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INTRODUCTION
The type I interferon (IFN) response is an innate immune response
for host defense against viruses. When a virus enters a cell, cellular
pattern recognition receptors bind to viral structures leading to
transcription and synthesis of type I interferons such as IFN-β
ultimately resulting in viral clearance (1). Induction of IFN- β requires
numerous signaling molecules that converge on the activation
pathways of various transcription factors, ultimately leading to the
creation of an antiviral state. Although well studied, many
components of the type I interferon response are still being
deciphered.
Nup98 is a component of the nuclear pore complex (NPC), a large
macromolecular structure found embedded in the nuclear envelope
that allows for the movement of RNA and proteins between the
cytoplasm and nucleus. Nup98 has well known roles in mRNA and
protein export along with NPC assembly, and regulation of the cell
cycle (6). New research has suggested that NPC proteins, such as
Nup98 may have roles in regulating transcriptional induction of the
host response to microbial pathogens (3, 2, 4). For example, Nup98,
is itself induced during the type I IFN response and thus may
contribute to the regulation of this pathway (3). In Drosophila,
Nup98 has been found to bind chromatin and facilitate
transcriptional regulation during development and heat shock (2, 4).
Furthermore, poliovirus, a prototypical member of the
picornaviridae family, is a positive strand RNA virus that inhibits the
type I interferon response and causes the rapid proteolysis of Nup98
(5). Cumulatively, these findings lead us to hypothesize that Nup98
contributes to the transcriptional induction of the IFN-β signaling
pathway in response to viral infection.

METHODS
To determine if Nup98 is required for induction of the type I interferon 
response, HeLa cells were transfected with small interfering RNA (siRNA) 
to knock down Nup98 expression. Following transfection of siRNA, 
protein was harvested from the cells and analyzed by western blot, with 
normalization to nucleolin, to confirm down regulation of Nup98 protein 
levels and examine down regulation of Nup96 levels. The impact of 
Nup98 knockdown on the Type I IFN response was assessed by treating 
cells with poly(I:C) dsRNA and analyzing IFN-β mRNA levels using 
quantitative real time PCR (qRT-PCR). 

RESULTS
Western blotting showed that siRNA knockdown of Nup98, using 3 siRNA sequences, each targeting different regions of Nup98 mRNA, worked 
effectively with levels of Nup98 protein reduced 55-92% compared to control transfections using All-Star (Figure 3). The highest reduction in 
Nup98 protein as measured by Western Blot was found with siRNA7 (92%), and most consistent was with siRNA5 (81% on average) (p<0.01). RT-
PCR data (Figure 4) shows consistent decreases in IFN-beta induction with siRNA3 (46% induction, p<0.05), siRNA7 (65% induction, p<0.04), and 
less-so with siRNA5 (96% induction, p=0.064) (Figure 4). These results support the possibility that Nup98 contributes to the induction of the IFN 
response. 

CONCLUSIONS
This project tested the hypothesis that Nup98 
contributes to the transcriptional induction of the 
IFN-β promoter, a critical component the Type I IFN 
response and host defense against viruses. The 
results indicate that Nup98 may be an important 
contributor in the activation of the IFN-β promoter 
and likely through the transcriptional induction of 
the type I IFN response. Additional experiments will 
be needed to confirm this role for Nup98 in host 
antiviral defense and identify the mechanisms 
responsible. For example, chromatin 
immunoprecipitation (ChIP) analysis with antibodies 
to Nup98 can be used to determine if Nup98 
physically associates with the IFN-β promoter. 
These experiments have provided clues to the role 
of Nup98 in the IFN response and may explain why 
Nup98 is targeted following infection by multiple 
viruses, including poliovirus (5). 

REFERENCES:
1. Bruns, A.M., and C.M. Horvath. 2012. Activation of RIG-I-like receptor signal transduction. Critical reviews in biochemistry and molecular biology 47:194-206.
2. Capelson, M., Y. Liang, R. Schulte, W. Mair, U. Wagner, and M. W. Hetzer. 2010. Chromatin-bound nuclear pore components regulate gene expression in higher 
eukaryotes. Cell 140:372-383
3. Enninga, J., D. E. Levy, G. Blobel, and B. M. Fontoura. 2002. Role of nucleoporin induction in releasing an mRNA nuclear export block. Science 295: 1523-1525 
4. Kalverda, B., H. Pickersgill, V. V. Shloma, and M. Fornerod. 2010. Nucleoporins directly stimulate expression of developmental and cell-cycle genes inside the nucleoplasm. 
Cell 140:360-371.
5. Park, N., P. Katikaneni, T. Skern, and K. E. Gustin. 2008. Differential targeting of nuclear pore complex proteins in poliovirus-infected cells. J. Virol 82:1647-1655. 
6. Xu, S., and M. A. Powers. 2009. Nuclear pore proteins and cancer. Seminars in cell & developmental biology 20:620-630. Figure 2. Schematic representation of experimental protocol.

Figure 1. Visual representation of methods.

Figure 3a. Immunoblot showing 3 Nup98 knockdown 
experiments with three different siRNAs (siRNA3, 5, 7), 

and control siRNA (Allstar). 

Figure 5. Mean Poly(I:C) induction of IFN-beta mRNA in cells transfected with siRNAs
targeting Nup98 (for all 3 experiments). Total RNA was harvested at the indicated
times and analyzed by real time PCR. Levels of IFN-β mRNA were normalized using β-
actin mRNA and % induction calculated compared to samples without poly(I:C). % IFN
induction relative to cells transfected with control siRNAs is shown (p<0.05 for
siRNA3 and 7).

Figure 4. Percent Induction of IFN-Beta mRNA by the 3 
siRNAs used for Nup98 knockdown (siRNA3, 5, 7) 

relative to Control (Allstar) siRNA.

Figure 3b. Nup98 % 
knockdown (KD) 
calculated from 

Western Blot 
expression profiles.
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