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Cell adhesion molecules of the immunoglobulin super-
family are aberrantly expressed in malignant glioma.
Amongst these, the human poliovirus receptor CD155
provides a molecular target for therapeutic intervention
with oncolytic poliovirus recombinants. Poliovirus has
been genetically modified through insertion of regulatory
sequences derived from human rhinovirus type 2 to selec-
tively replicate within and destroy cancerous cells. Effi-
cacious oncolysis mediated by poliovirus derivatives
depends on the presence of CD155 in targeted tumors.
To prepare oncolytic polioviruses for clinical application,
we have developed a series of assays in high-grade malig-
nant glioma (HGL) to characterize CD155 expression

Poliovirus receptor CD155–targeted 
oncolysis of glioma1

Melinda K. Merrill, Guenter Bernhardt, John H. Sampson, Carol J. Wikstrand, 
Darell D. Bigner, and Matthias Gromeier2

Departments of Molecular Genetics and Microbiology (M.K.M., M.G.), Surgery (J.H.S.), and Pathology
(C.J.W., D.D.B.), Duke University Medical Center, Durham, NC 27710, USA; and Institute of Immunology,
Hanover Medical University, 30625 Hanover, Germany (G.B.)

Received October 15, 2003; accepted January 7, 2004.

1 This project is supported by Public Health Service Grant CA87537 (to
M.G.); the American Cancer Society; The Cleveland Clinic Foundation
“Finding Cures for Glioblastoma” program; the ABC2 Foundation; NIH
Grants NS20023 and CA11898; NIH Grant MO1 RR 30, General
Clinical Research Centers Program, National Center for Research
Resources; and NCI SPORE 1 P20 CA096890. M.G. is a recipient of a
Burroughs Wellcome Fund Career Award in the Biomedical Sciences.

2 Address correspondence to Matthias Gromeier, Department of
Molecular Genetics and Microbiology, Duke University Medical Center,
Box 3020, Durham, NC 27710 (grome001@mc.duke.edu).

3 Abbreviations used are as follows: CAM, cell adhesion molecule;
CAR, Coxsackie adenovirus receptor; DAB, diaminobenzidine; ECM,
extracellular matrix; EGFR, epidermal growth factor receptor; HGL,
high-grade malignant glioma; HRV2, human rhinovirus type 2; IGSF,
immunoglobulin superfamily; IRES, internal ribosomal entry site; PAGE,
polyacrylamide gel electrophoresis; PBS, phosphate-buffered saline;
p.i., postinfection; SDS, sodium dodecyl sulfate.

levels and susceptibility to oncolytic poliovirus recom-
binants. Analysis of 6 HGL cases indicates that CD155
is expressed in these tumors and in primary cell lines
derived from these tumors. Upregulation of the molecu-
lar target CD155 rendered explant cultures of all studied
tumors highly susceptible to a prototype oncolytic po-
liovirus recombinant. Our observations support the clin-
ical application of such agents against HGL. Neuro-
Oncology 6, 208–217, 2004 (Posted to Neuro-Oncology
[serial online], Doc. 03-057, May 6, 2004. URL http://
neuro-oncology.mc.duke.edu; DOI: 10.1215/S11528517
03000577)

Human pathogenic viruses are increasingly com-
mon vehicles for the development of novel ther-
apeutic agents against malignant glioma (Gro-

meier, 2001; Gromeier and Wimmer, 2001; Gromeier et
al., 2000a). The first reported incidences of viral oncoly-
sis were due to nonintended exposure to naturally occur-
ring viruses or after administration of live attenuated
vaccine strains (DePace, 1912; reviewed in Sincovics and
Horvath [1993]). New prospects for genetically manipu-
lating viruses have opened possibilities for increasing the
tumor specificity and lowering the toxicity of oncolytic
viral agents (reviewed in Gromeier [2002]). These efforts
have given rise to oncolytic adenoviruses (Bischoff et al.,
1996), herpesviruses (Martuza et al., 1991), reoviruses
(Coffey et al., 1998), vesicular stomatitis virus (Stojdl et
al., 2000), and most recently, polioviruses (Gromeier et
al., 2000b).

The antineoplastic effects of oncolytic viruses are sub-
ject to multifaceted interactions with the host cell. The
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primary prerequisite for viral oncolysis is expression of
cellular receptors mediating viral entry in malignant cell
types. In preparation for clinical applications using
oncolytic viruses, analysis of viral receptor expression in
the target tissue is highly desirable in order to select tumor
types and patients most likely to respond favorably to
therapeutic intervention. 

The critical influence of virus tropism determinants on
therapeutic efficacy has recently become evident with
oncolytic adenoviruses and adenovirus-derived gene deliv-
ery vehicles directed to malignant tissues. Targeting of
adenoviral vectors to malignant tissues is greatly limited
by low or absent expression of a critical adenovirus
attachment and entry molecule, the Coxsackie adenovirus
receptor (CAR3; Asaoka et al., 2000; Bergelson et al.,
1997; Douglas et al., 2001; Li, D., et al., 1999; Li, Y., et
al., 1999; Tomko et al., 1997). Moreover, CAR expres-
sion levels in established cell lines frequently used for pre-
clinical testing of these agents did not correspond to
expression in tumor tissues. The failure of adenovirus-
based therapeutic agents to reach and infect the intended
target due to low CAR expression has inspired efforts
to alter receptor specificity of adenoviruses in order to
broaden its tropism (reviewed in Curiel [1999]). 

Cellular entry of poliovirus appears to be mediated by
a single cell-surface molecule, the immunoglobulin super-
family (IGSF) member CD155 (Mendelsohn et al., 1989).
Although a physiological function for CD155 is un-
known, the protein binds specifically to the extracellu-
lar matrix component vitronectin (Lange et al., 2001).
Transcriptional regulation of the CD155 gene is tightly
controlled (Solecki et al., 1999, 2000). In accordance
with the restricted tropism of poliovirus for anterior horn
spinal cord motor neurons, activity of the CD155 pro-
moter was restricted to the floor plate, notochord, and
the anterior spinal cord (Gromeier et al., 2000a). Con-
firming the activity pattern of the CD155 promoter in the
developing spinal cord, morphogenic factors active in the
floor plate and notochord—the transcription factors
sonic hedgehog (shh) and its downstream gli effectors—
strongly activate the CD155 promoter and induce CD155
expression (Solecki et al., 2002).

Both shh and gli transcription factors have been impli-
cated in the oncogenesis of neuroectodermal tumors
(Goodrich et al., 1997; Kinzler et al., 1987). Thus, the
role of shh and gli transcription factors in CD155 gene
regulation suggested that CD155 expression may occur
ectopically in neuroectodermal malignancies. TagE4, a
rodent member of the nectin family recently proposed to
be the true rodent CD155 homolog (Baury et al., 2001),
is ectopically upregulated in colon and mammary tumors
in mice (Denis, 1998). CD155 has been reported to be
overexpressed in human colorectal tumors (Masson et
al., 2001). 

Evidence for CD155 expression in neuroectodermal
tumors stems mainly from studies of neuroectodermal
tumor cell lines that are susceptible to oncolytic polio-
virus-based agents (Gromeier et al., 2000b). However, no
systematic CD155 expression analysis has been per-
formed on CNS tumor tissues. Determination of CD155
expression levels is notoriously difficult because of the
exceedingly low expression levels, even in cell lines rou-
tinely used for the propagation of poliovirus and in con-
firmed sites of expression, such as human spinal cord
motor neurons (Bernhardt et al., 1994). To address this
problem, we have generated new polyclonal �-CD155
antibodies directed against a recombinant soluble seg-
ment of the antigen. Combining solid-phase antigen cap-
ture procedures with Western blot detection of CD155
using our new antibodies proved to be an efficient means
of conducting comprehensive and reliable expression
analyses in tissue samples and cell lines.

Analysis of 6 cases indicated that CD155 overexpres-
sion is commonly associated with high-grade malignant
glioma (HGL). CD155 expression levels in tumor tissues
corresponded to those in primary tissue cultures derived
from the tumors. Furthermore, CD155 expression in pri-
mary glioma explant cultures was equivalent to that
found in established glioma cell lines used in preclinical
evaluations of oncolytic poliovirus recombinants. In ac-
cordance with consistent expression of CD155, primary
explant cultures of glioma tissue from all 6 cases dis-
played exquisite sensitivity to the oncolytic poliovirus
recombinant PVS-RIPO. We have thus provided evi-
dence for aberrant expression of a molecular target for
oncolytic poliovirus recombinants in HGL. Our findings
demonstrate that individual tumor characterization for
viral cellular receptor expression can aid in the identifi-
cation of targets most likely to respond to oncolytic
virus therapy. 

Materials and Methods

Dissociation of Tissues Using the 
Cold Trypsinization Method

Dissociation of tumor tissues was carried out essentially
as described by Banker and Goslin (1998). Briefly, tissue
fragments (10–30-mm3 volume) obtained at craniotomy
for removal of tumor were immersed in sterile phosphate-
buffered saline (PBS) containing 0.25% crude trypsin
(type IV [Sigma, St. Louis, Mo.]) for 6 h on ice. The tis-
sue fragments were incubated for 5 min at 37˚C, centri-
fuged for 30 s at 1200 rpm to collect the partly dispersed
tissue material, dissociated through vigorous pipetting
into growth medium containing 10% fetal bovine serum
(Invitrogen, Carlsbad, Calif.), and plated out on culture
dishes. Cultures were grown and propagated according
to standard procedures. 
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Virus Infection of Primary Cultures

Growth medium was collected from cultures prior to
infection and passed through a 0.45-�m syringe filter.
Cultures grown in 60-mm dishes were treated either with
1 ml of filtered growth medium alone or with filtered
growth medium containing the appropriate amount of
virus. Tumor cultures were infected with PVS-RIPO at
a multiplicity of infection of 10. After incubating while
gently rocking for 30 min at room temperature to allow
for virus attachment, the cultures were thoroughly rinsed
3 times with growth medium to remove unbound virus
particles. Thereafter, 1 ml of filtered growth medium was
added to the cultures, and they were transferred to a 37˚C
incubator. At indicated time intervals, cultures were
removed from the incubator and cell morphology was
documented. Viral titers in individual cultures were deter-
mined by freeze-thawing and subsequent plaque analysis
from the resulting lysate according to standard proce-
dures (Gromeier et al., 2000b). Where indicated, infected
cultures were processed for Western blot analysis of viral
gene products (see below). 

Immunocytochemistry

Unpassaged primary explant tumor cells (DU0722) were
grown on plastic chamber well slides (Labtek, Campbell,
Calif.) to 80% confluence and fixed with freshly prepared
4% paraformaldehyde for 5 min at room temperature.
Cells were washed in PBS and incubated with 1% bovine
serum albumin in PBS for 20 min. Cells were washed in
PBS and incubated in 2% goat serum for 30 min to pre-
vent nonspecific binding of antibodies. Cells were incu-
bated with the �-EGFRvIII antibody (L8A4; 20 �g/ml)
or an isotype-matched control antibody (20 �g/ml) for 1 h.
Cells were then washed in PBS and incubated with a
biotin-conjugated goat �-mouse immunoglobulin G (40
�g/ml [Vector Labs, Burlingame, Calif.]) for 1 h. Cells
were washed in PBS and then treated with a strepta-
vidin/horseradish peroxidase complex (Roche, Indianapo-
lis, Ind.) for 30 min. The cells were developed with a pre-
cipitating diaminobenzidine (DAB) substrate  according to
the manufacturer’s protocol (Pierce, Rockford, Ill.). The
cells were counterstained with hematoxylin. The slides
were air dried and mounted in Permount (Fisher Scien-
tific, Fairlawn, N.J.).

Production of Polyclonal �-CD155 Antibodies

Polyclonal �-CD155 antibodies were raised against re-
combinant soluble his-tagged CD155 produced with a
baculovirus expression system (BaculoGold; PharMin-
gen, San Diego, Calif.). Briefly, co-transfection of Bacul-
oGold DNA (containing lethal mutations preventing
virus replication) with a pVL vector encoding the CD155
extracellular domains N-terminally fused to the his-tag
led to recombination events producing replicating virus

that expresses soluble his-tagged CD155. This product
was purified according to standard affinity chromatog-
raphy procedures. Purified recombinant CD155 was con-
jugated to keyhole limpet hemocyanin (KLH) by the glu-
taraldehyde method. KLH-crosslinked CD155 (0.4 mg)
and Freund’s adjuvant were used to immunize 3 New
Zealand rabbits following standard procedures. Four
boosts with 0.15 mg of soluble recombinant CD155 were
performed at 3, 6, 12, and 26 weeks following initial
immunization. Serum samples obtained at appropriate
intervals following immunization were evaluated by
Western blot assays for reactivity against soluble recom-
binant CD155 and HeLa cell extracts subjected to so-
dium dodecyl sulfate-polyacrylamide gel electrophore-
sis (SDS-PAGE). Polyclonal sera used in this study were
obtained 12 days following the last boost with the recom-
binant protein. Polyclonal sera were affinity-purified on
a protein A column following established procedures
(Harlow and Lane, 1988). 

Antigen Capture/Western Blot Analyses of CD155

CD155 expression levels were determined by using a
combined solid-phase antigen capture/Western blot pro-
cedure. Monolayer cultures of tumor cells were solubi-
lized in PBS containing 0.5% NP40 (Sigma) and protease
inhibitor cocktail (Roche). Similarly, tumor tissue was
homogenized in the same buffer by Dounce homoge-
nization. The detergent in the solubilization buffer (0.5%
NP40) did not affect CD155 detection in the antigen 
capture/Western blot assay. The total protein concentra-
tion of cell or tissue homogenates was determined by using
the Bradford assay and confirmed by subjecting aliquots
of the homogenate to SDS-PAGE and silver staining (data
not shown). Equivalent amounts of total solubilized pro-
tein were used for antigen capture. To this end, individ-
ual wells in ELISA plates (Falcon) were prepared by
treatment with 100 �l of carbonate buffer (0.2 M sodium
carbonate, 0.2 M sodium bicarbonate pH 9.4) contain-
ing 7.5 �g of affinity-purified monoclonal �-CD155 anti-
body D171 (Nobis et al., 1985). Cell or tissue homog-
enate was added to pretreated wells at the determined
concentration and was incubated while gently rocking for
4 h at room temperature. The unbound homogenate was
removed, and treated wells were washed three times with
PBS. Bound antigen was removed by adding 50 �l of
boiling sample buffer (10% glycerol, 150 mM Tris base,
150 mM Tris HCl, 2% SDS, 2 mM EDTA, pH 8.5) to
each well. The sample buffer was collected from the
wells, and �-mercaptoethanol (Merck, West Trenton,
N.J.) was added at a final concentration of 5% before the
samples were subjected to SDS-PAGE and Western blot
analysis.

Samples were run on 4% to 12% bis-tris polyacry-
lamide gels (Invitrogen) and subjected to electrophoretic
transfer onto nitrocellulose membranes following stan-
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dard procedures. Membranes were blocked with 3% fat-
free dry milk in Tris-buffered saline Tween-20 (100 mM
Tris, 150 mM NaCl, 0.05% Tween-20) and treated with
affinity-purified primary polyclonal �-CD155 antibody
D480 diluted 1:2000 in Tris-buffered saline Tween-20
containing 3% dry milk for 1 h at room temperature.
After 3 consecutive washes, the blots were treated with
secondary biotinylated �-species antibody (Vector Labs)
for 1 h. After thorough rinsing of the blots, they were
treated with a streptavidin/horseradish peroxidase com-
plex (Roche) and subsequently developed with a chemi-
luminescent peroxidase substrate (ECL; Pharmacia, Pis-
cataway, N.J.). 

Western Blot Analysis of Viral Gene Expression

Cell cultures in 60-mm dishes infected with PVS-RIPO
and incubated for varying intervals were freeze-thawed.
The cell lysate was centrifuged for 1 min at 2000 rpm
to collect cell debris. The resulting pellet was dissolved in
homogenization buffer (PBS, 0.5% NP40), and the total
protein concentration was determined by Bradford assay.
Samples containing equivalent amounts of total protein
were subjected to SDS-PAGE and Western blot to deter-
mine rates of synthesis of viral polypeptides according to
procedures outlined by Dufresne et al. (2002).

Results

Viral Oncolysis of Primary Glioma Cultures

PVS-RIPO is a novel viral oncolytic agent, consisting of
the genome of the live attenuated vaccine strain polio-
virus type 1 (Sabin strain), containing the human rhi-
novirus type 2 (HRV2) internal ribosomal entry site
(IRES) (Fig. 1). Tumor specificity of PVS-RIPO is based
on affinity for CD155, ectopically upregulated in neu-
roectodermal malignancies (Gromeier et al. 2000b; So-
lecki et al., 2002), and on functional growth deficits of

the HRV2 IRES element in normal cells of neuronal der-
ivation (Gromeier et al., 1996, 1999). 

Typically, preclinical studies of viral oncolysis are lim-
ited to treatment of established glioma cell lines in tis-
sue culture or xenotransplantation animal models. This
limitation is problematic in view of the fact that expres-
sion profiles of molecular targets in established glioma
cell lines may not correspond to those in actual tumors.
Therefore, to study the association of the molecular tar-
get CD155 with malignant glioma, we extended our
analyses conducted in established glioma cell lines (Gro-
meier et al., 2000b) to tumor material explanted from
glioma patients. To this end, a panel of HGLs and pri-
mary, low-passage cultures derived from these tumors
were subjected to analyses of CD155 expression and
PVS-RIPO susceptibility. 

To test the oncolytic activity of PVS-RIPO in primary,
low-passage glioma cultures, we obtained tissue speci-
mens from 6 patients undergoing craniotomy for removal
of a malignant glioma. Biopsies of the tumors were his-
tologically classified as either grade III anaplastic astro-
cytoma or grade IV glioblastoma multiforme (Zülch et
al., 1979; Table 1). All viral oncolysis experiments, assays
of viral growth kinetics, immunocytochemistry analyses,
and Western blot analyses of relative CD155 expression
levels were performed with primary tumor cultures at
their third passage (Fig. 2). 

To analyze the oncolytic potential of PVS-RIPO in pri-
mary low-passage glioma cultures, we infected the panel
of primary cell lines derived from tumors listed in Table 1.
The infection procedure employed (see Materials and
Methods) did not affect viability or morphological appear-
ance of mock-treated cultures (Fig. 2A). All primary
glioma cell lines rapidly succumbed to the cytopathic
effects of PVS-RIPO infection as indicated by drastic
changes in cell morphology that are characteristic for the
cytopathic effect in poliovirus-infected cells and, eventu-
ally, by cell lysis (Figs. 2B–G). Extensive damage to pri-
mary glioma cultures was evident by 6 h postinfection

Fig. 1. Genetic structure of PVS-RIPO. The genome of the life-attenuated vaccine strain poliovirus type 1 (Sabin)

was modified by exchange of the internal ribosomal entry site (IRES; gray box) with that of HRV2 (Gromeier

et al., 1996). EcoRI (5’ terminal IRES) and SacI (5’ open reading frame, introduced through silent mutagene-

sis) restriction endonuclease sites were used for insertion of the foreign sequences into the PV1(S) genome.

The main proteolytic cleavage products of the single polyprotein are indicated; viral gene products 2B, 2C, and

2BC are released through proteolytic cleavage of P2. 
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(p.i.) and had progressed to complete lysis of the culture
by 12 h p.i. (Figs. 2B–G). The rate and extent of virus-
induced cytolysis in primary glioma cultures did not dif-
fer from the effects of infection on established glioma cell
lines (Gromeier et al., 2000b). Also, we did not observe
significant differences in susceptibility amongst the panel
of tumor cell lines tested, indicating susceptibility to PVS-
RIPO.

In accordance with our observations of uniform cytol-
ysis upon infection with PVS-RIPO, we observed efficient
viral propagation in all primary glioma cell lines (Fig. 2;
right panel). The maximal progeny yield was reached at
approximately 6 h p.i. with only minor increases there-
after. Efficient replication of PVS-RIPO in primary glioma

Table 1. Histological classification and location of tumors investi-

gated in this study* 

Tumor/

Cell line no. Location Histological classification 

DU0108 L temporal Glioblastoma multiforme, grade IV 

DU0110 L parietal Anaplastic astrocytoma, grade III 

DU0308 R temporal Glioblastoma multiforme, grade IV

DU0722 R temporal Glioblastoma multiforme, grade IV

DU1107 R parietal Glioblastoma multiforme, grade IV 

DU1386 R temporal Anaplastic astrocytoma, grade III 

*Zülch et al., 1979. 

Fig. 2. Progression of cytopathic changes in PVS-RIPO infected primary tumor cell cultures. The incubation intervals following infection are

indicated below. A. Mock-infected DU0108 cells did not show signs of cytopathic change stemming from the infection procedure. Infec-

tion with PVS-RIPO uniformly produced prominent cytopathic effects and lysis of DU0108 (B), DU0110 (C), DU0308 (D), DU0722 (E),

DU1107 (F), and DU1386 (G) cell cultures. In infected cultures, no intact cells could be detected 12 h p.i. with PVS-RIPO. Cultures were

freeze-thawed after documentation of their morphology to determine the virus yield (plaque-forming units [pfu]) by plaque assay (right

panel). 
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cultures indicated that the cytopathic effects observed
relate directly to virus propagation. 

Importantly, we have documented that these primary
cell lines are predominantly glioblastoma in origin. Epi-
dermal growth factor receptor (EGFR) vIII is an EGFR
mutant commonly associated with HGL (Bigner et al.,
1990) and absent in normal tissue. Immunocytochemical
analysis of DU0722 revealed EGFRvIII expression in this
primary culture, confirming a cancerous phenotype (Fig.
3A). 

Viral Gene Expression in Glioma 
Versus Neuronal Cell Types

PVS-RIPO, following exchange of the cognate poliovirus
IRES element with its counterpart from HRV2, acquired
a neuronal propagation deficit documented in Sk-N-Mc
neuroblastoma cells, HEK-293 cells,4 mice transgenic for
the human poliovirus receptor CD155, and nonhuman
primates (Gromeier et al., 1996, 1999). Cell type–specific
dysfunction of the HRV2 IRES within PVS-RIPO dras-
tically decreased the inherent neuropathogenic properties
of poliovirus and prevented the appearance of clinical
symptoms in infected CD155 transgenic mice (Gromeier
et al., 1996) and nonhuman primates (Gromeier et al.,
1999). 

We tested whether the morphological changes of PVS-
RIPO-infected primary glioma cell lines corresponded to
rates of viral gene expression. To that end, we generated
one-step growth curves of PVS-RIPO replication in pri-
mary glioma cultures and nonpermissive HEK-293 cells.
At appropriate intervals, infected cultures were analyzed
with regard to the viral yield and viral gene expression
levels. We utilized 293 cells transformed with sheared
adenovirus 5 DNA as our noncancerous neuronal model
because this transformation strategy selects for neuro-
blast cells in the embryonic kidney (Shaw et al., 2002).4

The kinetics of PVS-RIPO propagation in primary
glioma cultures correspond to those observed in estab-
lished glioma cell lines commonly used in preclinical
investigations (Fig. 4A; Gromeier et al., 2000b). Accord-
ingly, Western blot analysis of the expression of the viral
gene product P2 and the P2 proteolytic cleavage products
2BC and 2C (see Fig. 1) revealed efficient viral protein
synthesis in primary explant glioma cell lines in step with
rates of viral particle production (Fig. 4A). Figure 4
shows the results of studies of primary explant glioma
cell line DU0722 only, but kinetics of viral propagation
and gene expression were identical in all 6 primary cell
lines evaluated. 

In contrast to robust viral propagation in DU0722
cells, the noncancerous 293 cells infected with PVS-RIPO
failed to exhibit viral progeny production exceeding the
input or viral gene expression by 6 h p.i. (Fig. 4B). This
neuronal replication deficit is due to the presence of the
HRV2 IRES in PVS-RIPO (Gromeier et al., 1996, 1999),
since wild-type poliovirus propagation is uninhibited in
293 cells.4

Fig. 3. Immunocytochemical analysis of EGFRvIII expression in

DU0722 primary glioblastoma cells. A. DU0722 cells stained posi-

tively (brown, DAB) for EGFRvIII, a glioma-associated antigen,

demonstrating that the cells are derived from the HGL, not from

contaminating normal cells. B. DU0722 cells failed to stain with DAB

after treatment with a nonspecific isotype-matched control primary

antibody.

Fig. 4. Western blot detection of poliovirus gene products 2C in

DU0722 primary glioblastoma (A) and noncancerous 293 cells (B).

The lower panel depicts the viral yield (plaque-forming units [pfu])

recovered from infected cultures at indicated time points.

4 Moore et al., unpublished observations (2003).
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Expression Analysis of CD155 in Malignant Glioma
and the Normal CNS

We analyzed CD155 expression in the panel of 6 HGLs
and derived cell lines to determine whether (a) CD155
expression occurs in HGL tissues, (b) CD155 expression is
affected by subcultivation of tumor cells, (c) CD155 expres-
sion levels in primary glioma cell lines are equivalent to
those in established cell lines, and (d) CD155 expression
levels in primary glioma cell lines correlate with PVS-RIPO
susceptibility.

Because of the exceedingly low CD155 expression lev-
els in tissue, conventional Western blot analysis is incon-
clusive (Bernhardt et al., 1994). We resolved this problem
by combining solid-phase antigen capture with Western

blot, permitting detection of proteins of low abundance in
tissue homogenates (Fig. 5). We analyzed paired homoge-
nates, prepared either from glioma tissue or from the
derived primary cell lines for CD155 expression (Fig. 5A).
Furthermore, we analyzed CD155 expression in estab-
lished glioma cell lines known to be susceptible to PVS-
RIPO (Fig. 5B) and in normal human CNS tissues with
confirmed CD155 expression (Fig. 5C). 

All 6 primary glioma cell lines included in this study
expressed CD155 at levels equivalent to established
glioma cell lines (compare the cell homogenate panels [C
panels] in Fig. 5A with Fig. 5B). Parallel CD155 expres-
sion profiles explain the universal susceptibility of pri-
mary glioma cell lines (see Fig. 2) and established glioma
lines (Gromeier et al., 2000b) to PVS-RIPO. Most impor-
tantly, we found that CD155 expression levels in primary
cell lines corresponded to those in the tumors from which
they were derived (Fig. 5A, compare panels C and T).
This result indicates that the universal susceptibility to
PVS-RIPO of primary explant glioma cell lines may
extend to the tumors from which they originate.

CD155 expression is exceedingly low in normal human
CNS. Analysis of normal human lumbar spinal cord and
temporal cortex homogenates revealed significantly
reduced CD155 expression levels when compared with
cancerous tissues (compare Figs. 5A and 5C). Resistance
of human cortical cell populations to poliovirus in
infected patients and low expression rates of CD155 in
normal human CNS tissues suggest that lack of recep-
tor expression on most CNS cells may contribute to their
resistance to PVS-RIPO. 

Discussion

The association of cell adhesion molecules (CAMs) of the
IGSF with neuroectodermal malignancies is well docu-
mented. Expression of IGSF-CAMs, physiologically asso-
ciated with the developing embryonic CNS, appears to
be commonly deregulated in neuroectodermal tumors.
Examples for this phenomenon include L1/NgCAM (Izu-
moto et al., 1996), NCAM (Sasaki et al., 1998), TAX-1
(Rickman et al., 2001), NrCAM/Bravo (Sehgal et al.,
1998), and CD155. IGSF-CAMs, through their interac-
tions with extracellular matrix (ECM) proteins, are be-
lieved to convey invasive properties to malignant glioma
cells (reviewed in Goldbrunner et al. [1999]). Since local
invasion is a standard feature of malignant glioma pos-
ing severe limits on surgical and radiological treatment
regimens, the functional significance of IGSF-CAM
expression in malignant glioma has been under intense
investigation.

The human poliovirus receptor CD155, through a
proposed interaction with the ECM protein vitronectin
(Lange et al., 2001), establishes a further link between
CAMs of the IGSF and the ECM in glioma. Vitronectin,

Fig. 5. Combined antigen capture/Western blot analysis of CD155

expression in cell and tissue homogenates of normal and cancer-

ous CNS tissues. A. The amount of total protein analyzed is indicated

at the top of the figure. Antigen capture/Western blot assays of cell

and tissue homogenates are labeled “C” and “T,” respectively. The

case origin of the homogenate is indicated on the left. B. DU65 and

HTB-15 are widely used established glioma cell lines. C. Tissue

homogenates of lumbar spinal cord (LSC) and temporal cortex

(Temp Ctx.) were analyzed in parallel with tumor tissue lysates.
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physiologically expressed in the developing retina and
brain, is abundant in HGL and has been reported to pro-
mote glioma cell survival and invasion (Gladson et al.,
1995; Uhm et al., 1999). 

The relation of CD155 with neuroectodermal malig-
nancies renders the CD155-ligand poliovirus an ideal
candidate for the generation of oncolytic viral agents tar-
geting malignant glioma cells. CD155 is necessary and
sufficient to mediate poliovirus susceptibility. Transgenic
mice expressing CD155 develop classic paralytic polio-
myelitis after virus infection, unlike their wild-type peers
(Koike et al., 1991; Ren et al., 1990). On the basis of its
pivotal role in determining poliovirus susceptibility, we
can reasonably assume that CD155 expression renders
malignant glioma cells vulnerable to PVS-RIPO.

Consideration for therapeutic purposes is possible
because poliovirus’s inherent neuropathogenic properties
can be selectively ablated without affecting cytolytic
properties in malignant cell types through genetic recom-
bination with HRV2 (Gromeier et al., 1996, 1999). Guided
by this principle, we have generated a novel oncolytic virus
prototype based on poliovirus that has shown strong
oncolytic potential against malignant glioma cells in cul-
ture and in xenotransplantation experiments (Gromeier
et al., 2000b). 

Expression of cell surface markers in established
tumor cell lines often does not correlate with their dis-
tribution profiles in actual tumors. This applies equally
to viral receptors of the IGSF, as has become evident with
the adenovirus receptor CAR (see Introduction). Corre-
lation of expression of critical susceptibility determinants
(e.g., viral receptors) in cell culture systems used in pre-
clinical studies and actual tumor tissues is a priority for
preparing oncolytic viruses for clinical applications. 

Considering that upcoming phase 1 clinical trials of
PVS-RIPO will be conducted in patients with grade III-
IV malignant gliomas, we focused our study on HGLs.
Since expression levels of many IGSF molecules and their
ECM affinities frequently vary according to histological
grade of malignant gliomas (e.g., vitronectin is most
abundant in HGLs but virtually absent from low-grade
tumors [Gladson et al., 1995]), comparative CD155
expression analyses in low-grade tumors would shed
more light on the relationship of CD155 with neuroec-
todermal malignancy. Because of the difficulty of accru-
ing a sufficient number of cases where biopsy material
can be obtained for the necessary studies, the analysis
of the relationship of CD155 expression with low-grade
glioma will take more time.

Our expression analyses rely on tests of tissue or cell
homogenates that do not permit an evaluation of CD155
distribution within a tumor. We therefore cannot exclude
the possibility that tumor cells lacking CD155 expression
could give rise to cell populations refractory to PVS-
RIPO treatment. To evaluate the distribution and local

abundance of CD155 in tumor tissues, immunohisto-
chemical studies would be highly desirable. Unfortunately,
we have been consistently unable to achieve unambiguous
immunohistochemical staining for CD155, including 
in the spinal cord anterior horn, even with the use of
immunological probes specially generated for this pur-
pose. A cumbersome combined antigen capture/Western
blot procedure was required to detect CD155, even by
Western blot (see Materials and Methods), because of its
exceedingly low expression rate in any human tissues and
in cell lines (Bernhardt et al., 1994; Gromeier et al.,
2000a).

Despite our inability to demonstrate CD155 expres-
sion at the single-cell level, we feel that patient screen-
ing with our assay prior to PVS-RIPO treatment constitutes
a considerable advantage over therapies with oncolytic
viruses administered without any information on recep-
tor expression. We were surprised to find that, amongst
established glioma cell lines, CD155 expression is ubiq-
uitous (our tests included a vast array of commonly used
cell lines [Gromeier et al., 2000b]). This situation is mir-
rored in glioma tissues and primary cell lines derived
therefrom. While this finding greatly encourages thera-
peutic use of PVS-RIPO, the lack of CD155-negative cell
lines deprives us of a valuable research tool for distin-
guishing cell-external factors (receptors) from cell-internal
(cellular replication factors) determinants of virus sus-
ceptibility. We have recently reported expression analy-
ses of CD155 in breast cancer cell lines and tissues
(Ochiai et al., 2004). In contrast to malignant glioma,
breast cancers as well as cell lines derived therefrom dis-
play a range of CD155 expression levels with correspond-
ingly varying susceptibility to PVS-RIPO. Regulation of
the CD155 gene by transcription factors associated with
malignancy may indicate their involvement in determin-
ing expression in individual tumors (Solecki et al., 2002). 

Cancer treatments directed against molecular targets
specifically associated with malignancy, for example,
oncolytic viral agents selectively targeting tumor cells,
offer significant advantages over conventional cytosta-
tic or radiation therapy associated with serious toxic side
effects to nonmalignant tissues. To optimize treatment
decisions with agents recognizing such molecular targets,
tumors need to be characterized individually to verify the
presence of the targeted molecule. We have developed 
a comprehensive series of tests, including analysis of
CD155 expression levels and virus oncolysis assays on
primary explant tumor cultures, that may permit predic-
tion of malignant glioma susceptibility to prototype
oncolytic poliovirus recombinants. Our study provides
the first precedent for a viral attachment protein serving
as a molecular target in cancer, and this work strongly
supports the use of antineoplastic agents directed against
the human poliovirus receptor CD155. 
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