous DNA to the site of
transcription. In at least a number of the cells o an actively dividing population, DNA is able to enter
the nucleus and express itself. Using primary human airway epithelial cells, it was shown that actively
dividing cells, identified by BrdU incorporation, were ten times more likely to express ...............
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