1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Virus Res. Author manuscript; available in PMC 2018 October 15.

-, HHS Public Access
«

Published in final edited form as:
Virus Res. 2017 October 15; 242: 1-6. doi:10.1016/j.virusres.2017.09.001.

Poliovirus Receptor: More than a simple viral receptor
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Abstract

The human poliovirus receptor (PVR) is a cell surface protein with a multitude of functions in
human biology. PVR was initially identified as the receptor for the human poliovirus and recent
discoveries have given a greater insight into both its morphology and its function. Alternative
splicing of the PVR gene results in a total of 4 alternatively spliced isoforms. Two of these
isoforms lack a complete transmembrane domain and are considered soluble and block viral
infection; the remaining two transmembrane isoforms differ only at their extreme C-terminal
domains resulting in differential localization in epithelia and polarity of viral infection. In addition
to its role as a receptor for the human poliovirus, several native biological functions have also been
uncovered. PVR is an important cell adhesion protein and is involved in the transendothelial
migration of leukocytes. Through its interactions with CD226 and TIGIT, transmembrane proteins
found on leukocytes, PVR is a key regulator of the cell-mediated immune response. As PVR is
differentially regulated in a broad spectrum of cancers, it has a strong potential for clinical use as a
biomarker. PVR is also a possible target for novel cancer therapies. Utilizing its natural tropism for
PVR, a genetically modified form of the live attenuated poliovirus vaccine is currently being tested
for its ability to locate and destroy certain tumors. These recent studies emphasize the importance
of PVR in human biology and demonstrate its utility beyond being a viral receptor protein.
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1. Introduction

The objective of this review is to summarize both historical and contemporary research on
poliovirus and its receptor, PVR. The human poliovirus receptor (PVR) has a plethora of
names due to disagreements in naming conventions between different fields of research and
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multiple independent discoveries of both the protein and its corresponding gene. Names
include Cluster of Differentiation 155 (CD155), Poliovirus Sensitivity gene (PVS),
Herpesvirus entry mediator D (HVED), Nectin-like molecule 5 (NECLS5 or Necl-5), and
Tumor-Associated Glycoprotein E4 (TAGE4), however, the human poliovirus receptor
(PVR) remains dominant in the literature and will be used throughout the review (Baury et
al., 2001; Masson et al., 2001; Nixdorf et al., 1999; Siddique et al., 1988; Takai et al., 2008).
PVR was found to be an integral membrane protein at a period when the polio vaccine was
still in its infancy and initial research focused on its role in poliovirus infection. (Holland
and Mc, 1961). However, as poliomyelitis gradually transitioned from global pandemic to
the verge of eradication, interest in human poliovirus and its eponymous receptor protein
waned. The actual identity of the PVR protein was elucidated in 1989 by Mendelsohn et a/
and enormous strides have since been made concerning its many native functions
(Mendelsohn et al., 1989). Recent research has demonstrated PVR to be broadly relevant to
cell adhesion and migration, adaptive immunity, and cancer.

1.1 Poliomyelitis

Poliomyelitis is a devastating neurologic disease that has greatly impacted humanity for
millennia (Falconer and Bollenbach, 2000; Paul, 1971). It is propagated by the human
poliovirus, a positive sense single stranded RNA virus (Ryan and Ray, 2014). Because this
virus is transmitted primarily by the fecal-oral route, it has historically been widespread in
regions with high population densities and subpar sanitation systems (Kew et al., 2005).
Poliovirus infection progresses to poliomyelitis when the virus invades the central nervous
system. By attacking the motor functions of the spinal cord, the disease begins weakening
muscle function, which can lead to widespread muscle paralysis and even death, usually due
to loss of respiratory muscle function. Often this paralysis is irreversible, permanently
disabling survivors of poliomyelitis (Mueller et al., 2005). Since major vaccination
campaigns began in the 1950’s, the incidence rate of poliomyelitis has dramatically
decreased. In 2015, there were fewer than 100 reported cases of poliomyelitis with only two
countries, Afghanistan and Pakistan, reporting endemic transmission (Cochi et al., 2016).
Although political instability has limited full vaccination efforts, it is a strong possibility that
wild-type poliovirus transmission could be eradicated within the next decade (Cochi et al.,
2016; Kennedy et al., 2015).

1.2. PVR: an overview

While poliomyelitis is no longer a highly prevalent medical condition, there has been a
substantial volume of research published on the poliovirus in the past 20 years. Particular
interest has been given to the cell surface protein that functions as the primary receptor for
human poliovirus. PVR is a cell adhesion protein that facilitates the binding and entry of
poliovirus into susceptible cells (Koike et al., 1991; Oda et al., 2004; Strauss et al., 2015).
Like many cell surface proteins, and viral receptors such as the Coxsackievirus and
Adenovirus Receptor (CAR) and CD46, PVR undergoes alternative splicing, generating 4
unique splice forms (Fig. 1, Table 1) (Excoffon et al., 2014; Koike et al., 1990). Two of these
splice forms lack a complete transmembrane domain, rendering them as secreted or soluble
isoforms (Baury et al., 2003). The other two splice forms have a complete transmembrane
domain and are often referenced as the transmembrane isoforms (Koike et al., 1990).
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Although PVR was originally described as a viral receptor, recent literature has focused
primarily on its endogenous functions in host biology. PVR has been shown to function as a
cell adhesion protein as well as a facilitator of transendothelial migration (TEM) (Oda et al.,
2004; Sullivan et al., 2013). PVR also has a vital role in regulating the cell mediated
response of the immune system (Stanietsky et al., 2009; Tahara-Hanaoka et al., 2005).
Finally, PVR is often differentially regulated in neoplastic and cancerous cells (Brown et al.,
2014; Gong et al., 2014). Studies have demonstrated the efficacy of using a genetically
modified strain of the human poliovirus to target PVR positive cancerous cells (Brown et al.,
2014; Brown and Gromeier, 2015; Dobrikova et al., 2008; Gromeier et al., 2000). As many
of PVR’s newly discovered functions have direct clinical applications, it is critical that we
have a deeper understanding of PVR and its unique role in human biology.

2. Morphology and Splice form Diversity of PVR

PVR is a transmembrane glycoprotein in the immunoglobulin superfamily. Located on
human chromosome 19 (NC_000019.10), the PVR gene is transcribed into a 20kb mMRNA
sequence composed of 8 different exons (Koike et al., 1990; Mendelsohn et al., 1989;
Siddique et al., 1986; Speir et al., 2016) (Fig. 1). Exon 1 codes for the 5 UTR and a signal
peptide domain that functions as a leader sequence. Exon 2 is translated into the first of three
immunoglobulin-like domains. The first immunoglobulin-like domain is a VV domain while
the second and third immunoglobulin-like domains are C2 domains, encoded by exon 3 or
exons 4 and exon 5, respectively (Baury et al., 2003; Koike et al., 1990; Koike et al., 1991).
Exon 6 and exon 7 become the transmembrane domain and the cytoplasmic domain,
respectively. Finally exon 8 is translated into the C-terminus region and the 3'UTR. In total,
PVR is 417 amino acids when all 8 exons are translated in full.

2.1 Soluble PVR

PVR expresses as two soluble isoforms, PVRp and PVRy, both of which lack all or part of
the transmembrane region encoded by exon 6, causing them to be secreted from cells. Exons
1-5 as well as 7-8 on both soluble isoforms are identical to the canonical PVRa. PVR, the
longer and more common of the two soluble splice forms, contains a small, truncated,
fragment of the first part of exon 6; PVRy lacks exon 6 in its entirety (Baury et al., 2003).
Soluble and transmembrane isoforms of PVR can be found in tissues that are susceptible to
poliovirus infection, such as the organs of the gastrointestinal tract and nervous tissue, as
well as in tissues that are not, including the kidney, lung, liver, and testes. Soluble PVR
(sPVR) isoforms can be found in a variety of bodily fluids, including: blood serum,
cerebrospinal fluid, and urine (Baury et al., 2003; Iguchi-Manaka et al., 2016). As the
extracellular domains of the sSPVR isoforms are identical to the extracellular domain of
transmembrane PVR, they can compete with transmembrane PVR for the canyon-like
receptor binding site of poliovirus (Baury et al., 2003). Therefore when sPVR is
overexpressed in poliovirus susceptible HelL a cells, it significantly reduces viral entry and
viral infectivity (Baury et al., 2003).

Recent studies have established a relationship between sPVR expression and cancer
progression. In animals, fibrosarcoma cells transduced with the ECD of mouse PVR were
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implanted into Balb/c mice, and the amount of sSPVR produced by resulting tumors had a
strong positive correlation with tumor size (Iguchi-Manaka et al., 2016). In humans, sSPVR is
found in higher serum concentrations compared to healthy donors across a broad spectrum
of cancer patients, including lung, gastrointestinal, breast, ovarian, and colorectal cancers
(Iguchi-Manaka et al., 2016; Masson et al., 2001). Interestingly, in later stage cancers (stage
3 and 4), the expression of SPVR is demonstrably higher than in early stage cancers (stage 1
and stage 2) (Iguchi-Manaka et al., 2016). Thus, sPVR is a potential biomarker for
monitoring the progression of colorectal and gastric cancers, two forms of cancer that are
currently difficult to diagnose and treat. As the transmembrane isoforms of PVR are known
targets for the activation of natural killer (NK) cells and cytotoxic T lymphocytes (CTLs), it
is possible that overproduction of sPVR isoforms could be a cancer-specific defense
mechanism against the cell mediated immune response (Lozano et al., 2012; Paschen et al.,
2009). By masking the signaling effect of transmembrane isoforms of PVR, sPVR
overexpression could facilitate the evasion of a cell mediated immune response, allowing the
cancer to progress to later stages.

2.2. PVRa and PVRS&: transmembrane isoforms of PVR

In addition to two soluble isoforms, PVR contains two transmembrane isoforms: PVRa and
PVRS (Table 1). Both contain complete and identical copies of the first 6 exons. PVR&
utilizes a cryptic splice site within exon 6, which incorporates additional nucleotides at the
end of exon 6 and introduces a stop codon (Mendelsohn et al., 1989). This alternative
splicing leads to two separate transmembrane isoforms in which the last 32 amino acids
encoded by exons 7-8 in PVRa are replaced by 8 unique amino acids in PVRS that are
encoded by additional nucleotides at the end of exon 6 (Oda et al., 2004; Speir et al., 2016).
These last few amino acids interact differentially with key regulatory proteins, facilitating
distinct localizations in polarized cells. In PVRa, these last few amino acids encode an
immunoreceptor tyrosine-based inhibitory motif (ITIM). When this ITIM motif interacts
with u1B, a clathrin adaptor complex subunit protein, PVRa localizes to the basolateral
surface (Ohka et al., 2001). In cell lines where p1B is expressed, PVVRa localizes to the
basolateral surface; in cells that lack u1B expression, i.e. LLCPK1 cells, PVRa localizes at
both the basolateral and apical surfaces (Ohka et al., 2001). As PVRS lacks the critical ITIM
motif on its C-terminal domain, it does not have a regulatory interaction with p1B and
localizes to both the basolateral and apical surface regardless of the presence or absence of
ulB (Ohka et al., 2001).

The presence of different C-terminal sequences promoting localization of different PVR
transmembrane isoforms is analogous to the differential localization observed between
Coxsackie and adenovirus receptor (CAR) isoforms. The 8 exon isoform of CAR (CAREX8)
localizes to the apical surface, whereas the 7 exon isoform, (CAREX?) localizes to the
basolateral surface in polarized epithelial cells. This is due to the presence of different PDZ
binding motif sequences in the C-termini of each isoform that facilitate differential
interactions with PDZ-domain containing scaffolding proteins (Excoffon et al., 2010;
Excoffon et al., 2004; Kolawole et al., 2012; Yan et al., 2015).
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3. PVR as a Viral Receptor

The extracellular domain of PVR binds to the poliovirus leading to viral entry and infection.
As poliovirus depends on the fecal-oral route of transmission, the virus must interact with
the complex microbiome of the gastrointestinal tract (Kuss et al., 2011). Poliovirus binds to
bacterial lipopolysaccharide (LPS) in the gut. The interaction between poliovirus and LPS
promotes virion stability and cell attachment by preventing premature RNA release and
enhancing the binding affinity between poliovirus and PVR (Robinson et al., 2014). Thus,
the more LPS producing bacteria present in the Gl tract, the more susceptible a host is to
poliovirus infection (Kuss et al., 2011). Poliovirus initially exists in a collapsed form (160S)
in the extracellular fluid (De Sena and Mandel, 1977; Tsang et al., 2001). This collapsed
form of the virus depends on the presence of a hydrophobic protein core in the VP1 subunit
called the pocket factor (Filman et al., 1989). Polioviruses have an attachment site at a
depression on their surface, known as a canyon-like receptor (Tuthill et al., 2010). While
previous studies have shown PVR binding near the five-fold axis of the canyon-like receptor,
more recent studies have suggested that the initial binding of the poliovirus with PVR occurs
at the quasi threefold axis close to the location of the pocket factor (Koike et al., 1991,
Strauss et al., 2015). Of the 3 extracellular immunoglobulin like domains of PVR, the first V
domain is required for the initial binding interaction and is essential for poliovirus entry
(Koike et al., 1991). Upon binding to PVR, the hydrophobic pocket factor is lost and
poliovirus takes on an extended 135S conformation (Butan et al., 2014). It is likely at this
stage that the PVR binding site shifts to the five-fold axis of the poliovirus. Once the
poliovirus has converted to the expanded 135S form, pores open in the 2 fold and 3 fold axes
of the virus, which form openings in the host cell (Strauss et al., 2015). The RNA genome of
the virus passes through these pores into endocytic vesicles. Once the RNA genome is inside
the host cell, it can begin utilizing the host cell machinery for viral replication (Fig 2A)
(Leveque and Semler, 2015).

4. PVR as a cell adhesion protein and regulator of transendothelial
migration (TEM)

Endogenous functions of PVR include the regulation of cell adhesion and cell motility
(Sloan et al., 2004). PVR contains an ITIM domain that is regulated by Src kinase
phosphorylation. Upon phosphorylation of this ITIM domain, PVR can freely interact with
Src homology region 2 domain-containing phosphatase (SHP-2), a cell signaling protein
involved in regulating cell migration (Billadeau and Leibson, 2002; Freeman et al., 1992).
The interaction with SHP-2 has a plethora of physiological effects on cell adhesion and cell
motility. SHP-2 binding to phosphorylated PVR inhibits cell matrix adhesion, suppressing
PVR* cells from binding to fibronectin coated plates. PVR, however, has a high natural
affinity for vitronectin. This interaction is powerful enough to allow PVR* cells to bind to
vitronectin containing plates even with cell matrix adhesion inhibited (Lange et al., 2001;
Oda et al., 2004). In the absence of vitronectin, the interaction between PVR and SHP-2
reduces cell-cell adhesion and increases the mobility of activated cells (Oda et al., 2004).
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In addition to its involvement in cell matrix adhesion, PVR has a key role in facilitating
transendothelial migration (TEM). TEM is the process by which leukocytes migrate from
the blood stream through cell-cell junctions towards danger signals at the epithelial surface
(Muller, 2009). This process depends on both homophilic and heterophilic protein
interactions between proteins found on either leukocytes, endothelial cells, or both cell
types. For example, platelet endothelial cell adhesion molecule (PECAM-1 or CD31) on
endothelial cells interacts with PECAM-1 on leukocytes in a homophilic interaction during
TEM (Muller et al., 1993). Likewise, CD99 is involved in a similar homophilic binding
process to promote successful TEM (Schenkel et al., 2002). By contrast, PVR is involved in
a heterophilic interaction with DNAX Accessory Molecule-1 (DNAM-1 or CD226) in which
PVR on endothelial cells binds with CD226 on leukocytes (Reymond et al., 2004).
Interestingly, PECAM-1, CD99, and PVR all localize to the lateral border recycling
compartment during TEM (Mamdouh et al., 2008; Sullivan et al., 2013). This lateral border
recycling compartment regulates the expression of these three cell adhesion proteins on
endothelial cells during TEM. PECAM-1 is expressed first for homophilic adhesion,
followed by the heterophilic interaction between PVVR and CD226, and finally CD99 is
expressed for a homophilic adhesion interaction before TEM is completed (Sullivan et al.,
2013). While both PECAM-1 and CD99 expression are important for TEM, the knockout of
the interaction between PVR and CD226 completely abrogates TEM (Sullivan et al., 2013).

5. PVR as aregulator of immune function

PVR exerts a major role in regulating the cell-mediated immune response by interacting with
CD226 and T cell immunoreceptor with IG and ITIM domains (TIGIT). CD226 is a
cytotoxicity receptor found on a variety of cytotoxic T-lymphocytes (CTLs), such as natural
killer (NK) cells, CD8* T cells, and cytokine induced killer (CIK) cells (Shibuya et al.,
1996). CD226 induces the release of cytokines that ultimately lead to the apoptosis of target
cells (Shibuya et al., 1996). PVR expression is enhanced by the DNA damage response, a
process that is upregulated during viral infection and tumorigenesis (Ardolino et al., 2011).
Because it is associated with damaged cells, PVR is often used as a natural marker for
inducing apoptosis (Cerbonil et al., 2014). The cell-mediated immune response is activated
when CD226 binds with PVR expressed in these defective cells, and ultimately results in
CTL mediated destruction of the infected cell (de Andrade et al., 2014; Tahara-Hanaoka et
al., 2005; Tahara-Hanaoka et al., 2004). PVR also interacts with TIGIT, a receptor protein
found on CTLs that inhibits the cell mediated response (Joller et al., 2011; Li et al., 2014).
TIGIT activation reduces the proliferation of CTLs and inhibits the production and release of
cytokines, thereby diminishing the effectiveness of the cell mediated immune response
(Zhang et al., 2016). By interacting with both CD226 and TIGIT, PVR can either activate or
inhibit the cell mediated response. Thus, PVR expression impacts the immune response in a
complex manner dependent on tissue tropism and disease pathology.

In HIV-1 infected cells, two viral specific proteins, Vpu and Nef, reduce the expression of
PVR (Bolduan et al., 2014; Matusali et al., 2012). The reduction of PVR expression
facilitates HIV-1 evasion of the immune response by lessening the probability that CD226*
CTLs will interact with PVR on infected cells. In graft versus host disease (GVHD),
reducing the expression of CD226 on CTLs inhibits the host immune response, leading to
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better outcomes in murine models (Nabekura et al., 2010). However, the converse is not true.
Upon inhibition of PVR, a natural ligand for CD226, GVHD is aggravated, hastening host
mortality (Seth et al., 2011). Because PVR expression is associated with a reduced immune
response in GVHD, it is likely that PVR preferentially interacts with TIGIT in GVHD and
lessens the immune response. As nectin-2 (CD112) is also a ligand for CD226, it is possible
that in some tissues PVR enhances the cell-mediated immune response, while in other
tissues CD112 upregulates cytokine release (Tahara-Hanaoka et al., 2004).

6. PVR and Cancer

Recent studies have shown a strong correlation between increased PVR expression and
cancer, suggesting that PVR may be involved in cancer pathology. In lung, colorectal,
gastric, breast, ovarian, melanoma, and glioblastoma cancers, PVR expression is upregulated
(Casado et al., 2009; Chan et al., 2012; Gromeier et al., 2000; Iguchi-Manaka et al., 2016;
Masson et al., 2001; Nakai et al., 2010; Ochiai et al., 2004). In colorectal cancer, SPVR
expression is directly correlated to tumor size and cancer progression (lguchi-Manaka et al.,
2016). The increased expression of PVR across a broad spectrum of cancers suggests that it
plays a role in the pathology of cancer. It is possible that cancerous cells increase PVR
expression to manipulate its role in CTL activation or inhibition, cell adhesion, or in other
immune functions. Since PVR is upregulated in a plethora of cancers, it is likely that it could
have clinical significance as a biomarker for detecting and monitoring cancer progression
(Iguchi-Manaka et al., 2016).

Due to its interaction with two key regulators of the cell-mediated immune response, CD226
and TIGIT, PVR is intricately involved in the response of the immune system to cancer. In
many cancer cells where PVR is overexpressed, it functions as a ligand for CD226,
activating the immune response against cancer (Altomonte et al., 2009; Iguchi-Manaka et
al., 2008; Tahara-Hanaoka et al., 2005). By recruiting and activating CD226* NK cells and
CD8" cells, PVR can be used to train the immune system to recognize neoplastic cells and
begin systematically destroying the tumor (Ishiyama et al., 2006). Hepatocellular carcinoma
(HCC) cells manage to avoid this immune response by downregulating PVR expression
(Erickson et al., 2006; Qu et al., 2015). Utilizing the unfolded protein response (UPR), HCC
reduces PVR expression, lessening the probability that NK cells will detect and destroy the
cancerous cells (Gong et al., 2014). Alternatively, melanoma cells manipulate the expression
of TIGIT on CTLs to convert PVR into an immunosuppressive agent (Inozume et al., 2016;
Pauken and Wherry, 2014; Stanietsky et al., 2009). In the presence of IFNy* melanoma
tumors, CTL cells experience CD226 suppression and TIGIT activation (Lozano et al.,
2012). Increased TIGIT expression on CTLs combined with enhanced PVR expression on
melanoma cells leads to the suppression of the cell mediated immune response, thus
facilitating the progression of the melanoma tumor (Chauvin et al., 2015; Inozume et al.,
2016).

Understanding the relationship between PVR expression and cancer has led to a novel
method for targeting cancer cells using oncolytic polioviruses. As many cancerous cells
overexpress the poliovirus receptor (PVR), it is possible to use the preexisting tropism of an
attenuated poliovirus to target cancer cells for destruction (Brown et al., 2014). Oncolytic
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viruses cannot infect all of the cells in a tumor. However, by initiating a local infection,
oncolytic viruses can recruit leukocytes to a tumor site and thereby train the immune system
to attack and destroy cancerous cells (Prestwich et al., 2009) (Fig. 2B). Preclinical studies
have been conducted using a replication deficient form of the poliovirus modeled after the
live attenuated form of the poliovirus vaccine (Campbell et al., 2005; Lashkevich, 2013).
This strain, known as the attenuated poliovirus (Sabin)-rhinovirus IRES PV open reading
frame (PVSRIPO) strain is a genetically engineered viral vector created by replacing the
internal ribosomal entry site (IRES) of the Sabin strain of the poliovirus with the IRES from
the human rhinovirus type 2 (HRV2) (Brown and Gromeier, 2015; Dobrikova et al., 2008).
By replacing the IRES site, PVSRIPO is replication deficient in non-cancerous neuronal
cells. While the original objective in developing an attenuated poliovirus may have been to
reduce viral neuropathogenicity in order to make a safer vaccine strain, PVSRIPO
demonstrated early promise in targeting glioblastoma cells in an /n vitro setting (Brown et
al., 2014; Gromeier et al., 1996; Gromeier et al., 2000). Phase I clinical trials
(NCT01491893) using PVSRIPO against recurrent glioblastoma have thus far shown
promising results. As of May 2016, PVSRIPO has been elevated to the Breakthrough
Therapy designation at the FDA and researchers are hopeful that efficacy may be found
against a broad range of cancers. Interestingly, as wild-type poliovirus is on the verge of
being eradicated, a genetically modified form of the poliovirus vaccine has the potential to
become a next generation cancer treatment.

7. Conclusion

PVR is an important cell surface protein, involved in a multitude of biological processes.
This diversity of physiological functions is partially due to its 4 unique isoforms. Its soluble
isoforms can be secreted from cells and can travel through interstitial fluid; its
transmembrane forms are critical for viral attachment and cell signaling. Additionally, its
interactions with CD226 and TIGIT have widespread implications. From transendothelial
migration to the cell mediated immune response, PVR’s complex interaction with these two
proteins is critical to elucidating PVR’s role in a broad spectrum of cellular mechanisms.
Special interest has been given to PVR in order to unravel its relationship with cancer. As
PVR is often upregulated in cancerous cells, it has strong potential for use as a biomarker for
detecting and monitoring the progression of cancer. Contemporary research has even
demonstrated that manipulating the tropism of the live attenuated poliovirus vaccine to target
and destroy cancer cells may be an effective next generation treatment against many forms
of cancer. Over the past several decades, research on PVR has produced important findings
in many diverse fields. As it is likely that PVR is involved in processes outside of the scope
of the current literature, time will continue to reveal the functions of PVR beyond its role as
a viral receptor.
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Highlights
Human PVR (CD155) is both a viral receptor and immunomodulatory protein
PVR function depends on expression of alternative protein isoforms

Poliovirus is a candidate oncolytic virus in clinical trials
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A) Alternative mRNA splicing
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Fig 1. Schematic of exon map for PVR A) RNA spliceforms and B) protein isoforms
Unshaded exons are not expressed in the protein. Exons are color coded to match the

portions of the protein that they encode: red = Ig-like domain 1, grey = Ig-like domain 2,
green = Ig-like domain 3, dark blue = transmembrane domain (thin arrow/TM), light blue =
unigue sequence in & isoform, and gold = C-terminal domain. Start codons appear as white
triangles and stop codons appear as shaded triangles. Compared to the canonical isoform
PVRa, soluble isoforms PVR and y contain splicing events in exon 6 which result in
partial (B) or complete () loss of exon 6. There is an alternative splicing event between
transmembrane isoforms PVRa and PVRS in which an additional eight residues and a stop
codon are incorporated at the end of exon 6, resulting in exons 7 and 8 not being translated
in PVRS. The immunoreceptor tyrosine-based inhibitory motif (ITIM) of PVRa is indicated
(block arrow).
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Fig 2. Schematic of the poliovirus life cycle and oncolytic viral therapy
A) 1) Poliovirus binds to PVR at the cell surface, which may be facilitated by LPS, to enter

the target cell. 2) The poliovirus positive single-stranded RNA genome is translated by host
cellular machinery to produce a large polyprotein. 3) The polyprotein is then autocleaved
into distinct viral proteins that 4) induce cytoplasmic relocalization of nuclear proteins and
the formation of membranous structures with distinct lipid and protein compositions. 6)
These events then allow the viral RNA-dependent RNA polymerase to replicate its genome
and progeny virions to form. B) Several cancerous cell types upregulate transmembrane and
soluble PVR isoforms making cells more susceptible to oncolytic poliovirus. This method
combats tumors by 1) direct lysis of neoplastic cells and 2) the release immunostimulatory
molecules, such as cytokines and cancer antigens, (black stars) that recruit immune effector
cells into the tumor microenvironment, effectively training the immune system to destroy the
tumor.
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Table 1
Protein isoforms of PVR
Isoform  Exons encoding protein sequence Soluble or Location in polarized Interaction with Poliovirus
(Baury et al., 2003) Transmembrane cells (Ohka et al., 2001) (Baury et al., 2003; Koike et
(Baury et al., 2003) al., 1991)
PVRa 1-8 Transmembrane Normally basolateral, Binds to poliovirus, promotes
tissue dependent viral entry
PVRB 1-5, partial 6, 7-8 Soluble Secreted Binds to poliovirus, decreases
viral entry
PVRy 1-5,7-8 Soluble secreted Binds to poliovirus, decreases
viral entry
PVR& 1-6, alternative C-terminus Transmembrane Non-specific localization, Binds to poliovirus, promotes

found at both apical and
basolateral surface

viral entry
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