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A human cell polarity protein Lgl2 regulates inﬂuenza A virus
nucleoprotein exportation from nucleus in MDCK cells
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In this study, the regulatory effect of the overexpression of polarity protein Lgl2 on the nuclear export of
inﬂuenza A virus nucleoprotein in infected cells was investigated. A stable Tet-Off inducible MDCK cell line
expressing a fusion protein comprising Lgl2 and an enhanced yellow ﬂuorescent protein were used. TCID50
analysis and neuraminidase activity analysis revealed that replication of inﬂuenza A virus was inhibited in Lgl2
overexpressing cells. By immunoﬂuorescence microscopical observation at different time point post virus
infection, a retention of NP in cellular nucleus was found in Lgl2 overexpressing cells. Compared with normal
MDCK cells, change in claudin-1 distribution between cell contacts caused by Lgl2 overexpression impaired
the barrier function of tight junction. These results suggest that changes in cell polarity induced by Lgl2
overexpressing will affect virus NP transportation.
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1. Introduction
Inﬂuenza A virus is a serious global health threat that
can cause major respiratory infections across species
(Khanna et al. 2009). For example, the swine-origin
inﬂuenza H1N1 viruses in 2009 and avian inﬂuenza
H7N9 viruses in 2013 are likely to cause a ﬂu pandemic (Kageyama et al. 2013). The inﬂuenza A virus
genome contains eight segments of negative-sense,
single-stranded RNA. Ribonucleoprotein complexes
(vRNP) are composed of multiple copies of the
nucleoprotein (NP) and the trimeric polymerase complex (PB1, PB2, and PA). During the life cycle of
infection, the newly synthesized progeny vRNPs
translocate from the nucleus to the cytoplasm, where
the inﬂuenza virus matures.
Nuclear retention of vRNP delays the assembly of
inﬂuenza A virus, which affects virus replication.
Mutations in L66A and V68A in the inﬂuenza A protein
M1 attenuated the nuclear export of M1 and NP during
http://www.ias.ac.in/jbiosci

virus infection, and resulted in a 300-fold reduction in
virus titer compared to wild-type (Cao et al. 2012).
However, only small amounts of M1 were required for
exportation of vRNP to the cytoplasm (Rey and Nayak
1992). Mutations in NP of inﬂuenza A virus A/WSN/33
(H1N1) (F39A/I41A in NES1, M189A/M191A in
NES2, or L266A in NES3) also impaired the nuclear
export of vRNP (Yu et al. 2012). Phosphorylation of
mutant of Y296E in NP of the same virus greatly
impaired the interaction between NP and CRM1, leading
to a blockade of NP nuclear export (Zheng et al. 2015).
All these mutations are located in or near NESs in M1 or
NP. A designed siRNAs targeting PB2 and NP genes has
the potential of inhibiting replication of highly pathogenic Avian inﬂuenza H5N1 (Behera et al. 2015).
Epithelial tissues are often the primary site of inﬂuenza A virus infection. Epithelial cells polarize to form
apical and basal-lateral domains results from the differentiation of cells in regions of cell-cell contact
induced by several groups of polarity proteins, which
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include the Par3/Par6/aPKC complex, the Crumbs/
Pals1/Patj complex, and the Scribble/Dlg/Lgl complex
(Assemat et al. 2008). These three core polarity complexes interact to establish and maintain epithelial cell
polarization that is necessary to form barriers such as
tight junctions, which are important in defending
against viral infections and other forms of invasion
(Tanos and Rodriguez-Boulan 2008; Golebiewski et al.
2011). The NS1 proteins of avian-type inﬂuenza A
virus have a C-terminal PDZ-binding motif, which
binds strongly to the cellular polarity proteins (Thomas
and Banks 2018). This interaction relocates Scribble
from the cell membrane to the cytoplasmic puncta,
thereby protecting infected cells from the Scribble’s
proapoptotic function (Liu et al. 2010). Therefore, it
can be speculated that there is a relationship between
polar proteins and inﬂuenza A virus.
The dynamics of microtubules and spatial organization associated with cell polarity play a central role in
intracellular transport of virus particles and virus release
(Naghavi and Walsh 2017). The polarity of acetylated
microtubule arrays affects the proper release of DNA
and RNA viruses from speciﬁc regions at the cell surface (Rindler et al. 1987; Husain and Harrod 2011). It
has been proposed that the exit of progeny inﬂuenza
virus vRNPs from the nucleus and transport to the cell
periphery depends on depletion of Rab11. Rab11 plays
an important role in intracellular vesicle transport and in
turn participates in maintaining cell polarity (Amorim
et al. 2011). However, the relationship between the
polarization of epithelial cell and inﬂuenza A virus
infection has not been clearly elucidated.
Mammalian homologue of Lethal (2) Giant Larvae
(human Lgl2), an epithelial cell polarity protein,
maintains cell polarity during epidermal development
and plays a regulatory role in the hemidesmosome
formation (Sonawane et al. 2009). In this study, we
demonstrated that changes in cell polarity in MadinDarby canine kidney (MDCK) cells under adhesive
culture conditions can affect nuclear export of vRNP
and viral replication. We identiﬁed Lgl2 has a modulatory effect on inﬂuenza virus vRNPs exporting from
the cellular nucleus during virus assembly.

and 100 mg/ml, respectively) (all from Gibco) at 37°C
in a humidiﬁed 5% CO2 atmosphere. Stable Tet-Off
inducible MDCK cell lines were generated as described
previously (Du et al. 2001). In brief, an enhanced green
ﬂuorescent protein (Venus) was cloned into the
pTRE2Hyg vector (Clontech, Mountain View, CA,
USA). cDNA encoding human-Lgl2 was inserted
downstream of, and in-frame with, Venus. The plasmid,
which containing a tetracycline-repressible transactivator tTA and a puromycin-resistance gene, was
transfected into MDCK T23 cells (Gossen and Bujard
1992). At 24 h post-transfection, cells were passaged
into 10 cm culture dishes in medium containing
200 lg/ml hygromycin B and 20 ng/ml doxycycline
(Dox) for screening of stable Tet-Off inducible cells
expressing Venus-Lgl2. After selection for 3–5 days,
the surviving cells were diluted and passaged to new
culture dishes at a concentration of 50 cells/dish in
medium containing hygromycin B. Then after
7–10 days, surviving individual colonies were isolated
using cloning rings (Thermo Fisher Scientiﬁc, Lafayette, CO, USA). And after removal of Dox, Venus-Lgl2
fusion protein expression was assessed by
immunoﬂuorescence microscopy and Western blotting.
To provide a control of abnormal consumption of cellular energy and substances induced by protein overexpression, red ﬂuorescent protein (RFP) instead of
Lgl2 was used to generate a stable Tet-Off inducible
cell line expressing Venus-RFP.
2.2 Virus preparation and cell infection
Inﬂuenza A viruses A/PR/8/34 (H1N1) and A/HK/498/
97 (H3N2) were cultured in eggs for using in this study.
Standard methods were used to prepare virus stocks in
embryonated chicken eggs and the stocks were titrated
on MDCK cells (Eichelberger et al. 2008). Brieﬂy,
10-day-old embryonated chicken eggs were inoculated
with virus and incubated at 36°C for 48 h. And then
after incubation overnight at 4°C, the allantoic ﬂuid
was harvested and cellular debris was removed by
centrifugation. Aliquots of the virus were stored at
-70°C.

2. Materials and methods
2.3 Measurement of virus titers and cell infection
2.1 Cell culture and stable cell lines
MDCK cells were maintained in Dulbecco’s modiﬁed
Eagle’s medium (DMEM) containing 10% fetal bovine
serum (FBS) and penicillin-streptomycin (100 IU/ml

Each infectious virus’ concentration was measured
using a median tissue culture infectious dose (TCID50)
assay by titration of supernatant samples on MDCK
monolayers according to the method described by Reed
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and Muench (Reed and Muench 1938). TCID50 was
determined by ten-fold serial dilution and inoculation
of MDCK cells in eight replicate wells of a 96-well
plate. The egg-derived H1N1 and H3N2 virus showed
titers of 1 9 105.25 TCID50/0.1 ml and 1 9 107.17
TCID50/0.1 ml, respectively.
To test virus replication in different cells, MOI 0.1
(based on TCID50 assay) was used for cell infection.
Cells in logarithmic growth phase were washed with
phosphate-buffered saline (PBS) and infected with
virus for 1 h at 36°C. The virus inoculum was removed
by washing with PBS before the cells were incubated
in serum-free DMEM at 36°C under 5% CO2 for the
subsequent measurements or investigation. Concentration of the progeny virus generated in the supernatant
of the different cell culture was measured by TCID50
assay at 12 h post infection (p.i.).
2.4 Neuraminidase activity assay
Viral neuraminidase (NA) activity was used as a readout to quantify inﬂuenza replication as described previously (Potier et al. 1979). Neuraminidase activity was
measured by detecting the ﬂuorescence generated by
transforming the ﬂuorogenic substrate 4-MUNANA
(20 -4-methylumbelliferyl-a-D-N-acetylneuraminic acid,
sodium salt hydrate; from Sigma-Aldrich) into
4-methylumbelliferone. Control MDCK T23 cells or
stable Tet-Off inducible MDCK cells were cultured in
medium in the presence or absence of Dox. Cells were
then seeded in ﬂat-bottomed 96-well plates and grown
to conﬂuence before infection. Neuraminidase activity
was assayed using a modiﬁcation of the method
described by Wetherall et al. (2003). At 12 h p.i., 60 ll
of cell supernatants were transferred to a black 96-well
plate and the reaction was initiated by the addition of
40 ll reaction buffer (50 mM MES [pH 6], 6 mM
CaCl2) and 20 ll substrates (1 mM MUNANA). After
incubation for 1 h at 36°C, 100 ll of stop solution
(freshly prepared 14 mM NaOH in 83% ethanol) was
added to each well and ﬂuorescence was immediately
quantiﬁed by ﬂuorometric determination, with an
excitation wavelength of 355 nm and the emission
wavelength of 460 nm.
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lysis buffer with protease inhibitors on ice. The protein
concentration was adjusted to a same level by Bradford
Assay before loaded in SDS PAGE. Monoclonal mouse
anti-NP (Ab128193, Abcam), anti-claudin-1 (51-9000,
Invitrogen), and anti-GFP (11814460001, Roche) were
used. Rabbit monoclonal anti-a-Tubulin (#2125, CST)
was used as loading control. In order to get the virus
NP quantiﬁcation in the cellular nucleus and cytoplasm
separately, a nucleus and cytoplasmic protein extraction kit (C510001, Sangon Biotech) was employed
before western blot analysis.
2.6 Measurement of dextran permeability
Paracellular permeability was quantiﬁed by measuring
the transport ﬂux of a 4-kDa ﬂuorescein isothiocyanate
(FITC)-labeled dextran molecule (Sigma-Aldrich)
(Mee et al. 2008). Brieﬂy, cell monolayers was grown
on Transwell PET membranes (pore size, 0.4 lm) in
24-well plates (Corning, #3413). FITC-labeled dextran
(200 ll) was then added to the upper side of the
membranes. After incubation at 37°C for 3 h, aliquots
(200 ll) of the medium were removed from the lower
chamber and FITC-dextran ﬂuorescence was measured
with an excitation wavelength of 355 nm and an
emission wavelength of 460 nm.

2.7 Immunoﬂuorescence assays
Coverslips carrying cells were washed with PBST
(PBS plus 1% Triton X-100) and ﬁxed with 4%
paraformaldehyde. After permeabilization with 0.2%
Triton X-100, cells were blocked with 4% bovine
serum albumin (BSA) dissolved in PBST and incubated with primary detection antibodies overnight at
4°C. Cells were then secondary antibodies [antimouse tetramethyl rhodamine isocyanate (TRITC)conjugated IgG (Santa Cruz)] for 60 min. Nuclei
were stained with DAPI (Invitrogen) and cell membrane was stained by Rhodamine phalloidin (Invitrogen, R415) in some sample. The samples were
examined with an inverted ﬂuorescence microscope
(IX51 Olympus, Japan).

2.5 Western blot

2.8 Statistical analysis

The level of expression of Lgl2, RFP, claudin-1, and
viral NP in cells were assessed by western blot. Proteins were extracted by scraping and syringing cells in

Statistical analysis was performed using GraphPad
Prism software. P \ 0.05 was considered to indicate
statistical signiﬁcance.
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3. Results
3.1 Effects of Lgl2 overexpression on virus
replication in cell culture
To study the function of mammalian Lgl2, a stable TetOff inducible MDCK cell line expressing human Lgl2
was established (ﬁgure 1A and C). Removal of Dox
from cell culture leads to overexpression of the VenusLgl2 fusion protein and emission of green ﬂuorescence
on the cell membrane because human Lgl2 is located in
the cell cortex (Wan et al. 2012). Beside normal
MDCK T23 cells, a stable Tet-Off inducible cell line
expressing Venus-RFP was derived to provide a control
of abnormal consumption of cellular energy and substances induced by protein overexpression (ﬁgure 1B
and 1C). At 12 h p.i. with viruses H1N1 and H3N2, the

virus activity released in the supernatant of the different
cells’ culture was measured by TCID50 assay and
neuraminidase activity assay (ﬁgure 1D and 1E).
MUNANA-based assays have been used for neuraminidase activity quantitation in detection and monitoring inﬂuenza virus replication in cell-based assays
(Wetherall et al. 2003). The results showed that in
Lgl2-overexpressing cells (Lgl2-Dox), the activity of
the two progeny viruses produced by the cells was
signiﬁcantly lower than that of other cells. Overexpression of Venus-RFP in cells (RFP-Dox) provided no
remarkable difference in virus replication compared
with the original MDCK T23 cells. This indicates that
inhibition of virus H1N1 and H3N2 replication was
caused by overexpression of Lgl2, rather than the
resource consumption caused by overexpressed proteins in the cells. The measurement suggested that the

Figure 1. Lgl2 overexpression inhibited inﬂuenza A virus replication. (A) The stable Tet-Off inducible MDCK cells emitted
green ﬂuorescence at the cell membrane as a result of overexpression of the Venus-Lgl2 fusion protein in the absence of Dox
(-Dox). (B) Cells emitted red ﬂuorescence that stably overexpressed Venus-RFP fusion protein (in the cytoplasm) in the
absence of Dox. To show the cell boundary, actin in cell membrane was stained by Rhodamine phalloidin and emitted red
ﬂuorescence. (C) Western blot analysis of fusion protein of Venus-Lgl2 and Venus-RFP expressed in cells. (D) At 12 h p.i.
with inﬂuenza A viruses A/PR/8/34 (H1N1) and A/HK/498/97 (H3N2), TCID50 assay of the progeny virus generated in the
supernatant of the different cells’ culture indicated virus replication was signiﬁcantly suppressed in Lgl2 overexpressing cells
(Lgl2-Dox). (E) At 12 h p.i., MUNANA-based assays indicated the neuraminidase activity in cell culture with
overexpression of Lgl2 (-Dox) was signiﬁcantly lower than others. Values in D and E are mean ± SD from three
independent experiments; *P \ 0.05.
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polarity protein Lgl2 plays a role in regulating viral
replication.
3.2 Paracellular permeability in cells
overexpressing Lgl2
To study the effect of Lgl2 overexpression on cell
polarization and function, cell lines derived from
MDCK cells were used, which is known to be fully
polarized when grown on ﬁlter (Simons 2017). Cells
were seeded onto 0.4-lm-pore-size transwells to
achieve a conﬂuent monolayer, allowing cells to access
medium by both apical and basolateral domains. FITCdextran was added to the medium in the upper reservoir
on the apical side of the cell monolayer. After 3 h,
aliquots of the basolateral medium were taken out to
measure the ﬂuorescence of FITC-dextran. In cells
overexpressing Lgl2, the ﬂuorescence intensity of
FITC-dextran that permeated the cell layer exceeds
800, while in MDCK T23 cells and cells without Lgl2
overexpressing by adding Dox, only a lower ﬂuorescence intensity is observed (approximately 20)
(ﬁgure 2C).
In MDCK T23 and Lgl2?Dox cells, the linear
expression of claudin-1 between cell contacts can be
clearly observed under a ﬂuorescence microscope,
while only faint and granular expression is observed in
cells that overexpress Lgl2 (ﬁgure 2A). The addition of
Dox turns off the exogenous expression of Lgl2 in the
established cell line, so the behavior of these cells
should be similar to that of wild-type MDCK T23 cells.
Expression of claudin-1 in these cells were similar
(ﬁgure 2B), thus Lgl2 overexpression inﬂuenced the
distribution of claudin-1 in cells at least. Claudin
family proteins are important integral components in
tight junctions, and play crucial roles in regulating the
paracellular permeability (Simons 2017). This visible
evidence suggests that Lgl2 overexpressing cells do not
exhibit a ﬁne barrier function and therefore lead to
defective tight junctions.

3.3 Nuclear exportation of virus NP modulated
by Lgl2
Fluorescence microscopy showed that Lgl2 overexpression had a dramatic effect on nuclear retention of
the viral NP throughout the whole observation period.
After infection with inﬂuenza A H1N1 and H3N2
viruses, cells stably expressing Venus-Lgl2 exhibited
distinguishable nuclear migration of NP. The virus NP
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in cells infected with the H1N1 and H3N2 was
immunolocalized every two hours from early to late
time-points after infection (2–24 h p.i.). Interestingly,
trafﬁcking of NP from the nucleus to cytoplasm differed markedly between cells with and without Lgl2
overexpression (ﬁgure 3). The NP protein was located
in the nuclear compartment from 4 to 8 h p.i. in Lgl2
overexpressing MDCK cells infected with the two
viruses. Then, at 12 h p.i. most of the NP was found to
have translocated from nucleus to cytoplasm of these
cells. In contrast, almost all of the NP protein had
migrated from nucleus to cytoplasm at 6 h p.i. in cells
that did not overexpress Lgl2. This ﬁnding indicated
that virus NP exportation in infected cells was altered
by Lgl2 overexpression.
We hypothesized that the overexpression of Lgl2
affects the expression or nuclear transportation of NP
protein. To conﬁrm whether Lgl2 overexpression
delayed the exportation of viral NP, NP in the cellular
nucleus and cytoplasm were analyzed by Western blot
at 8 h post infected with H1N1 and H3N2 viruses.
Consistent with the immunostaining analysis, we
observed a signiﬁcant reduction of NP in the cytoplasm
with Lgl2 overexpression (Lgl2-Dox), while no signiﬁcant difference of it was found in the nucleus (ﬁgure 4). As a control, with or without RFP
overexpression did not affect the distribution of NP in
cytoplasm. So the retention of NP in the nucleus was
not a result of abnormal consumption of cellular energy
and substances induced by protein overexpression.
Immunostaining analysis also showed that compared to
the control of MDCK T23 cells, the addition of
doxycycline to the medium resulted in a reduction of
NP in the cytoplasm of Venus-Lgl2 cells, especially in
H1N1 infected cells. This is because doxycycline did
not shut down the overexpression of Lgl2 thoroughly,
although this leaked expression of Lgl2 could not be
detected by western blot analysis. These results
demonstrate that overexpression of Venus-Lgl2 leads to
a retention of the virus NP during its transport from
cellular nucleus to cytoplasm.
4. Discussion
Normal MDCK T23 cells inclined to form spherical
monolayer cysts with single-lumen in three-dimensional cultivation, and the monolayer cells arrayed with
their apical domain towards the surface of the lumen.
Lgl2 overexpression in MDCK cells often lead to the
formation of multi-lumen cysts (data not shown),
which provides an evidence of change in cell polarity.
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Figure 2. Defects in tight junctions induced by overexpression of Lgl2 protein. (A) Claudin-1 loses its normal linear
distribution between cell contacts. Arrows indicate the linear shape distribution of claudin-1 in MDCK T23 cells and the
stable Tet-Off inducible MDCK cells without Lgl2 overexpression (Lgl2?Dox), and the granular distribution of claudin-1 in
cells overexpressing Lgl2 (Lgl2-Dox). (B) Western blot analysis of claudin-1 expression in cells shows no obvious difference
among them. (C) In the Transwell experiments, the ﬂuorescence intensity of FITC-dextran permeated cell layers of MDCK
T23, Lgl2?Dox and Lgl2-Dox cells. A remarkable increase in FITC-dextran permeation indicated tight junction defects
within cells overexpressing Lgl2. Values in C are mean ± SD from three independent experiments; *P \ 0.01.

Monolayers formed by intercellular adhesion of
epithelial cells are the basic units of organization in
many tissues (Bryant and Mostov 2008). The apical
and basal-lateral domains of polarized epithelial cells
are speciﬁed by the tight junctions formed between
adjacent cells. Inﬂuenza A virus infection and the
release of progeny virions take place at the apical site
of epithelial cells, completing the replication cycle
(Ciminski et al. 2017). In this study, tight junction and
barrier function of epithelial monolayer were impaired
by overexpression of the polarity protein Lgl2
(ﬁgure 2).
In adjacent polarized epithelial cells, tight junctions
not only form a barrier to prevent free entry into the
paracellular space, but also help maintain cell polarity
by providing a physical separation zone between the
apical and basolateral membrane domains of the cell.

This barrier therefore prevents the free movement of
membrane molecules from one domain to another
(Torres-Flores and Arias 2015).
The adhesion of claudin family proteins to establish
cell-to-cell contact is an important feature of tight
junctions and plays a crucial role in controlling the
permeability between adjacent cells (Markov et al.
2015; Colpitts and Baumert 2017). FITC-dextran permeability transwell assays were used to investigate the
effect of Lgl2 on the integrity of tight junctions. Due to
the defects in barrier function of tight junction, it can be
speculated that the function of Lgl2 in maintaining cell
polarity is also impaired.
It has been reported that nucleo-cytoplasmic localization of NP depends on cell density and phosphorylation. The expressed nucleoprotein from H1N1 existed
in nuclear of 3PNP-4 cells grown in sparse culture, but
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Figure 4. Overexpression of Venus-Lgl2 delays exportation of virus NP to cytoplasm. (A) Western blot analysis.
Control MDCK T23 cells, Venus-Lgl2 cells and Venus-RFP
cells grown in the presence (?Dox) or absence (-Dox) of
doxycycline were plated on culture dishes. At 8 h p.i. with
inﬂuenza A viruses A/PR/8/34 (H1N1) and A/HK/498/97
(H3N2), cellular nucleus and cytoplasm in lysates were
harvested separately, and then subjected to Western blotting.
a-Tubulin in the cytoplasm was used as loading control.
(B) Quantitation of virus NP levels in the cytoplasm from
Western blot analysis. Data were from three independent
experiments. Error bars indicate SD values. *P \ 0.05.
Figure 3. Overexpression of Lgl2 modulates nuclear
exportation of NP in infected cells. Cells are stable Tet-Off
inducible MDCK T23 cells with Lgl2 overexpression (Lgl2Dox) or not (Lgl2?Dox). Arrows at the different time-points
indicate the virus NP start to export from nucleus to
cytoplasm. (A) and (B) show cells infected with inﬂuenza A
viruses A/PR/8/34 (H1N1) or A/HK/498/97 (H3N2),
respectively.

was cytoplasmic in dense culture (Bui et al. 2002). In
sparse culture the lack of cell contacts results in the
apical and baso-lateral domains of lonely cells are
different with dense cells on the plate. In this study,
changes in the distribution of claudin-1 between cell

contacts would also affect the apical and baso-lateral
domains. Since the density of cell contact affects the
layout of the apical and basolateral domains, changes
in the claudin-1 distribution provide clues as to whether
changes in cell polarity affect the location of the viral
NP.
The progeny vRNPs of inﬂuenza A virus must be
translated from the nucleus to the plasma membrane to
complete the formation of a new virus. The vRNP-M1NS2 forms a complex with cellular CRM1 for exportation of vRNP through the nuclear pore complex (Li
et al. 2015). In this study, overexpression of Lgl2 did
not affect the amount of viral NPs in the nucleus, but
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their export to the cytoplasm was delayed at the early
stage post infection (ﬁgures 3 and 4). In the presence of
the speciﬁc CRM1 inhibitor, leptomycin B, inﬂuenza
vRNPs are retained in the nucleus (Watanabe et al.
2001). Cellular protein kinase activity has also been
shown to affect vRNP nuclear export in studies using a
series of kinase inhibitors in infected cells (Bui et al.
2000; Pleschka et al. 2001; Alamares-Sapuay et al.
2013). And the phosphorylation of Y296 of NP causes
nuclear retention by reducing the interaction between
NP and CRM1 (Zheng et al. 2015). In this study, this
retention was also observed under the overexpression
of polarity protein Lgl2. However, no report had provided direct evidence for the interaction between Lgl2
and NP or other components in the vRNP export
complex (such as M1, NS2 and CRM1).
The replication of inﬂuenza viruses in MDCK cells
that overexpress Lgl2 was inhibited (ﬁgure 1D and
1E). But the amount and existence of virus NP in
nucleus were not affected (ﬁgures 3 and 4). This
implies that the retention of virus NP in the nucleus
inhibits the replication of the virus to some extent.
Further studies are ongoing to determine the detailed
mechanism of Lgl2 function on inﬂuenza A virus
infection.
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