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The high molecular weight mucin-like glycoprotein, DF3 (MUC1), is
overexpressed in the majority of human breast cancers. Our ongoing
studies demonstrate that replication of defective recombinant adenoviral vectors, containing the DF3 promoter (bps -725 to +31), can be
used to express /3-galactosidase (Ad.DF3-/5gal) and the herpes simplex
virus thymidine kinase (HSV-tk) gene (Ad.DF3-tk) in DF3 positive
breast carcinoma cell lines. In vivo experiments using breast tumor
implants in nude mice injected with Ad.DF3-/£gal demonstrated that expression of the /3-galactosidase gene is limited to DF3-positive breast
cancer xenografts.
Moreover, in an intraperitoneal breast cancer
metastases model, we show that i.p. injection of Ad.DF3-tk followed by
GCV treatment results in inhibition of tumor growth. These results
demonstrate that utilization of the DF3 promoter in an adenoviral
vector can confer selective expression of heterologous genes in breast
cancer cells in vitro and in vivo.
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INTRODUCTION
Most patients with metastatic breast cancer succumb to their
disease.

Chemotherapy is often standard treatment for these

patients; however, effectiveness of the available chemotherapeutic
drugs is limited by lack of selectivity and a narrow therapeutic
window.

Gene therapy is a potentially novel approach to cancer

treatment.

In this context, transfer of suitable genetic material

into a specific cell type (either tumor or host) can be used to
alter the phenotype of the target cell.

One such strategy is

based on direct transfer of a "suicide gene" which encodes an
enzyme such as herpes simplex thymidine kinase (HSV-tk) that can
activate a prodrug within tumor cells and thereby render the tumor
cells sensitive to agents which are otherwise nontoxic to the
cell.

For example, ganciclovir (GCV) is a nucleoside that is

nontoxic to mammalian cells, but is lethal following
phosphorylation in cells that express HSV-tk (1-4).

While gene

therapy may provide a new therapeutic approach to breast cancer
treatment, clinical efficacy will probably require a gene delivery
system which possesses both high gene transduction efficiency and
target cell specificity.
Human adenoviruses are non-enveloped double-stranded DNA
viruses with a genomic size of approximately 36 kb (5,6).

The El

gene deleted adenoviruses are replication defective and can be
grown in a packaging cell line transformed with the Ela and Elb
genes (7).

Adenoviral vectors deleted at the El and E3 regions

are capable of accommodating DNA inserts up to 8 kb (8,9).
Moreover, adenovirus-mediated gene transfer is a highly efficient

means for delivery of genetic material into a wide spectrum of
cells both in vitro and in animals.

Although recombinant

adenoviruses hold promise for in vivo gene therapy and are being
tested clinically (10), one of the limitations of this vector
system for cancer therapy may be the non-specific transduction of
therapeutic genes into non-target cells.

One strategy to

circumvent this limitation would be to use a tumor-tissue
specific/selective promoter or enhancer to direct the expression
of a therapeutic gene in the desired target cells.
DF3 antigen (also designated MUC1 and episialin) is a member
of a family of high molecular weight glycoproteins which are
aberrantly overexpressed in most human breast cancers.

We have

previously shown that monoclonal antibody MAb DF3, prepared
against a membrane-enriched extract of a human breast carcinoma
metastatic to liver, reacts with over 75% of primary human breast
carcinomas (11).

Other studies have shown that overexpression of

the DF3 gene in human MCF-7 (12) and ZR-75 breast cancer cells
(13) is regulated at the transcriptional level.

Recent cloning

and characterization of the 5' flanking region of DF3 gene has
demonstrated that the DF3 gene expression is mainly regulated by
sequences between positions -598 and -485 base pairs upstream to
the transcription start site (14).

This region contains a

potential AP-2 site at position -587 (CCCCAGCC), an AP-3 site at
position -596 (GGAAAGTCC) , and SP1 sites at positions -582
(GGGCGG), -532 (GAGCGG), and -492 (GGGAGG).

In addition, an

unidentified eis element at position -505 to -485

(GGGAAGTGGTGGGGGGAGGGA) was found to specifically interact with
nuclear proteins from MCF-7 breast cancer cells (14).
In our ongoing work, we have constructed replication
defective adenoviral vectors containing the E. coli ß-galactosidase
gene (Ad.DF3-ß-gal) or the HSV-tk gene (Ad.DF3-tk) under control of
the DF3 promoter.

We have evaluated expression of the reporter

gene in DF3-positive and -negative cells in vitro and in vivo.

We

have also assessed the ability of Ad.DF3-tk to confer sensitivity
to GCV in human breast cancer models in athymic nude mice.

Our

results suggest that an adenoviral vector system containing the
DF3 promoter is capable of directing efficient and selective
expression of heterologous genes in DF3-positive breast
carcinomas.
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Experimental Methods
Cell culture.

The MCF-7, ZR-75-1, BT-20, and MDA-MB231

breast cancer cell lines were obtained from American Type Culture
Collection (ATCC, Rockville, MD).

The Hs578Bst myoepithelial cell

line derived from normal breast tissue adjacent to a infiltrating
ductal carcinoma (15) and the human T98G glioblastoma cell line
were also obtained from ATCC.

Cells were grown as monolayers in

recommended culture medium supplemented with 10% heat-inactivated
fetal bovine serum, 2 mM L-glutamine, 100 units/ml penicillin, and
100 ng/ml streptomycin.

Cells were maintained in a 5% CO2

humidified atmosphere.
Recombinant adenoviruses.

Recombinant adenoviruses Ad.DF3-

ßgal and Ad.CMV-ßgal derived from type 5 adenovirus (Ad 5), were
produced by homologous recombination in the human embryonic kidney
cell line 293 (7).

The DF3 51 flanking region (-725 to -31) was

inserted into Xho I and Spe I digested plasmid pCMVßgal (provided
by Dr. R. Crystal, Cornell Medical Center, NY).

The resulting

plasmid pDF3ßgal contains the E.coli ß-galactosidase (lacZ) gene
with the SV40 polyadenylation signal under the control of DF3
promoter and SV40 splice donor/acceptor signal, flanked by Ad 5
map units 0.0-1.3 and 9.3-17.3 (Fig. 1).

To construct AD.DF3-tk,

a 2.0 kb cDNA of HSV-tk (16) was used to replace the lacZ gene in
the shuttle plasmid pDF3ßgal (Fig. 1).

The shuttle plasmids were

cotransfected by calcium phosphate precipitation into 293 cells
together with pJM17 plasmid containing the adenoviral genome
(kindly provided by Dr. Graham, McMaster University, Ontario,

Canada).

Recombinant adenovirus was isolated from a single plaque

and expanded in 2 93 cells.

The viral DNA was purified and

analyzed by restriction enzyme digestion and by polymerase chain
reaction (PCR).

A pair of primers, 51-

TCTAGACTAGTGGACCCTAGGGTTCATCGGAG-3'and 5'AACTCGAGGATTCAGGCAGGCGCTGGCT-3' was used to amplify and verify the
presence of the DF3 promoter (-725 to -31) in the viral genome.
Ad.CMV-ßgal and AD.CMV-tk are structurally similar replicationdeficient recombinant adenovirus in which the lacZ and HSV-tk
genes, respectively, are under the control of cytomegalovirus
(CMV) immediate-early promoter and enhancer. Large scale
production of recombinant adenovirus was accomplished by growth in
293 cells and purification by double cesium gradient
ultracentrifugation as described (17).

The titers of purified

adenovirus were determined by a spectrophotometer and by plaque
assays.
Adenovirus infection in vitro.

Twenty-four h after plating,

cells were infected with adenovirus at a multiplicity of infection
(MOI) of 10-50.

48 h later or at a specified time post infection,

cells were evaluated for the expression of the reporter gene or
evaluated for sensitivity to GCV.
Assays for ß-galactosidase.

Histochemical staining with 5-

bromo-4-chloro-3-indolyl ß-D-galactoside (X-Gal).

Sections of

fresh frozen tissue (12 pm) or cells were fixed with 0.5%
glutaraldehyde in phosphate-buffered saline (PBS) containing 1 mM
MgCl2 for 10 min, rinsed with PBS, and then incubated with X-Gal (1
mg/ml), 5 mM K3Fe(CN)6, 5 mM K4Fe(CN)6, 1 mM MgCl2 in PBS for 4 h.

Flnorescftnr.ft-actjvat-.ed cell sorting (FACS) analysis.

(i)

Indirect immunofluorescent analysis of DF3 antigen. Cultured cells
(1-2 x 106) were washed extensively with 1% bovine serum albumin
(BSA) in PBS and incubated with MAb DF3 (1 jig/ml) or isotype
identical control antibody mouse IgG (F-8765, Sigma Chemical Co.,
St. Louis, MO) at 4°C for 1 h, and then washed with 1% BSA/PBS.
Cells were incubated with fluorescein isothiocyanate (FITC)conjugated goat anti-mouse IgG (F2012, Sigma) at 4°C for 1 h,
washed and analyzed on a Becton Dickinson FACScan.

Intensity of

fluorescence was determined for 10,000 cells and compared with the
fluorescence obtained using a non-reactive immunoglobulin of the
same isotype.

(ii) FACS-GAL assay (18).

Briefly, 1 x 106 cells

were suspended in 50 \xl of serum-free culture medium and warmed to
37°C.

An equal volume of 2 mM fluorescein di-ß-D-galactopyranoside

(FDG; Molecular Probes, Eugene, OR) was added to each aliquot of
cells.

The cells and FDG were mixed rapidly and incubated for 1

min at 37°C.

Thereafter, cells were washed once with 4 ml ice-

cold PBS and maintained in ice-cold PBS until analysis on a Becton
Dickinson FACScan.
Assays for GCV sensitivity in vitro.

Adenovirus (Ad)-

infected and noninfected cells were plated at 4 x 104 cells/well in
6 well plates.

GCV was added to the culture medium at various

final concentrations (0-250 \M) .

After 6-7 days of incubation,

cells were washed with PBS and trypsinized.

The number of viable

cells were determined by trypan blue exclusion.

Cell number was

also assessed using a colorimetric cell proliferation (XTT) assay
that measures the mitochondrial dehydrogenase activity of viable
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cells .

Results are expressed as a growth ratio of the number of

cells in plates containing drugs as a percentage of that in the
corresponding drug-free controls.
In vivo gene transfer to human breast cancer xenografts.
Female athymic nude mice (Swiss-nu/nu, Taconic, Germantown, NY),
20-25 g, were used.

For mice bearing MCF-7 or ZR-75-1 tumors, a

single pellet of 17,ß-estradiol (1.7 mg/60-day release, Innovative
Research, Toledo, OH) was implanted subcutaneously one day before
tumor inoculation.

i) Subcutaneous tumor model.

Cells (MCF-7,

ZR-75-1 and MDA-MB231) in exponential growth phase (1 x 107 in 0.2
ml) were injected subcutaneously in the flanks of the animals.

At

4 to 6 weeks after tumor implantation, up to 5 x 108 plaque-forming
units (pfu) of purified recombinant adenovirus in 20 n.1 were
injected into MCF-7, ZR-75-1, and MDA-MB231 xenografts, and into
limb skeletal muscle.
was used for injection.

A Hamilton syringe with a 26 gauge needle
The needle was coated with fine charcoal

particles to mark the needle tract in order to verify colocalization of the expression of the reporter gene with the viral
injection.

Three days after adenoviral infection, the animals

were sacrificed and expression of the reporter gene in tumor
xenografts and host tissues was evaluated.
tumor model.

ii) Intraperitoneal

MCF-7 cells (5 x 106) were injected i.p. for the

development of intraperitoneal tumors (day 0).

On days 4 and 5

after tumor cell injection, 1 x 109 pfu adenovirus in 0.5 ml PBS
were injected i.p. into the mice.

On day 7, the animals were

treated with either saline or GCV (125 mg/kg) daily for 4 days by
i.p. injection.

The animals were sacrificed at 5-6 weeks after

tumor inoculation.
animal.

Tumors were collected and weighed for each

Results
Selective expression of ß-galactosidase in human cell lines in
vitro.

A replication defective recombinant adenovirus was

constructed that contains the ß-galactosidase gene under control of
the DF3 promoter (Ad.DF3-ßgal; Fig. 1).

Expression of ß-

galactosidase was evaluated in Ad.DF3-ßgal-infected MCF-7, ZR-75-1,
BT-20, and MDA-MB231 breast cancer cells.

In addition, Hs578Bst,

a myoepithelial cell line derived from normal breast tissue and
T98G, a human glioblastoma cell line were used in these studies.
Each cell line was infected with either Ad.DF3-ßgal or Ad.CMV-ßgal
at a MOI of 50.

Expression of ß-galactosidase was observed in MCF-

7, ZR-75-1, and BT-20 cells infected with Ad.DF3-ßgal (Figs. 2A, B,
C), whereas little if any ß-galactosidase activity could be
detected in similarly infected Hs578Bst, MDA-MB231 and T98G cells
(Figs. 2D, E, F).

In contrast, all of these cell lines showed

strong expression of ß-galactosidase when infected with Ad.CMV-ßgal
(Figs. 2G, H, I) in which the reporter gene is under control of
the CMV early promoter and enhancer.

MCF-7 cells infected with

Ad.DF3-ßgal at an MOI of 50 exhibited highest ß-galactosidase
activity at day 3 to day 7 post infection.

Transgene expression

gradually decreased to approximately 15% of maximum at 2 weeks
post infection (data not shown).
Expression of ß-galactosidase in Ad.DF3-ßgal infected cells
correlates_with the expression of DF3.

To assess whether there is

a correlation between DF3 expression and capability of these cells
to express ß-galactosidase after Ad.DF3-ßgal infection, we examined
the presence of DF3 antigen in MCF-7, ZR-75-1, and Hs578Bst cells
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by FACS analysis.

MCF-7 and ZR-75-1 cells exhibited strong

reactivity with MAb DF3, a monoclonal antibody against DF3
antigen, while little if any MAb DF3 binding was detectable with
Hs578Bst cells (Fig. 3A).

Using the FACS-GAL assay, all MCF-7 and

ZR-75-1 cells infected with Ad.DF3-ßgal appear to express ßgalactosidase with an increase in mean fluorescent intensity of up
to 35-fold (Fig. 3B).

In contrast, there was little if any

expression of ß-galactosidase in Ad.DF3-ßgal-infected Hs578Bst
cells (Fig. 3B).

These findings support a correlation between the

presence of cellular DF3 antigen and expression of ß-galactosidase
in Ad.DF3-ßgal-infected cells.
Ad.DF3-tk sensitizes DF3-positive MCF-7 and ZR-75-1 breast
cancer cells to GCV in vitro.

Given the finding that the DF3

promoter can direct selective expression of a reporter gene, we
replaced the ß-galactosidase gene in Ad.DF3-ßgal with HSV-tk.

To

determine whether Ad.DF3-tk can confer sensitivity to GCV, MCF-7
and ZR-75-1 cells were transduced with Ad.DF3-tk at MOIs of 10 and
50.

Ad.CMV-tk was used in order to assess HSV-tk gene expression

under control of the different promoters.

Infection with Ad.DF3-

tk had little effect on cell viability (Fig. 4).

Moreover,

Ad.DF3-tk transduction conferred sensitivity of both MCF-7 and ZR75 cells to GCV (Figs. 4A, 4B), while nontransduced cells or cells
transduced with Ad.CMV-ßgal or Ad.DF3-ßgal (data not shown) were
insensitive to GCV (Fig. 4).

The degree of Ad.DF3-tk-mediated GCV

sensitivity was comparable to that obtained with Ad.CMV-tk.

In

contrast, when Ad.DF3-tk and Ad.CMV-tk were used to infect DF3-
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negative Hs578Bst epithelial cells, only Ad.CMV-tk infected cells
were sensitive to GCV (Fig. 4C) .
In vivo targeted gene expression in human breast cancer
xenografts.

To ascertain whether Ad.DF3-ßgal can confer selective

expression of ß-galactosidase in vivo, we injected up to 5 x 10^
pfu of Ad.DF3-ßgal into MCF-7 and ZR-75-1 cells grown as
subcutaneous xenografts in athymic nude mice.

Three days after

adenovirus infection, the tumors were excised and assayed for ßgalactosidase activity.

Expression of ß-galactosidase was

distributed extensively along the needle tract of Ad.DF3-ßgal
injection (as indicated by the co-localized charcoal particles) in
both MCF-7 and ZR-75-1 tumor nodules (Fig. 5A and B).

Blue

staining was detectable within the tumor mass, but not in the
surrounding normal tissue (Fig. 5B).

In contrast, when Ad.DF3-ßgal

was injected into DF3-negative MDA-MB231 tumors grown in nude
mice, there was no detectable ß-galactosidase staining along the
needle tract (Fig. 5C).

Intramuscular injections of Ad.DF3-ßgal

also resulted in no detectable ß-galactosidase activity (Fig. 5D),
while similar injections of Ad.CMV-ßgal into skeletal muscle was
associated with strong expression of ß-galactosidase (Fig. 5E).
ß-galactosidase expression after systemic administration of
Ad.DF3-ßgal and Ad.CMV-ßgal.

To further evaluate adenovirus-

mediated gene transfer to different tissues in vivo, 2 x 109 pfu of
either Ad.CMV-ßgal or Ad.DF3-ßgal was injected via tail vein.

Mice

were sacrificed 4 days after the injection and sections of the
liver, spleen, and lung were stained for ß-galactosidase activity.
Systemic injection of Ad.CMV-ßgal resulted in expression of ß-
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galactosidase in the liver parenchyma, in the splenic red pulp,
and diffusely in the lung (Fig. 6A).

By contrast, there was no

detectable ß-galactosidase staining in these tissues in mice
injected with Ad.DF3-ßgal.

Several foci of ß-galactosidase

staining were detected in MCF-7 tumors of animals that received
systemic Ad.DF3-ßgal (Fig. 6B).

However, i.p. injection of Ad.DF3-

ßgal into mice bearing intraperitoneal MCF-7 tumor was associated
with extensive expression of ß-galactosidase in the tumor (Fig.
6C) .
Treatment of intraperitoneal breast tumor.

In order to

evaluate the therapeutic efficacy of Ad.DF3-tk in human DF3positive breast cancer cells in vivo, nude mice were inoculated
i.p. with MCF-7 cells.

These mice developed tumor masses

throughout the peritoneal cavity and 2-4 ml of bloody ascites that
contained tumor cells (Fig. 7A) .

MCF-7 tumor bearing mice were'

treated with Ad.DF3-ßgal + saline, Ad.DF3-ßgal + GCV, Ad.DF3-tk +
saline and Ad.DF3-tk + GCV.

Adenoviruses were injected

day 4 after tumor inoculation.

i.p. on

GCV or saline injections were then

administered on day 7 afer tumor inoculation.

Untreated mice and

those treated with Ad.DF3-ßgal or Ad.DF3-tk + saline developed
multiple intraperitoneal tumors with bloody ascites.

In contrast,

there was no grossly identifiable tumor mass or only a few small
tumor clusters with no apparent ascites in the Ad.DF3-tk/GCVtreated mice (Figs. 7B and 7C) .

13

Discussion
The results presented here demonstrate that the DF3 gene
promoter in the context of a recombinant adenoviral vector can
confer selective expression of a reporter gene in DF3-positive
human breast cancer cells in vitro and in vivo.

Moreover, we

demonstrate that adenovirus-mediated transduction of HSV-tk under
control of the DF3 promoter can Confer selective sensitivity of
DF3 positive cells to GCV.

These findings support the use of

tumor-selective promoters to target expression of therapeutic
genes in adenovirus-mediated gene therapy.
Currently available in vivo gene delivery systems generally
lack target cell specificity.

Non-viral approaches, such as

ligand-DNA complexes mediated gene transduction through receptor
endocytosis have been reported to deliver genes through
asialoglycoprotein receptors (19,20).

This approach, however, is

largely hindered by the relatively low gene transduction
efficiency due to the endosomal/lysosomal trapping of the DNA
complex.

Although other approaches such as the use of DNA

liposome complexes (21,22) and direct injection of DNA (23) have
been applied for direct in vivo gene transfer, they are also
limited by relative low gene transduction or restricted target
tissues.

Retroviral vectors have been used extensively for gene

transfer, particularly for ex vivo gene therapy (24-27).

However,

application of retroviruses for in vivo gene therapy may be
limited by low viral titers and the dependence on target cell
replication.

In addition, random chromosomal integration of

retroviruses may raise some potential safety concerns.
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Recently, recombinant adenoviruses have been employed as a
highly efficient approach for in vitro and in vivo gene transfer.
Adenovirus-mediated gene transduction is independent of cell
replication and the virus is capable of infecting a broad spectrum
of eukaryotic cells.

However, one limitation of this vector

system for clinical application may be the non-specific
transduction of therapeutic genes into cells other than the target
cells.

This limitation may be especially critical in the case of

gene therapy for cancer, in which "suicide" genes are to be
delivered into the tumor cells.

Rat brain gliomas have been

treated by intracranial injection of adenovirus carrying HSV-tk
driven by the constitutive RSV promoter (28).

Since gliomas are

not metastatic and reside within a mitotically quiescent central
nervous system, the transduction of a prodrug-activating gene,
like HSV-tk, by local injection of adenovirus, is sufficient to
achieve tumor response.

However, in systemic tumors, successful

therapy may require both efficiency and specificity of gene
expression in target cells.

Therefore, one potential strategy is

to design an adenoviral vector in which a therapeutic gene can be
expressed selectively in tumor cells with little or no expression
in normal cells.

Although adenovirus infects a wide range of

cells, the present studies demonstrate that expression of a
heterologous gene under the control of DF3 promoter in the context
of an adenovirus vector is limited to DF3-positive breast cancer
cells.
To date, only a few tumor tissue-specific or -selective DNA
regulatory sequences have been identified.
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Moreover, most studies

of selective promoters to target tumor cells were performed in
cell culture or ex vivo models.

Selective expression in melanoma

cells has been reported using plasmids containing the promoters of
the genes encoding tyrosinase and tyrosinase related proteins
(29,30) .

The promoter of the a-fetoprotein gene (31), the

promoter of the oncogene ERBB2 (32), and recently the enhancer
sequence (-598 to -485) of the DF3 gene (33) have been explored in
the context of retroviral vectors to direct expression of prodrug
activating enzymes and to confer selective tumor killing in a
number of cancer cell lines in vitro.

However, to our knowledge,

there are no previous reports of using a tumor-selective promoter
in the context of an adenovirus vector to selectively kill tumor
cells in vivo.

In the present studies, we have demonstrated an

efficient and selective approach to target expression of
heterogous genes in DF3-positive breast cancer cells.
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CONCLUSIONS
The results suggest that recombinant adenoviruses containing the
DF3 promoter and therapeutic genes could have applicability in
gene therapy of breast cancer. Currently, recombinant adenoviral
vectors containing the DF3 promoter and other candidate
therapeutic genes including cytochrome P450 (34,35), and cytosine
deaminase (36,37) are being developed.

Of importance, El-deleted

adenoviral vectors used in our studies are referred to as "first
generation" vectors which have been associated with inherent
cytotoxicity and immunogenicity.

The engineering of newer

versions of vector by further crippling the viral genome (such as
E2a and E4) and by enhancing expression of the transgenes may
eventually lead to a vector system that is practical for human
gene therapy.
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Appendix
Figure 1. Schematic representation of the recombinant Ad.DF3-ßgal
and Ad.DF3-tk adenoviral vectors. Ad.DF3-ßgal was constructed byinsertion of a ß-galactosidase (lacZ) expression cassette
containing the DF3 promoter and SV40 polyadenylation signal at the
deleted El region Ad 5 (1.3-9.2 mu) . Ad.DF3-tk is a structurally
similar adenovirus in which the lacZ gene is replaced by the HSVtk gene.
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Figure 2. Expression of ß-galactosidase in human cell lines
infected with recombinant adenoviruses. Two days after adenovirus
infection (MOI = 50), cells were fixed in 0.5% glutaraldehyde and
stained with X-Gal for 4 h. MCF-7 (A), ZR-75-1 (B), BT-20 (C),
Hs578Bst (D), MDA-MB231 (E), and T98G (F) cells infected with
Ad.DF3-ßgal. Hs578Bst (G), MDA-MB231 (H), andT98G (I) cells
infected with Ad.CMV-ßgal. All panels lOOx magnification.
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Figure 3. ß-galactosidase expression in Ad.DF3-ßgal infected cells
correlates with expression of DF3 antigen.
(A) FACS analysis to
detect the presence of DF3 antigen in MCF-7, ZR-75-1 and Hs578Bst
cell lines. Cells were incubated with mouse IgG as control (curve
a) or MAb DF3 (curve b) and then FITC-conjugated anti-mouse IgG.
(B) FACS-GAL assay to analyze ß-galactosidase activity in
uninfected cells (curve a) or Ad.DF3-ßgal (MOI = 50) infected cells
(curve b). Y-axis indicates relative number of cells, x-axis
shows fluorescence intensity.
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Figure 4. Ad.DF3-tk selectively sensitizes DF3-positive breast
cancer cells to GCV. Cells were infected with Ad.DF3-tk or
Ad.CMV-tk at MOIs of 10 to 50. Uninfected cells or cells infected
with Ad.CMV-ßgal were used as controls. 48 h later, cells were
replated at 4 x 104 cells/well in 6-well plates. GCV was then
added at concentrations ranging from 0 to 250 \M. After 6-7 days
of incubation, viable cells were counted using trypan blue
exclusion. The effect of GCV on cell survival was expressed as
the growth ratio, i.e. cell number in wells containing drug as a
percentage of the corresponding drug free control (mean ± SE for
duplicate determinations.
(
□ ) no adenovirus; (
0 )
Ad.CMV-ßgal (MOI = 50); (
■ ) Ad.DF3-tk (MOI = 10); (
t )
Ad.DF3-tk (MOI = 50); (
• ) Ad.CMV-tk (MOI = 50). Similar
results were obtained in three separate experiments.
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Figure 5. Ad.DF3-ßgal mediated in vivo selective expression of ßgalactosidase in breast cancer cells. MCF-7, ZR-75-1, and MDAMB231 xenografts were grown subcutaneously in athymic nude mice.
Adenovirus (5 x 108 pfu) was injected into the tumors or mouse limb
skeletal muscle using a 26-gauge needle coated with charcoal
particles (indicated by the arrowhead). The tissues were
harvested 3 days after viral injection. The frozen sections (12
(im) were fixed in 0.5% glutaraldehyde and stained for ßgalactosidase activity with X-Gal for 4 h. MCF-7 (A), ZR-75-1
(B) , and MDA-MB231 (C) injected with Ad.DF3-ßgal. Mouse skeletal
muscle injected with Ad.DF3-ßgal (D) or with Ad.CMV-ßgal (E) . All
panels lOOx magnification.
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Figure 6. Distribution of ß-galactosidase expression in mice
injected systemically with recombinant adenovirus.es. 4 days after
adenovirus injection, sections (12 \M) of the individual tissues
were prepared and stained with X-Gal for ß-galactosidase activity.
(A) Mice were injected with 2 x 109 pfu or Ad.DF3-ßgal or Ad.CMVßgal in 0.1 ml PBS through tail vein. Expression of ß-galactosidase
was evaluated in liver, spleen, and lung. 40x magnification.
(B)
9
Mice bearing intraperitoneal MCF-7 tumors were given 2 x 10 pfu
Ad.DF3-ßgal intravenously. Tumor was evaluated for ß-galactosidase
expression. lOOx magnification.
(C) Mice bearing intraperitoneal
MCF-7 tumors were given 2 x 109 pfu Ad.DF3-ßgal i.p. Tumor was
evaluated for ß-galactosidase expression. lOOx magnification.
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Figure 7. Treatment of intraperitoneal MCF-7 breast tumors. MCF7 cells (5 x 106) were inoculated i.p. into nude mice. On days 4
and 5, mice received i.p. injections of Ad.DF3-tk or Ad.DF3-ßgal (1
x 109 pfu) in 0.5 ml PBS. GCV treatment was initiated on day 7 at
a dose of 125 mg/kg body weight daily via i.p. injection for 4
days. Six weeks after GCV treatment, animals were sacrificed for
evaluation.
(A) Intraperitoneal tumor in an untreated mouse,
showing multiple solid tumors (arrows) and bloody ascites.
(B)
Mouse treated i.p. with Ad.DF3-tk/GCV showing no evident
intraperitoneal tumor. (C) Tumor masses from each group were
collected and weighed (mean + SE, n = 6). In the Ad.DF3-tk + GCV
treatment group, two mice had no grossly visible tumor. Similar
results were obtained in three separate experiments. Asterisk:
significance (p<0.001) compared to other groups.
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