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Abstract

Nucleocytoplasmic transport of proteins using XPO1 (exportin 1) plays a vital role in cell
proliferation and survival. Many viruses also exploit this pathway to promote infection and
replication. Thus, inhibiting the XPO1-mediated nuclear export pathway with selective inhibitors
has a diverse effect on virus replication by regulating antiviral, proviral, and anti-inflammatory
pathways. The XPO1 inhibitor, Selinexor, is an FDA-approved anticancer drug predicted to have
antiviral or proviral functions against viruses. Here, we observed that pretreatment of cultured cell
lines from human or mouse origin with nuclear export inhibitor Selinexor significantly enhanced
protein expression and replication of Mouse Hepatitis Virus (MHV), a mouse coronavirus.
Knockdown of cellular XPO1 protein expression also significantly enhanced the replication of
MHYV in human cells. However, for SARS-CoV-2, selinexor treatment had diverse effects on virus
replication in different cell lines. These results indicate that XPO1-mediated nuclear export

pathway inhibition might affect coronavirus replication depending on cell types and virus origin.
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Introduction

The nucleocytoplasmic transport of proteins and other molecules is a highly regulated cellular
process. Many nuclear export (called exportins) and import (called importins) proteins are
involved in this process by exploiting nuclear pore complexes that form proteinaceous channels
in the nuclear envelope (1, 2). Exportin 1 (XPO1), also known as CRM1 (chromosome region
maintenance 1), is one of the major nuclear export proteins, transporting hundreds of cellular
cargo proteins involved in diverse cellular processes such as transcription, translation, cellular
growth, differentiation, and mediating inflammatory responses that include antiviral pathways (3,
4). Thus, direct inhibition of XPO1 function has been explored as a potential antiviral and
anticancer therapeutic target (5-8). Various natural or chemically synthesized small molecules
that bind to XPO1 and block the export of XPO1 cargo proteins from the nucleus to the cytoplasm
have been developed (9, 10). Collectively these molecules are known as selective inhibitors of
nuclear export (SINEs). SINEs have been shown to have anticancer activity against diverse types
of human cancers and at least one modified drug version with increased safety profile, called
Selinexor, has been approved by the FDA for treating multiple myeloma and diffuse large B-cell
lymphoma (11, 12). SINEs are also reported in the literature to have antiviral activity against RNA
viruses like influenza and respiratory syncytial virus (RSV) that causes respiratory infections due
to the blocking of key cellular processes and virus-mediated hijacking of the nucleocytoplasmic

transport process (6, 13, 14).

Coronaviruses are enveloped, positive-sense RNA viruses that are known to infect humans and
animals. At least seven coronaviruses are known to infect humans. Coronaviruses 229E, NLG3,
0OC43, and HKU1 infect people around the world to cause the common cold (15). Other
coronaviruses, MERS-CoV, SARS-CoV, and SARS-CoV-2, are responsible for major disease
outbreaks and cause high mortality (16). In nature, bats are known to be primary reservoirs of

many coronaviruses, from where viruses spill over to intermediate animals such as palm civet,
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pangolins, rodents, camels, pigs, cattle where viruses evolve and then spillover to humans,
causing mild to severe disease (17, 18). The rapid emergence of different variants of SARS-CoV-
2 indicates that the viral genome acquire multiple mutations during replication (19, 20). In this
context, it is crucial to study the host factors and compounds that can enhance or reduce

replication of SARS-CoV-2 (21-25) .

We previously reported that XPO1 inhibitors, including leptomycin B (LMB) and Selinexor,
enhanced the replication of oncolytic myxoma virus (MYXV), a member of the leporipoxvirus
genus of poxviridae, in diverse types of cultured human cancer cells where intrinsic cellular
pathways restrict virus replication (26). Selinexor treatment reduced the formation of cytoplasmic
DHX9 antiviral granules, which are involved in lowering MYXV late protein synthesis and
replication (26). These findings led us to investigate further the role of Selinexor-mediated

inhibition of XPO1 nuclear export pathway on other viruses such as coronavirus.

Here, we show that Selinexor treatment can enhance coronavirus replication in a cell type specific
manner. Mouse Hepatitis Virus (MHV) replication was enhanced in both murine and human cell
lines. Furthermore, the targeted knockdown of XPO1 using siRNA also enhanced coronavirus
replication, suggesting the pro-coronavirus drug action is indeed related to the expected nuclear
export pathway target. However, SARS-CoV-2 replication remained unaffected in most of the cell
lines that were tested. These observations indicate that unlike other viruses, inhibition of nuclear

export pathway can have different effect on coronavirus replication in different cell types in vitro.

Results

Nuclear export inhibitors enhance gene expression and replication of coronavirus in
murine L2 cells.
Murine L2 cells are naturally infected by the mouse hepatitis virus (MHV). We first tested whether

inhibition of XPO1-mediated nuclear export pathway in L2 cells by different SINEs can alter the
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93  replication of MHV. Since these compounds including Leptomycin B (LMB) are toxic to the cells
94  above 1uM concentration, we used lower concentrations that had minimal or no cytotoxicity to the
95 cells after 24 hours. To our surprise, all the tested SINEs, including LMB, significantly enhanced
96  MHV replication with a concentration of 0.1uM and 0.01uM (Fig 1 A-C). Compared to untreated
97 cells, treatment with XPO1 inhibitors Ratjadone enhanced virus titer almost 1.0 log, whereas
98  Anguinomycin and LMB enhanced virus titer about 0.7 log. Based on these results we next tested
99 the FDA approved anticancer nuclear export inhibitor Selinexor in our subsequent experiments.
100  We monitored and measured the viability of L2 cells in response to treatment with different
101  concentrations of Selinexor (Fig 2A). L2 cell viability was reduced only after treatment with a
102  Selinexor concentration of 5uM or above but had minimal or no effect with a concentration of 1
103  pM orless. To test the effect of Selinexor on MHV replication, L2 cells were first pretreated with
104  different concentrations of Selinexor for one hour and infected with a GFP-expressing MHV A59
105  (rA59/Swmhv-2-EGFP) to monitor the level of GFP expression in the infected cells (27-29). Infection
106  with this MHV exhibits reduced cell fusion since the virus expresses a less fusogenic form of the
107  spike protein and thus allowed counting the number of GFP positive cells. We observed increased
108 % of GFP expressing cells when pretreated with Selinexor. (Fig 2B). At 16 hpi, compared to
109 untreated cells, we observed significantly increased % of GFP positive cells after treatment with
110  more than 1uM selinexor. However, after 24 hpi, even 0.0001 uM selinexor treatment showed
111 significantly increased % of GFP expressing cells (Fig 2C). To assess the number of viruses
112  produced in the presence of Selinexor, L2 cells were treated with different concentration of
113 Selinexor and infected with another GFP expressing MHV A59 (MHVE-GFP) that expresses a
114  highly fusogenic form of spike and readily forms plaques. After 24h post infection, the infected
115  cells and supernatant were collected to titer the progeny virus formation by plaque assay. Virus
116 titration results show a significantly enhanced number of viruses in the cells pretreated with
117  Selinexor between 1 and 10 uM concentration (Fig 2D). These results confirm that Selinexor
118  enhances MHYV replication and progeny virus formation in naturally permissive L2 cells.

5
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119  Selinexor enhances gene expression and replication of coronavirus in human cells.

120  To further confirm the effects of Selinexor on MHV replication are not cell specific, we used human
121 cell lines expressing MHV receptor (MHVR) carcinoembryonic antigen-related cell adhesion
122 molecule 1 (CECAM1), HeLa-MHVR (human HelLa cell line expressing MHVR) (30) and A549-
123 CECAM/MHVR (human A549 cell line expressing MHVR) (31). Both cell lines were first treated
124  with different concentrations of Selinexor to test cell viability (Fig 3A and 4A). Unlike L2 cells,
125  Selinexor concentrations above 1uM significantly reduced viability of the human cells. However,
126 with a concentration of less than 0.1uM, we observed minimal or no reduction in cell viability. To
127  assess whether Selinexor enhances MHV replication in the human cell lines, both were pretreated
128  with different concentrations of Selinexor for one hour and infected with a GFP-expressing MHV,
129  rA59/Sunv-2-EGFP to monitor GFP expression in the infected cells. We observed enhanced GFP
130 expressions when pretreated with Selinexor at a concentration of 0.01 uM or more (Fig 3B).
131  Enhanced GFP expression was further confirmed by counting the number of GFP-positive cells
132 (Fig 3C and 4B). To assess the amount of virus produced in the presence of Selinexor, HelLa-
133  MHVR (Fig 3D) and A549-MHVR (Fig 4C) cells were treated with different concentration of the
134  drug and infected with MHVE-GFP. Again, like L2 cells, we observed significantly enhanced virus
135  production in both the human cell lines when pretreated with Selinexor between 1 and 0.01 pM
136  concentration (Fig 3D and 4C).

137 XPO1 knockdown enhances coronavirus gene expression and replication

138  Since inhibition of the XPO1-mediated nuclear export pathway using Selinexor enhanced
139  coronavirus replication, we further extended this observation by direct knockdown of XPO1 using
140  siRNA. After transfection of XPO1 siRNA or a non-targeting control siRNA (NT-siRNA) in A549-
141  MHVR cells, the cells were infected with different MOls of the GFP expressing MHV, rA59/Swuy-
142  »-EGFP or MHVE-GFP. An increase in GFP-expressing cells was observed only in the XPO1
143 knockdown cells (Fig 5A). Furthermore, the enhanced number of GFP-positive cells in the XPO1
144  knockdown cells compared to controls was confirmed by counting the number of GFP-positive

6
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145  cells (Fig 5C). The level of XPO1 protein knockdown using siRNA was confirmed by western blot
146  analysis (Fig 5B). To quantify the number of progeny virions in the infected cells and supernatant,
147  the cells were infected with MHVE-GFP and samples were collected 24h post-infection. Virus
148  titration shows that virus production significantly increased in the XPO1 knockdown cells
149  compared to the NT-siRNA control or cells infected with the virus alone (Fig 5D), indicating that
150 the effect of Selinexor is mediated by XPO1.

151  Effect of Selinexor on SARS-CoV-2 replication.

152  We next tested whether Selinexor enhances the replication of SARS-CoV-2 in human cells. We
153  used a human A549 cell line expressing the ACE2 receptor (A5494C82) and a SARS-CoV-2 virus
154  expressing GFP (SARS-CoV-2-GFP) (32). The A549ACE2 cell line showed a similar level of
155  sensitivity to different concentrations of Selinexor like A549-MHVR (data not shown). To assess
156  whether Selinexor enhances SARS-CoV-2 gene expression and replication, A549ACE2 cells were
157  first pretreated with 0.01uM of Selinexor for one hour and infected with SARS-CoV-2-GFP. After
158  24h, cells were collected and fixed for counting the number of GFP-positive cells. A significantly
159  increased number of GFP-positive cells were observed in the treated infected cells compared to
160 the untreated cells (Fig 6A). We also observed a modest but significant increase in virus titer in
161  AbB49°CE2cells (Fig 6B). The effect of Selinexor on SARS-CoV-2 was further tested using an
162 infectious recombinant SARS-CoV-2 (rSARS-CoV-2) virus (33-35). Like the parental SARS-CoV-
163 2 this recombinant virus titer was also increased in human A549 cells in the presence of Selinexor
164  (Fig 7A). However, in Vero and human Calu3 cells no significant increase or decrease in virus
165 titer was observed when treated with Selinexor (Fig 7B and 7C). These results indicate that,
166  unlike MHV, the effect of Selinexor on the replication of SARS-CoV-2 is cell type dependent.

167 Discussion

168  The nucleocytoplasmic transport process mediated by XPO1 plays a vital role in the export of

169  hundreds of proteins from the nucleus. The proteins are involved in diverse cellular processes
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170  such as cell proliferation, cell cycle progression, and apoptosis (1, 5). Thus, the XPO1-mediated
171  export pathway is targeted by viruses at various stages of their lifecycle to regulate cellular
172  proteins and the appropriate localization of viral proteins (6, 36). Apart from viruses, this nuclear
173  export pathway is also crucial for anticancer therapy due to the export of tumor suppressor
174  proteins by XPO1 to the cytoplasm (7, 10). Therefore, XPO1 inhibitors are developed as potential
175 antiviral and anticancer agents. The cysteine residue within the hydrophobic nuclear export
176  sequence (NES)-binding region at position 528 is the prime target for most XPO1 inhibitors,
177  including leptomycin B (LMB). LMB isolated from Streptomyces was the first specific inhibitor of
178  XPO1 (37). However, the clinical development was discontinued due to severe cell toxicity (38).
179  The irreversible binding of LMB with CRM1 caused long-term inhibition of CRM1-mediated
180 nuclear export, and possible other off-target activity resulting in cellular toxicity (38). Synthetic
181  derivatives of LMB with less toxicity due to the reversible binding with CRM1 have been clinically
182  tested in human. The FDA has approved one such XPO1/CRM1 inhibitor called Selinexor for
183  treating hematological cancers (11). XPO1 inhibitors have shown antiviral activity against many

184  viruses, such as influenza, RSV, and recently SARS-CoV-2 (13, 25, 36, 39, 40).

185  We reported that, unlike RNA viruses, LMB or Selinexor enhances the replication of oncolytic
186 MYXV, a leporipoxvirus developed for cancer treatment (26). In human cancer cells, Selinexor
187 enhanced MY XV replication only at a low concentration that had minimal or no toxicity to the cells.
188 However, a higher concentration of Selinexor that caused cellular toxicity also reduced virus
189 replication. Based on our observation that nuclear export inhibitors, including Selinexor, can
190 enhance cytoplasmic replication of a poxvirus and a study showing that Selinexor inhibits SARS-
191  CoV-2 replication, we first tested the effect of different nuclear export inhibitors, including
192  Selinexor, on the replication of a mouse coronavirus MHV using murine L2 cells. To our surprise,
193  we observed that pretreatment of L2 cells with different concentrations of these inhibitors that had

194  minimal or no toxicity to the cells significantly increased the replication of MHV. This observation
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195  was further confirmed using human HelLa and A549 cells expressing the MHV receptor murine
196 CECAM1(30). Again, increased reporter GFP expression and MHV replication were observed
197  when cells were pretreated with Selinexor concentrations that had minimal or no effect on the cell
198  viability. These results confirm that the impact of Selinexor on MHV replication is independent of
199 the cell type. Since XPO1 is the only known cellular target of Selinexor, we previously reported
200 that XPO1 knockdown using siRNA enhanced the replication of MYXV in human cancer cells (26).
201  Here, again, we confirmed that XPO1/CRM1 knockdown also significantly enhanced the
202  replication of MHV in both A549-MHVR and HelLa-MHVR cell lines. Both poxviruses and
203  coronaviruses replicate in the cytoplasm of infected cells. The observations that inhibition of
204  XPO1-mediated nuclear export pathway can enhance the replication of both the viruses suggest
205 the importance of this pathway for future studies to identify the host and viral proteins involved in
206  this process. These results encouraged us to test whether the optimized lower concentration of
207 Selinexor enhances SARS-CoV-2 replication in different cell types. However, unlike MHYV,
208  Selinexor-mediated enhanced SARS-CoV-2 replication was observed only in selected cell lines
209 and had no significant effect on virus replication in other cell lines, such as Vero-E6 and Calu3.
210  This observation is in contrast to a previous study by Kashyap et al. showing that in Vero E6
211 cells, Selinexor treatment reduced the SARS-CoV-2 plaque number and virus titer by more than
212 two logs with >100nM Selinexor (25). In our study we did not observe any reduction in virus titer
213 with the tested concentration of Selinexor in any of the cell lines that we tested with both MHV
214  and SARS-CoV-2. The Selinexor concentration we used in our study had no or very minimal
215  toxicity to the cells. However, at higher concentration of Selinexor (>100nM), we observed
216  enhanced toxicity to the cells and can inhibit virus replication. We observed the cell type specific
217  effect of selinexor on myxoma virus, where selinexor did not affect virus replication in rabbit RK13
218 cells and Vero-E6 cells (data not shown). Therefore, we can speculate that different cell types
219  might respond to Selinexor differently against these tested viruses. Inhibition of XPO1-mediated
220 nuclear export pathway results in several changes in the cells, such as cell cycle arrest, and

9
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221  modulation of cellular key signaling pathways regulating the expression of proinflammatory
222 cytokines. Depending on the cell type, these cellular changes might impact the virus replication

223 (41).

224  Selinexor is currently approved for treating selected hematological malignancies such as multiple
225 myeloma and diffuse large B-cell lymphoma (11, 42). Multiple clinical trials are presently
226  undergoing to use Selinexor as a monotherapy or in combination with other treatments against
227  diverse types of malignancies (43, 44). Our results indicate that Selinexor mediated inhibition of
228 nuclear export pathway might have different effect on virus replication. Future studies should
229 focus on how Selinexor and nuclear transportation pathway regulate the replication of

230 coronavirus.

231 Materials and methods

232  Biosafety.

233 SARS-CoV-2-GFP virus infections and virus manipulations were conducted at biosafety level 3
234  (BSL-3) and rSARS-CoV-2 A3a/A7b virus experiments were conducted at BSL-2+ level in the
235  Biodesign Institute at ASU using appropriate and IBC approved personal protective equipment

236  and protocols.

237 Cell lines

238 L2 murine fibroblast cell line and African green monkey kidney Vero cells E6 (obtained from
239  ATCC) were cultured and maintained using Dulbecco’s modified Eagle’s medium (DMEM)
240  supplemented with 10% FBS, 100 U/ml of penicillin, and 100 pg/ml streptomycin. Calu-3 cells
241  (ATCC: HTB-55) were cultured and maintained using Eagle’s Minimum Essential Medium
242 (EMEM) supplemented with 10% FBS, 100 U/ml of penicillin, and 100 pg/ml streptomycin. HeLa-
243 MHVR cell line (human Hela cell line expressing mouse coronavirus receptor mMCECAM1) was
244  provided by Tom Gallagher at Loyola University and maintained using DMEM media with 10%

10
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245  FBS, HEPES buffer, 100 U/ml of penicillin, 100 pg/ml streptomycin, MEM non-essential amino
246  acids, and sodium pyruvate. Human A549 cells expressing ACE2 and TMPRSS2 (ACE2plusC3-
247  AB49/ACE2/TMPRSS2) was purchased from ATCC (CRL-3560) and maintained with DMEM
248  media supplemented with 10% FBS, 100 U/ml of penicillin, and 100 ug/ml streptomycin. A549-
249  MHVR (human A549 cell line expressing mouse coronavirus receptor mMCECAM1) and A549ACE2
250 (human A549 cell line expressing ACE2 receptor) was provided by Susan Weiss at the Perelman
251  School of Medicine at the University of Pennsylvania and maintained with RPMI1640 media

252 supplemented with 10% FBS, 100 U/ml of penicillin, and 100 pg/ml streptomycin (31).

253  Viruses and viral replication assay

254  Mouse hepatitis coronavirus MHV A59 that expresses GFP was used for all the assays.
255  rA59/Smnv-2-EGFP is a recombinant MHV A59 virus that expresses the spike of MHV-2 in place
256  of the WT protein and GFP (27-29). MHVE-GFP was constructed using a MHV A59 reverse
257  genetics system essentially as previously described (45-48). The coding sequence for the MHV
258  envelope (E) protein was fused to the GFP gene with an intervening tetra glycine linker. The
259  construct was cloned into ORF 4a/b in the G subclone of the MHV infectious clone using Sbfl and
260 EcoRV restriction sites. The construct was designed to maintain the transcription regulatory
261  sequences for both ORF 4 and ORF5. Virus was recovered after assembling the full-length
262  genomic cDNA and transcription of full-length genomic RNA as previously described (45-48).
263  Following electroporation into baby hamster kidney grown in 17CI1 mouse cells virus was
264  recovered and passage 1 stock was grown in mouse 17CI1 cells and titered in L2 cells by
265 plaque assay. The SARS-CoV-2-GFP virus was provided by Ralph Baric at the University of

266  North Carolina Chapel Hill (32).

267  Viral titers in different cell lines were determined using a viral replication assay. The cells were
268  seeded in 24 well plate (2x10° cells/well). The next day, the cells were treated for 1h with different
269  concentrations of nuclear export inhibitors diluted in the appropriate media used for growth of the

11
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270  specific cell lines. Virus was added to the cells (volume calculated based on different multiplicities
271  of infection and incubated for 1h at 37°C in the presence of the inhibitors. After 1h, the unbound
272  virus was removed, cells were washed with DPBS (Dulbecco’s phosphate-buffered saline) and
273  media with inhibitors was added for further incubation. Both cells and media were collected at
274  different time points and stored at -80°C freezer until processing. Afterwards, different dilutions
275  were prepared in the appropriate media and plated on cell lines and fluorescent foci were counted
276  after 24h using a fluorescent microscope. All assays and dilutions were performed in triplicate.
277  For SARS-CoV-2, all infections and virus manipulations were conducted at biosafety level 3 (BSL-
278  3) in the Biodesign Institute using appropriate and IBC-approved personal protective equipment
279  and protocols. For plaque assay, samples were serially diluted 10-fold and absorbed on Vero
280  cells at 37°C for 1h. Cells were overlaid with media plus 0.7% agarose and incubated for two days
281  at 37°C. Cells were fixed with 4% paraformaldehyde and subsequently stained with 1% crystal

282  violet for counting the plaques.

283 Reagents and Antibodies

284  Rabbit polyclonal antibodies for XPO1, ACE-2 and mouse monoclonal antibody against $-actin
285 were purchased from Thermo Fisher Scientific. HRP-conjugated goat anti-rabbit and anti-
286 mouse IgG antibodies were purchased from Jackson Immuno Research Laboratories.
287  Selinexor (KPT330) was purchased from Apex Bio (Tokyo, Japan). Leptomycin B, Ratjadone

288 A, and Anguinomycin A purchased from Santa Cruz Biotechnology.

289  siRNA transfection

290 ON-TARGETplus SMART pool siRNAs for exportin 1/XPO1 and a non-targeting control (NT
291  siRNA) were purchased from Dharmacon (Horizon Discovery). In 24 well plate cells were
292  seeded with 40-50% confluence, left overnight for adherence, and then transfected with

293  siRNAs (40 nM) using Lipofectamine RNAIMAX (Invitrogen) transfection reagent. After 48 h of

12
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294  transfection, the cells were infected with different MOls of virus for 1h, washed to remove the
295 unbound virus, and incubated with complete media. At the indicated time points, cells were
296  either observed by fluorescence microscopy to monitor and record the expression of
297  fluorescent proteins or harvested and processed for titration of progeny virions. For detection
298  of proteins, Western blot analysis was performed from the total proteins as described before

299 (49).

300 Cell viability assay

301 To assess the viability of different cell lines after Selinexor treatment, 10,000 cells were seeded
302 into each well of a 96-well plate. The next day, cells were treated with different concentrations of
303 Selinexor. A minimum of four to five wells were used for each treatment condition, and untreated
304 cells (mock) served as controls. Cell viability at different time points was assessed using MTS

305 reagents (Promega) according to manufacturer instructions.

306  Statistical analysis

307  Statistical analyses were performed using GraphPad Prism software. Values are represented as
308 mean = SD for at least two or three independent experiments. ANOVA and t-test (when only two
309 groups were compared) were used to determine the significance. P values are reported as

310 follows: no significant (ns) P > 0.05, * P < 0.05, ** P < 0.01, *** P < 0.001, **** P < 0.0001.
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449  Figure Legends

450  Figure 1: Nuclear export inhibitors enhance the replication of MHV in L2 cells. L2 cells were plated
451 in 24 well plates, treated with the indicated concentration of nuclear export inhibitors: A)
452  Ratjadone, B) Anguinomycin, and C) Leptomycin B for 1h and infected with MHVE-GFP virus with
453  a MOI of 0.01. Virus replication was measured by plaque assay from the total number of viruses
454  in the cells and supernatant 24h post infection. Data represents + SD and n=3. Statistically
455  significant differences in comparison to 24 hpi infection are indicated. " P> 0.05, * P < 0.05, ** P

456  <0.01, *** P<0.001, **** P <0.0001.

457  Figure 2: Selinexor enhances the replication of MHV in L2 cells. A) Effect of Selinexor on L2 cells
458  viability. Cells were plated in 96 well plates and treated with different concentration of Selinexor
459  and cell viability was measured after 48h. B-D) Effect of Selinexor on MHV virus gene expression
460 and replication. Cells were plated in 24 well plates, treated with the indicated concentration of
461  Selinexor for 1h and infected with rA59/Synv-2-EGFP or MHVE-GFP virus with a MOI of 0.01. B)
462  Fluorescence images were taken 24h post infection with rA59/Sunv-2-EGFP; C) percent of GFP
463  positive cells were counted using Countess |l cell counter at different time points after infection
464  with rA59/Sunv2-EGFP; D) MHVE-GFP virus replication was measured by plaque assay from the
465  total number of viruses in the cells and supernatant 24h post infection. Data represents £ SD and
466  n=3. Statistically significant differences in comparison to control are indicated. "s P > 0.05, * P <

467  0.05,** P<0.01, "™ P<0.001.

468  Figure 3: Selinexor enhances the replication of MHV in human HelLa-MHVR cells. A) Effect of
469  Selinexor on the viability of HeLa-MHVR cells. Cells were plated in 96 well plates and treated with
470  different concentration of Selinexor and cell viability was measured after 48h. B-D) Effect of
471  Selinexor on MHV virus replication in HeLa-MHVR cells. Cells were plated in 24 well plates,
472  treated with indicated concentration of Selinexor for 1h and infected with rA59/Synv2-EGFP or
473  MHVE-GFP virus with a MOI of 0.01. B) Fluorescence images were taken 24h post infection with
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474  rA59/Smnv-2-EGFP; C) percent of GFP positive cells at 24h and 48h post infection with rA59/Suy-
475  ,-EGFP were counted using Countess Il cell counter; D) Total number of viruses in the cells and
476  supernatant was determined by plaque assay 24h post infection of cells with MHVE-GFP. Data
477  represents + SD and n=3. Statistically significant differences in comparison to control are

478  indicated. "™ P> 0.05, * P < 0.05, ** P <0.01, *** P < 0.001, **** P < 0.0001.

479  Figure 4: Selinexor enhances the replication of MHV in human A549-MHVR cells. A) Effect of
480  Selinexor on the viability of A549-MHVR cells. Cells were plated in 96 well plates and treated with
481  different concentration of Selinexor and cell viability was measured after 48h. B-C) Effect of
482  Selinexor on MHV virus replication in A549-MHVR cells. Cells were plated in 24 well plates,
483  treated with indicated concentration of Selinexor for 1h and infected with rA59/Synv2-EGFP or
484  MHVE-GFP virus with a MOI of 0.01. B) percent of GFP positive cells at 24h and 48h post infection
485  with rA59/Swmnv-2-EGFP were counted using Countess Il cell counter; C) Total number of viruses
486  in the cells and supernatant was determined by plaque assay 24h post infection of cells with
487  MHVE-GFP. Data represents = SD and n=3. Statistically significant differences in comparison to

488 control are indicated. " P > 0.05, * P < 0.05, ** P < 0.01, *** P < 0.001.

489  Figure 5: XPO1 knock down enhances the replication of MHV in human A549-CECAM cells. Cells
490 were plated in 24 well plates, transfected with control non-targeting siRNA (NT-siRNA) or XPO1
491  siRNA for 48h and infected with rA59/Synv-2-EGFP or MHVE-GFP for another 24h. A) Images
492  were taken using a fluorescence microscope 24h post infection with MHVE-GFP; B) Knock down
493  of XPO1 was confirmed with Western blot analysis using anti-XPO1 antibody. Actin was used as
494  total protein loading control. C) percent of GFP positive cells after infection with rA59/Swnv-2-EGFP
495 were counted using Countess Il cell counter. D) Total number of viruses in the cells and
496  supernatant was determined by plaque assay 24h post infection of cells with MHVE-GFP. Data
497  represents + SD and n=3 or 4. Statistically significant differences in comparison to control are

498 indicated. "™ P> 0.05, * P<0.05, ** P<0.01, *** P < 0.001.
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499  Figure 6: Selinexor enhances the replication of SARS-CoV-2 in human A5494CE2 cells. Cells were
500 platedin 12 well plates, treated with indicated concentration of Selinexor for 1h and infected with
501 SARS-CoV-2 virus. A) percent of GFP positive cells were counted using Countess Il cell counter
502  after fixation of cells. B) Total number of progeny virus formation was measured by plaque assay
503  using Vero E6 cells. Data represents + SD and n=3 or 4. Statistically significant differences in

504  comparison to control are indicated. " P > 0.05, * P < 0.05, ** P < 0.01, *** P < 0.001.

505  Figure 7: Effect of Selinexor on the replication of rSARS-CoV-2 in different cell types. A) Human
506  A54942T2 cells, B) Vero EB cells, and C) Human Calu3 cells were plated in 12 well plates, treated
507  with indicated concentration of Selinexor for 1h and infected with rSARS-CoV-2 virus with a MOI
508 of 0.1. Total number of progeny virus formation was measured by plaque assay using Vero E6
509 cells. Data represents + SD and n=3 or 4. Statistically significant differences in comparison to

510 control are indicated. " P > 0.05, * P < 0.05.
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Figure 7
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