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Abstract 
 
P-selectin glycoprotein ligand-1 (PSGL-1) is a cell surface glycoprotein that binds to P-, E-, and 
L-selectins to mediate the tethering and rolling of immune cells on the surface of the 
endothelium for cell migration into inflamed tissues. PSGL-1 has been identified as an 
interferon-γ (INF-γ)-regulated factor that restricts HIV-1 infectivity, and has recently been found 
to possess broad-spectrum antiviral activities. Here we report that virion incorporation of PSGL-
1 on SARS-CoV and SARS-CoV-2 pseudovirions blocks S protein-mediated virus attachment 
and infection of target cells. These findings suggest that PSGL-1-imprinted non-infectious viral 
particles could serve as a live attenuated vaccine for SARS-CoV-2 infection. 
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The ongoing coronavirus disease 2019 (COVID-19) is a global pandemic afflicting more than 3 
million people in over 200 countries and territories, resulting in more than 235,000 deaths as of 
May 1, 2020. Currently, there are no effective treatments or vaccines. Understanding virus-host 
interactions is critical for developing novel therapeutics and vaccines. P-selectin glycoprotein 
ligand-1 (PSGL-1, also known as SELPLG or CD162) is a human protein recently identified to 
possess broad-spectrum antiviral activity 1. PSGL-1 binds to the selectin family of proteins, P-, 
E-, and L-selectin 2-4, and mediates immune cell tethering and rolling on the surface of 
endothelium to promote cell migration into inflamed tissues 5-8. In the context of viral infection, 
PSGL-1 has been identified as an IFN-γ-regulated inhibitory factor involved in blocking HIV-1 
infectivity 7,9, and was recently found to possess broad-spectrum antiviral activity 1, blocking 
viral infections through steric hindrance of particle attachment to target cells 1,10. 

The coronavirus spike (S) proteins play an essential role in viral entry by binding the cell-surface 
receptor on target cells and mediating the fusion between viral and cellular membranes during 
virus entry 11. The S protein is also the target of neutralizing antibodies generated by the infected 
host. Because of its central role in virus infection and adaptive immunity, the S protein is a prime 
target for the development of antiviral therapeutics and vaccines. In addition to the adaptive arm 
of the host immune response, viral infections trigger an innate immune response, largely induced 
by IFN, that sets up an antiviral state. Hundreds of IFN-stimulated genes (ISGs) are induced by 
viral infection 12-14. While the role of some ISGs in blocking the replication of particular viruses 
has been well established, the vast majority of ISGs have not been characterized. Because of the 
significance of host innate immunity in viral transmission and replication within and between 
hosts, there is an unmet need to understand these antiviral inhibitory factors in detail. 

Previous studies have demonstrated that PSGL-1 can be incorporated into HIV-1 virions, and its 
virion incorporation subsequently blocks viral infectivity 1,10. To investigate the ability of PSGL-
1 to restrict coronavirus infection, we first established a lentiviral vector-based coronavirus 
pseudovirus infection system 15, in which the S proteins from either SARS-CoV or SARS-CoV-2 
were used to pseudotype lentiviral particles (Fig. 1a and 1d). Using this system, we assembled 
particles in the presence or absence of PSGL-1 1, and then used the particles to infect target Vero 
cells, which endogenously express the primary receptor, angiotensin converting enzyme 2 
(ACE2) 16,17, for SARS-CoVs. For the production of SARS-CoV pseudoviruses, we found that 
expression of PSGL-1 in viral producer cells had a minor effect on virion release (Fig. 1b), 
consistent with the previous finding that PSGL-1 expression has minimal effects on viral release 
1. However, the infection of Vero cells by PSGL-1-imprinted particles was completely abrogated 
(Fig. 1c), demonstrating the abilities of PSGL-1 to block the infectivity of SARS-CoV S-bearing 
virions. 

We further tested the effect of PSGL-1 on the infectivity of lentiviral particles pseudotyped with 
the SARS-Cov-2 S protein. As shown in Fig. 1e, PSGL-1 expression in viral producer cells had 
only a minor effect on virion release. In our initial infection assays in Vero cells, we found that 
particles pseudotyped with SARS-CoV-2 S protein had much lower infectivity than those 
pseudotyped with SARS-CoV S protein. To resolve this technical issue, we developed a more 
sensitive reporter system, in which a luciferase reporter (Luc) gene was expression from the 
HIV-1 LTR in the presence of co-expressed HIV-1 Tat protein 18 (Fig. 1d). A major advantage 
of this system is that high-level Luc expression can be achieved upon transactivation by co-
expressed Tat protein following viral entry, which minimizes non-specific Luc background from 
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non-productive viral entry 19. Using this system, we found that the infectivity of the SARS-Cov-2 
pseudovirus is also potently inhibited by the expression of PSGL-1 in the virus-producer cells 
(Fig. 1f). Together, these results suggest that the presence of PSGL-1 on virion particles can 
inhibit the binding of S proteins to their cellular receptors. 

To validate this conclusion, we performed a virion attachment assay, and observed that the 
lentiviral particles pseudotyped with SARS-CoV or SARS-CoV-2 S protein produced from 
PSGL-1-expressing cells were impaired in their ability to attach to target cells (Fig. 2), These 
results demonstrate that the presence of PSGL-1 on virus particles can structurally hinder S 
protein interaction with the target cells, consistent with our previous studies of PSGL-1 and HIV-
1 infection 1,10.  

In this report, we demonstrate that the expression of PSGL-1 in virus-producer cells can block 
the infectivity of virions bearing the S protein of either SARS-CoV or SARS-CoV-2, a 
phenotype shared among several other viruses (e.g., HIV-1, murine leukemia virus, and 
influenza virus) found to be sensitive to PSGL-1 restriction 1. PSGL-1 has been suggested to be 
expressed in certain lung cancer cells 20. However, it remains to be determined whether PSGL-1 
is expressed in the target cells of SARS coronaviruses in the lungs, and, if so, whether its 
expression can impact viral infection. It also remains unknown whether coronaviruses possess a 
mechanism for antagonizing PSGL-1. In HIV-1 infection, the viral accessory protein Vpu and 
Nef have been shown to antagonize PSGL-1 on CD4 T cells through surface downregulation and 
intracellular degradation 1. Interestingly, a recent study suggested that SARS-CoV-2 may also 
enter and infect human CD4 T cells, and express viral genes in T cells. Although a spreading 
viral infection was not observed in T cells 21, infection of T cells by SARS-CoVs could 
potentially occur in the scenario of PSGL-1-mediated binding of T cells to inflamed human 
airway endothelium 22,23. Nevertheless, it remains to be determined whether there is a role for 
PSGL-1 in blocking SARS-CoV-2 spreading infection in human cells that express PSGL-1. 

Our discovery of PSGL-1 inactivation of SARS-CoV and SARS-CoV-2 pseudoviruses suggest 
that virion incorporation of PSGL-1 could serve as a new approach for developing safer live-
attenuated SARS-CoV-2 vaccines. In addition, PSGL-1-inactivated coronaviruses or virus-like 
particles can largely maintain the native structure of viral surface proteins, but are blocked for 
binding to cell receptors. Such particles may stimulate immune responses different from 
chemically inactivated coronaviruses 24,25. It remains to be determined whether PSGL-1-
imprinted particles can minimize the product of suboptimal antibodies that are frequently 
associated with vaccine-mediated immunopathology 25 and antibody-dependent enhancement of 
viral infection  (ADE) 26. 

 
  

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted May 2, 2020. ; https://doi.org/10.1101/2020.05.01.073387doi: bioRxiv preprint 

https://doi.org/10.1101/2020.05.01.073387


	  

	  
5	  

Methods 
 
Virus assembly 
The SARS-CoV S protein expression vector was kindly provided by Dr. Gary R. Whittaker. The 
SARS-CoV-2 S protein expression vector was purchased from Sinobiological. For the 
production of GFP reporter lentiviral particles pseudotyped with SARS-CoV-S, SARS-CoV-S 
expression vector (0.5 µg), pCMVΔR8.2 (7.5 µg), and pLKO.1-puro-TurboGFP (10 µg) were 
cotransfected with either pCMV3-PSGL-1 (2 µg), or pCMV3-Empty (2 µg) as previously 
described 1. For the production of luciferase reporter lentiviral particles pseudotyped with SARS-
CoV-2-S, SARS-CoV-2-S expression vector (0.5 µg), pCMVΔR8.2 (7.5 µg), and pLTR-Tat-
IRES-Luc (10 µg) were cotransfected with either pCMV3-PSGL-1 (2 µg), or pCMV3-Empty (2 
µg). Both of SARS-CoV-S and SARS-CoV-2-S pseudotyped viral particles were produced in 
HEK293T cells. Virus supernatants were collected at 48 - 84 hours post transfection, 
concentrated with centrifugation, and stored at -80°C. 
 
HIV-1 p24 ELISA 
SARS-CoV-S and SARS-CoV-2-S pseudotyped lentiviral particles were quantified using an in-
house p24 ELISA kit. Briefly, microtiter plates (Sigma-Aldrich) were coated with anti-HIV-1 
p24 monoclonal antibody (183-H12-5C, NIH AIDS Reagent Program). Samples were incubated 
for 2 hours, followed by washing and incubating with biotinylated anti-HIV immune globulin 
(HIVIG from the NIH AIDS Reagent Program) for 1 hour. Plates were then washed and 
incubated with avidin-peroxidase conjugate (R&D Systems) for 1 hour, followed by washing and 
incubating with tetramethylbenzidine (TMB) substrate. Plates were kinetically read using an 
ELx808 automatic microplate reader (Bio-Tek Instruments) at 630 nm. 
 
Viral infectivity assay 
Virion particles produced in the presence of PSGL-1 or the empty vector were used to infect 
Vero or VeroE6 cells (ATCC). Cells were pretreated with Infectin II (kindly provided by 
Virongy) for 1 hour at 37°C, and then infected for 5 hours. Infected cells were cultured for 3 
days. The percentage of GFP+ cells was quantified by using flow cytometry. For quantifying 
luciferase activity, cells were washed and lysed in Luciferase Assay Lysis Buffer (Promega). 
Luminescence was measured by using GloMax® Discover Microplate Reader (Promega). 
 
Viral attachment assay 
Virion particles produced in the presence of PSGL-1 or the empty vector were incubated with 
Vero or VeroE6 cells (pre-chilled at 4°C for 1 hour) at 4°C for 2 hours. The cells were then 
washed extensively with cold PBS buffer for 5 times, and then lysed in NuPAGE LDS Sample 
Buffer (Invitrogen). Cell lysates were analyzed by SDS-PAGE and Western blots using 
nitrocellulose membranes (Invitrogen), which were blocked for 30 min with 5% milk. The blot 
was incubated with a mouse anti-HIV-1 p24 monoclonal antibody (NIH AIDS Reagent Program, 
183-H12-5C) (1:1000 dilution) or anti-GAPDH goat polyclonal antibody (Abcam) (1:1000 
dilution) at 4˚C overnight, then washed and incubated with anti-mouse IgG, HRP-linked 
antibody (Cell Signaling) (1:2000 dilution) or anti-goat horseradish peroxidase-conjugated 
antibody (KPL) (1:2500 dilution) at room temperature for 30-60 minutes. Chemiluminescence 
signals were developed with Super Signal West Femto Maximum Sensitivity Substrate (Pierce). 
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Data availability All data generated or analyzed during this study are included in this article and 
its extended data file. Reagents are available from Y. W upon request.   
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Fig. 1. PSGL-1 inactivates SARS-CoV and SARS-CoV2 pseudoviruses. a, Schematic of the 
assembly of lentiviral particles pseudotyped with SARS-CoV S protein. b, A PSGL-1 expression 
vector or a control empty vector was cotrasfected with the lentivirus packaging construct and 
GFP reporter plasmid, and viral release was quantified at 72 hours post co-transfection by HIV-1 
p24 ELISA. c, The infectivity of virions released was further quantified by infecting Vero E6 
cells. GFP expression was quantified at 72 hours post infection. The percentages of GFP+ cells 
are shown. d, Schematic of the assembly of lentiviral particles pseudotyped with SARS-CoV-2 S 
protein. e, A PSGL-1 expression vector or a control empty vector was cotransfected with the 
lentivirus packaging construct and luciferase reporter plasmid, and viral release was quantified at 
72 hours post co-transfection by HIV-1 p24 ELISA. f, The infectivity of virions released was 
quantified by infecting Vero E6 cells. Luciferase activity in infected cells was quantified at 72 
hours post infection. 
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Fig. 2. PSGL-1 blocks SARS-CoV and SARS-CoV pseudotype virus attachment to target 
cells. a, Model of PSGL-1 virion incorporation and steric hindrance of S protein-mediated virion 
attachment to target cells. b and c, An equal amount of virions produced in the presence of a 
PSGL-1 vector or a empty vector were assayed for attachment to target Vero or Vero E6 cells at 
4°C for 2 hours. Cells were extensively washed, and cell-associated virions were analyzed by 
western blot for HIV-1 p24. GAPDH was used for a loading control. 
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