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Abstract

Mammalian reovirus p2 antagonizes type I interferon (IFN) signaling and is associated with nuclear hyperaccumulation of
IRF9. We tested whether p2 residue 208, which determines strain-specific IFN-f3 repression and modulation of host cell
mRNA splicing, also controls IRF9 relocalization and whether the splicing factor SRSF2 is required. Recombinant and
mutant viruses showed that T1L-like Pro208 is required and sufficient for IRF9 nuclear accumulation in 1929 cells. In
addition, SRSF2 depletion reduced IFN-mediated induction of Irf7 and Statl, but not Isg56/Ifit1, and abolished T3D-
S208P-induced IRF9 nuclear accumulation. Thus, reovirus-induced IRF9 relocalization requires both 12 residue 208 and
host SRSF2.
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Figure 1. Reovirus p2 residue 208 drives nuclear hyperaccumulation of IRF9 in an SRSF2-dependent manner:

(A) L929 cells were infected with the indicated reoviruses at an MOI of 50 PFU per cell for 24 h. Cells were fixed and
subjected to immunostaining using antibodies against IRF9 and reovirus mouse antisera (Rivera-Serrano and Sherry,
2017). Nuclei were counterstained with DAPI. Scale bar = 10 pm. Histograms display measured fluorescence intensity for
IRF9 (green) and DAPI (blue) along the drawn line in the IRF9 panels using the image processing package Fiji as
previously described (Rivera-Serrano et al., 2017a). IRF9 localization was scored in mock cells and in reovirus antigen-
positive infected cells from three independent experiments. The number of cells scored per condition was: Mock, n = 196;
T1L, n = 203; T3D, n = 216; T3D T1L-M1, n = 244; T1L T3D-M1, n = 211; T3D-S208P, n = 207; and T3D T1L-M1
P208S, n = 224. Data are shown as the percentage of cells with nuclear IRF9 accumulation, averaged across three
independent experiments + standard deviation. Statistical significance was determined using one-way ANOVA with
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Tukey’s multiple-comparisons test; P < 0.05 was considered significant. (B) L929 cells were transfected with either a
control non-targeting (NT) siRNA or an SRSF2-specific siRNA for 72 h as described in (Rivera-Serrano et al., 2017b) and
stimulated with 1000 U/ml IFN-$ for 5 h prior to mRNA harvest for gRT-PCR. Fold induction (average + standard
deviation) is expressed as IFN-treated cells over mock-treated cells for the corresponding siRNA used (*, P < 0.01 using a
student t-test). Efficiency of SRSF2 knockdown was assessed by immunoblotting. (C) Purity of cytoplasmic and nuclear

protein fractions from L1929 cells using the NE-PER™ it (Thermo Fisher Scientific, #78833) was determined by
immunoblotting against a-tubulin (Millipore-Sigma #T6199; 1:10,000) and the transcription factor Spl (Santa Cruz
Biotech #sc-14027; 1:500). (D) L929 cells were transfected with the indicated siRNA for 72 h, and infected with the
indicated reovirus at an MOI of 50 PFU per cell for 24 h. Cytoplasmic and nuclear protein fractions (20 pg/sample) were
resolved by SDS-PAGE and subjected to immunoblotting using antibodies against p2 (1:1,000; (Rivera-Serrano et al.,
2017b)), IRF9 (Santa Cruz Biotech #sc-10793; 1:100), or B-actin (Santa Cruz Biotech #sc-1615-hrp; 1:3,000).
Densitometry values for normalized IRF9 band intensities are expressed relative to the band intensity of “control siRNA,
mock infected” for each panel. Statistical significance was determined using Student’s t-test for planned comparisons
between NT siRNA and SRSF2 siRNA for each virus condition.

Description

Type I interferon (IFN-a/f) signaling is a central antiviral defense that induces interferon-stimulated genes (ISGs) through
the JAK-STAT pathway. IFN receptor engagement promotes STAT1 and STAT2 phosphorylation, assembly of the ISGF3
complex with IRF9, nuclear translocation of ISGF3, and transcriptional activation of ISGs with antiviral activity (Dalskov
et al., 2023, Schneider et al., 2014). Many viruses disrupt this pathway, including mammalian orthoreoviruses
(“reoviruses”), nonenveloped double-stranded RNA viruses whose strain-specific host responses have informed studies of
viral pathogenesis and oncolysis (Garcia-Sastre, 2017, Miiller et al., 2020, Zhu et al., 2023).

The reovirus p2 protein, encoded by the M1 gene segment, is a multifunctional viral protein that contributes to strain-
specific differences in IFN antagonism. Previous work showed that Type 1 Lang (T1L) represses IFN-stimulated ISG
induction, whereas Type 3 Dearing (T3D) does not, and that this phenotype is associated with an unusual nuclear
hyperaccumulation of IRF9 (Irvin et al., 2012, Zurney et al., 2009). The T1L-like p2 residue 208 also determines
repression of IFN signaling and modulates viral replication, cytopathic effect, and myocarditis in related systems (Irvin et
al.,, 2012, Sherry et al., 1998). However, whether p2 residue 208 is required and sufficient for IRF9 nuclear
hyperaccumulation, and whether this phenotype depends on host factors that regulate p2 localization, remained unclear.

We first infected 1.929 cells with recombinant T1L and T3D viruses, M1 single-gene reassortant viruses, and single-
amino-acid mutants that alter p2 residue 208. IRF9 was predominantly cytoplasmic in mock-infected cells and in cells
infected with T3D, but accumulated in the nucleus in a majority of T1L-infected cells, as determined by scoring IRF9
localization in reovirus antigen-positive cells from three independent experiments (Fig. 1A). Quantification of 60-90 cells
per condition, per independent experiment showed that approximately 75.6% of T1L-infected cells exhibited nuclear IRF9
accumulation, whereas this phenotype was observed at low frequency in mock- or T3D-infected cells. Additional
representative images of T1L-infected L929 cells and no-primary-antibody controls are provided in Extended Data 1A-B.
Consistent with the phenotype observed in 1.929 cells, T1L infection also promoted nuclear accumulation of IRF9 in
human AD-293 cells (Extended Data 1C), supporting that this effect is not limited to a single cell type. Consistent with
prior mapping of this phenotype to the M1 segment, T3D carrying the T1L M1 gene induced IRF9 nuclear accumulation,
whereas T1L carrying the T3D M1 gene did not. Substitution of T3D 12 residue 208 with the T1L-like residue (T3D-
S208P) was sufficient to induce IRF9 nuclear accumulation, whereas reverting residue 208 in T3D T1L-M1 to the T3D-
like residue (T3D T1L-M1 P208S) eliminated this phenotype. These data indicate that a single p2 polymorphism
determines strain-specific IRF9 relocalization during infection.

Because p2 interacts with or alters nuclear RNA-processing factors, and because SRSF2 is required for p2 nuclear
localization (Boudreault et al., 2016, Boudreault et al., 2022, Rivera-Serrano et al., 2017b), we next asked whether SRSF2
depletion altered IFN-mediated transcriptional responses. We transfected 1929 cells with control or SRSF2-specific
siRNA and measured IFN-f-mediated induction of selected IFN-responsive transcripts (Fig. 1B). Specifically, we
quantified Irf7 and Stat1 because these IFN-responsive transcripts were previously shown to be strongly repressed by T1L
during IFN-B stimulation (Zurney et al., 2009) and therefore provide continuity with the phenotype examined in the prior
study. We also measured Isg56/Ifit1, which was not repressed by T1L in that study (Zurney et al., 2009), possibly because
Isg56/1fit1 can also be induced directly by IRF3 (Grandvaux et al., 2002). SRSF2 knockdown reduced IFN-mediated
induction of Irf7 and Statl by approximately 2.5-fold and 3.0-fold, respectively, but did not similarly reduce induction of
Isg56/1fit1 (Fig. 1B). These data suggest that SRSF2 depletion affects a subset of IFN-responsive transcripts measured
here, while also preventing a clean direct test of whether SRSF2 specifically disrupts reovirus-mediated repression of IFN
signaling.

We therefore used IRF9 nuclear hyperaccumulation as a marker of reovirus-mediated IFN antagonism. SRSF2 depletion
did not detectably alter IRF9 localization in mock-infected cells and did not reduce cytoplasmic IRF9 levels. In control
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siRNA-treated cells, T1L induced nuclear IRF9 accumulation, whereas T3D did not (Fig. 1D). In contrast, T1L-induced
IRF9 nuclear hyperaccumulation was abolished in SRSF2-depleted cells. The same SRSF2 dependence was observed for
T3D-S208P, whereas the non-accumulating mutant T3D T1L-M1 P208S did not induce nuclear IRF9 accumulation under
either siRNA condition. These data show that SRSF2 is required for p2 residue 208-dependent IRF9 relocalization during
reovirus infection.

Together, these findings define a functional link between the reovirus 2 polymorphism at residue 208, SRSF2-dependent
control of p2 nuclear behavior, and nuclear hyperaccumulation of IRF9. The results support a model in which reovirus-
induced IRF9 relocalization requires a host nuclear environment regulated by SRSF2, rather than simply increased p2
abundance or stability. A limitation is that these experiments were performed in 1929 cells using siRNNA-mediated
depletion, and SRSF2 depletion itself reduced IFN-stimulated ISG induction. Thus, the data establish a requirement for
SRSF2 in IRF9 nuclear hyperaccumulation but do not distinguish whether SRSF2 acts by controlling p2 nuclear
localization, IRF9 nuclear transport or retention, ISGF3-associated transcriptional events, or broader RNA-processing
functions that influence IFN signaling. Future experiments defining how p2—-SRSF2 interactions alter IRF9 dynamics
should clarify this unconventional mechanism of reovirus IFN antagonism.

Methods

Cells, viruses, and infections. 1.929 and AD-293 cells were maintained at 37°C in 5% CO5 as previously described
(Rivera-Serrano et al., 2017b). Recombinant reoviruses T1L, T3D, T3D T1L-M1, T1L T3D-M1, T3D-S208P, and T3D
T1L-M1 P208S were generated and characterized previously (Rivera-Serrano et al., 2017a, Irvin et al., 2012). Virus stocks
were titrated by plaque assay on L929 cells. For infections, L.929 cells were adsorbed with the indicated viruses at 50
PFU/cell and incubated for 24 h unless otherwise indicated.

Immuneostaining and image analysis. L.929 cells grown on 8-well chamber slides were mock infected or infected with
the indicated viruses at 50 PFU/cell for 24 h. Cells were fixed in 2% paraformaldehyde (Electron Microscopy Sciences) in
phosphate-buffered saline and permeabilized with 0.25% Triton X-100 (Sigma). Slides were blocked with 5% normal goat
serum and subjected to immunostaining using antibodies against IRF9 for immunofluorescence detection (Abcam
#ab51639; 1:500) and reovirus mouse antisera (1:5,000) for 1 h at room temperature. No-primary-antibody controls were
processed in parallel using the same secondary antibodies and showed minimal background fluorescence (Extended Data
1A). Nuclei were counterstained with DAPI, and slides were preserved with ProLong Gold. Fluorescence intensity plots
for IRF9 and DAPI along the indicated line were generated using Fiji. Approximately 200 cells per condition from three
independent experiments were scored for IRF9 signal overlapping with DAPI. For Extended Data 1C, AD-293 cells were
mock infected or infected with T1L at an MOI of 25 PFU/cell for 24 h and processed for IRF9 and reovirus
immunostaining as described above.

siRNA depletion and IFN-$ stimulation. L.929 cells were transfected with 60 nM of a non-targeting control siRNA or
SRSF2-specific siRNA (Horizon Discovery, catalog no. D-001810-10 and L-044306, respectively) for 72 h using the
transfection reagent RNAIMAX (Thermo Fisher Scientific), as described previously (Rivera-Serrano et al., 2017b). For
ISG induction assays, cells were treated with 1000 U/ml recombinant IFN-f for 5 h, and total RNA was harvested using a
QIAGEN RNeasy Kit. RNA was treated with RNase-free DNase I, converted to cDNA by reverse transcription, and used
for real-time PCR on a LightCycler 480 fluorescence thermocycler. The reaction mixtures contained 1% QuantiTect SYBR
green master mix (Qiagen) and 0.3 uM (each) forward and reverse primers as previously described (Zurney et al., 2009).
Values were normalized to GAPDH and expressed as fold induction in IFN-B-treated cells relative to mock-treated cells
for each siRNA condition.

Subcellular fractionation and immunoblotting. For fractionation experiments, 1.929 cells were transfected with the
indicated siRNAs for 72 h and then mock infected or infected with the indicated reovirus at 50 PFU/cell for 24 h.
Cytoplasmic and nuclear fractions were prepared using NE-PER Nuclear and Cytoplasmic Extraction Reagents (Thermo
Fisher Scientific, #78833). Fraction purity was assessed by immunoblotting for a-tubulin (Millipore-Sigma #T6199;
1:10,000) and Sp1 (Santa Cruz Biotechnology #sc-14027; 1:500). Protein samples (20 pg) were resolved by SDS-PAGE
and transferred to a nitrocellulose membrane. Membranes were probed with antibodies against p2 (1:1,000; (Rivera-
Serrano et al., 2017b)), IRF9 (Santa Cruz Biotechnology #sc-10793; 1:100), -actin (Santa Cruz Biotechnology #sc-1615-
hrp; 1:3,000), or SRSF2 (Millipore, #04-1550; 1:1,000). Densitometry was performed and normalized IRF9 band
intensities were expressed relative to control siRNA, mock-infected cells within each panel.

Statistics. qRT-PCR, immunostaining quantification, and densitometry data are shown as average + standard deviation
from three independent experiments. Statistical significance was assessed using Student’s t-test for planned comparisons
or one-way ANOVA where indicated; P < 0.05 was considered significant. Representative immunostaining images and
immunoblotting data are shown from three independent experiments.

Extended Data
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Description: Extended data 1. Additional controls and representative images for IRF9 immunostaining. (A) L929 cells
were fixed, permeabilized, and processed for IRF9 immunostaining using a rabbit anti-IRF9 primary antibody (Abcam)
followed by an Alexa Fluor 488-conjugated goat anti-rabbit IgG secondary antibody, or with secondary antibody alone
after omission of the primary antibody. Nuclei were counterstained with DAPI. Minimal fluorescence signal was detected
in the absence of primary antibody. (B) Additional representative images from independent experiments showing nuclear
hyperaccumulation of IRF9 in T1L-infected 1.929 cells. (C) Immunofluorescence images of mock- and T1L-infected AD-
293 cells showing nuclear accumulation of IRF9 in T1L-infected cells.. Resource Type: Dataset. File:
RiveraSerrano ExtendedDatal.jpg. DOI: 10.22002/1t8np-pfd65

References

Boudreault S, Durand M, Martineau CA, Perreault JP, Lemay G, Bisaillon M. 2022. Reovirus p2 protein modulates host
cell alternative splicing by reducing protein levels of U5 snRNP core components. Nucleic Acids Res 50(9): 5263-5281.
PubMed ID: 35489070

Boudreault S, Martenon-Brodeur C, Caron M, Garant JM, Tremblay MP, Armero VE, et al., Bisaillon M. 2016. Global
Profiling of the Cellular Alternative RNA Splicing Landscape during Virus-Host Interactions. PLoS One 11(9): e0161914.
PubMed ID: 27598998

Dalskov L, Gad HH, Hartmann R. 2023. Viral recognition and the antiviral interferon response. EMBO J 42(14): e112907.
PubMed ID: 37367474

Garcia-Sastre A. 2017. Ten Strategies of Interferon Evasion by Viruses. Cell Host Microbe 22(2): 176-184. PubMed ID:
28799903

Grandvaux N, Servant MJ, tenOever B, Sen GC, Balachandran S, Barber GN, Lin R, Hiscott J. 2002. Transcriptional
profiling of interferon regulatory factor 3 target genes: direct involvement in the regulation of interferon-stimulated genes.
J Virol 76(11): 5532-9. PubMed ID: 11991981

Irvin SC, Zurney J, Ooms LS, Chappell JD, Dermody TS, Sherry B. 2012. A single-amino-acid polymorphism in reovirus
protein p2 determines repression of interferon signaling and modulates myocarditis. J Virol 86(4): 2302-11. PubMed ID:
22156521

Miiller L, Berkeley R, Barr T, Ilett E, Errington-Mais F. 2020. Past, Present and Future of Oncolytic Reovirus. Cancers
(Basel) 12(11): 10.3390/cancers12113219. PubMed ID: 33142841

Rivera-Serrano EE, DeAngelis N, Sherry B. 2017. Spontaneous activation of a MAVS-dependent antiviral signaling
pathway determines high basal interferon-f3 expression in cardiac myocytes. J Mol Cell Cardiol 111: 102-113. PubMed ID:
28822807

Rivera-Serrano EE, Fritch EJ, Scholl EH, Sherry B. 2017. A Cytoplasmic RNA Virus Alters the Function of the Cell
Splicing Protein SRSF2. J Virol 91(7): 10.1128/JV1.02488-16. PubMed ID: 28077658

Rivera-Serrano EE, Sherry B. 2017. NF-kB activation is cell type-specific in the heart. Virology 502: 133-143. PubMed
ID: 28043025

Schneider WM, Chevillotte MD, Rice CM. 2014. Interferon-stimulated genes: a complex web of host defenses. Annu Rev
Immunol 32: 513-45. PubMed ID: 24555472

Sherry B, Torres J, Blum MA. 1998. Reovirus induction of and sensitivity to beta interferon in cardiac myocyte cultures
correlate with induction of myocarditis and are determined by viral core proteins. J Virol 72(2): 1314-23. PubMed ID:
9445032

Zhu J, Chiang C, Gack MU. 2023. Viral evasion of the interferon response at a glance. J Cell Sci 136(12):
10.1242/jcs.260682. PubMed ID: 37341132

Zurney J, Kobayashi T, Holm GH, Dermody TS, Sherry B. 2009. Reovirus mu2 protein inhibits interferon signaling
through a novel mechanism involving nuclear accumulation of interferon regulatory factor 9. J Virol 83(5): 2178-87.
PubMed ID: 19109390

Funding: E.E.R.-S. received institutional support from Elon University.
Conlflicts of Interest: The authors declare that there are no conflicts of interest present.

Author Contributions: Efrain E. Rivera-Serrano: conceptualization, formal analysis, writing - original draft,
investigation, visualization.

Reviewed By: Anonymous

History: Received May 14, 2026 Revision Received July 8, 2026 Accepted July 27, 2026 Published Online July 27,
2026 Indexed August 10, 2026


https://portal.micropublication.org/uploads/f3d46fa0073ae142830f25b274b0d8a6.jpg
https://doi.org/10.22002/1t8np-pfd65
https://www.ncbi.nlm.nih.gov/pubmed/35489070
https://www.ncbi.nlm.nih.gov/pubmed/27598998
https://www.ncbi.nlm.nih.gov/pubmed/37367474
https://www.ncbi.nlm.nih.gov/pubmed/28799903
https://www.ncbi.nlm.nih.gov/pubmed/11991981
https://www.ncbi.nlm.nih.gov/pubmed/22156521
https://www.ncbi.nlm.nih.gov/pubmed/33142841
https://www.ncbi.nlm.nih.gov/pubmed/28822807
https://www.ncbi.nlm.nih.gov/pubmed/28077658
https://www.ncbi.nlm.nih.gov/pubmed/28043025
https://www.ncbi.nlm.nih.gov/pubmed/24555472
https://www.ncbi.nlm.nih.gov/pubmed/9445032
https://www.ncbi.nlm.nih.gov/pubmed/37341132
https://www.ncbi.nlm.nih.gov/pubmed/19109390

microPublication
BIOLOGY
7/27/2026 - Open Access

Copyright: © 2026 by the authors. This is an open-access article distributed under the terms of the Creative Commons
Attribution 4.0 International (CC BY 4.0) License, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited.

Citation: Rivera-Serrano EE. 2026. Reovirus p2 residue 208 drives SRSF2-dependent nuclear hyperaccumulation of
IRF9. microPublication Biology. 10.17912/micropub.biology.002201



https://doi.org/10.17912/micropub.biology.002201

