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With an estimated 25 500 new cases
and 16 000 deaths in 2004, ovarian
cancer is the fourth biggest cancer
killer among American women.1

Since early stage disease is often
asymptomatic, 70% of patients pre-
sent with advanced disease at the
time of diagnosis. While 70% of
patients relapse and available sal-
vage therapies are not curative,2

diagnostic methods for early detec-
tion and novel therapeutic ap-
proaches are urgently needed. In
the September issue of Cancer Re-
search,3 Tseng et al4 have now ex-
tended their previous observations
on the potential use of Sindbis
vectors as probes for in vivo localiza-
tion of ovarian cancer and as novel
antitumor agents.

Recurrent ovarian cancer is a good
candidate for intraperitoneal gene
transfer/virotherapy approaches as
it remains confined in the peritoneal
cavity in 85% of patients with ad-
vanced disease. Several such gene
transfer and virotherapy trials have
now been completed.5 From these
clinical trials, it has become obvious,
that one of the major hindrances in
optimizing gene transfer strategies,
pertains to the difficulty in monitor-
ing gene expression and viral repli-
cation in vivo. This frequently makes
selection of the phase II dose empiric
rather than based on comprehensive
assessment of biologic activity.
Furthermore, it has been difficult to
localize the therapeutic gene in tu-
mor cells in vivo.

Sindbis viruses have already been
explored as gene delivery vehicles.6

Sindbis is the prototype member of
the Alphavirus genus, consisting of
30 blood-borne human or animal
pathogens. They are replication de-
fective and the infected cell produces
no progeny viruses. However, the
packaged vector genomes are self-
replicating and can amplify in the
host cell to drive high levels of
transgene expression.9 Also, replica-

tion of viral RNA and expression of
nonstructural proteins induce apop-
tosis and cell death within 1 to 3
days after infection,7 making Sindbis
very attractive as a cytotoxic virus
for cancer therapy. In addition, be-
cause Sindbis is a blood-borne virus,
Sindbis vectors are suitable for sys-
temic administration, which repre-
sents an advantage in systemic
therapy of metastatic disease.8

Tseng et al3,4 gave a new dimen-
sion to potential applications of the
Sindbis vectors by using them as
probes to detect human and murine
ovarian tumors. They administered
Sindbis vectors expressing the firefly
luciferase gene (Sindbis/Fluc) to the
peritoneal cavity of SCID mice bear-
ing intraperitoneal human ES-2 clear
cell ovarian cancer or C57BL/6 mice
bearing syngenic murine MOSEC
ovarian tumors. After 1 day, they
gave the mice luciferin substrate and
imaged the mice noninvasively. Bio-
luminescent signals were detected in
Sindbis/Fluc-injected tumor-bearing
mice. Upon explantation and close
examination of the tissues, the
authors determined that the biolu-
minescent signals originated from
infected tumor cells and not murine
tissues.

These experiments revealed that
the Sindbis vector is tumor specific,
possibly due to tumor cell over-
expression of a 67 kDa high-affinity
laminin receptor (LAMR) through
which viral entry occurs. LAMR is
substantially upregulated in numer-
ous human cancers, including ovar-
ian cancer (68–87% of the patients).
Higher expression of LAMR is
linked with increased invasiveness
and malignant potential of different
neoplasms,10 and in contrast to nor-
mal cells, the majority of the LAMR
in cancer cells are not occupied by
laminin.11 The authors demonstrated
the impact of LAMR expression on
viral infectivity by generating a
stable clone of ES-2 cells expressing

a small interfering RNA against the
LAMR. This clone expresses 40% less
LAMR and resulted in a 50% de-
crease in vector infectivity. Whether
the tumor specificity of Sindbis virus
is solely due to a differential expres-
sion in LAMR remains to be seen as
the Sindbis nsp-2 protein, which is
required for replication and tran-
scription of the viral RNAs, also
plays an important role in suppres-
sing interferon-mediated anti-viral
response in infected cells.12

If the Sindbis vector only infects
tumor cells expressing high LAMR
levels, this could impose a limitation
to the widespread use of the vector
as a cancer probe because some
cancers may not express sufficient
levels of LAMRs, or there may be
heterogeneity in receptor expression
levels. In that case, cancer cells
expressing ‘low’ levels of LAMR are
less likely to be infected by the
vector. Furthermore, the role of he-
paran sulfate in the Sindbis vector/
tumor cell interaction and its impact
on selectivity needs to be further
characterized.13

Since 1989, more than 650 cancer
gene therapy clinical trials have been
initiated (Journal of Gene Medicine
website) but information on the
pharmacokinetics and pharmacody-
namics of transgene expression has
been limited. We do not know if the
lack of efficacy in some of these trials
is due to poor vector performance or
poor choice of transgene. Are the
transgenes expressed, and if so, how
high and for how long? There has
been tremendous progress made in
the technological aspect of noninva-
sive monitoring to address this
concern,14 and various types of stra-
tegies have been developed, includ-
ing the use of soluble marker
peptides to track the profile of
transgene expression. Indeed, the
first recombinant measles virus ap-
proved for phase I clinical testing for
ovarian cancer contains a soluble
CEA solely for the purpose of mon-
itoring the viral gene expression
profile.15,16 Multimodality imaging
strategies to determine sites and
levels of transgene expression based
on light (bioluminescence), near-in-
fra-red and radioactivity are also
being pursued.14

Tseng et al elegantly demonstrated
the value of including noninvasive
imaging to follow the efficiency of
gene transfer and monitoring ther-
apeutic outcome. Using ES-2 cells
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stably expressing firefly luciferase
(Fluc) and Sindbis vector expressing
Renilla luciferase (Rluc), they showed
a very good correlation between
tumor sites, vector delivery and trans-
gene expression. As Tseng and co-
workers pointed out, biolumine-
scent imaging is not ideal for applica-
tion in humans because light is
unlikely to penetrate through the
deep tissues. Instead, imaging based
on the decay of radionuclides as
gamma rays or positrons is likely to
be more practical in the clinic. Pre-
clinical development of these imaging
modalities using transgenes such as
the thymidine kinase gene from
herpes simplex virus-1 are very pro-
mising.14

As it pertains to antitumor effi-
cacy, treatment of SCID mice bearing
intraperitoneal ES-2/Fluc tumors
with the Sindbis vectors, expressing
the LacZ gene, significantly sup-
pressed tumor growth in treated
mice. Furthermore, Sindbis vectors
expressing the murine IL-12 and IL-
15 genes significantly suppressed
tumor growth as compared to mice
treated with Sindbis/Lac-Z, possibly
through recruitment of natural killer
cells and mobilization of macro-
phages, although this was not de-
monstrated. Use of Sindbis vector in
a MOSEC syngeneic ovarian cancer
model demonstrated tumor-specific
infection and prolongation of survi-
val in treated animals. Despite the
positive impact on survival, no ani-
mals in the treated group were cured
and they all eventually succumbed.
The authors hypothesized from pre-
vious data in other animal models
that the antitumor activity of the
Sindbis vector was due to induction
of apoptosis.17 Nevertheless, the im-
pact of anti-viral humoral and cellu-
lar immune response on treatment
efficacy after repeat administration
will need to be more thoroughly
investigated.

In summary, in the current and
previous works,3 Tseng et al high-
lighted two important areas for
cancer research and gene therapy:
(1) in vivo localization of tumor cells
and (2) noninvasive monitoring of
transgene expression. The novel use
of Sindbis/Fluc as a probe to light up
the tumors during surgery could
potentially make tumor identifica-
tion and debulking easier. Inclusion
of noninvasive monitoring of trans-
gene expression in clinical trials
could optimize viral dosing and
possibly improve the therapeutic
outcome. While light-based imaging
is not easily translatable into the
clinic for human use, it is a very
appealing modality for preclinical
development and monitoring of no-
vel gene-based therapeutics, because
of its convenience, safety, lack of
radioactive waste and lower cost
compared to gamma or PET ima-
ging. In addition, the potency of
these intrinsically cytotoxic vectors
can be enhanced via use of thera-
peutic transgenes such as cytokine
genes or possibly in combination
with other treatment modalities, thus
making Sindbis a potentially promis-
ing virus for clinical translation. ’
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