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Inhibition of replication and transcription of WSN influenza
A virus by IFIT family genes
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Abstract: IFIT family genes are a kind of interferon stimulated genes (ISGs), and play important roles in antiviral sector and
immunity regulation. To study the regulatory effect of IFIT family genes during influenza A virus (IAV) infection, we used
RNA-sequencing analysis (RNA-Seq) technique and found that when 293T cells were infected by A/WSN/33 (WSN), the
concentration of IFIT family genes were increased. Further study reveals that overexpression of IFIT2 or IFIT3 could inhibit
IAV replication and transcription, and cause the dose-dependent inhibition of polymerase activity of vRNP. In addition, IFIT2
and IFIT3 encoding protein could colocalize with NS1 in 293T cells infected by WSN, indicating that they might interact with
cach other. The results suggest that IFIT family genes can inhibit the replication and transcription of IAV, which contributes to
our understanding of the regulatory effect of host factors during influenza virus infection.

Keywords: [IFIT family genes, Influenza A virus, virus replication, innate immunity
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F 1 = IFIT2. IFIT3 & Real-time PCR &l
IFIT2. IFIT3. M1, NP. B-Actin B934

Table 1 Primers for cloning of IFIT2, IFIT3 and
detection of IFIT2, IFIT3, M1, NP, B-Actin by
Real-time PCR

Primers Primer sequence (5-3")

P1 ACGCGTCGACCATGAGTGAGGTCACCAA
P2 CCGCTCGAGTCAGTTCAGTTGCTCTGAGT
P3 ACGCGTCGACCATGAGTGAGGTCACCAA
P4 CCGCTCGAG TCAGTTCAGTTGCTCTGAGT
P5 GGGGTACC ATGAGTGAGAACAATAA

P6 GGGGTACCATGAGTGAGGTCACCAA

P7 CAGCTGAGAATTGCACTGCAA

P8 CGTAGGCTGCTCTCCAAGGA

P9 GAACATGCTGACCAAGCAGA

P10 CAGTTGTGTCCACCCTTCCT

P11 GTGAAGGTGACAGCAGTCGGTT

P12 GAAGTGGGGTGGCTTTTAGGA

P13 TGGCACTCCAATTTGAATGAATGATG

P14 TCCATTCCTGTGCGAACAAG

P15 TCTGATCCTCTCGTCATTGCAGCAA

P16 AATGACCATCGTCAACATCCACAGC
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WCHEDE G o o7 T PN 2 35 DRI Kot A VR AR R R AR A
HEAFREE, AT AR E A
1.2.3 4 Y 5
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Fig. 1

Abundance of influenza A virus (HIN1) induced gene difference of IFIT family in 293T cells. (A) The relative

ration of mRNA of IFIT2 and IFIT3 between infected and uninfected group was analysed by RNA-Seq. (B) The
abundance value of IFIT was detected by real-time PCR under different stimulation. Data was shown as X £S (n=3).
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Fig. 2 Effects of IFIT2 and IFIT3 on the replication of influenza A virus. (A) 293T cells were transfected with
pcDNA3.0-Flag-IFIT2, pcDNA3.0-Flag-IFIT3 or pcDNA3.0-Flag plasmid, and followed by infecting with WSN at MOI
of 0.01. The cell lysates was analyzed by Western blotting with anti-Flag, anti-pf-Actin, anti-NP and anti-M1 antibodies.

(B, C) Relative expression levels of NP and M1 were calculated by quantifying the results shown in panel A. (D) The

media was collected and the titers of viruses were measured. The data was presented as mean standard error of mean
from three independent experiments. The Mann-Whitney U test was used to compare the differences in relative protein
level or viral titer between control and IFIT2/IFIT3. A value of P<0.05 was considered statistically significant. *P<0.05
and **P<0.01. The asterisks were masked on the top of higher columns. (E) 293T cells were transfected with
pcDNA3.0-Flag-IFIT2 or pcDNA3.0-Flag-IFIT3 plasmid, at 24 h post-infection (hpi), cells were fixed by
paraformaldehyde, and applied to immunofluorescence assay. Bars=50 pm.
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Fig. 3 Effects of IFIT2 and IFIT3 on the transcription of influenza A virus. (A) 293T cells were transfected with 1 pg
pcDNA3.0-Flag-IFIT2, pcDNA3.0-Flag-IFIT3 and pcDNA3.0-Flag respectively. At 24 h post transfection, cells were
infected with WSN (MOI=0.1). At 0, 2, 4, 6 and 8 hpi, cells were harvested and extracted total RNA for quantitative
real-time PCR assays. The mRNA levels of M1 gene were detected by quantitative RT-PCR. The f-Actin mRNA served
as an internal control. (B) The mRNA levels of NP gene were also analyzed as described in (A). All date was shown as
mean standard error of mean from three independent experiments. The relative mRNA level of IFIT2 or IFIT3
treatments were compared with that of control at the same time points by the Mann-Whitney U test. A value of P<0.05
was considered statistically significant. **P<0.01. The asterisks were masked on the top of higher columns.
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Fig. 4 Effects of IFIT2 and IFIT3 on the vRNP
polymerase activities of influenza A virus. Luciferase
activities of 293T cells transfected with different doses
of pcDNA3.0-Flag-IFIT2 and pcDNA3.0-Flag-IFIT3
were measured. The expression of different doses of
Flag-IFIT2 and Flag-IFIT3 were analyzed by Western
blotting. Date was shown as mean standard error of
mean from three independent experiments. The relative
luciferase acticity of different doses of IFIT2 or IFIT3
treatments were compared with that of control by the
Mann-Whitney U test. A value of P<0.05 was considered
statistically significant. *P<0.05 and **P<0.01. The
asterisks were masked on the top of higher columns.
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Fig. 5 Co-location of IFIT2, IFIT3 with NS1 of influenza A virus showed that IFIT2 and IFIT3 had the potential
ability of interacting with NS1. 293T cells were transfected by pCMV-Myc-IFIT2 and pCMV-Myc-IFIT3 respectively.
At 24 hpi, cells were infected with WSN (MOI=0.01). At 12 and 24 hpi, cells were fixed with paraformaldehyde, and
followed by detection with immunofluorescence assay. Bars=10 pm.
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