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Accumulation of a soluble form of human nectin-2 is required for exerting 
the resistance against herpes simplex virus type 2 infection in transfected cells
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Summary. – Cell entry of herpes simplex virus type 2 (HSV-2) requires the interaction of viral glycoprotein D 
(gD) with the receptor nectin-1 and herpesvirus entry mediator (HVEM). In addition, it is known that nectin-2 is 
also functional as a receptor for HSV-2, although the binding to the gD is weak. To examine an antiviral potential 
of a soluble form of human nectin-2 (hNectin-2Ig), transfected Vero cells expressing the entire ectodomain of 
nectin-2 fused to the Fc portion of human IgG were established. Specifi c binding of hNectin-2Ig to HSV-2 gD 
was confi rmed by ELISA. Competitive ELISA demonstrated that accumulation of hNectin-2Ig in transfected 
cells increased signifi cantly in a cell culture time dependent manner. Viral growth of several HSV-2 strains was 
signifi cantly inhibited in the transfected cells that were cultured for 72 hr compared with control Vero cells, but 
not in cells that were cultured for 24 hr. Th ese results indicate that accumulation of a soluble form of nectin-2 
is required for exerting the resistance against HSV-2 infection.
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Introduction

Herpes simplex virus (HSV), a representative member 
of the subfamily Alphaherpesvirinae, commonly infects the 
skin, eyes and the mucous membrane in regions of the mouth 
and genitalia (Spear et al., 2000). HSV type 2 (HSV-2) causes 
genital diseases and neonatal infections through a maternal 
genital tract to the newborn (Pellet and Roizman, 2001). 
Genital herpes caused by HSV-2 is one of the most important 
sexually transmitted diseases (Bystrická et al., 2003). 

It is known that several envelope glycoproteins including 
gB, gC, gD, gH, and gL require for effi  cient HSV entry into 
target cell interaction with host cell surface molecules. Th e 
initial interaction of gB and gC to cell surface 3-O-sulfated 
heparin sulfate (3-O-S-SH) promotes an effi  cient viral entry 
into the cells (Herold et al., 1994). Subsequently, the binding 
of gB and gD to receptor on cell surface can mediate fusion 
of viral envelope with the cellular membrane (Spear et al., 
2000). Receptors for gD like herpesvirus entry mediator 
(HVEM), 3-O-S-SH, nectin-1, and nectin-2 have been well 
characterized (Spear et al., 2000). Nectin-1 and HVEM are 
competent receptors for both HSV-1 and HSV-2 entry, while 
nectin-2 is a receptor for HSV-2 only (Warner et al., 1998; 
Lopez et al., 2000; Martinez et al., 2001). Nectin-1 and nec-
tin-2 are expressed individually or together in various human 
cells of neuronal, fi broblastic, and epithelial origin (Warner 
et al., 1998; Guzman et al., 2006). In these cell types, each or 
both of these proteins could be important entry mediators 
for HSV-2 strains. Although nectin-2 has been examined 
from a functional perspective as a receptor for HSV-2 gD, 
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there has been no report showing a detailed mechanism of 
nectin-2 mediated viral entry into cells. 

We previously reported that resistance to HSV-1 infection 
was conferred by expression of a soluble form of HVEM or 
porcine nectin-1 in transfected cells and transgenic mouse 
cell lines (Ono et al., 2004a,b,c). In the present study, we 
have established a stable cell line expressing a soluble form 
of human nectin-2 (hNectin-2) and examined the antiviral 
potential against HSV-2 infection.

Materials and Methods

Viruses and cells. HSV-1 VR3 (ATCC VR-539) strain, which 
was kindly provided by Dr. T. Suzutani, and HSV-2 KN, YS-1, YS-4 
(Sakuma et al., 1988) and 186 (Rawls et al., 1968) strains, which were 
kindly provided by Drs. Y. Yanagi and H. Minagawa, were propa-
gated in Vero cells. All of HSV-2 strains were clinical isolates. Strain 
KN was isolated from genital herpetic lesion of an adult female and, 
strains YS-1 and YS-4 were isolated from vesicular skin lesions on 
the face of an infant. Strains KN and YS-1, but not YS-4, were sensi-
tive to acyclovir (Sakuma et al., 1988). Strain 186 was isolated from 
a genital lesion from an individual attending a sexually transmitted 
disease clinic in Houston, Texas, in the 1960s (Rawls et al., 1968). 
Th e strain 186 had severe pathogenic impact on mice as compared 
to strains KN, YS-1 and YS-4. Vero and CHO-K1 cells were grown 
in Dulbecco's modifi ed Eagle's medium (DMEM, Gibco) containing 
5% fetal bovine serum (FBS) at 37°C in 5% CO2.

Construction of plasmids and stable transfection. To construct 
a plasmid expressing hNectin-2, the cDNA of full-length open 
reading frame was amplifi ed by PCR from pENTR221 plasmid 
containing a complete hNectin-2 gene (pENTR221/nectin-2; 
GenBank Acc. No.: DQ891829, GeneCopoeia). Amplifi ed cDNA 
fragment was cloned into pCXN2 expression vector (Niwa et al., 
1991) containing neomycin resistance gene. CHO-K1 cells were 
transfected with the plasmid using METAFECTENE PRO (Biontex 
Laboratories), and then cultured in DMEM containing 800 μg/ml 
of G418 (Roche) to establish a stable cell line expressing human 
nectin-2 (hNectin-2/CHO). To construct plasmids expressing 
soluble forms of human nectin-2 (hNectin-2Ig) and HSV-2 gD 
(gD2-Ig) we used gene of extracellular domain (hNectin-2: aa 
1–350 and HSV-2 gD: aa 1–339) and of Fc portion of human 
IgG1. Extracellular domains amplifi ed by PCR were cloned into 
a plasmids carrying IgG1-Fc DNA (Nakagawa et al., 1998), and 
then chimeric gene fragment was inserted into pCXN2 vector as 
described previously (Ono et al., 2004a). pENTR221/nectin-2 and 
HSV-2 genome DNA were used as templates for PCR. Genome 
DNA of HSV-2 strain 186 was extracted from infected Vero cells 
using QIAamp DNA mini kit (Qiagen). PCR primer sets used 
for construction of plasmids are as follows: 5'-GGACCCGT
CGACCCACCATGGCCCGGGCCGC-3' and 5'-CTGCGCGT
CGACAATCTACACATAAACTGCCCGCCG-3' for hNectin-2, 
5'-GGACCCCTCGAGCCACCATGGCCCGGGCCGC-3' and 

5'-CTGAGCGGGATCCTCTCGGACAAAGATGACC-3' for 
hNectin-2Ig, and 5'-CCGCTCGAGCACCATGGGGCGTTTGA
CCTC-3' and 5'-CGAAGATCTGGGTTGCTGGGGGCGGCG-3' 
for gD2-Ig. Vero cells were transfected with each constructed 
plasmid as described above. To confi rm the secretion of each fu-
sion protein, the cultured supernatants from transfectants were 
collected and protein G-Sepharose 4B (Sigma) added and incubated 
for 3 hr at 4°C. Th e beads were washed with phosphate-buff ered 
saline (PBS) and used for Western blot analysis with alkaline 
phosphatase-conjugated goat anti-human IgG Fc specifi c antibody 
(1:3,000, Sigma) for the detection of hNectin-2Ig or gD2-Ig, and 
mouse anti-HSV-1/2 gD antibody (1:3,000, Santa Cruz) and alkaline 
phosphatase-conjugated goat anti-mouse IgG antibody (1:3,000, 
Sigma) for the detection of gD2-Ig. 

Flow cytometry. To confi rm expression of hNectin-2 on the 
cell surface of hNectin-2/CHO cell line, the cells were stained 
with monoclonal mouse anti-nectin-2 (1:100, Sigma) and FITC-
conjugated goat anti-mouse IgG antibodies (1:100, Sigma), and 
analyzed by using a FACSCalibur (Becton Dickinson). Data were 
analyzed by CellQuest Pro soft ware (Becton Dickinson).

Immunofl uorescence analysis. Expression of soluble form of 
nectin-2 in the transfectants was confi rmed by double immunofl uo-
rescence staining using monoclonal mouse anti-nectin-2 (1:100, 
Sigma) and FITC-conjugated goat anti-mouse IgG antibodies 
(1:100, Sigma) for nectin-2, and TRITC-conjugated goat anti-
human IgG (Fc specifi c) antibodies (1:100, Sigma) for Fc region of 
human IgG. Indirect immunofl uorescence assay was performed to 
confi rm HSV infection in hNectin-2/CHO cells. Cells were infected 
with viruses at MOI of 10, fi xed aft er 24 hr and stained with mouse 
anti-HSV-1/2 gD (1:100, Santa Cruz) and FITC-conjugated goat 
anti-mouse IgG specifi c antibodies. 

Virus infection in transformed cells expressing the hNectin-2Ig. 
For the investigation of viral growth kinetics, the Vero cells were 
seeded in 35 mm-diameter dishes (2 × 105 cells/dish). Th e cells 
were infected by HSV-1 and HSV-2 at MOI of 0.001 at 37°C for 1 
hr, washed and cultured in 4 ml of DMEM. Five hundred microlit-
ers of supernatant were harvested from the infected cells at 24 hr 
intervals, and titration of viral infectivity was performed on Vero 
cells. Th e infective dose was calculated by the method of Reed and 
Muench (1938). Plaque assay of HSV-2 infections with 30 PFU on 
35 mm-diameter dishes were performed as described previously 
(Ono et al., 2004b). Th e plaque numbers in the hNectin-2Ig/Vero 
were presented as the relative value to those of control Vero cells, 
which were defi ned as 100%. Th e mean values of the relative 
dose and standard deviation in plaque assay were determined 
by triplicate experiments. Statistical analysis was performed by 
Student's t-test.

Binding assay. Soluble forms of hNectin-2 and HSV-2 gD were 
harvested from culture supernatants of hNectin2-Ig/Vero and 
gD2-Ig/Vero cell lines, and purifi ed by the affi  nity chromatography 
with protein G-Sepharose 4B. To examine the binding of hNectin-
2Ig to gD2-Ig, an ELISA was performed. Briefl y, 50 μl of purifi ed 
hNectin-2Ig (5 μg/ml) was immobilized onto 96-well plate. Aft er 
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blocking with 10% goat serum in tris-buff ered saline (TBS), 30 
μl of diff erent concentrations of purifi ed gD2-Ig were added to 
the wells and incubated at room temperature for 1 hr. Th e wells 
were washed with TBS containing 0.05% Tween 20 and primary 
mouse anti-HSV-1/2 gD antibodies (1:5,000) were added for 1 hr. 
Aft er washing, the secondary alkaline phosphatase conjugated 
anti-mouse IgG specifi c antibodies (1:5,000) were added and aft er 
1 hr, the wells were washed and Alkaline phosphatase substrate 
kit (Bio-Rad) was used to detect binding of gD2-Ig to hNectin-2Ig 
according to the manufacturer's instructions. Th e absorbance at 
405 nm was measured using SpectraMax 190 microplate reader 
(Molecular Devices).

Competitive enzyme-linked immunosorbent assay. Cells were 
seeded into 60 mm-diameter dishes (2 × 106 cells/dish) and cultured 
in DMEM containing 5% FBS for 8, 24, 48 and 72 hr. Th e cells were 
washed with PBS and lysed with 1 ml of RIPA buff er (ATTO). To 
measure concentration of hNectin-2Ig in the transfected cells, 
competitive ELISA using purifi ed hNectin-2-Ig was performed as 
described previously (Ono et al., 2006). Concentrations of total 

proteins were determined by Bradford protein assay (Bio-Rad) 
according to the manufacturer's instructions. At indicated time 
point, the number of cells grown in parallel dish was counted by 
trypan blue staining.

Neutralization test. Th e neutralizing activity of purifi ed hNectin-
2Ig against HSV-2 infections was determined. Each serial 3-fold-
diluted hNectin-2Ig of which starting concentration was 1 mg/ ml 
was mixed with 100 PFU of HSV-2 and incubated at 4°C for 2 hr. 
Subsequently, the mixture was inoculated on Vero cells seeded 
into 96-well plate and kept at 37°C for 1 hr. Th e cells were washed 
and cultured for 2 days to observe the cytopathic eff ect by virus 
infections. 

Results

Earlier, it was reported that hNectin-2 served as an 
entry receptor for HSV-2 strains, but not for wild type of 
HSV-1 strains (Struyf et al., 2002). To confirm the recep-

Fig. 1

Establishment of transfected cells expressing hNectin-2
(a) Flow cytometry of hNectin-2/CHO and CHO K-1 cells stained with monoclonal anti-nectin-2 (left  panel), and cells stained by only FITC-conjugated 
goat anti-mouse IgG antibody as a control (right panel). (b) hNectin-2/CHO cells were inoculated with HSV-2 strains KN, YS-1, YS-4, and 186 and HSV-1 
strain VR3. At 24 hr post infection (p.i.), the cells were stained with anti-HSV-1/2 gD antibodies and FITC-conjugated goat anti-mouse IgG antibodies. 
100x magnifi ed.
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tor activity of hNectin-2 expressed from the constructed 
plasmid, CHO-K1 cells lacking HSV gD receptors (Krum-
menacher et al., 2004) were transfected. Transfected CHO 
cells were inoculated with several strains of HSV-2 and 
HSV-1. Expression of hNectin-2 on the cell surface of the 
transfected CHO cells were confirmed by flow cytometry 
analysis (Fig. 1a). The indirect immunofluorescence assay 
using anti-HSV-1/2 gD antibody revealed that all of tested 
HSV-2 strains KN, YS-1, YS-4, and 186 infected cells ex-
pressing nectin-2, but the cells could not be infected by 
HSV-1 strain VR3 (Fig.1b). These results demonstrate that 
HSV-2 interacts with nectin-2 expressed on cell surface 
and enters into the transfected CHO cells.

We previously showed that transfected Vero cells 
expressing a soluble form of porcine nectin-1 exhib-
ited signifi cant resistance to HSV-1 infection (Ono et al., 
2004b). As described above, nectin-2 is utilized by HSV-2 
as an entry receptor. To examine whether a soluble form 
of nectin-2 confers the antiviral potential to Vero cells, 

fi ve transfected cell lines expressing a fusion protein of 
extracellular domain of hNectin-2 and the Fc portion of 
human IgG1 (hNectin-2Ig) were established (Fig. 2a). In 
all of the established cell lines, strong fl uorescent signals 
were detected in their cytoplasm by immunofl uorescence 
analysis using anti-human IgG antibodies (data not shown). 
To further confi rm the expression of hNectin-2Ig, Western 
blot analysis and double-immunofl uorescence staining 
were performed. In Western blot analysis of supernatant 
of one of the established cell lines, an anti-nectin-2 spe-
cifi c band was detected at a molecular weight of about 70 
K corresponding to the size of hNectin-2Ig (Fig. 2b). In 
this cell line, fl uorescent signals for nectin-2 and human 
IgG co-localized in the cytoplasm (Fig. 2c). Th is cell line 
was designated as hNectin-2Ig/Vero, and used for further 
studies.

To confi rm the interaction of hNectin-2Ig with HSV-2 gD, 
a binding assay was performed using purifi ed soluble form 
of HSV-2 gD (gD2-Ig: a fusion protein of the extracellular 

Fig. 2

Establishment of transfected cells expressing hNectin-2Ig
(a) Schematic representation of hNectin-2Ig consisting of the entire ectodomain of hNectin-2 (aa 1–350) and the Fc portion of human IgG (aa 351–587). 
(b) Detection of the fusion protein secreted in culture supernatant of hNectin-2Ig/Vero and control Vero cells by Western blot analysis using anti-human 
IgG Fc specifi c antibody. (c) Double immunofl uorescence staining of hNectin-2Ig/Vero using anti-nectin-2 (α-nectin-2 Ab) and FITC-conjugated goat  
anti-mouse IgG antibodies (green), and TRITC-conjugated goat anti-human IgG Fc specifi c antibody (red). 100x magnifi ed. 
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domain of HSV-2 gD and human IgG Fc) and hNectin-2-
Ig that was purifi ed from the supernatant of hNectin-2Ig/
Vero cell line. In Western blot analysis, a band of gD2-Ig was 

detected by both of anti-HSV-1/2 gD and anti-human IgG 
antibodies (Fig. 3a). As can be seen in Fig. 3b, the binding of 

Fig. 3

Binding of hNectin-2Ig to HSV-2 gD
(a) Detection of purifi ed soluble form of HSV-2 gD by Western blot analysis using anti-HSV-1/2 gD (upper fi gure) and anti-human IgG Fc antibodies 
(lower fi gure). (b) Affi  nity-purifi ed hNectin-2Ig was immobilized on 96-well plates, and then incubated with diff erent amounts of purifi ed gD2-Ig (red 
circles) and BSA as a control protein (black squares). Th e averages and standard deviations of absorbance values in triplicate experiments were done.

Fig. 4

Multi-cycle growth curves of HSV-2 and HSV-1 strains in transfected cells expressing hNectin-2Ig
hNectin-2Ig/Vero and control Vero cells at 24 (a) or 72 hr (b) aft er seeding of the cells infected with HSV-2 strains KN, YS-1, YS-4, and 186, and HSV-1 
strain. Each culture supernatant of hNectin-2Ig/Vero (red circles) and control Vero cells (black squares) were collected at the indicated time points. Viral 
titers were determined on Vero cells and the mean viral titers of independent triplicates are shown.
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hNectin-2Ig to gD2-Ig was detectable in a dose-dependent 
fashion, but not observed with the control protein.

It has already been known that soluble forms of nectin-1 
block HSV-1 infection (Geraghty et al., 1998; Krummen-
acher et al., 1998; Ono et al., 2004a,b). We have performed the 
neutralization test against HSV-2 infections using purifi ed 
hNectin-2Ig. Since concentration of hNectin-2Ig excreted 
from hNectin-2Ig/Vero aft er 72 hr culture was approximately 
1 mg/ml (data not shown), we prepared 1.0 mg/ml of puri-
fi ed hNectin-2Ig solution for the neutralization test. Even 
the highest concentration of hNectin-2Ig (1.0 mg/ml) did 
not inhibit the infection with neither of used HSV-2 strains, 
indicating that the direct binding of hNectin-2Ig to HSV-2 
gD is not suffi  cient to neutralize HSV-2 infection because of 
the low affi  nity of hNectin-2Ig to gD.

To assess the antiviral potential of hNectin-2Ig to HSV-2 
infection, we investigated the growth kinetics of several 
HSV-2 strains in hNectin-2Ig/Vero and control Vero cells. 
Twenty-four hours aft er seeding of the cells, both cell lines 
were infected with HSV-2 (strains KN, YS-1, YS-4, or 186) 
at MOI of 0.001, and viral titers in cultured supernatants 
24, 48, 72, 96 hr p.i. were determined. Growth curves of 
all HSV-2 strains used in hNectin-2Ig/Vero cell line were 
similar to those in control Vero cells, although viral titers 
in hNectin-2Ig/Vero cell line 48 and 72 hr p.i. were slightly 
lower than control Vero cells (Fig. 4a). As a control experi-
ment, hNectin-2Ig/Vero cell line was infected with HSV-1 
strain VR3, because it has been known that nectin-2 does 

not serve as an entry receptor for wild type HSV-1 (Struyf 
et al., 2002). As expected, the growth curve of HSV-1 in 
hNectin-2Ig/Vero cell line was similar to that in control Vero 
cells (Fig. 4a). In the immunofl uorescence analysis, it was 
found that the intensities of fl uorescent signals were variable 
in cytoplasm of hNectin-2Ig/Vero cells 24 hr aft er seeding 
of the cells (Fig. 5b), suggesting that there is variability in 
expression level of hNectin-2Ig among the transfected cells 
that were cultured for 24 hr. Furthermore, it was also found 
that number of the cells possessing stronger fl uorescent 
signal was increased in a manner dependent on the culture 
time (Fig. 5a/d). Additionally, competitive ELISA also dem-
onstrated that the amount of hNectin-2Ig in the transfected 
cells increased signifi cantly depending on the culture time 
(Fig. 5e). To determine the antiviral potential of accumulat-
ing hNectin-2Ig, hNectin-2Ig/Vero and control Vero cells 
were cultured for 72 hr and inoculated with HSV-2 and 
HSV-1 strains. As shown in Fig. 4b, viral growth of all HSV-2 
strains used in this study was inhibited in hNectin-2Ig/Vero 
cell line, but not in control Vero cells. On the other hand, 
hNectin-2Ig/Vero cell line did not show the antiviral eff ect 
against the HSV-1 strain. Furthermore, in the plaque assay 
72 hr aft er seeding of the cells, the plaque formation of all 
HSV-2 strains was inhibited in hNectin-2Ig/Vero cell line as 
compared to control Vero cells, but not aft er 24 hr (Fig. 6). 
Taken together, these results demonstrated that accumula-
tion of a soluble form of nectin-2 is required for exerting the 
antiviral eff ect to HSV-2 infection.

Fig. 5

Accumulation of hNectin-2Ig in transfected cells 
Immunofl uorescence staining of hNectin-2Ig/Vero using FITC-conjugated goat anti-human IgG antibody 8 (a), 24 (b), 48 (c) and 72 hr (d) aft er seeding 
the cells. (e) Competitive ELISA of accumulation of hNectin-2Ig in the transfected cells. Th e transfected cells were lysed at the indicated time points, and 
each concentration of hNectin-2Ig was measured. Th e averages and standard deviations of hNectin-2Ig concentration per 1 μg of total proteins per cell 
were determined by triplicate experiments.
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Fig. 6

Plaque assay of HSV-2 infection in transfected cells expressing hNectin-2Ig 
hNectin-2Ig/Vero and control Vero cells 24 or 72 hr aft er seeding were infected with 30 PFU of HSV-2 strains KN, YS-1, YS-4, and 186. Th e mean values 
of the relative plaque number were determined by triplicate experiments. * and ** indicate P <0.05 and P <0.01, respectively.

Discussion

Previous studies demonstrated that nectin-2 enabled the 
entry of HSV-2 into target cells (Martinez and Spear, 2001; 
Struyf et al., 2002). Consistent with these studies, CHO cell 
line expressing hNectin-2  was susceptible to HSV-2 infec-
tion in the present study. To examine the antiviral potential 
of a soluble form of hNectin-2  against HSV-2 infections, we 
established transfected Vero cells expressing hNectin-2Ig that 
was confi rmed to bind to HSV-2 gD. However, purifi ed hNec-
tin-2Ig with a high concentration did not neutralize HSV-2 
infection, indicating that the direct binding of hNectin-2Ig to 
HSV-2 gD is not suffi  cient to neutralize HSV-2 infection. We 
assume that in the neutralization assay, aft er pre-incubation 
with hNectin-2Ig, the virus was inoculated into Vero cells that 
expressed the intact nectin-1 on the cell surface and gD may 
have released hNectin-2Ig and bind to nectin-1 because of its 
affi  nity diff erences, resulting in HSV-2 infection.

Experimental infections showed that the inhibition of 
HSV-2 growth was observed in the transfected cells that were 
cultured for 72 hr to accumulate hNectin-2Ig in the cells, but 
not in the transfected cells that were cultured for 24 hr. Th ere 
are two possible eff ects of hNectin-2Ig on the suppression of 
HSV-2 replication. Firstly, Cocchi et al. (2000) reported that 
nectin-2α (a soluble form of nectin-2) promotes cell-to-cell 
spread of an HSV-1 gD mutant. Excessive accumulation of 
hNectin-2Ig into intracellular space may block the cell-to-cell 
spread of HSV-2, in addition to HSV-1 gD mutants. Secondly, 

gD newly-synthesized in the rough endoplasmic reticulum of 
infected cells with HSV-2 is transported to the transmembrane 
via secretary pathway including the Golgi apparatus (Johnson 
and Spear, 1983; Murata et al., 2002). Since hNectin-2Ig was 
secreted into medium, the molecules passed through the sec-
retary pathway of the transfected cells. Th erefore, hNectin-2Ig 
might have many opportunities to bind to newly synthesized 
gD during the transport, resulting in viral assembly and block-
ing the infection of transfected cells. In our previous reports, it 
has been considered that the antiviral eff ects of soluble forms 
of HVEM and porcine nectin-1 were mainly due to their direct 
binding to gD of HSV-1 (Ono et al., 2004a,b,c). Th erefore, 
antiviral mechanism of hNectin-2Ig against HSV-2 infections 
was apparently diff erent from those of soluble forms of HVEM 
and nectin-1. Th e present study suggested that there were 
several mechanisms in the antiviral eff ects of soluble forms 
of gD receptors against HSV infections.
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