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notably encephalitis and meningitis (Whitley, 2001). HSV
can infect a wide range of cell types within CNS including
neurons, glial cells and vascular endothelial cells (Whitley,
2001). In HSV encephalitis, there is viral replication within
the brain and a necrotizing inflammatory reaction. Survivors
may suffer severe neurological sequelae due to permanent
damage to neural structures including extensive loss of
neurons. How viral and host factors determine which cells
and structures in the brain are targeted by HSV is not well
understood. A better understanding of the molecular
mechanisms by which HSV enter cells and disseminate from
cell to cell in NS may provide novel insights into the
pathogenesis of HSV infections of the brain, including virus
tropism, virus spread from cell to cell, and mechanisms of
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Summary. – Herpes simplex virus 1 and/or Herpes simplex virus 2 (HSV) are important pathogens of human
nervous system (NS) and genetically modified HSV strains have been proposed as vectors for gene therapy
targeting the brain and brain tumors. Nectin-1 is an immunoglobulin-like adhesion molecule that participates in
the formation of synapses and serves as an entry receptor for HSV. The expression pattern of nectin-1 in normal
human NS and brain tumors is not well understood. To better understand the nectin-1 expression in normal and
neoplastic human NS, immunohistochemistry was used to detect the nectin-1 expression in sections of normal
human brain, spinal cord and trigeminal and dorsal root ganglia (n=10) and in sections of primary NS neoplasms
(n=22). In normal human NS, nectin-1 was detected in the soma and processes of central and peripheral neurons,
in ependymal cells, choroid plexus epithelial cells, vascular endothelial cells and meningothelial cells.
Oligodendrocytes, astrocytes, vascular smooth muscle cells, and Schwann cells showed variable immunoreactivity.
Among tumors, schwannoma, fibrous meningioma, and medulloblastoma were nectin-1 negative.
Oligodendroglioma, ependymoma, pilocytic astrocytoma, pleomorphic xanthoastrocytoma, diffuse astrocytoma,
anaplastic astrocytoma, glioblastoma multiforme and meningothelial meningioma showed weak focal nectin-1-
positivity. Ganglion cells of ganglioglioma were strongly positive. These studies provide novel information about
the expression of nectin-1 in normal and neoplastic NS, and thus may lead to a better understanding of cell
targeting by HSV during HSV-induced neurological disease and during a HSV-based gene therapy.

Key words: nectin-1; Herpes simplex virus 1; Herpes simplex virus 2; cell adhesion; brain tumor;
glioblastoma multiforme; gene therapy

*Corresponding author. Department of Pathology, University of
Illinois at Chicago, College of Medicine, Chicago, 1819 West Polk
Street, M/C 847, Illinois 60612, USA. E-mail: tiborv@uic.edu;
fax: +312-9967586.
Abbreviations: CNS = central NS; 3-OS-HS = 3-O-sulfated
heparan; gB, gC and gD = glycoproteins B, C and D, respectively;
HSV-1 = Herpes simplex virus 1; HSV-2 = Herpes simplex virus 2;
HSV = HSV-1 and/or HSV-2; HVEM = herpes virus entry mediator;
NS = nervous system; TNF = tumor necrosis factor

Introduction

Infection of central nervous system (CNS) with HSV is
an important cause of some neurological diseases, most



60 GUZMAN, G. et al.: NECTIN-1 EXPRESSION IN HUMAN BRAIN TUMORS

neural injury. In addition, genetically modified HSV strains
have been proposed as vectors for gene therapy targeting
the brain and for tumor therapy targeting brain tumors,
mainly malignant gliomas (Engelhard, 2000; Shah et al.,
2003; Glorioso and Fink, 2004; Lou, 2004; Niranjan et al.,
2004). Thus, a better understanding of the molecular
mechanisms by which HSV target, bind and enter cells of
NS and cells of brain tumors may lead to the development
of improved therapeutic approaches.

A significant progress has been made in the studies of
molecular basis of virus-host interactions, which lead to HSV
entry into cells (Spear et al., 2000; Shukla and Spear, 2001).
The latter requires an interaction of several viral
glycoproteins with specific cell-surface receptors. The
current model of virus entry involves the attachment of viral
glycoproteins B (gB) and C (gC) to host cell heparan sulfate,
allowing glycoprotein D (gD) to engage one of the
herpesvirus entry mediators (WuDunn et al., 1989; Herold
et al., 1994; Mettenleiter et al., 1990; Shieh et al., 1992;
Pertel et al., 2001).

Two cell-surface proteins, herpes virus entry mediator
(HVEM) and nectin-1 are known to mediate the entry of
HSV into cultured cells by interacting with gD. HVEM is
a member of the TNF receptor family (Montgomery et al.,
1996). Nectin-1 (CD111), on the other hand, is a member of
the immunoglobulin (Ig) superfamily, closely related to the
poliovirus receptor CD155 (Eberle et al., 1995; Lopez et
al., 1995; Geraghty et al., 1998; Warner et al., 1998; Menotti
et al., 2000; Milne et al., 2001). Another member of this
family, nectin-2, mediates the cell entry of some mutant
strains of HSV-1 and possibly HSV-2 (Eberle et al., 1995;
Lopez et al., 1995; Geraghty et al., 1998; Warner et al., 1998;
Haarr et al., 2001). In addition, 3-O-sulfated heparan sulfate
(3-OS-HS) serves as a gD receptor specific for HSV-1
(Shukla et al., 1999; Tiwari et al., 2004; Xia et al., 2002).

Among the known gD receptors, nectin-1 has been
studied most intensively and appears to play a critically
important role in HSV infections of NS (Cocchi et al., 1998;
Geraghty et al., 1998; Shatoh-Horikawa et al., 2000; Pokutta
et al., 2002; Lopez et al., 2001; Richart et al., 2003). Nectin-1
and the related nectin-2 and nectin-3 are cell adhesion
molecules found at Ca2+-dependent cadherin-based cell
adhesion junctions in epithelial and other types of cells
(Takahashi et al., 1999; Miyahara et al., 2000; Nishioka et
al., 2000; Satoh-Horikawa et al., 2000; Tachibana et al.,
2000; Yoon and Spear, 2002). Nectin-1 and nectin-2 are
engaged in both homotypic cis and trans interactions
(Miyahara et al., 2000) and in heterotypic trans interactions
with other members of the nectin family (Takai et al., 2003a).
Nectins are involved in the organization of interneuronal
synapses, growth cone elongation and signaling leading to
reorganization of the cytoskeleton, gene expression and cell
polarization (Mizoguchi et al., 2002; Takai et al., 2003b).

Analysis of RNA extracted from various organs or
cultured cells has provided an important insight into the
patterns of nectin-1 expression in human and animal tissues
(Lopez et al., 1995; Geraghty et al., 1998; Menotti et al.,
2000; Satoh-Horikawa et al., 2000; Shukla et al., 2000; Haarr
et al., 2001; Hung et al., 2002). Expression of nectin-1 is
especially prominent in the brain, kidneys, liver, pancreas,
skin, cornea and retina, and in cell lines of neuronal and
epithelial origin (Lopez et al., 1995; Geraghty et al., 1998;
Menotti et al., 2000; Satoh-Horikawa et al., 2000; Haarr et
al., 2001; Hung et al., 2002; Richart et al., 2003; Valyi-
Nagy et al., 2004; Shukla et al., 2000, 2005). In rats, nectin-1
is expressed at high levels in sensory neurons and their axons
and at lower levels in motoric neurons of the spinal cord
(Mata et al., 2001). In mice, there is widespread expression
of nectin-1 in neurons of peripheral and central NS and in
cells of the choroid plexus epithelium, and a less consistent
expression of nectin-1 in glial cells (Haarr et al., 2001;
Shukla et al., 2005).

The expression pattern of nectin-1 in the human brain,
particularly in non-neuronal cells is not well understood. In
addition, there is no information about the expression of
nectin-1 in tumors of NS, which are potential targets of HSV
tumor therapy.

Therefore, in this study, in order to better understand the
expression pattern of nectin-1 in normal and neoplastic
human NS, we used immunohistochemistry for the detection
of nectin-1 expression in normal and neoplastic human brain
tissues. We found that (i) nectin-1 was widely expressed in
human peripheral and central NS tissues, (ii) the nectin-1
expression was not limited to neurons, (iii) in brain tumors,
the nectin-1 expression depended on the histology of the
tumor, and (iv) in malignant gliomas, the primary targets of
HSV-based oncolytic therapy, the nectin-1 expression was
only focal.

Materials and Methods

Tissues. Sections of formalin-fixed, paraffin-embedded archi-
val normal human brain, spinal cord, trigeminal ganglion and dorsal
root ganglia (n=10) from autopsies performed at the Department
of Pathology, University of Illinois at Chicago, and sections of
paraffin-embedded neurosurgical specimens of NS neoplasms
(n=22) were examined. Neurosurgical specimens were taken from
craniotomies performed at the University of Illinois Hospital, Chi-
cago. Histological diagnostics was done by a board-certified neu-
ropathologist (T.V-N). The use of autopsy and neurosurgical hu-
man tissue specimens was approved by the Institutional Review
Board of the University of Illinois at Chicago. The tumors exami-
ned for nectin-1 expression included oligodendroglioma (WHO
grade II, n=2), diffuse astrocytoma (WHO grade II, n=2), ana-
plastic astrocytoma (WHO grade III, n=2), glioblastoma multifor-
me (WHO grade IV, n=3), ganglioglioma (WHO grade I, n=1),
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pilocytic astrocytoma (WHO grade I, n=1), pleomorphic xantho-
astrocytoma (WHO grade II, n=2), ependymoma (WHO grade II,
n=2), meningioma (WHO grade I, n=3; two histologal variants:
meningothelial (n=2) and fibrous (n=1)), medulloblastoma (WHO
grade IV, n=2), and schwannoma (WHO grade I, n=2).

Immunohistochemical detection of nectin-1 was performed as
described previously (Valyi-Nagy et al., 2004).Briefly, tissue sec-
tions for immunohistochemistry were deparaffinized with xylene
and rehydrated through a series of graded ethanols. Tissue secti-
ons were hydrated with distilled water and antigen retrieval was
performed using DAKO Target Retrieval Solution 10x Concentra-
te (DAKO, Carpinteria, CA). Non-specific staining was blocked
using an hydrogen peroxide solution for 10 mins followed by
a protein block for 10 mins. The sections were incubated with
a nectin-1-specific antiserum (1:50 dilution) at room temperature
for 1 hr. Nectin-1 staining was don using the DAKO Envision + Kit.
The sections were examined by two independent observers and
the extent of nectin-1 expression was evaluated using a semi-qu-
antitative grading system. The latter scored the estimated percen-
tage of nectin-1-positive cells from 0 to 4. (0=0%, 1<5%,
50%>2>5%, 3 = 50–95%, 4>95%) and the strength of the nectin-1
signal (increasing from 1+ to 4+). Cell types in nectin-1 stained
sections were identified by morphological criteria. Those cell ty-
pes, which were not readily distinguishable by these criteria, e.g.
oligodendrocytes and astrocytes, were considered single groups
of cells.

Results

Nectin-1 is expressed in neurons of human central and
peripheral NS

The expression of nectin-1 in human central and
peripheral NS was determined immunohistochemically
using a nectin-1-specific antiserum. Besides normal and
neoplastic human NS tissues also normal human corneal
and uterine tissues were examined to check the capability
of the technique used to to detect nectin-1 in a pattern
consistent with that reported earlier (Haarr et al., 2001; Mata
et al., 2001; Hung et al., 2002; Mizuguchi et al., 2002;
Richart et al., 2003; Valyi-Nagy et al., 2004; Shukla et al.,
2005). The cornea showed a widespread nectin-1 expression
in the cells of the epithelium but none in the stroma. Nectin-1
immunostaining was observed in the glands but not in the
stroma of human endometrium(data not shown).

Human central NS (CNS) tissues showed a clear nectin-1
expression with prominent staining of neuronal cell bodies
and the neuropil-containing neuronal processes (Fig. 1A,C;
Table 1). Neurons from all parts of CNS including the
cerebral cortex, basal ganglia, diencephalon, brain stem and
spinal cord showed a strong nectin-1 immunoreactivity (Fig.
1A,C). Human peripheral NS tissues including dorsal root
and trigeminal ganglia were also positive, with prominent

staining of cell bodies of ganglion cells (Fig. 1D). A negative
control consisting of the assay performed without primary
antibody did not yield any staining of human and murine
cornea and human brain tissues (Fig. 1B), and human
endometrial glands and stroma (data not shown). These
findings are consistent with the earlier observations that
nectin-1 is expressed in neurons and epithelial tissues (Haarr
et al., 2001; Mata et al., 2001; Hung et al., 2002; Mizuguchi
et al., 2002; Richart et al., 2003; Valyi-Nagy et al., 2004;
Shukla et al., 2005) and indicate that the immunohisto-
chemical assay used is sufficiently sensitive and specific in
detecting nectin-1.

Nectin-1 expression in non-neuronal cells of human
central and peripheral NS

To determine the expression of nectin-1 in non-neuronal
cells of human NS, the nectin-1-specific antiserum was used
in probing central and peripheral NS tissues. A widespread
strong expression was observed in ependymal cells (Fig.
2A, Table 1), choroid plexus epithelial cells, and vascular
endothelial cells (Fig. 2D, Table 1). A widespread but weaker
expression was detected in meningothelial cells (Fig. 2B,
Table 1). Oligodendrocytes, astrocytes, vascular smooth
muscle cells, Schwann cells and satellite cells showed
variable immunoreactivity ranging from nil to weak staining
(Fig. 2C, 2D, 1D, Table 1). These findings indicate that the
expression of nectin-1 in non-neuronal cells of human central
and peripheral NS varies among cell types.

Nectin-1 expression in primary neoplasms of human NS

To better understand the expression pattern of nectin-1
in tumors of human NS, the nectin-1-specific antiserum was
used in probing surgical specimens of NS neoplasms (n=22)
including diffuse astrocytoma, anaplastic astrocytoma,
glioblastoma multiforme, oligodendroglioma, ganglio-
glioma, pilocytic astrocytoma, pleomorphic xanthoastro-
cytoma, ependymoma, meningioma, medulloblastoma, and
schwannoma (Table 2). Schwannoma (Fig. 3A), fibrous
meningioma, and medulloblastoma (Fig. 3B) were found to
be negative (Table 2), while diffuse astrocytoma, anaplastic
astrocytoma, glioblastoma multiforme, oligodendroglioma,
ependymoma, pilocytic astrocytoma, pleomorphic
xanthoastrocytoma, and meningothelial meningioma showed
a weak focal positivity (Fig. 3 C-E, Table 2). In infiltrating
astrocytic tumors (diffuse astrocytoma, anaplastic
astrocytoma, glioblastoma multiforme) and in oligodendro-
gliomas, the staining was focal, primarily involving tumor
cells with identifiable cytoplasm. Similarly, in pleomorphic
xanthoastrocytoma, the expression was primarily detected
in tumor cells with abundant cytoplasm. In ependymomas,
tumor cells in perivascular pseudorosettes showed a most
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Fig. 1

Nectin-1 expression in the neurons in human basal ganglia (A), cerebral cortex (C) and dorsal root ganglia (D)
Brown staining indicates nectin-1. Nectin-1-negative cells in human basal ganglia (B) following the immunostaining performed without primary antibody
(a negative control). Arrows in panels A, C and D point to some of the nectin-1-positive neurons. Magnification 400x (A, B and D) and 200x (C).

Fig. 2

Nectin-1 expression in non-neuronal cells in human NS
Brown staining indicates nectin-1. Wall of lateral ventricle (A), cerebral leptomeninges (B), cerebral white matter (C) and leptomeningeal blood vessel (D). The
arrow in the panel A indicates a nectin-1-positive ependymal layer. The closed arrow in panel C points to a nectin-1-positive glial cell. The open arrow in panel
C points to a nectin-1-negative glial cell. The arrow in panel D points to a nectin-1-positive endothelial layer of leptomeningeal blood vessel. Magnification 400x.
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Fig. 3

Nectin-1 expression in primary neoplasms of human NS
Brown staining indicates nectin-1. Schwannoma (A), medulloblastoma (B), glioblastoma multiforme (C), oligodendroglioma (D), ependymoma (E) and
meningothelial meningioma (F). The arrows in panel C indicate rare nectin-1-positive glioma cells in a glioblastoma. The closed arrows in panel D marks
nectin-1-positive cortical neurons entrapped by oligodendroglioma cells. The open arrow in panel D points to one of the few nectin-1-positive oligodendroglioma
cells. The arrow in panels E indicates an area of nectin-1-posiotive tumor cells in a perivascular pseudorosette in ependymoma. Magnification 400x.

Table 1. Expression of nectin-1 in various types of cells of human
peripheral and central NS

Cell type Nectin-1-positive Nectin-1 expression
 cells (%) strength

Neurons 4 3+ to 4+
Ependymal cells 4 3+ to 4+
Choroid plexus epithelial cells 4 3+ to 4+
Leptomeningeal cells 4 1+ to 3+
Vascular endothelial cells 4 3+ to 4+
Vascular smooth muscle cells 3 1+ to 3+
Oligodendrocytes, astrocytes 2 1+ to 2+
Schwann cells 1 1+ to 2+

The percentage of nectin-1-positive cells: 0 = 0%, 1<5%, 50%>2>5%,
3 = 50–95%, 4>95%.
The strength of the nectin-1 signal varies from 1+ to 4+.

consistent staining (Fig. 3E). Whereas ganglion cells of
ganglioglioma were strongly positive, the glial component of
ganglioglioma demonstrated a weak focal staining (Table 2).
These findings demonstrate that expression of nectin-1 in
human brain tumors is dependant on tumor histology.

Discussion

These data indicate that in normal human NS, there is
widespread strong nectin-1 expression in the soma and
processes of central and peripheral NS neurons, in
ependymal cells, choroid plexus epithelial cells and vascular
endothelial cells. There is a widespread but weaker
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expression in meningothelial cells. Oligodendrocytes,
astrocytes, vascular smooth muscle cells, Schwann cells and
satellite cells show variable nectin-1 immunoreactivity
ranging from nil to weak. Furthermore, the nectin-1
expression pattern in human brain tumors depends on the
histology of the tumor. While some tumors including
schwannoma, fibrous meningioma and medulloblastoma do
not appear to express nectin-1, oligodendroglioma, ependy-
moma, pilocytic astrocytoma, pleomorphic xanthoastro-
cytoma, diffuse astrocytoma, anaplastic astrocytoma,
glioblastoma multiforme and meningothelial meningioma
show a weak focal expression. In contrast, ganglion cells of
ganglioglioma show a strong widespread expression.

Previous studies have demonstrated the presence of
nectin-1 RNA and protein in human, mouse and rat neural
tissues (Haarr et al., 2001; Mata et al., 2001; Mizuguchi et
al., 2002; Richart et al., 2003; Valyi-Nagy et al., 2004;
Shukla et al., 2005). However, the distribution of nectin-1
expression in human CNS, including the nectin-1 expression
in non-neuronal cells, had not been determined. The
distribution observed in this study is similar to that in murine
brain (Haarr et al., 2001). HSV can infect different types of
cells in the brain including neurons, glial cells, vascular cells
and meningothelial cells (Whitley, 2001; Valyi-Nagy and
Dermody, 2005). The finding that various non-neuronal cell
types in human NS express nectin-1 is novel and raises the
possibility that nectin-1 is an important receptor mediating
HSV entry into different cells within the brain.

Genetically modified HSV strains are promising vector
candidates for gene and tumor therapy targeting NS
(Engelhard, 2000; Shah et al., 2003; Glorioso and Fink,
2004; Lou, 2004; Niranjan et al., 2004). A thorough
understanding of the expression and distribution of cellular

HSV entry receptors in normal and neoplastic human NS
tissues may provide a critically important information for
the development of novel HSV-based gene and tumor therapy
strategies. The primary targets of current HSV-based
oncolytic therapy trials are malignant gliomas, most notably
recurrent glioblastoma multiforme. Several studies have
shown that malignant gliomas are susceptible to HSV
infection in vitro and in vivo (reviewed in Glorioso and Fink,
2004; Lou, 2004; Niranjan et al., 2004). It is currently
unknown what type(s) of entry receptors mediate HSV entry
into glioma cells. Our findings indicate that nectin-1 is
expressed only in a minority of tumor cells in glial tumors
including malignant gliomas (anaplastic astrocytoma and
glioblastoma multiforme). These finding suggest that the
absence of nectin-1 expression in some tumor cells in
malignant gliomas may represent a resistance factor to HSV
tumor therapy. However, the possibility that HSV can enter
glioma cells via receptors other than nectin-1 cannot be
excluded.

An interesting aspect of the observations reported here
is an apparent lack or paucity of nectin-1 expression in
a variety of primary NS tumors including schwannoma,
fibrous meningioma, medulloblastoma and gliomas. The
relevance of altered expression of cell adhesion molecules
to cancer pathogenesis is well demonstrated in the case of
the E-cadherin expression (Harrington and Syrigos, 2000;
Van Aken et al., 2001; Peinado et al., 2004). Changes in
nectin-1 expression in epithelial cells may also play a role
in the spread of invasive types of epithelial malignancies.
A decreased or nil nectin-1 expression has been found in
neoplastic epithelial cells in invasive squamous and basal
cell carcinomas of the skin (Matsushima et al., 2003). Our
studies raise the possibility that neoplastic transformation
of a NS tissue is associated with changes in nectin-1
expression.

Summing up, the observations reported here provide
novel information about the expression of nectin-1 in normal
and neoplastic human NS tissues and thus may lead to
a better understanding of cell targeting by HSV in HSV-
induced neurological diseases and HSV-based gene therapy.
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