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Cisplatin, a commonly used chemotherapeutic agent, causes
tumor cell death by producing DNA damage and generating
reactive oxygen intermediates, which have been reported to
activate the early growth response-1 (Egr-1) promoter through
specific cis-acting sequences, termed CArG elements. The aim of
this study was to construct an adenoviral vector containing CArG
elements cloned upstream of the cDNA for human wt-p53, and to
observe the effect of this vector on human non-small cell lung
cancer (NSCLC) xenografts in athymic nude mice when combined
with cisplatin treatment. The adenoviral vector AdEgr-p53 was
generated by inserting CArG elements upstream of human wt-
p53 ¢cDNA. Two human NSCLC cell lines of varying p53 gene
status, A549 (containing wild-type p53) and H358 (containing an
internal homozygous deletion of the p53 gene) were used for in
vitro and in vivo experiments. Wt-p53 production in cultured
tumor cells and xenografts treated with the combination of
AdEgr-p53 and cisplatin were detected by enzyme-linked
immunosorbent assays. The antitumor responses in nude mice
with the A549 or H358 xenografts following treatment with
AdEgr-p53 and cisplatin were observed. We found that p53 was
produced in tumor cells and xenografts treated with a combination
of AdEgr-p53 and cisplatin. Furthermore, the Egr-1 promoter is
induced by cisplatin, and this induction is mediated in part
through the CArG elements. There was an enhanced antitumor
response without an increase in toxicity following treatment
with AdEgr-p53 and cisplatin, compared with either agent alone.
Cisplatin-inducible p53 gene therapy may provide a means to
control transgene expression while enhancing the effectiveness
of commonly used chemotherapeutic agents. This is a novel
treatment for human NSCLC. (Cancer Sci 2005; 96: 706-712)

Lung cancer is a common cause of cancer deaths world-
wide.!)” Conventional treatments are not adequate for the
majority of lung cancer patients. Attempts to overcome drug
resistance with higher doses of radiation and chemotherapeutic
agents inevitably result in an unacceptable degree of toxicity
and bystander damage to normal tissues.*® Novel strategies
are needed to further improve the treatment outcome for lung
cancer patients.

Radio-inducible gene therapy is a novel strategy for cancer
treatment, in which an ionizing radiation-inducible regulatory
sequence is linked with an adjuvant tumor-therapeutic gene,
and transfected into tumor cells. The expression of the thera-
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peutic gene, therefore, will be induced by radiotherapy. The
transfected cancer cells will be destroyed by both radiation
and the radiation-inducible gene. Radio-inducible CArG
[CC(A/T)(GG] DNA elements of the early growth response-1
(Egr-1) promoter are widely used as ionizing radiation
(IR)-inducible sequences in radio-genetic therapy.“'?

Mechanistic studies of Egr-/ induction by IR have demon-
strated a role for free radical activation of the CArG elements
of the Egr-1 promoter. The role of reactive oxygen interme-
diates (ROI) was confirmed by the finding that activation of
the Egr-1 promoter by H,O, is quantitatively and temporally
similar to that obtained with IR. Moreover, treatment with N-
acetyl-L-cysteine, a free radical scavenger, decreased Egr-/
induction by IR or H,0,."""'® These findings suggest that
activation of the Egr-I promoter is mediated by both DNA
damage and ROI production.

Cisplatin is a commonly used chemotherapeutic agent that
can stimulate ROI generation in cells. In the present study,
cisplatin is used to induce the production of p53 in human
non-small cell lung cancer (NSCLC) cells infected with an
adenoviral vector encoding the CArG elements of the Egr-1
promoter ligated upstream to a cDNA encoding wt-p53.
Importantly, significant synergistic antitumor effects between
wt-p53 and cisplatin were observed in these experimental
tumors. These findings provide support for a novel approach
that combines cisplatin treatment with the temporal and spa-
tial control of gene therapy.

Materials and Methods

Cells and cell culture

Two human NSCLC cell lines, A549 and H358, with varying
p53 gene status were used for in vitro and in vivo
experiments. The A549 line, which contains wild-type p53,
was maintained in Ham’s F12 medium supplemented with
10% fetal calf serum (FCS). The H358 line, which has an
internal homozygous deletion of the p53 gene, was
maintained in RPMI-1640 supplemented with 10% FCS and
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5% glutamine. All of the cells were incubated in a humidified
incubator supplied with 5% carbon dioxide. All of the cell
cultures were tested regularly for the presence of Mycoplasma.

Animals

Six-week-old female athymic nude mice (Experimental
Animal Research Center, Sichuan University, China) received
food and water ad libitum. Experiments were in accordance
with the guidelines of the Institutional Animal Care and Use
Committee of the University of Sichuan.

Plasmids and recombinant adenovirus construction
Plasmid DNA was purified using Qiagen tip-100 columns
(Qiagen, USA). Isolation of DNA fragments was performed
with a DNA isolation kit (Qiagen). The wild type promoter
of the human Egr-I gene was isolated as a 614-bp fragment
by Hindlll-Xbal restriction from the plasmid p-600 (kindly
provided by Dr KM Sakamoto, Department of Pediatrics,
UCLA School of Medicine). This fragment was subcloned
into pUC19 and then inserted into the vector, a Bg/II-Ncol-
deletion derivative of pGL3-C (Promega, Berlin, Germany)
lacking the original SV40-promoter. Subsequent intramo-
lecular re-ligation resulted in the plasmid pEL, in which
luc reporter expression is driven only by the activity of the
Egr-1 promoter. The recombinant adenovirus (AV) AdEgr—
p53, which carries a wz-p53 gene under the control of the
Egr-1 promoter was constructed using the AdEasy system
(Qbiogene, USA). Briefly, the Egr-I promoter was isolated
as a 625-bp HindllI-Kpnl fragment, subcloned into a pro-
moterless derivative of the vector pwtp53 (kindly provided
by Dr Y-S He, University of Sichuan), and finally cloned
together with wr-p53 as a 3328-bp HindIlI-AfI1 (blunt) fragment
into the plasmid pShuttle to generate pEp53. Recombinant
AV genomes were generated by cotransformation of pEp53
linearized by Pmel, and pAdEasyl, an adenoviral backbone
vector, into the Escherichia coli recBC mutant JB5183 with
subsequent selection for kanamycin resistant (Kan®) clones.
After selection and isolation of a correct recombinant AV
plasmid (pAdEgr—p53), it was transformed into the E. coli
strain DHS to obtain large amounts of intact pAdEgr—p53
DNA. Recombinant AV was generated by transfecting
HEK?293 cells with Pacl-linearized pAdEgr—p53 followed by
incubation for a further 8—12 days. The isolated recombinant
AV (AdEgr—p53) was propagated and concentrated to
titers of approximately 1 x 10° p.f.u./mL by subsequently
passaging in the same ElA-transcomplementing competent
cell line. As a control vector, AdEasy1-p53 was generated by
inserting the wr-p53 fragment into the AdEasyl vector. The
titer of the concentrated lysates was determined by a plaque-
forming assay.

In vitro measurement of p53 protein

Cells were plated at 10° cells per well in 12-well plates
(Becton Dickinson, Bedford, MA, USA), grown overnight,
and infected with AdEgr—p53, AdEasy1—p53 or AdEasyl at a
multiplicity of infection of 100 in serum-free medium for 2—
3 h. Cells in the IR group were exposed to 5 Gy in complete
medium using a Pantak PCM 1000 X-ray generator (Pantak,
East Haven, CT, USA). Cells in the cisplatin group were
exposed to 5 uM cisplatin in complete medium. Cells and
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supernatants were harvested at 1, 3, 8, 12 and 24 h by
scraping, and human p53 production was quantified using a
Quantikine enzyme-linked immunosorbent assay (ELISA) kit
(R&D Systems, Minneapolis, MN, USA) following three
freeze—thaw lysis cycles. These experiments were performed
in triplicate. Duplicate treatment plates were used to adjust
for the cytotoxicity of IR and cisplatin. Cells were harvested
using versene (0.02% ethylenediamine tetraacetic acid
[EDTA] in Hanks’ balanced salt solution) and trypsin—EDTA
(0.25% trypsin, 1 mM EDTA 4Na; Invitrogen Life Technologies),
and cells were counted using a hemocytometer with trypan
blue (0.4%) exclusion (Invitrogen Life Technologies). Protein
assays were performed to normalize protein concentration
using the Bio-Rad dye reagent (Bio-Rad Laboratories,
Hercules, CA, USA). Data are expressed as mean = SEM of
experiments performed in triplicate.

Western blot analysis of p53

Approximately 1 x 107 cells were washed twice with phosphate-
buffered saline (PBS) and lysed in 0.65 mL ice-cold lysis
buffer (1 x PBS, 1% NP40, 0.5% sodium deoxycholate, and
0.1% sodium dodecylsulfate [SDS]). The cell lysates were
prepared by treating plated cell monolayers with sodium
dodecyl sulfate—polyacrylamide gel electrophoresis (SDS—
PAGE) sample buffer. The protein content of the lysates was
then determined by Bio-Rad protein assay. Next, each lane
on a SDS-polyacrylamide (12%) gel was loaded with 60 ug
of cell lysate and electrophoresed to separate proteins under
reducing conditions for the protein of interest. After being
electrophoresed at 120 V for 2 h, the proteins were transferred
to high bond-enhanced chemiluminescence (ECL) membranes
(Amersham, Arlington Heights, IL, USA). The membranes
were than incubated with the primary and secondary
antibodies, and developed according to the Amersham ECL
protocol. Actin was used as a control. Antibody to actin
(monoclonal) was obtained from Sigma-Aldrich (St. Louis,
MO, USA). Antibody to p53 (monoclonal) was obtained
from Dako (Carpinteria, CA, USA).

In vitro luciferase reporter assay

The Egr-1 constructs pEL (600 bp, containing all CArG
elements and no AP-1 sites) and pE660 (the minimal Egr-/
promoter of 115 bp, containing no CArG elements)? were
evaluated following sequence confirmation and insertion of
the PCR product into the pGL3 basic firefly luciferase
reporter plasmid construct (Promega, Madison, WI, USA) by
enzyme restriction and ligation. JM109-competent cells
(Stratagene, La Jolla, CA, USA) were transformed with these
plasmids, and endotoxin-free maxipreps (Qiagen, Valencia,
CA, USA) were prepared. Product confirmation was
performed by PCR, sequencing, enzyme restriction, and gel
electrophoresis. Cells were plated at 10° cells per well in 12-
well plates, and were transfected with the firefly luciferase
reporter plasmid constructs (pGL3 basic [promoterless,
negative control], pE660 [minimal Egr-/ promoter], or pEL
[Egr-1 promoter containing all CArG elements]) using the
TransFast transfection reagent (Promega). All groups were
cotransfected with the Renilla luciferase reporter plasmid
construct pRL-TK (herpes simplex virus thymidine kinase
promoter) to normalize transfection efficiency. Forty-eight
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hours later, cells were exposed to IR (10 Gy) or cisplatin
(25 uM). Cells were harvested 6 h later, and luciferase
activity (LA) was measured using the Dual-Luciferase reporter
assay system (Promega).

In vivo measurement of p53 protein

Lung cancer cells (5x10° per 0.1 mL) were injected
subcutaneously into the right hind limbs of nude mice.
Tumor-bearing mice were randomized to one of six groups:
intratumoral (i.t.) AdEasyl (2 x 10® particle units p.f.u./
10 uL) with i.p. normal saline (NS) or cisplatin (3 mg/kg),
i.t. AdEasyl-p53 (2 x 10® p.f.u./10uL) with ip. NS or
cisplatin and i.t. AdEgr—p53 (2 X 10® p.f.u./10 uL) with i.p.
NS or cisplatin. i.p. NS or cisplatin treatments were
administered 20 h after transfection with the i.t. vector, and
two consecutive i.t. and i.p. injections were given. Animals
were killed, and xenografts were harvested 48 h after the
second i.p. injection. Xenografts were snap-frozen in liquid
nitrogen and homogenized in RIPA buffer (150 mM NaCl,
10 mM Tris at pH 7.5, 5mM EDTA at pH7.5, 100 mM
PMSF, 1 ug/mL leupeptin, and 2 pug/mL aprotinin) using a
Brinkman Polytron homogenizer (Kinematica AG, Lucerne,
Switzerland). After three freeze—thaw lysis cycles, the
homogenate was centrifuged at 780g in a Sorvall RC-5C
SS34 rotor (Kendro Laboratory Products, Newtown, CT,
USA) for 10 min at 4°C. p53 levels in the supernatants were
measured as described above.

Tumor samples were washed twice with cold PBS, and
100-200 mg of tumor tissues were homogenized on ice in a
lysis buffer. After centrifugation at 600g for 10 min at 4°C,
the supernatants containing the cellular proteins were used for
analysis. Western blotting was performed as described earlier.

In vivo evaluation of tumor growth

Lung cancer cells (5x10° per 0.1 mL) were injected
subcutaneously into the right hind limbs of nude mice. In the
preliminary experiment, to work out the optimal doses,
various dosages of virus and cisplatin were used in the
treatment of tumor-bearing mice (data not shown). The
dosages as follows were the optimal virus and drug doses for
suppressing tumor growth. Tumor-bearing mice were
assigned to one of six groups: i.t. AdEasyl (2 x 10® p.f.u./
10 uL) with i.p. NS or cisplatin (3 mg/kg), i.t. AdEasyl-p53
(2x 10® pfu/l10uL) with ip. NS or cisplatin and i.t.
AdEgr—p53 (2 x 10® p.f.u./10 uL) with i.p. NS or cisplatin.
Animals were injected i.p. with NS or cisplatin 20 h after the
L.t. vector injection. i.t. and i.p. injections were given for five
consecutive days. Xenografts were measured every 2 days
using calipers, and tumor volume was calculated as
(Iength x width x thickness)/2. Fractional tumor volumes (V/
V, where V; = volume on day 0) were calculated and plotted.
Day 0 is the first day of treatment (i.t. injection vector) and
the day that the mice were distributed into treatment groups.
Tumor volumes represented on graphs begin on day 0. The
performance status and survival rates of mice in six groups
were observed over the entire experimental course.

Statistical analysis

Statistical significance was determined using the two-tailed
Student’s t-test.
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Results

In vitro induction of p53 in human lung cancer cells
following infection with AdEgr-p53 and exposure to
cisplatin

No p53 protein was detectable in H358 cell pellets or
supernatants from cultures infected with the null vector
(AdEasyl) and treated with IR or cisplatin (data not shown).
In contrast, significantly increased levels of p53 protein were
detected at 1, 3, 8, 12 and 24 h in cultures of H358 cells
infected with the AdEgr-p53 vector and exposed to IR
(5 Gy) compared with cells infected with vector alone
(P <0.001). Combined treatment with AdEgr—p53 and IR
resulted in 1.5-, 6.3-, 3.1-, 1.4- and 1.1-fold increases in p53
production, respectively (rounded to the nearest 0.1). A
similar induction of p53 protein was detected in H358
cells infected with the AdEgr—p53 vector and exposed to
5 UM cisplatin (compared with vector alone) for 1, 3, 8, 12
and 24 h (P <0.001). Combined treatment with AdEgr—
pS53 and cisplatin thus resulted in 1.4-, 5.3-, 7.4-, 6.3- and
3.2-fold increases in p53 production, respectively. No
induction of p53 protein was detected in cells infected with
the control vector AdEasyl-p53 when exposed to IR or
cisplatin (Fig. 1).

Comparable experiments were conducted with A549 cell
cultures. No p53 protein was detectable in A549 cell pellets
or supernatants from cultures infected with the null vector
(AdEasyl), and minimal levels of p53 protein were detecta-
ble in cells treated with IR or cisplatin (data not shown).
Similar results of p53 protein induction were found in A549
cells infected with the AdEgr—p53 or AdEasyl-p53 vector
and exposed to IR (5 Gy) or cisplatin (5 uM) (Fig. 1). These
findings from the H358 and A549 cell lines demonstrate that
IR and cisplatin induce p53 expression.

CArG elements of the Egr-1 promoter mediate induction
of p53 by cisplatin

Minimal LA (expressed as relative luminescence) was
detectable in A549 cells transfected with the pGL3 basic
plasmid construct (LA =0.22-0.35) or with the pE660
plasmid construct (LA =0.46—0.77). However, A549 cells
transfected with the pEL plasmid construct exhibited a 2.8-
fold increase (P = 0.005) in relative LA (to 18.27) following
exposure to IR (10 Gy) compared with the untreated control
(LA =6.53), and a 2.0-fold increase (P = 0.005) in LA (to
13.06) following exposure to cisplatin (25 uM) compared
with the untreated control (Fig. 2).

Similar results were obtained with the H358 cell line.
Minimal LA was detectable in H358 cells transfected with
the pGL3 basic plasmid construct (LA =0.25-0.35) or with
the pE660 plasmid construct (LA =0.63—1.25). H358 cells
transfected with the pEL plasmid construct exhibited a
4.5-fold increase (P =0.004) in LA (to 60.84) following
exposure to IR (10 Gy) compared with the untreated control
(LA =13.52), and a 3.6-fold increase (P = 0.01) in LA (to
48.67) following exposure to cisplatin (25 uM) compared
with the untreated control (Fig. 2). These data demonstrate
that CArG elements of the Egr-I promoter are inducible by
cisplatin and mediate the transcriptional activation of the
chimeric Egr—p53 gene.
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Fig. 1. In vitro measurement of p53 protein. p53 production by
AdEgr-p53-infected cells exposed to IR (5 Gy) or cisplatin (5 uM) was
measured using enzyme-linked immunosorbent assay and western
blotting. Significant increases in the levels of p53 protein were
detected at 1, 3, 8, 12 and 24 h following exposure to AdEgr-p53
plus IR (P<0.001) and AdEgr-p53 plus cisplatin (P <0.001)
compared with vector alone in H358 cultures (a,b) and A549
cultures (a,c). Data are reported as the mean+SEM of three
independent experiments.

Induction of p53 in human lung cancer xenografts
following treatment with AdEgr-p53 and cisplatin
No p53 protein was detected in H358 tumor homogenates
following injection of the AdEasyl vector and systemic
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Fig. 2. In vitro reporter assays. Luciferase reporter constructs were

used to evaluate induction of the Egr-1 promoter by IR or cisplatin.
Minimal LA was detectable following transfection with either the
pGL3 basic (negative control) or the pE660 plasmid (minimal Egr-1
promoter) constructs. (a) In A549 cells transfected with pEL, a 2.8-
fold increase (P=0.005) in relative LA was observed following
exposure to IR (10 Gy), and a 2.0-fold increase (P =0.005) was seen
following exposure to cisplatin (25 uM). (b) In H358 cells transfected
with pEL, there was a 4.5-fold increase (P=0.004) in relative LA
following exposure to IR (10 Gy), and a 3.6-fold increase (P =0.01)
following exposure to cisplatin (25 uM). Data are reported as
mean + SEM. **P < 0.01 versus control.

treatment with either NS or cisplatin (data not shown). A
significant increase (3.8-fold) in i.t. pS3 protein was observed
following combined treatment with AdEgr—p53 and cisplatin
(1385.0 £252.7 pg/mg) compared with vector treatment
alone (364.5 +51.3 pg/mg; P <0.05; Fig. 3). Minimal p53
protein was detected in A549 tumor homogenates following
injection with AdEasyl vector and systemic treatment with
either NS or cisplatin (data not shown). However, a significant
increase (3.1-fold) in i.t. p53 protein was observed following
combined treatment with AdEgr—p53 and cisplatin (979.5 £
53.5 pg/mg) compared with vector treatment alone (315.8 £
22.7 pg/mg; P <0.001; Fig. 3). No induction of p53 protein
was detected in xenografts treated with the control vector
AdEasyl-p53 and cisplatin. These findings demonstrate the
in vivo induction of p53 protein by cisplatin and verify that
the p53 protein is a product of the AdEgr—p53 vector rather
than of the tumor tissue.
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Table 1. Survival rates of mice bearing lung cancer xenografts treated with various viral vectors combined with NS or cisplatin (%, mean
+ SEM)

Cell line AdEasy + NS AdEasy + cis AdEa53 + NS AdEa53 + cis AdEg53 + NS AdEQ53 + cis
A549 33.7+35 41.2 £3.7* 39.9+5.2 46.9 + 5.5%*1 354+3.6 79.1 £ 6.8**'"
H358 35.5+4.1 44.8 £4.3* 40.5+4.6 48.3 +5.7**1 36.8+4.8 84.5 +9.2%*"

Versus AdEasy + NS: *P < 0.05, **P < 0.01; versus AdEasy + cis: "P < 0.05, ""P < 0.01.
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Fig. 3. In vivo measurement of p53 protein. p53 production by

AdEgr-p53-injected xenografts was measured by (a) western
blotting and (b) enzyme-linked immunosorbent assay. A significant
increase in i.t. p53 protein concentration was observed following
combined treatment with AdEgr-p53 and cisplatin compared with
treatment with AdEgr-p53 vector alone in H358 (3.8-fold increase;
P < 0.05) and A549 xenografts (3.1-fold increase; P < 0.001). Data
are reported as mean + SEM. In western blot analysis: 1, AAEg53 + cis;
2, AdEa53 +cis; 3, AdEa53; 4, AdEg53. Versus AdEg53: *P < 0.05,
**P < 0.01.

Cisplatin-inducible AdEgr-p53 enhances treatment of
human NSCLC xenografts

In the A549 studies, mean tumor volume on day O (initiation
of treatment) was 364.8 £ 12.6 mm?® (n = 15 mice per group
in each of six treatment groups). Xenografts were injected i.t.
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with either AdEasyl, AdEasyl-p53 or AdEgr—p53. Mice
were injected 1.p. with either NS or cisplatin. Control tumors
(treated with AdEasyl plus NS) doubled in size by day 4 and
exhibited a 5.4-fold increase in mean tumor volume by day
14. A similar growth pattern was observed in tumors treated
with the AdEgr—p53 vector and NS (a 2.0-fold increase by
day 4 and a 5.1-fold increase in mean volume by day 14).
Significant inhibition of tumor growth was observed in the
tumors receiving combined treatment with AdEgr—p53 and
cisplatin compared with tumors treated with the null vector
and cisplatin on days 4 (P = 0.045), 6 (P < 0.005), 8 (P < 0.002),
10 (P < 0.001), 12 (P < 0.004), and 14 (P < 0.021) after the
initiation of treatment. Enhanced tumor growth inhibition
was also found in the AdEasyl-p53 plus cisplatin treatment
group, but to a lesser extent than for the AdEgr—p53 plus
cisplatin group (Fig. 4).

In the H358 studies, mean tumor volume on day 0 was
285.9 £ 8.3 mm?® (n = 12 mice per group in each of six treat-
ment groups). Control tumors (treated with AdEasyl plus
NS) grew steadily, doubling in size by day 4, exhibiting a
5.5-fold increase in mean tumor volume by day 14. A similar
growth pattern was observed in tumors treated with the
AdEgr—p53 vector and NS (1.8-fold increase by day 4 and
5.0-fold increase in mean volume by day 14). Significant
tumor regression was observed in the tumors receiving com-
bined treatment with AdEgr-p53 and cisplatin compared
with tumors treated with the null vector and cisplatin on days
4 (P =0.045), 6 (P <0.001), 8 (P =0.048), 10 (P < 0.001),
12 (P < 0.001), and 14 (P = 0.002) (Fig. 4b). Similar results
were found in the AdEasyl-p53 and cisplatin treatment
groups and the A549 studies.

As shown in Table 1, the survival rates of mice bearing
lung cancer xenografts treated with AdEg—p53 and cisplatin
were much higher than those of mice treated with AdEg—p53
and NS. Increased survival rates were also found in the
AdEg—p53 and cisplatin treatment group compared with
mice treated with the AdEasyl vector or AdEasyl-p53 and
cisplatin. Taken together, these data support an antitumor
interaction between AdEgr—p53 and cisplatin in xenografts of
human lung cancer. These findings are consistent with, and
supported by, p53 induction by cisplatin observed in the
in vitro and in vivo experiments. Although toxicity was
observed after treatment with cisplatin, no additional toxicity
was observed following combined treatment with cisplatin
and AdEgr—p53.

Discussion

The 5’-CArG sequences are known to mediate the induction
of FEgr-1 following exposure to agents that induce

© Japanese Cancer Association doi: 10.1111/j.1349-7006.2005.00105.x
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Fig. 4. In vivo evaluation of tumor growth. The effect of combined

treatment with AdEgr-p53 and cisplatin was evaluated by
measuring the volume of xenografts injected with AdEasy1,
AdEasy1-p53 or AdEgr-p53 with or without cisplatin. Day 0
represents the first day of treatment. (a) In A549 xenografts,
combined treatment with AdEgr-p53 and cisplatin produced
significant tumor regression compared with tumors treated with
AdEasy1 and cisplatin. Obvious tumor inhibition was also found in
the AdEasy1-p53 and cisplatin treatment group, but to a lesser
extent than that found in the AdEgr-p53 and cisplatin group. (b) In
H358 xenografts, similar tumor growth inhibition was found as for
the A549 xenografts. Data are reported as mean + SEM.

intracellular ROI, as is the case with IR. Therefore, we
hypothesized that the use of cisplatin, a commonly used
chemotherapeutic agent that alters intracellular radical
oxygen formation and damages DNA, might be useful in
inducing the p53 gene under control of the DNA-damaging
and ROI-inducible CArG elements of the Egr-/ promoter.
We used an EI/E3/E4-deleted replication-incompetent
adenoviral vector containing the chimeric promoter—effector
construct Egr—p53 (AdEgr—p53) to deliver the cDNA con-
struct to human NSCLC cell lines. We report that the CArG
sequences are activated by cisplatin in vitro when ligated to
p53 or to the luciferase reporter gene. Additionally, induction
of p53 by cisplatin was noted in tumor xenografts in vivo.
Most importantly, cisplatin induction of p53 demonstrates
significantly enhanced tumor growth inhibition compared
with either agent alone. Moreover, although toxicity was
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observed following treatment with cisplatin, no additional
toxicity was observed with the combination of cisplatin and
p53.

In a recent study, Yamini et al. investigated the combined
use of Ad.Egr-TNF, a replication-defective adenoviral vector
encoding the cDNA for tumor necrosis factor (TNF)-o. under
the control of the Egr-I gene promoter, and i.p. temozolo-
mide in an intracranial human malignant glioma model. The
Ad.Egr-TNF and temozolomide combination leads to a syn-
ergistic decrease in U87 cell viability at 72 h compared with
either treatment alone. Median survival for animals treated
with Ad.Egr-TNF alone, temozolomide alone, and Ad.Egr-
TNF/temozolomide was 21, 28, and 74 days, respectively.?
In another study, Lopez et al. reported that resistance of
PC-3 human prostate carcinoma and PROb rat colon car-
cinoma tumors to doxorubicin in vivo was reversed by
combining doxorubicin with Ad.Egr-TNF and resulted in
significant antitumor effects."> In our study, using wt-p53 as
the therapeutic gene combined with cisplatin, similar
antitumor efficacy was gained in the treatment of NSCLC as
was achieved in the cited reports using TNF-o. combined
with cisplatin.

The use of an inducible promoter in viral gene therapy for
cancer has broad potential applicability in oncology practice,
as demonstrated in a recently completed phase I trial evaluat-
ing the use of Ad.Egr.TNF.11D with radiotherapy.'® This
study included patients with locally advanced/radioresistant
melanoma and tumors of the pancreas, head and neck, and
breast. A 60% complete response—partial response rate and a
30% stable disease rate was achieved, with no added toxicity
compared with radiotherapy alone.

Control of gene expression is an important issue in gene
therapy.!'” Our studies demonstrate a potential clinical utility
for inducible gene therapy using a genotoxic agent currently
used in cancer therapy (cisplatin) and a viral vector contain-
ing a promoter with known inducible properties based on
DNA damage."'"'® The studies reported herein reinforce the
importance and relevance of transcriptional targeting with
potentially toxic therapeutic agents under circumstances
where tight transcriptional control of gene expression is
essential to achieve a high therapeutic index.

For many common human neoplasms, grossly visible
tumors are not effectively treated with most standard chemo-
therapeutic agents. The transcriptional targeting strategy of
Egr—p53 and cisplatin may be useful when it is possible to
infuse or directly inject macroscopic tumors, even in the
presence of micrometastases, since the vector/cisplatin com-
bination is effective against primary tumors and cisplatin is
effective against micrometastatic disease. The direct injection
of tumors should be improved with the recent advances in
radiographic imaging analysis of tumors (e.g. positron emis-
sion tomography [PET] scans) combined with computed
tomography (CT) image reconstruction.'®!” Additionally,
recent developments in the targeting of viral vectors to
tumors may provide additional specificity to chemo-inducible
gene therapy of metastatic cancer.?*" The use of cisplatin in
a strategy for targeting a cisplatin-inducible vector has poten-
tially important implications for improvements in clinical
outcome, by employing currently used chemotherapies that
damage DNA or mediate gene transcription through ROI.
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The status of the p53 tumor suppressor gene in tumor cells
has been shown to be a strong determinant of cellular
response to treatment with either radiation or chemotherapy;
the vulnerability of tumor cells to radiation or chemotherapy
is greatly reduced by mutations that abolish p53-dependent
apoptosis.??29 Existing studies suggest that the inactivation
of p53 might produce treatment-resistance of tumor cells to
cisplatin chemotherapy and radiotherapy. However, restora-
tion of p53 function in p53-deficient cells or overexpression
of exogenous p53 in p53-wild type tumor cells might over-
come cellular resistance and enhance cellular response to
either chemotherapy or radiotherapy via a mechanism leading
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to p53-dependent apoptosis.?’2 Consequently, our results
strongly suggest that the combined-modality therapy studied
here, with cisplatin chemotherapy and AdEgr—p53 gene ther-
apy, might be an effective therapeutic option for patients with
advanced NSCLC as well as other types of cancers.
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