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In vivo and ex vivo gene therapy strategies to treat tumors
using adenovirus gene transfer vectors

Abstract The adaptation of gene therapy strategies to
treat tumors has broadened the potential armamentar-
ium of anticancer strategies to include approaches for
local control of tumor growth as well as to enhance
systemic antitumor immunity to treat metastases. A
major focus of the author and colleagues has been to use
replication-de®cient adenovirus vectors, both in vivo
and ex vivo, to enhance local control of and systemic
immunity against cancer. Several examples will be used
to demonstrate these strategies. Using prodrugs, sys-
temically administered drugs converted to toxic metab-
olites in the local tumor milieu, has proven to be a useful
strategy for achieving high local concentrations of the
toxic product while avoiding the systemic toxicity that
limits the use of chemotherapy agents. Transfer of genes
encoding cytosine deaminase (with 5-¯uorocytosine) and
carboxylesterase (CE) (with irinotecan) are two para-
digms that have been used in our laboratory. The data
demonstrate that using adenoviruses to deliver these
genes to the tumor site leads to production of the active
chemotherapeutic agent, which di�uses from the cell in
which it was produced to suppress tumor growth and
attain regional control in a single organ. Extensive ex-
perimental and clinical data now exist to support the
concept that tumor growth is critically dependent on
angiogenesis and that vascular endothelial growth factor
(VEGF) appears to play a central role in the process of

tumor neovascularization. Data generated in our labo-
ratory have shown that adenovirus-mediated regional
anti-VEGF therapy using a gene encoding a soluble
form of ¯t-1 (one of the VEGF receptors) can be used
for regional control of tumor growth. The critical de-
pendence of many tumors on VEGF for ne-
ovascularization and dissemination predicts the general
applicability of this strategy for treatment of many solid
tumors. Another paradigm involves dendritic cells, po-
tent antigen-presenting cells that play a critical role in
the initiation of antitumor immune responses. Immuni-
zation of mice with dendritic cells genetically modi®ed
using an adenovirus vector transferring a gene encoding
a tumor antigen confers potent protection against a
lethal tumor challenge, as well as suppression of prees-
tablished tumors, resulting in a signi®cant survival
advantage. One clinical scenario to which this approach
is relevant is treating micrometastases present at the time
of primary detection of many malignancies. A possible
clinical strategy would be to modify dendritic cells from
such patients using an adenovirus vector encoding the
relevant tumor antigen, and then administering the ge-
netically modi®ed dendritic cells as adjuvant treatment
following primary therapy.

Introduction

Gene therapy represents a treatment strategy where ge-
netic information, usually in the form of DNA, is used
to modify the genetic repertoire of patient target cells for
therapeutic purposes [2, 15, 72, 104]. For any gene
therapy application, the therapeutic goal dictates the
choice of which gene is to be used, which strategy will be
used to transfer the gene to the nucleus of the target
cells, and whether the gene transfer process will be ac-
complished ex vivo or in vivo. Because the process of
transferring genes is ine�cient, it is usually accom-
plished by combining the gene with a vector, typically a
modi®ed virus or liposome. Ex vivo gene therapy de-
scribes a strategy where target cells are genetically
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modi®ed in the laboratory, and the altered cells are then
administered to the individual. In contrast, in vivo gene
therapy is a strategy where the genetic information is
directly administered to the individual, and as such is
analogous to the administration of conventional drugs.

In the past several years, the author and coworkers
have been interested in the use of adenovirus (Ad) gene
transfer vectors for the treatment of malignant disor-
ders. To provide an overview of our work in this area,
this review describes several strategies regarding cancer
therapy using Ad vectors. In in vivo prodrug strategies,
an Ad vector is used to deliver to the tumor a gene
encoding an enzyme that converts an innocuous pro-
drug to an active chemotherapeutic agent in the local
milieu. This provides a means of lowering the systemic
dose of the chemotherapeutic agent. In an antiangio-
genesis strategy, an Ad vector is used in vivo to deliver
to the organ containing the tumor a soluble form of the
¯t-1 receptor for vascular endothelial growth factor
(VEGF). This prevents tumors from using VEGF to
stimulate local angiogenesis, thus limiting the ability of
tumors to obtain an adequate blood supply. In an ex
vivo strategy, an Ad vector is used to modify dendritic
cells (DCs) genetically with a gene encoding a tumor
antigen. The modi®ed DCs are administered to the
syngeneic host, thus providing a means for ``profes-
sional'' antigen-presenting cells to stimulate immunity
against the tumor.

Ad gene transfer vectors

Ads are DNA viruses containing a 36-kDa double-
stranded viral genome surrounded by a protein capsid
[for a general review of Ads see 87; for reviews of Ad

gene transfer vectors see 9, 20, 34, 104]. There are 49
Ad serotypes, categorized into 6 subgroups. The Ads
conventionally used for gene transfer are all from
subgroup C, usually serotype 5 or 2. The Ad genome
comprises early (E1±E4) and late (L1±L5) genes. For
most gene therapy applications, the E1 genes are de-
leted, rendering the virus unable to replicate. For can-
cer therapy applications, the E3 genes are usually
removed to make room for the expression cassette, and
to eliminate genes that Ads use to hide from antiviral
host defenses. Other regions of the Ad genome, such as
the E2 and E4 genes, can also be removed, although the
advantages of doing this for tumor therapy applications
are not proven.

The expression cassette, containing a promoter and
the therapeutic gene, is usually inserted into the E1 po-
sition (Fig. 1). The infectious but replication-incompe-
tent vector is produced by transfecting recombinant
DNA into 293 human embryonic kidney cells, a cell line
that provides the products of the missing Ad E1 genes,
permitting the virus to replicate. Following puri®cation
by CsCl gradient centrifugation and dialysis, the Ad
vector is stored at )70°C until use. With this approach,
1013 Ads with a titer of 109±1010 plaque-forming units
(pfu)/mL can be easily produced.

Prodrug gene therapy

The concept underlying prodrug gene therapy is local-
ization of chemotherapy to the region where the trans-
gene has been transferred, thus concentrating high
concentrations of the active chemotherapeutic agent at
that site [14, 17, 82]. All gene therapy prodrug strategies
are based on the theoretical concept that the systemic

Fig. 1 Ad vector design, produc-
tion, and gene transfer. To produce
an Ad vector, the E1 sequences (and
E3 sequences if the space is needed)
are deleted. The expression cassette
containing the promoter and trans-
gene is inserted (usually in the E1
position) and the vector DNA is
transfected into a complementary
cell line with E1 sequences in its
genome. The Ad vector with its
expression cassette is E1) and thus
incapable of replicating. The vector
binds to the target cell through
interactions of the Ad ®ber and
penton base with speci®c receptors,
enters the cell via a cytoplasmic
endosome, breaks out, and delivers
its linear, dsDNA genome with the
expression cassette into the nucleus
where it functions in an
epichromosomal fashion to direct
the expression of its product. Re-
produced, with permission, from
Crystal et al. [15]
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toxicity associated with chemotherapeutic agents might
be minimized by transferring to tumor cells and the
surrounding tissues an enzyme capable of converting an
administered inactive prodrug to a toxic chemothera-
peutic agent, thus achieving high concentrations of the
toxic product only in the milieu of the tumor [33, 68].
Examples of this strategy include transfer of the herpes
simplex virus thymidine kinase gene to allow cells to
convert ganciclovir to active agents to suppress growth
of tumors [13, 16, 19, 47, 60, 93, 98]; transfer of cytosine
deaminase (CD) to convert 5-¯uorocytosine (5-FC) to
5-¯uorouracil (5-FU) for the treatment of colorectal
cancer [38, 44, 70, 71, 76, 101]; transfer of deoxycytidine
kinase to convert cytarabine to cytarabine 5¢-phosphate
for the treatment of glioma [62]; transfer of nitroreduc-
tase to activate CB1954 for the treatment of colorectal
cancer [32]; and transfer of carboxypeptidase G2 to ac-
tivate 4-[(2-chloroethyl) (2-mesyloxyethyl) amino] ben-
zoyl-L-glutamic acid (CMDA) for the treatment of
ovarian cancer [63].

5-FC/CD/5-FU

In vivo gene therapy with the CD gene is a paradigm of
how to provide high local concentrations of 5-FU to
colorectal carcinoma metastatic to the liver [3, 38, 42±44,
68, 70, 71, 81, 101]. CD catalyzes the deamination of
cytosine to uracil, and thus the conversion of 5-FC to 5-
FU [68]. Mammalian cells do not produce CD, but the
enzyme is present in bacteria and fungi [1, 3, 42, 51, 70].
In contrast to the multiple adverse e�ects of systemic
administration of 5-FU, systemic administration of 5-
FC is remarkably free of complications [6]. In tumor
models in experimental animals, when the cytosine de-
aminase gene is transferred to colon carcinoma cells and
the animals are treated with systemic 5-FC, high local
concentrations of 5-FU are produced by intratumoral
conversion of 5-FC to 5-FU. This has been demon-
strated in ex vivo models using the CD gene [42, 43, 71]
and in an in vivo model of subcutaneous tumors using
direct Ad-mediated delivery of the CD gene to tumor
cells [38].

While direct in vivo transfer of the CD gene plus
systemic 5-FC to well-de®ned colorectal carcinoma me-
tastases is a useful demonstration of the ability of in vivo
gene transfer to suppress tumor growth, in the clinical
setting such a strategy will be limited to circumstances
where there are a few, well-de®ned, detectable metastatic
lesions. It would be more useful if this strategy could be
applied to the more common clinical scenario of multi-
ple hepatic metastases, particularly for suppressing the
growth of undetected micrometastases. Thus for in vivo
gene therapy with the CD gene plus systemic 5-FC to be
broadly useful, it will be necessary to adapt this prodrug
strategy to regional therapy. In this approach, the CD
gene would be delivered to a signi®cant proportion of
the liver, allowing local conversion of the systemically
administered 5-FC to provide high local concentrations

of 5-FU. Theoretically, the 5-FU would di�use region-
ally, suppressing the growth of the carcinoma while not
causing signi®cant toxicity to the normal liver.

Ohwada et al. [76] have developed a strategy directed
toward this therapeutic goal, i.e., to use Ad-mediated
regional transfer of the CD gene together with systemic
administration of 5-FC to suppress the growth of small
liver metastases of colon carcinoma cells. To accomplish
this, an animal model of liver metastases of human colon
carcinoma was established in nude mice, an Ad vector
containing the CD gene (AdCD vector) was transferred
to the lobe of the liver containing the metastases, and
systemic 5-FC was administered to the animals. Based
on the knowledge that there is a bystander e�ect when
the AdCD vector is transferred to a limited number of
cells in a population in the presence of 5-FC, it was
hypothesized that the 5-FU (and its metabolites) pro-
duced by the local CD/5-FC combination would di�use
regionally and provide local concentrations of 5-FU
su�cient to suppress the growth of colon carcinoma
cells. The data demonstrate that suppression of tumor
growth is feasible using regional therapy, with limited
and transient toxicity to liver hepatocytes (Fig. 2A [76]).
This approach expands the concept of Ad vector-medi-
ated CD gene prodrug therapy of colorectal carcinoma

Fig. 2 Suppression of the growth of tumors of human colon
carcinoma cells in nude mouse liver by an Ad vector expressing the
E. coli cytosine deaminase gene (AdCD) with concomitant
administration of the prodrug 5-FC. The data represent the
densitometric values of dot-blot analyses of human DNA (tumor
DNA) in mouse liver presented as a percentage of baseline values
(amount of human DNA in the mouse liver at day 0, before
therapy). The data includes densitometric values obtained 21 days
after therapy from uninfected animals not treated with 5-FC (no
virus, no 5-FC); AdCD-infected animals not treated with 5-FC
(AdCD alone); AdCD-infected animals treated with 5-FC (AdCD
+ 5-FC); uninfected animals treated with 5-FC (5-FC alone); and
Adbgal-infected (control Ad expressing the b-gal gene) animals
treated with 5-FC (Adbgal + 5-FC). Reproduced, with permission,
from Ohwada et al. [76]
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metastases to the liver from direct administration [38] to
regional control of the growth of micrometastases. We
have observed similar results when the AdCD vector has
been administered to the liver by the intravenous route
[101].

Irinotecan/CE/SN-38

The irinotecan/CE/SN-38 strategy, developed by Ko-
jima et al. [54], uses a cDNA encoding a human enzyme
(CE) to concentrate an active chemotherapeutic agent at
the site of a tumor. Irinotecan (7-ethyl-10-[4-(1-piperi-
dino)-1-piperidino] carbonyloxy-camptothecin), a
camptothecin analogue that functions as an inhibitor of
mammalian DNA topoisomerase I, is a chemothera-
peutic agent that is active against lung, cervical, ovarian,
and colorectal tumors, as well as leukemias and lym-
phomas [29, 64, 75, 90, 97]. The drug is unique among
the camptothecins in that it has a bulky piperidino side
chain at the C-10 position [56]. This side chain can be
cleaved enzymatically by CE to produce SN-38 (7-ethyl-
10-hydroxycamptothecin), which functions as a topo-
isomerase I inhibitor that is 1000-fold more potent than
irinotecan [48]. Since CE activity is found in serum and
some internal organs, irinotecan is classi®ed as a pro-
drug, being activated in vivo to produce the more potent
SN-38 [46]. In contrast to irinotecan, which is soluble in
aqueous solutions, SN-38 is insoluble, and thus not
useful as a chemotherapeutic agent despite its potency
[58]. Although irinotecan is now available as a chemo-
therapeutic agent for some indications, its usefulness is
limited by dose-dependent toxicity, primarily diarrhea
and granulocytopenia [73].

The strategy developed by Kojima et al. [54] circum-
vents the toxicity of irinotecan by transferring the CE
gene directly to the tumor, then administering irinotecan
directly to the tumor, i.e., a regional chemotherapeutic
strategy in which the prodrug irinotecan would be con-
verted to the more active SN-38 within the tumor, con-
sequently maximizing the exposure of the tumor cells to
the active agent while limiting systemic concentrations of
the drug and thus the systemic toxicity associated with
conventional use of irinotecan. To evaluate this strategy,
Kojima et al. constructed a recombinant, replication-
de®cient Ad vector containing human CE cDNA and
used the combination of local delivery of this gene
transfer vector and CPT-11 to suppress the growth of
lung tumor cells [54]. The data demonstrated that by
using an Ad vector to transfer CE cDNA, irinotecan was
incorporated by the tumor and converted to SN-38, with
consequent antitumor e�ects (Fig. 3).

One theoretical advantage of the AdCE/irinotecan
strategy is a ``bystander'' e�ect, where the active che-
motherapeutic agent di�uses from the tumor cell in
which it was produced to neighboring malignant cells in
su�cient concentrations to suppress growth. In this re-
gard, infection with the AdCE vector and the addition of
irinotecan alters the sensitivity of tumor cells in vitro to

allow toxicity at 7- to 17-fold lower doses of irinotecan,
with as few as 10% of A549 cells needing to be infected
with AdCE to result in cytotoxicity for as much as 48%
of the total population of tumor cells [54]. In the context
that in vivo infection with gene transfer vectors has ef-
fectiveness limited to the proportion of the total number
of tumor cells that is infected [38, 44, 101], this approach
serves as a model for local adjuvant therapy for solid
tumors, such as the treatment of intrabronchial tumors,
tumors invading the chest wall, and inoperable intra-
pulmonary tumors.

Antiangiogenesis

The growth of tumors greater than 1±2 mm3 in volume
is critically dependent on angiogenesis to provide nu-
trients to the growing tumor [23, 27]. Among the several
mediators produced by tumor cells that have been im-
plicated in tumor angiogenesis [23, 26, 27, 53, 69],
VEGF appears to play a central role (Fig. 4A) [23, 25,
26, 52, 53, 69, 86, 88]. In this regard, VEGF is overex-
pressed in most human tumors and tumor cell lines [69,
85, 88, 91, 92]. The single-copy VEGF gene encodes a
dimeric glycoprotein that is secreted from cells in ®ve
isoforms, of which the 121- and 165-amino acid forms
dominate in tumors [21, 59, 78, 84, 100]. The VEGF
dimer signals endothelial cells to proliferate, migrate,
and form capillary tubes via interactions with ¯t-1 and/
or ¯k-1/KDR, high-a�nity receptors found almost ex-
clusively on endothelial cells [5, 18, 21, 36, 49, 65, 66,
79, 89, 99, 100]. ¯t-1 and ¯k-1/KDR are membrane-
spanning receptors characterized by the presence of
seven immunoglobulin-like sequences in their extracel-
lular domain, a transmembrane domain, and intracel-
lular tyrosine kinase domains containing a kinase insert
sequence [5, 18, 21, 36, 49, 65, 66, 79, 89, 99, 100]. In
response to binding of the VEGF dimer, dimerization of
the membrane-bound receptors occurs, followed by ac-
tivation of the intracellular tyrosine kinase domain,
autophosphorylation of the receptors, and consequent
tyrosine phosphorylation of mediators of intracellular
signal transduction [36, 100].

Since VEGF is overexpressed in most tumors, one
strategy to block the neovascularization of tumors is to
infuse the tumor with a truncated, soluble form of a
VEGF receptor that will sequester VEGF produced by
the tumor and/or interact with the VEGF receptors in
the local milieu in a dominant-negative fashion, block-
ing their ability to be triggered by VEGF [49, 50, 55, 67,
100]. One challenge for this approach to tumor therapy
is how to achieve high concentrations of the truncated
receptor within the organ containing the tumor without
the potential risk of generalized inhibition of angiogen-
esis in other organs which normally require basal,
physiologic levels of neovascularization [4, 10, 11, 28, 35,
80, 102].

The strategy developed by Kong et al. [55] hypothe-
sized that regional anti-VEGF therapy, and hence re-
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gional control of tumor growth, might be achieved by
Ad-mediated regional transfer of the cDNA that en-
codes a secreted form of the extracellular domain of the
human ¯t-1 VEGF receptor (Ads¯t). Using subcutane-
ous, liver metastatic, and lung metastatic models of tu-
mor growth, the data demonstrated that the regional
delivery of the s¯t cDNA via an Ad vector dramatically
inhibits the growth of preestablished tumors in animal
models, but only within the organs to which the vector is
administered, i.e., the Ads¯t vector functions in a re-
gional fashion, providing anti-VEGF therapy only in the
milieu to which the therapy is directed (Fig. 4B, C) [55].
Of major importance is the ®nding that the e�ects are
regional, i.e., the suppression of tumor growth is con-
®ned to the target organs to which the Ad vector is de-
livered. Thus by administering s¯t via gene transfer with
an Ad vector, striking regional suppression of tumor

growth is achieved, thus obviating the theoretical risk of
promiscuous systemic antiangiogenesis.

These observations are also important in regard to
the general concept of the process of tumor-induced
neovascularization, conceptualized as an imbalance be-
tween angiogenic stimulators and inhibitors in the milieu
of the tumor in favor of the stimulators [23, 24, 26, 39,
61, 74]. Although it is recognized that several angiogenic
mediators are involved in tumor angiogenesis, the ®nd-
ing that regional disruption of the interaction between
VEGF and its native receptors leads to signi®cant tumor
suppression underscores the pivotal role of the VEGF/
VEGF receptor system in tumor angiogenesis [52, 69, 85,
86, 88]. In this regard, the critical dependence of many
tumors on VEGF for neovascularization for their
growth and dissemination predicts the general applica-
bility of the soluble VEGF receptor strategy to the
treatment of many solid tumors [55].

Genetically modi®ed DCs

Many tumor cells express epitopes on their surface that
provide a potential target for therapeutic vaccine strat-
egies that boost natural immune-mediated tumor
defense mechanisms [8, 40, 77, 94]. One challenge in
developing antitumor vaccines is to focus the immune
response speci®cally on the relevant tumor antigen. Song
et al. [94] approached this challenge by using replic-
ation-de®cient, recombinant Ad vectors to transfer a
gene encoding a tumor antigen to DCs ex vivo and ad-
ministering the genetically modi®ed DC to a syngeneic
host. This approach was chosen to capitalize on the

Fig. 3A±C In vivo growth of subcutaneous (A), A549 human lung
adenocarcinoma cell (B) H157 human lung adenocarcinoma cell,
and (C) HeLa cervical carcinoma cell tumors following local
administration of an Ad vector expressing the human CE gene
(AdCE) with concomitant administration of the prodrug irinote-
can. Tumors were established in Balb/c nu/nu mice by subcutane-
ous injection of 8 ´ 106 cells. After 7 days, tumors were randomized
to receive AdCE 109 pfu followed by irinotecan (m) or phosphate-
bu�ered saline (PBS; h); AdNull109 pfu (a control Ad without a
transgene) followed by irinotecan (n); or PBS only (s). Ad or PBS
was delivered intratumorally in a volume of 100 lL on day 8. After
24 h, the animals received once-daily intratumoral injections of
100 lL of irinotecan 10 lg/mL or PBS until day 15. The data are
expressed as means � standard error of the mean. *P < 0.05,
 P < 0.01 for size of tumors in mice treated with AdCE followed
by CPT-11 compared with other groups. Reproduced, with
permission, from Kojima et al. [54]
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biologic properties of Ad vectors and DCs that are rel-
evant to inducing antigen-speci®c cytotoxic T lympho-
cytes (CTLs) directed against speci®c antigens. In this
context, there is emerging evidence that in some cir-
cumstances Ad vectors can act as adjuvants to boost the
CTL response against heterologous transgenes [12, 22,
45, 83, 94, 106]. This evidence, together with the know-
ledge that genes expressed by Ad vectors are expressed
through the class I pathway [7, 30] and that DCs are the
most potent members of the general class of antigen-
presenting cells [31, 95, 96, 107], led us to the hypothesis
that by genetically modifying DCs using an Ad vector
encoding a tumor antigen might help focus the immune
response on generating antigen-speci®c CTLs.

To assess the ability of Ad vectors to modify DCs
genetically ex vivo and the ability of DCs modi®ed with
model antigens and transferred to a syngeneic host to
induce antigen-speci®c CTLs, prevent tumors from de-
veloping in animals challenged with tumor cells ex-
pressing the model antigen, and suppress the growth of
preexisting tumors composed of the same tumor cells,
we utilized freshly isolated DCs from Balb/c mouse bone
marrow. By using an Ad vector expressing b-galactosi-
dase (b-gal) as a model tumor antigen and the Balb/c
syngeneic colon carcinoma cell line CT26.CL25 ex-
pressing b-gal [103], the data demonstrated that ad-
ministration of DCs modi®ed to express b-gal induces
b-gal-speci®c CTLs, prevents tumor growth, and sup-
presses the growth of preexisting tumors (Fig. 5).

In vivo administration of these genetically modi®ed
DCs elicits a major histocompatibility complex-restrict-
ed, antigen-speci®c CTL response, protects syngeneic
mice against tumor challenge, and suppresses preexisting
lethal tumors. Importantly, a reduction in tumor burden

Fig. 4A±C Antiangiogenesis mediated by Ad vector-mediated
delivery of cDNA encoding the extracellular, soluble form of the
¯t-1 receptor (s¯t-1) for VEGF. (A) Concept of ``autoangiogenesis''
mediated by tumor cells. The tumor cells produce VEGF which
interacts with VEGF receptors (VEGF-Rs) on quiescent endothe-
lium in the local milieu. This induces neovasculaturization which,
in turn, helps the tumor grow. By providing a soluble form of ¯t-1
using an Ad vector, the VEGF±VEGF-R interaction is interrupted,
thus preventing the tumor from inducing the neovasculaturization
necessary for tumor growth. (B) and (C) Ads¯t expresses a
naturally occurring soluble, secreted form of the human ¯t-1
receptor. The product is identical to amino acids 1 through 657 of
the full-length receptor with a 31-amino acid C-terminal extension.
The cDNA encodes six of the seven extracellular immunoglobulin-
like domains, but lacks the transmembrane and intracellular
domains. AdNull has no transgene and was used as a control.
(B) E�ect of regional vs systemic in vivo administration of Ads¯t
on the growth of primary subcutaneous tumors. CT26.CL25 colon
carcinoma cells modi®ed to express b-gal [106] were allografted
subcutaneously into syngeneic Balb/c mice. Nine days later, PBS
(s), AdNull 5 ´ 108 pfu (h), or Ads¯t (d) was administered
directly into tumors that measured 25±30 mm2 or Ads¯t 5 ´ 108

pfu was administered intravenously (n). Data are means �
standard error. (C) Quanti®cation of the number of liver
metastases in untreated, AdNull-treated, and Ads¯t-treated ani-
mals. To evaluate the ability of the Ads¯t vector to suppress
preestablished metastatic liver tumors, 3 ´ 105 CT26.CL25 cells
were injected through the lower pole of the exteriorized spleen to
establish a primary splenic tumor and multiple hematogenously
disseminated liver metastases. Three days following tumor implan-
tation, Ads¯t 5 ´ 108 pfu or AdNull 5 ´ 108 pfu was administered
intravenously through the jugular vein, a route by which tumor
cells are known to be distributed to the liver (90% of a dose goes to
the liver and approximately 5% to the spleen [37, 41, 105]).
Animals were killed 15 days following vector administration, and
livers were harvested and stained for b-gal expression. To quantify
the tumor burden, the number of liver metastases were counted in a
blinded fashion with the aid of a dissecting microscope. Each data
point represents an individual animal. Only £250 metastatic
deposits per liver could be reliably enumerated; livers with >250
deposits were assigned an empirical number of 250 [57]. Repro-
duced, with permission, from Kong et al. [55]
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translated into a signi®cant survival advantage [94].
These observations underscore the ability of genetically
modi®ed DCs to present tumor antigens and induce
immunity against tumors e�ectively. With the discovery
and de®nition of more tumor antigens, this strategy of
genetic manipulation of DCs to express speci®c tumor
antigens may provide an e�ective treatment for an in-
creasing number of malignancies.
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