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Abstract

Prostate cancer (PCa) is the second most commonly diagnosed and sixth leading cause of cancer death in
American men and one for which no curative therapy exists after metastasis. To meet this need for novel
therapies, our laboratory has previously generated conditionally replicating adenovirus (CRAd) vectors ex-
pressing the sodium iodide symporter (hNIS). This virus transduced PCa cells and induced functional NIS
expression, allowing for noninvasive tumor imaging and combination therapy with radioiodide, referred to as
radiovirotherapy. We have now generated two new modified vectors to further improve efficacy. Ad5/3PB-
ADP-hNIS and Ad5/3PB-hNIS include a hybrid Ad5/3 fiber knob to improve transduction efficiency, and
express NIS from the endogenous major late promoter to restrict NIS expression to target cells. Additionally,
Ad5/3PB-ADP-hNIS includes the adenovirus death protein (ADP), which hastens the release of viral particles
after assembly. These two vectors specifically induce radioisotope uptake, cytopathic effect, and viral replication
in androgen receptor–expressing PCa cell lines with Ad5/3PB-ADP-hNIS showing earlier 131I uptake and cy-
tolysis at low multiplicity of infection. SPECT-CT imaging of xenograft tumors infected with Ad5/3PB-hNIS
showed steady uptake, whereas infection with Ad5/3PB-ADP-hNIS led to increasing uptake, indicating
viral spread. Radiovirotherapy of xenograft LNCaP tumors with Ad5/3PB-ADP-hNIS showed the most sig-
nificant survival extension versus control tumors ( p = 0.001), but the benefit of radiovirotherapy was not sta-
tistically significant compared with virotherapy alone in this model. These results show the potential of Ad5/
3PB-ADP-hNIS as a vector for treatment of prostate cancer.

Introduction

As the second most frequently diagnosed cancer and
sixth most frequent cause of cancer death in men

worldwide ( Jemal et al., 2011), there is a need for novel and
effective prostate cancer (PCa) treatments. Although androgen-
deprivation therapy (Mottet et al., 2011) and radical prosta-
tectomy (Hugosson et al., 2011) extend survival of PCa
patients, the prognosis remains poor for metastatic or
androgen-resistant cancer (Tannock et al., 2004; Scosyrev et al.,
2011). These recurrences after treatment speak to the hetero-
geneity of cancer as a disease, where single-therapy treatment
does not account for the variety of adaptive mutations present
in a cancer cell population. As such, a multimodal therapy

will likely be required for successful cancer treatment
(Hanahan and Weinberg, 2011).

Our prior work has explored the use of adenovirus (Ad)
vectors expressing the sodium iodide symporter (NIS) as
just such a multimodal treatment. NIS has been exploited for
decades to treat differentiated thyroid cancer (Luster et al.,
2008) using imaging isotopes such as 123I or 124I to non-
invasively locate metastatic tumors, as well as radiotherapy
via 131I administration. The NIS transgene has been func-
tionally expressed in a variety of cell types as a means to
extend radioiodide treatment to nonthyroid cancers (Man-
dell et al., 1999; Cho et al., 2000; Spitzweg et al., 2001; Kaki-
numa et al., 2003; Dwyer et al., 2005) and to noninvasively
monitor viral replication and gene expression. This has led to
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investigation of the clinical utility of NIS-expressing vectors
[Barton et al., 2008; Davis, 2011 (ongoing); Galanis, 2011
(ongoing)].

Conditionally replicating adenoviral (CRAd) vectors ex-
pressing high levels of NIS can combine 131I radiotherapy
with oncolytic virotherapy, achieving the goal of multi-
modal treatment and circumventing the problem of low
transduction efficiency observed in gene-therapy trials thus
far (Waehler et al., 2007; Trujillo et al., 2009, 2010). Our first
CRAd, Ad5PB-RSV-hNIS, regulated E1a expression by the
androgen-responsive promoter element ARR2PB (Zhang
et al., 2000) and expressed NIS from the strong, nonspecific
rous sarcoma virus (RSV) promoter. Viral replication was
restricted to PCa cells, where androgen receptor (AR) is
often overexpressed (Linja et al., 2001; Edwards et al., 2003)
and resulted in tumor-specific cytolysis. Ad5PB-RSV-NIS
significantly extended the survival time of radiovirotherapy-
treated LNCaP-xenografted mice, demonstrating the poten-
tial of this approach.

We have now examined other improvements to vector
design and describe two such vectors in this report. Ad5/
3PB-ADP-hNIS and Ad5/3PB-hNIS control E1 expression
through the probasin (PB) promoter, and NIS expression
through the endogenous Ad major late promoter (MLP). The
MLP is fully activated subsequent to E1 expression (Tri-
bouley et al., 1994; Lutz and Kedinger, 1996) and can robustly
express E3 transgenes (Ono et al., 2005; Davydova et al.,
2010). Placing NIS under the control of a promoter down-
stream of E1 ties NIS expression to viral replication and in-
creases its utility as a marker of replication. Also, the fiber
knob protein has been modified to improve infectivity.
Coxsackie adenovirus receptor (CAR) expression is often
down-regulated or absent in late-stage PCa as tissue archi-
tecture becomes more disrupted (Rauen et al., 2002; Dash
et al., 2010; Kuster et al., 2010), limiting infectivity by Ad5
vectors. Reduced CAR expression has been addressed by the
use of modified fiber proteins containing the knob domain of
Ad serotype 3, which binds to desmoglein-2 (DSG-2) (Wang
et al., 2011). Increased DSG-2 expression has been observed
in prostate cell lines with high metastatic potential, making it
a logical target for mediating viral entry (Trojan et al., 2005).
Finally, we reinserted an E3 protein removed from our pre-
vious CRAd, the adenovirus death protein (ADP). ADP
mediates cell lysis after viral assembly is complete, greatly
increasing the rate of viral spread (Tollefson et al., 1996).
Overexpression of ADP has been used (Doronin et al., 2003)
to compensate for low initial tumor transduction rates, a
central problem of virotherapy. This quicker spread has also
led to enhanced transgene expression under low multiplicity-
of-infection (MOI) conditions (Davydova et al., 2010). By
increasing viral spread in an NIS-expressing vector, it may be
possible to increase the number of cells available to take up
radioisotope, and the total tumor uptake as a consequence.
However, because the increased rate of cell membrane dis-
ruption may also negatively impact radioiodide uptake, we
wished to examine the contributions of increased cytolysis to
radioiodide uptake and therapy in this model.

In this report, we describe Ad5/3PB-ADP-hNIS and Ad5/
3PB-hNIS, Ad5-based vectors containing the modifications
described above and differing only in ADP expression. Their
specificity for AR-expressing cells, their in vivo efficacy for
radioisotope uptake, and survival extension are character-

ized and compared with our previous work with Ad5PB-
RSV-hNIS.

Materials and Methods

Cell lines

The PCa cell lines LNCaP, C4-2 (AR-positive), and PC-3
(AR-negative) were cultured as described (Spitzweg et al.,
2001; Qu et al., 2004). All cells were kept at 37�C, 5% CO2

during culture and assays. HEK 293A cells used in plaque
assays were cultured as described above. In vitro assays were
conducted on standard tissue culture plates except for assays
using C4-2, which were conducted on collagen-I–coated
plates.

Construction of the viral vectors

NIS was inserted into the E3 region as described (Davy-
dova et al., 2010), with two exceptions. First, NIS was ampli-
fied by PCR amplification from pcDNA3_hNIS using primers
containing a 5’ XbaI site and a 3’ SalI site. After sequence
fidelity was confirmed, XbaI/SalI-digested gene product was
ligated into XbaI/SalI-restricted pShuttleDE3ADPKanF2 or
pShuttleDE3KanF2 vector. Second, PmeI-linearized shuttle
vector was homologously recombined to the backbone plas-
mid pMG553, which contains the chimeric fiber gene encoding
the knob domain of Ad3 (Davydova et al., 2004), generating the
backbone vectors for the wild-type E1 vectors Ad5/3-ADP-
hNIS and Ad5/3-hNIS. Prostate-specific versions of these
constructs were generated as described (Yamamoto et al., 2003)
after the cyclooxygenase-2 (COX-2) promoter of the pShut-
tleCox-2LE1F vector was removed and the ARR2PB com-
posite PB promoter was inserted by blunt-end ligation. The
purified Ad5/3PB-ADP-hNIS and Ad5/3PB-hNIS stocks
were quantified at 6 · 1010 and 3 · 1010 vp/mL, respectively.
Ratios of viral particles (vp) to plaque formation units (pfu)
for both Ad5/3PB-ADP-hNIS and Ad5/3PB-hNIS were *30
vp/pfu. No wild-type E1 virions were detected by quantita-
tive PCR (QPCR). Purified virions were also confirmed by
QPCR to contain the PB promoter, 5/3 hybrid fiber, and ADP
genes. The construction of the Ad5PB-RSV-NIS vector has
been previously described (Trujillo et al., 2010).

MTS assays of cytopathic effect

Cells (5,000 per well) were seeded in 96-well tissue cul-
ture plates and infected at the indicated MOI 24 hr later
with a final medium volume of 200 lL. At the indicated
time points, 50 lL of CellTiter 96 Aqueous One Solution Cell
Proliferation Assay (Promega Corporation, Madison, WI)
was added to each well and incubated at 37�C, 5%CO2 for
2 hr. After incubation, absorbance at 490 nm was recorded
using a Multiskan EX plate spectrophotometer (Thermo
Electron Corporation, Waltham MA).

Crystal violet staining assays of cytopathic effect

Cells (50,000 per well) were seeded in 24-well tissue cul-
ture plates and infected 24 hr later at the indicated MOI.
Seven days post infection, culture medium was removed and
cells were incubated in 10% formalin for 5 min. Formalin was
aspirated and cells were incubated at room temperature in
1% crystal violet in 10% methanol for 20 min. Cells were then
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rinsed twice with distilled water and photographed with a
CoolPix 5700 camera (Nikon Corporation, Tokyo, Japan).

Radioisotope uptake assays

Cells (105 per well) were seeded in 12-well tissue culture
plates and infected as above. At the indicated time points,
culture medium was aspirated, rinsed, and replaced with
10 mM HEPES in Hank’s Balanced Salt Solution (HBSS)
containing 0.1 mM NaI and 105 cpm of 125I. Control incuba-
tions included 0.1 mM KClO4 to confirm NIS-specific isotope
uptake (data not shown). Cells were incubated for 45 min at
37�C, 5% CO2, followed by aspiration and rinsing in ice-cold
HBSS, then lysed in 1 M NaOH for 5 min with shaking.
Radioactivity of lysates was measured using a Wizard2 2470
Automatic Gamma Counter (PerkinElmer, Waltham, MA).

Burst assays

Cells (4 · 106) were plated on 100-mm dishes and infected
at MOI 20 of virus, followed 4 hr later by washing and re-
placement with 10 ml of fresh medium. At 48 and 96 hr post
infection, medium was collected and titered by plaque assay
on HEK 293A cells.

Animal studies

All experimental protocols were approved by and con-
ducted under guidelines of the Mayo Foundation Institu-
tional Animal Care and Use Committee. All animals were
purchased from Harlan Laboratories (Indianapolis, IN) and
maintained in the animal barrier facilities of the Mayo
Foundation.

Subcutaneous tumor models

Xenografts of the LNCaP and C4-2 cell lines were estab-
lished by subcutaneous injection of 4 · 106 cells of the re-
spective line suspended in 250 lL of a 1:1 mixture of culture
medium and BD Matrigel Basement Membrane (BD Bio-
sciences, Franklin Lakes, NJ) in the right flanks of 4–6-week-
old Foxn1nu mice (Harlan). Mice were examined twice
weekly for tumor development. LNCaP tumors appeared
4–8 weeks post injection, and C4-2 tumors appeared 2 weeks
post injection. Mice were kept on an iodine-deficient diet
supplemented with L-thyroxine (5 mg/L) in the drinking
water to reduce thyroidal iodine uptake.

In vivo radioisotope uptake measurement
by SPECT-CT

Mice bearing tumor xenografts of 200–250 mm3 were in-
jected intratumorally with 109 pfu of the viral constructs de-
scribed above, or left untreated as control (n = 4 per group). At
the given time points (measured in days post viral injection),
mice were injected intraperitoneally with 0.5 mCi of 99Tc as
sodium pertechnetate. Mice were then anesthetized by in-
duction of 4% isofluorane using a Summit Medical An-
esthesia Machine (Summit Medical Equipment Company,
Bend, OR), transferred to the examination bed of a Gamma
Medica XSPECT System (Gamma Medica, Inc., Northridge,
CA), and kept under anesthesia by induction of 2% iso-
fluorane through a nose cone. The SPECT Scan was per-
formed with a parallel-hole collimator, field of view of

12.5 cm, with resolution of 1–2 mm. Sixty-four projections,
10-sec each, were acquired to create a three-dimensional
isotope uptake map. The CT scan was performed with a
continuous circular orbit 256. Images were acquired at
80 kVp and 0.28 mA, 50-lm slice thickness, 43-lm resolution.
Intratumoral radioisotope uptake was quantified using the
PMOD Biomedical Image Quantification and Kinetic Mod-
eling Software (PMOD Technologies, Zurich, Switzerland).

Efficacy studies

Mice bearing LNCaP xenografts of *100 mm3 were sorted
randomly into five groups: one receiving no treatment
(control), two receiving an intratumoral injection of 109 pfu
(3 · 1010 vp) of the indicated vector (virotherapy), and two re-
ceiving a viral injection followed by an intraperitoneal injection
of 2 mCi of 131I 4 days post infection (radiovirotherapy). For
reporting purposes, the day virus was injected was set as day
0. Tumor volumes were measured twice weekly until mice
were euthanized due to tumor growth beyond 1,000 mm3 or
ulceration of tumor, as required by our animal use commit-
tee. Mice that did not die due to tumor burden were cen-
sored, and all surviving mice were euthanized at 100 days
post treatment.

Results

In vitro studies

In order to characterize the specificity of the CRAds, we
first examined both the specificity of virus-mediated cell
death and radioisotope uptake. For this, we conducted
experiments in three prostatic cell lines: the androgen-
dependent LNCaP, its androgen-independent, AR-expressing
derivative C4-2 (Gregory et al., 2001), and the AR-lacking
PC-3 cell line.

Cytopathic effect of Ad5/3PB vectors

MTS assays and crystal violet stains of infected cells
showed that both Ad5/3PB-ADP-hNIS and Ad5/3PB-hNIS
lysed AR-expressing cell lines (Fig. 1B and C). Inclusion of
the ADP increased the speed of cell lysis, reducing the ef-
fective dose for cytopathic effect by 10-fold in MTS assays
and nearly 100-fold in the LNCaP crystal violet stain. In
contrast, the PB promoter-controlled vectors induced little
cytopathic effect at high MOI in nonpermissive PC-3 cells.
Infections performed alongside these using nonspecific con-
trol viruses including wild-type E1 promoters showed no
difficulty in lysing PC-3 cells (Supplementary Fig. S1; Sup-
plementary Data are available online at www.liebertpub
.com/hum).

Radioisotope uptake in CRAd-infected cells

Figure 2 shows specific radioiodide uptake in AR-expressing
cell lines, indicating activation of the MLP and late-stage gene
expression. Uptake was inhibited by exposure to KClO4, con-
firming NIS-mediated concentration of 125I (Supplementary
Fig. S2). Peaks of uptake occurred the day prior to cytopathic
effect as measured by MTS (Fig. 1B) and fell afterward as cells
lysed. Reducing the viral dose delayed the peak uptake as ex-
pected. As with the MTS assays, infection of PC-3 cells with
nonspecific control vectors induced radioisotope uptake
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similar to that observed with the CRAds in permissive cells,
showing that the PB-promoter E1 control also prevents off-
target NIS expression (Supplementary Fig. S3).

In addition, inclusion of the ADP led to distinct pheno-
types of iodide uptake. Inclusion of the ADP led to discrete,
sharp peaks of uptake, which declined rapidly due to more
rapid cell lysis. In contrast, the ADP-lacking vector showed
greater uptake in terms of both magnitude and duration. The
increased length of uptake with ADP-lacking vector corre-
lated well with the slower rate of viral lysis seen in the MTS
and crystal violet assays above. However, at low-dose in-
fection, Ad5/3PB-ADP-hNIS induced uptake more quickly
after infection than its ADP-lacking counterpart (Fig. 2B).

Burst assays

Permissive cell lines showed robust viral production 2
days post infection with Ad5/3PB-ADP-hNIS and 4 days
post infection with Ad5/3PB-hNIS, resulting in 102–103

progeny pfu per cell (Fig. 3). By contrast, nonpermissive cell
lines produced very weak viral bursts, failing to produce
more than one progeny per 10 cells. Although cytotoxicity
was observed in cells at 96 hr post infection, this did not
result in productive viral replication.

In vivo SPECT-CT imaging of xenograft tumors

Mice harboring PCa xenografts were given an in-
tratumoral injection of 109 pfu of a viral construct and im-
aged serially by SPECT-CT (Fig. 4A). Pilot experiments
revealed that infected LNCaP and C4-2 xenografts demon-
strated robust uptake of 99Tc after infection (data not shown);
however, LNCaP tumors were used for long-term imaging
and efficacy studies for closer comparison with previous
work. Long-term imaging of infected LNCaP xenografts
showed uptake well above untreated tumors, nearing *8–9%
of the 0.5-mCi injected dose of isotope at its peak (Fig. 4B).
As expected, both Ad5/3PB-ADP-hNIS and Ad5/3PB-hNIS

FIG. 1. Structures and cy-
topathic effect assays. (A)
Diagrams of the Ad5/3PB-
ADP-hNIS and Ad5/3PB-
hNIS structures. (B) MTS
assays: 5,000 cells were in-
fected at the MOIs shown,
and absorbance at 490 nm
was read in triplicate at each
time point. (C) Crystal violet
stains of cells infected with
CRAds at the MOIs shown.
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were outperformed early in infection by Ad5PB-RSV-hNIS,
where NIS expression is driven by the strong, nonspecific
RSV promoter and is not dependent on viral replication.
Later time points revealed increasing uptake induced by
Ad5/3PB-ADP-hNIS, consistent with rapid viral replication.
These in vivo uptake results resemble those seen in the in vitro
uptake assays at low-dose infection, which resulted in earlier
uptake in cells infected with Ad5/3PB-ADP-hNIS.

Efficacy

The potential utility of our CRAd constructs is measured
most importantly by their ability to extend the survival of
tumor-bearing mice after radiovirotherapy treatment. To test
this, we administered 109 pfu (3 · 1010 vp) of Ad5/3PB-ADP-
hNIS or Ad5/3PB-hNIS via intratumoral injection to *100-
mm3 LNCaP tumors. Four days later, mice injected with
either vector were additionally treated with 2 mCi of 131I
(n = 10 for each group). Mice were then killed when the tu-
mors grew to greater than 1,000 mm3 or ulcerated, or the
mice exhibited other obvious signs of distress. Two mice that
died for reasons other than those listed were censored. Un-
treated LNCaP tumors varied in the onset of logarithmic

FIG. 2. 125I uptake kinetics. (A) Cells (105) from permissive and nonpermissive lines were infected with the CRAd vectors
and measured daily for radioisotope uptake as described. (B) Comparison of uptake in low-dose infection. Cells were infected
with either Ad5/3PB-ADP-hNIS or Ad5/3PB-hNIS at MOI 0.1.

FIG. 3. Burst assay: 4 · 106 of the described cells were in-
fected at MOI 20, and the medium was titered for pfu at 2
and 4 days post infection by plaque assay on HEK 293A cells.
*Below detectable threshold of 1,000 pfu.
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growth, similar to previous work (Trujillo et al., 2010), but by
5 weeks 90% of the control mice were killed (Fig. 5A). By
contrast, tumor growth curves showed that the growth of
tumors was heavily suppressed or reversed by treatment
with Ad5/3PB-ADP-hNIS and radioiodide. Treatment with
Ad5/3PB-hNIS was only significantly different from control
when combined with radioiodide ( p = 0.02). Treatment with
Ad5/3PB-ADP-hNIS followed by 131I treatment induced the
most profound effect compared with controls, resulting in
40% survival at 100 days post infection ( p < 0.001 vs. control).
While providing the most significant survival extension
against control tumors, statistically significant survival ex-
tension was not observed between Ad5/3PB-ADP-hNIS
alone and virus plus iodine ( p = 0.108).

Discussion

We have generated CRAd vectors that combine 131I ther-
apy with conventional virotherapy, a treatment termed
radiovirotherapy (Dingli et al., 2004). These vectors build
upon our previous work with nonreplicating (Kakinuma
et al., 2003) and conditionally replicating (Trujillo et al., 2010)
vectors to create more effective means of PCa treatment.
Radiovirotherapy improves overall treatment effectiveness
through a bystander effect mediated by decay of 131I. Ad-
ditionally, such multimodal therapies address the problem of
heterogeneity within a tumor cell population where muta-

tions often confer resistance to monotherapies (Hanahan and
Weinberg, 2011).

Ad5/3PB-ADP-hNIS and Ad5/3PB-hNIS resulted in ro-
bust radioiodide uptake and tumor cytolysis in AR-
expressing cell lines, including the androgen-resistant PCa
line C4-2. This is a critical observation because the majority
of androgen-resistant PCas maintain expression of the AR
(Holzbeierlein et al., 2004; Crnalic et al., 2010). Our in vitro
results with the C4-2 cell line support the usefulness of the
PB promoter system in androgen-resistant prostate tumors
(Andriani et al., 2001). The minimal cytolysis and 125I uptake
observed in nonpermissive cells infected with our CRAds
suggested that MLP control of NIS results in tumor-specific
transgene expression. These constructs reduce the possibility
of toxicity from off-target viral infection and radioiodide
uptake present in our previous vector (Trujillo et al., 2010).
Additionally, this makes NIS expression a stronger indicator
of viral replication in these vectors. However, cytolysis and
induction of NIS expression in PC-3 cells infected with wild-
type E1 vectors show the usefulness of the modified fiber
protein in binding to CAR-poor cells such as the PC-3 line
(Dash et al., 2010; Murakami et al., 2010).

The inclusion of ADP led to faster in vitro cytolysis, af-
fecting radioisotope uptake in important ways. ADP over-
expression hastened cell killing and enhanced spread, which
resulted in earlier peaks of radioiodide uptake at low MOI.
These results agree with those of other groups using transgene

FIG. 4. In vivo radioisotope uptake of LNCaP xenografts. Tumor-bearing mice (n = 4) were imaged at the time points shown
after injection of 109 pfu of virus. At each time point, mice were injected intraperitoneally with 0.5 mCi of 99Tc and imaged
by SPECT-CT 1 hr later. Intratumoral uptake was recorded by volume-of-interest analysis. (A) Cross-sectional views of
intratumoral isotope concentration. (B) Radioisotope uptake kinetics over 3 weeks of imaging. p.i., post infection.
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expression as a replication marker of ADP-overexpressing
virions (Barton et al., 2006; Davydova et al., 2010). ADP ex-
pression also reduced the peak and duration of uptake at high
MOI with Ad5/3PB-ADP-hNIS, because radioiodide concen-
tration requires an intact cell membrane. However, SPECT-CT
imaging showed the enhanced spread to be far more impor-
tant in improving radioisotope uptake in vivo.

Our in vivo efficacy studies showed that treatment with
Ad5/3PB-ADP-hNIS resulted in a significant oncolytic effect.
Radiovirotherapy with Ad5/3PB-ADP-hNIS resulted in 40%
survival at day 100. Although radiovirotherapy with intra-
tumorally administered Ad5PB-RSV-NIS was equally ef-
fective in this model (Trujillo et al., 2010), it is an open
question whether this vector will be as effective after sys-
temic administration, where issues of low initial transduction
and off-target transduction are of much greater concern. The
increased specificity of hNIS expression and rate of viral
replication observed in Ad5/3PB-ADP-hNIS may improve
outcome and should be investigated. In contrast, Ad5/3PB-
hNIS showed no significant survival extension as a mono-
therapy, and minor efficacy against control when combined
with radioiodide administration. This indicates that the in-
creased rate of spread seen in AD5/3PB-ADP-hNIS resulted
in more viral oncolysis. SPECT-CT imaging at 4 days post
infection showed double the radioisotope uptake in AD5/
3PB-ADP-hNIS–infected tumors compared with Ad5/3PB-
hNIS-infected tumors. Although this indicated that ADP
expression improved both radioisotope uptake and viral
oncolysis and contributed to survival extension, the benefit
of radiovirotherapy compared with virotherapy alone did
not reach statistical significance in this model. However, as
we consider systemic administration methods where even
lower initial transduction rates are observed, these bystander
effects may play more important roles in outcome.

In conclusion, Ad5/3PB-ADP-hNIS represents the next
step in our development of Ad-NIS vectors for PCa treat-
ment, maintaining efficacy while addressing issues of
transgene specificity and inconsistent Ad5 receptor expres-
sion on target cells. The results indicate that these vector
enhancements improved specificity and therapeutic efficacy
of viral oncolysis, and NIS expression in a PCa model.
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