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1. INTRODUCTION

The primary receptor for SARS-CoV is ACE2, a metallopeptidase expressed on
membranes of renal and cardiovascular tissues as well as the gastrointestinal tract.'”
Marzi et al., showed that retroviral pseudotypes bearing the SARS-CoV glycoprotein
could also bind to DC-SIGN and CD209L (also called L-SIGN or DC-SIGNR) on cell
membranes, but not use these C-type lectins to enter cells.* We showed that CD209L,
which is expressed on sinusoidal endothelial cells of the liver, endothelial cells of the
lymph nodes, Peyer’s patches, capillaries in the villous lamina propria of the terminal
ileum, and in type II alveolar cells and endothelial cells in the lung, has receptor activity
for SARS-CoV.” Briefly, Chinese hamster ovary (CHO) cells, which are refractory to
binding of SARS-CoV spike glycoprotein and entry of SARS-CoV, were transduced with
a human lung cDNA library in a retroviral vector. Cells that bound soluble SARS-CoV
spike glycoprotein were detected by flow cytometry and inoculated with SARS-CoV
under BSL-3 conditions. Virus entry and viral subgenomic RNA and protein synthesis
were detected by RT-PCR and immunofluorescence. Less than 1% of the cells expressed
SARS-CoV nucleocapsid protein 24 hours after inoculation. CD209L ¢cDNA was cloned
from subcloned cells positive for both binding of SARS-CoV spike and expression of
SARS-CoV subgenomic RNA and N protein. Transfection of CHO cells with cDNA
encoding CD209L made these cells as susceptible to SARS-CoV as the retrovirus
transduced cells.

DC-SIGN on dendritic cells has been shown to act as an attachment factor for Ebola
virus, HIV-1, and other enveloped viruses.” The dendritic cells, which are professional
antigen-presenting cells, can present virus to macrophages or CD4" T-cells that express
the appropriate receptor (CD4 and co-receptors for HIV-1). Thus DC-SIGN is said to
mediate infection in trans.’

Our data suggest that CD209L may act as an alternative weak receptor for SARS-
CoV. Coronaviruses bud from the ER-Golgi intermediate compartment (ERGIC) and are
believed to be released from cells by exocytosis.* * The maturation of virus in the ERGIC
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may limit the amount of trimming of N-linked glycans on spike by endoglycosidases in
the Golgi. We postulate that glycans on the coronavirus S proteins may be predominantly
composed of the high mannose type rather than the more complex glycans on the spikes
of enveloped viruses that bud from the plasma membrane. SARS-CoV may bind to
CD209L on the plasma membrane through high mannose glycans on S, which may then
mediate relatively inefficient virus entry. We have begun to study the roles of C-type
lectins in entry of other coronaviruses such as human coronavirus (HCoV)-229E in
addition to SARS-CoV.

2. RESULTS AND DISCUSSION

HCoV-229E uses human aminopeptidase N (hAPN) as its principal receptor'® and
can also use feline APN as an alternative receptor.'' To determine whether the human
coronavirus, HCoV-229E, could also use CD209L as a receptor, we used flow cytometry
to compare binding of purified HCoV-229E virions to cells expressing hAPN (MRCS5),
CD209L (CHO/CD209L) or neither receptor protein (CHO) (Table 1). HCoV-229E
virions bound equally well to MRCS5 cells via hAPN and CHO/CD209L cells via
CD209L.

Virus entry and expression of viral proteins were compared in CHO cells, CHO cells
expressing CD209L, and mouse cells expressing hAPN. In cells that did not express
hAPN or CD209L no viral antigen was detected at any time. However, in cells that
expressed hAPN or CD209L viral antigens were observed 8 hours after virus inoculation.
Twenty-four and 48 hours after inoculation, the hAPN-expressing cells were all positive
for viral antigen. In contrast, fewer CD209L-expressing cells expressed viral antigens at
24 hours; however, by 48 hours after inoculation CD209L-expressing CHO cells were all
positive for viral antigens. The pattern of antigen staining in the CD209L cells was
granular with patches of bright cytoplasmic fluorescence; whereas staining in hAPN
expressing cells was more uniform and bright throughout the cytoplasm. Seventy-two
hours after inoculation the hAPN-expressing cells had high levels of cytopathic effect
(CPE, large areas of rounded cells), whereas, the CD209L-expressing CHO cells showed
no CPE and had formed a confluent monolayer of antigen positive cells. Thus, HCoV-
229E entered cells that expressed CD209L, viral antigens were detected by immuno-
fluorescence assay up to 72 hours after inoculation, and virus infection spread from cell-
to-cell in the culture. These data suggest that CD209L can act as a weak receptor for
entry of HCoV-229E, but has less HCoV-229E receptor activity than hAPN. No infectious

Table 1. Binding of HCoV-229E to cell lines.

Cells % Cells that bind
virus*
CHO <5
MRC5 97
CHO/CD209L 96

* Virus binding was detected by flow cytometry
with monoclonal antibody 511H6 directed against
the viral spike glycoprotein.
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virus was released into the medium of CD209L-expressing CHO cells, as determined by
plaque assay. These data suggest that CD209L allows entry of HCoV-229E into some
cells leading to synthesis of viral RNA and proteins. Possibly, CD209L on cell
membranes traps newly formed virus preventing release of virus into the medium, while
still allowing cell-to-cell spread of infection.

In order to further examine the interaction of CD209L with HCoV-229E spike,
soluble CD209L with a 6-His tag was expressed in bacteria and purified to near
homogeneity using mannose affinity chromatography and nickel affinity chromatography.
Cell surfaces are replete with high-mannose glycans. To determine if purified soluble
CD209L could bind to high mannose glycans on cells, trypsinized cells that express
CD209L, hAPN, or neither receptor were incubated with 200 pg of soluble CD209L for 1
hour at 4°C. FACS analysis with anti-CD209L antibody showed that soluble CD209L
bound to CHO cells expressing CD209L, MRCS5 cells expressing hAPN, and control
CHO cells that expressed neither receptor (Table 2).

To examine the effects of soluble CD209L on binding of HCoV-229E to cell lines,
various concentrations of the purified soluble CD209L protein were incubated with
purified HCoV-229E virions for 1 hour at 4°C. The virions were then incubated with
trypsinized CHO cells expressing CD209L, MRCS cells expressing hAPN, or control
CHO cells expressing neither receptor. Virus binding was detected by flow cytometry with
monoclonal anti-229E spike antibody 511H6. Table 3 shows that lower levels of soluble
CD209L (50 pg/ml) significantly blocked binding of HCoV-229E virions to hAPN or
CD209L in cell membranes. However, larger amounts of soluble CD209L (200 pg/ml)
increased binding of virions to CD209L and hAPN-expressing cells. Interestingly, virions
incubated with 200 pg/ml of soluble CD209L bound to CHO cells that do not express
either hAPN or CD209L. The soluble CD209L protein apparently acted as a bridge
between the virions and the cellular surface. It is possible that binding of CD209L treated
virions to CHO cells occurred when the carbohydrate recognition domain of soluble
tetrameric CD209L bound to glycans on the surface of the virion, to glycans on soluble
tetrameric CD209L and to glycans on the cell surface. Perhaps other soluble C-type lectins
in the lung, such as surfactant protein D (SP-D), could also act as a bridge to bind virions
to cells. For example HCoV-229E or SARS-CoV combined with a soluble C-type lectin
might be able to enter cells that do not express a specific viral receptor such as hAPN or ACE2.

Table 2. Soluble CD209L binding to cell lines.

Cell line [sCD209L] % Cells that bind

pg/ml antibody to

CD209L*
CHO 0 <5
CHO 200 93
MRC5 0 7
MRC5 200 94
CHO/CD209L 0 97
CHO/CD209L 200 99

* Detected by flow cytometry with goat polyclonal antibody to the C
terminal domain of CD209L.
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Table 3. Effects of soluble CD209L on binding of HCoV-229E virions to cell lines.

Cell line [sCD209L] % Cells that bind

pg/ml virus*
CHO 0 31
CHO 50 <5
CHO 200 87
MRCS5 0 92
MRCS 50 22
MRC5 200 81
CHO/CD209L 0 94
CHO/CD209L 50 59
CHO/CD209L 200 96

* Virus binding was detected by flow cytometry with monoclonal
antibody 511H6 directed against the viral spike glycoprotein.

Surfactant protein D in the lungs a C-type lectin that contains a carbohydrate
recognition domain similar to that of CD209L'? is an important innate host defense
mechanism that binds to high-mannose glycans on the surfaces of bacteria and viruses.
Bacteria and viruses coated by SP-D form aggregates and are phagocytosed by
macrophages. Because soluble CD209L can bind to HCoV-229E virions and enhance
binding of virions to receptor negative cells in culture, it is possible that SP-D could also
bind to HCoV-229E and mediate the attachment and eventual entry of virus into
macrophages and type II alveolar cells in the lung.

The National Center for Biotechnology Information database lists 47 sequences for
CD209L (also called L-SIGN or DC-SIGNR) from humans, apes, and mice. Many
mammalian species have homologues of C-type lectins such as CD209L, SP-D, and
mannose binding lectin. These anchored or soluble C-type lectins may act as a bridge to
allow for the initial crossing of the species barrier by viruses. If the only block to
infection is receptor usage, it is possible that an enveloped virus that normally infects a
non-human species could use human CD209L as a weak receptor to enter a small number
of human type II alveolar cells or macrophages. Virus mutants that could use a different
receptor in the lung more efficiently might develop and these would have a selective
advantage for growth in human lung. The selected virus mutants might then be able to
spread from human to human using the new receptor.

Further study of CD209L interacting with HCoV-229E in mouse or hamster models
will help to elucidate the significance of this receptor in coronavirus infection in vivo.
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