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ABSTRACT

Recent clinical trials utilizing Interferon-alpha (IFN) in combination with
chemoradiation have demonstrated significant improvements in the survival of
patients with pancreatic cancer. However, efficacy was limited by the systemic
toxicity of IFN and low intratumoral levels of the cytokine. We sought to address
these drawbacks by using an Oncolytic Adenovirus expressing IFN (OAd-hamIFN)
in combination with chemotherapy and/or radiation in regimens mimicking the IFN-
based therapies used in clinical trials. IFN expressed from OAd-hamIFN potentiated
the cytotoxicity of radiation and chemotherapy (5-FU, Gemcitabine, and Cisplatin),
and enhanced pancreatic cancer cell death in both in vitro and in vivo experimental
settings. Notably, synergism was demonstrated in therapeutic groups that combined
the interferon-expressing oncolytic virus with chemotherapy and radiation. In an in
vivo immunocompetent hamster model, treatment regimens combining oncolytic virus
therapy with 5-FU and radiation demonstrated significant tumor growth inhibition
and enhanced survival. This is the first study to report synergism between an IFN-
expressing oncolytic adenovirus and chemoradiation-based therapies. When combined
with an IFN-expressing OAd, there is a significant enhancement of radiation and
especially chemoradiation, which may broaden the application of this new therapeutic
approach to the pancreatic cancer patients who cannot tolerate existing chemotherapy

regimens.

INTRODUCTION plus Gemcitabine [3] have provided only modest
improvements in survival. A lack of effective therapies
Pancreatic ductal adenocarcinoma (PDAC) is the against PDAC results in a five-year overall survival
third leading cause of cancer-related death in the United of 8% and has led pancreatic cancer to be projected to
States [1]. Unfortunately, many patients are found to become the second leading cause of cancer-related death

have advanced disease at the time of diagnosis and are by 2017 [4].
not candidates for surgical resection. New chemotherapy Recently, IFN-a (IFN) based therapy regimens have
regimens such as FOLFIRINOX [2] and NAB-paclitaxel appeared as a promising tool to treat pancreatic cancer.
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The clinical trials employing neoadjuvant and adjuvant
IFN therapies are designed to combine the effectiveness
of surgery with chemo-radio sensitization and the
immunostimulatory effects of IFN [5—10]. Thus, clinical
trials treating PDAC patients with adjuvant IFN-a (IFN)
therapy in combination with radiation, 5-FU, and Cisplatin
reported 16-36% increases in the 2-year survival [7, 10,
11], and a 35% increase in the 5-year survival [9, 10, 12].
Other trials included Gemcitabine in the IFN-treatment
protocols and also reported a 30% increase in the 2-year
overall survival of patients [11]. Despite these promising
results, limitations to IFN-based therapies include dose-
limiting systemic toxicities and a low intratumoral
concentration of IFN due to rapid degradation of the
cytokine in the blood stream [13—15].

Oncolytic viruses are a growing area of cancer
research as they can be genetically modified to selectively
replicate in and kill cancer cells [16, 17]. Examples of such
viruses include the FDA approved T-VEC (talimogene
laherparepvec) for melanoma [18] and adenovirus-based
H101 therapy, which is approved in China to treat head
and neck cancer [19]. Our group has previously reported
the use of an Oncolytic Adenovirus (OAd) expressing
human IFN-a as a promising platform for selective and
long-term expression of IFN in human pancreatic cancer
tissues [20, 21]. This conditionally replicative adenovirus
(Ad5/Ad3-Cox2-AE3-ADP-IFN) was designed to
selectively replicate within cancer cells expressing
cyclooxygenase 2 (Cox2). To improve the infectivity and
oncolysis of conventional OAds, the virus was genetically
modified to include an Ad5/Ad3 chimeric fiber and
overexpress the adenovirus death protein (ADP). In our
later studies we have tested another OAd (OAd-hamIFN)
in an immunocompetent Syrian hamster model of PDAC
[22]. In contrast to mice, Syrian hamsters support human
adenovirus replication [23] and provide the opportunity to

analyze the immunostimulatory effect of IFN-expressing
adenoviruses [23-25]. Due to a lack of Ad3 receptors on
rodent cells, we have replaced the viral Ad5/Ad3 fiber with
an RGD fiber [26, 27] to allow for objective evaluation of
vector efficacy in a hamster model [22]. In addition, since
human interferon does not bind to INF type I receptor on
rodents cells [22, 28], this oncolytic virus was modified to
express the hamster form of interferon [22]. OAd-hamIFN
demonstrated an improved antitumor effect and extended
survival when it was compared with an identical vector
without IFN in both localized and disseminated PDAC
hamster models [22].

Here, in the attempt to further improve effectiveness
of IFN-based chemoradiation regimens, we tested the use
of OAd-hamIFN in combination with 5-FU, Gemcitabine
(GEM), Cisplatin (CDDP), and radiation in treatment
schemes resembling the aforementioned IFN clinical trials.
We hypothesized that the replication-dependent expression
of IFN by an oncolytic adenovirus in PDAC tissues will
potentiate the cytokine chemo- and radio-sensitization
capacity and improve the therapeutic outcome of the
current IFN-based regimens. To prove this hypothesis,
we used the immunocompetent hamster model of PDAC
as a pre-clinical platform due to the aforementioned
advantages over mouse models. We hope that this work
will be one more step towards translating adenovirus-
based combination therapies into the clinic to improve
patient outcome for this devastating disease.

RESULTS

Potentiation of chemotherapy by OAd-hamIFN

The cytotoxicity of OAd-hamIFN (Figure 1) in
combination with 5-FU, GEM, and CDDP was assessed in
vitro in HP1 and PGHAM cells. The qualitative analyses
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Figure 1: Structure of the oncolytic adenovirus expressing hamster IFN alpha (OAd-hamIFN) and the control vector
expressing luciferase (OAd-Luc). OAd-hamIFN is a wild type replication oncolytic adenovirus expressing the hamster IFN-alpha
gene from the adenoviral E3 region. OAd-Luc has the same structure as OAd-hamIFN, but with a luciferase transgene in place of hamster

IFN.
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by the Crystal Violet assay demonstrated the improved
cytotoxic effect when 5-FU, GEM, and CDDP were
combined with the [FN-expressing virus. The role of OAd-
hamIFN in breaking cell resistance to chemotherapy was
more evident in combination with CDDP (CDDP was not
effective as a monotherapy in this setting) (Figure 2). The
quantitative analyses using cell viability assays showed
that compared to chemotherapy alone, OAd-hamIFN
enhanced the cytotoxicity of all drugs in all cell lines
tested (ANOVA p < 0.025 for the OAd-hamIFN effect in
all nine conditions) (Figure 3). While the cytotoxicity of
treatments with OAd-hamIFN and CDDP or GEM varied
across the different cell lines, the use of virus with 5-FU
resulted in similar cytotoxic profiles in all cell lines (29-
41% mean cell viability relative to control when combined
with 10 uM 5-FU, and 26-31% with 20 uM 5-FU). This
data indicated that the IFN-expressing OAd can greatly
accentuate the killing effect of chemotherapeutics,
suggesting the possibility for dose reduction in patients.

Contribution of IFN to chemotherapy
cytotoxicity

We used a cell viability assay to analyze if IFN
expressed by OAd-hamIFN can modulate the sensitivity
of pancreatic cancer cells to chemotherapeutic drugs
(Figure 4). To exclude the lytic effect from virus, we have
employed the identical adenovirus expressing luciferase
(OAd-Luc). Comparison between OAd-hamIFN and OAd-
Luc showed that expression of IFN significantly improved

5-FU (uM)
5 10 20

cytotoxicity of all chemotherapeutic drugs and increased
the oncolytic potential of OAd (ANOVA p < 0.01 for the
OAd-hamIFN versus OAd-Luc effect in all three treatment
conditions). For example, in the 20 uM of 5-FU condition,
mean cell viability on day 7 for the no virus, OAd-Luc,
and OAd-hamIFN treated groups were 46%, 31%, and
26% respectively. Importantly, expression of IFN boosted
the cytotoxic effect of chemotherapy in every treatment
and dose combination.

Potentiation of radiation and chemoradiation by
OAd-hamIFN

To further analyze the impact of radiation on the
effectiveness of OAd-hamIFN treatments, combinations
of the virus with 5-FU, radiation, and 5-FU + Radiation
were tested using the Crystal Violet assay in HP1 (Figure
5A, 5B) and PGHAM cells (Figure 5C, 5D). We used
5-FU as the drug of choice because the 5-FU + radiation
regimen was the standard control used to determine
efficacy of IFN-based therapies in clinical trials [8-10,
29]. Qualitative assessment reiterated that OAd-hamIFN
enhanced the killing effect of 5-FU (Figure 5A, 5C)
and accentuated the cytotoxicity of radiation (Figure
5B-2, 5D-2). In both cell lines, the triple-therapy (OAd-
hamIFN + 5-FU + Radiation) was the most cytotoxic viral
combination tested (Figure 5B-4, 5D-4). Importantly,
treatments including OAd-hamIFN combined with 5-FU
or/and radiation, were more effective in killing cancer cells
than a standard radiotherapy approach (5-FU + Radiation).
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Figure 2: Qualitative analysis of cytocidal effect of OAd-hamIFN combined with chemotherapies. Combinations of OAd-
hamIFN with 5-FU, CDDP, and GEM were analyzed for the cytocidal effect by the Crystal Violet assay in HP1 and PGHAM hamster
pancreatic cancer cell lines. In both cell lines, combination of virus and chemotherapy showed superior cell killing compared to cytotoxicity
of virus or chemotherapy alone. The killing effect was improved with increasing of virus and chemotherapy doses. VP: viral particle.
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OAd-hamIFN combinations with chemotherapy,
radiation, and chemoradiation are highly
synergistic

To characterize the interaction between the
therapeutic agents combined with OAd-hamIFN, we
performed a synergy analysis as described by Chou
Talalay [30]. The colony formation method was
employed as the gold standard assay to investigate radio-
sensitivity of cancer cells (Figure 6). We have showed
that treatments of OAd-hamIFN with 5-FU, radiation,
and 5-FU + Radiation were efficient and inhibited
formation of more than 50% of colonies post-treatment.
Synergism and strong cytotoxicity was observed in all
OAd-hamlIFN treatments in HP1 cells. As PGHAM
cells were more resistant to OAd-hamIFN, 5-FU, and
radiation as monotherapies, only double-combination
treatments with higher doses strongly inhibited colony
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formation. On the contrary, the triple-therapy regimen
(OAd-hamIFN + 5-FU + Radiation) showed remarkable
inhibition of colony formation regardless of the doses
of chemotherapeutics. In both cell lines (PGHAM and
HP1), the Combination Index (CI) analysis showed that
all treatments including OAd-hamIFN were synergistic
(CI < 1), and that strong synergism (CI < 0.5) was
observed when OAd-hamIFN was combined with
5-FU + Radiation.

Inhibition of tumor growth by OAd-hamIFN
combination therapies in Syrian hamsters

Effectiveness of OAd-hamIFN in combination with
chemo- and radiotherapy was tested in the syngeneic
immunocompetent hamster model of pancreatic cancer
(Figure 7A). The statistical comparisons were performed
against the chemoradiotherapy (5-FU + Radiation) group
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Figure 3: Quantitative analysis of cytocidal effect of OAd-hamIFN combination with chemotherapy. Cytotoxicity of
OAd-hamIFN (100 VP/cell) and chemo-monotherapies was compared to the cytocidal effect of OAd-hamIFN combination therapies with
respective doses of 5-FU, GEM, and CDDP. Each column represents the mean of three experimental replicates, with the capped bars on the
top of columns representing the standard deviation. Within each of the nine conditions, a two-way ANOVA was performed with dose and
virus effects. All effects had p < 0.025, indicating that the killing effect of OAd-hamIFN+ Chemotherapy was superior to the killing effect

of a drug or OAd-hamIFN alone.
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(conventional control used in IFN clinical trials) at day
25 post infection, before the animals in this group were
euthanized due to excessive tumor volumes. All treatments
including OAd-hamIFN resulted in stronger tumor growth
inhibition than treatments without the virus (Figure 7B).
The triple-therapy (OAd-hamIFN + 5-FU + Radiation)

groups demonstrated the strongest anti-tumor effects (the
geometric mean tumor volumes at day 25 relative to day 0
were 0.88 and 1.36, respectively, compared to 3.42 in the
control group; p = 0.002 and 0.01, respectively). There was
no significant difference between the triple-therapy group
and virus-radiation group (OAd-hamIFN + Radiation) (p

and virus-radiotherapy (OAd-hamIFN + Radiation) = 0.41). However, the tumor volume in the triple-therapy
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Figure 4: Contribution of IFN expressed by adenovirus to increase cytotoxicity of virus-chemotherapies. The cell
viability assay was used to evaluate contribution of IFN expression to enhance cytotoxicity of viro-chemotherapies in HP1 cells. OAd-
hamIFN combined with 5-FU; GEM; and CDDP was compared to the control vector, OAd-Luc, paired with the same concentrations
of chemotherapeutics. Each viral vector was used at the dose of 100 VP/cell. Each column represents the mean of three experimental
replicates. The capped bars on the top of columns represent the standard deviation. Within each of the three treatment conditions, a two-way
ANOVA was performed with dose and virus effects. Within each condition the contribution of IFN was significant (OAd-hamIFN versus
OAd-Luc p -values < 0.01 for each of the three conditions).
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Figure 5: Addition of radiation to viro-chemotherapy resulted in superior Kkilling effect. Crystal Violet assay was used to
assess the cytocidal effect of combination therapies with OAd-hamIFN (50 and 100 VP/cell), 5-FU (5, 10, and 20 uM), and radiation (4 Gy).
The IFN-expressing OAd potentiated the killing effect of all components used in IFN-based therapies in clinical trials.
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group was lower than baseline (day 0) until day 32 in
contrast to day 21 in a group treated with OAd-hamIFN
+ Radiation group. Importantly, one animal treated with
a triple-therapy had complete tumor elimination. The
animals treated with OAd-hamIFN + 5-FU had smaller
tumors than animals in the control chemoradiotherapy
group; however it was not statistically significant (2.12
geometric mean relative tumor volume versus 3.42; p =
0.41). Statistical analysis between OAd-Luc + Radiation
and OAd-hamIFN + Radiation demonstrated that IFN
expressed by OAd-hamIFN significantly modulated the
sensitivity of cancer cells to radiation (geometric mean
relative tumor volume 3.01 versus 1.36, respectively; p
=0.02).

Survival study in Syrian hamsters

Survival of hamsters treated with OAd-hamIFN
combined with 5-FU, radiation, and 5-FU + Radiation
was followed until 45 days after initiation of treatment
(Figure 7C). Treatments with 5-FU or radiation as
monotherapies were not effective, with survival similar
to untreated animals (median 21 days). Animals treated
with OAd-hamIFN combination treatments survived
longer than monotherapy groups and the control therapy
(5-FU + Radiation, median survival 25 days). Hamsters
receiving OAd-hamIFN + Radiation and the triple-therapy
(OAdhamIFN + 5-FU + Radiation) survived the longest,
a median of 45 days (p = 0.07 and 0.02 versus controls,
respectively). The triple therapy group was the only group
to show statistically significant survival compared to
the control chemoradiation group. It was also the only
group to demonstrate complete tumor regression in one
animal. The OAd-hamIFN + 5-FU treatment had longer

HP1

survival (median 32 days) compared to the control 5-FU +
Radiation group, but this was not statistically significant
(p =0.19). The OAd-hamIFN + Radiation group survived
a median of 45 days versus 32 days in the OAd-Luc +
Radiation group (p = 0.07), showing that expression of
IFN by virus greatly contributes to improved survival.

DISCUSSION

In this manuscript, we investigated the use of a
replication competent oncolytic adenovirus expressing
IFN as a tool to boost the efficacy of IFN-based
chemoradiation therapy, which is one of few therapeutic
protocols shown to be effective in treating PDAC.

We conducted these studies using a Syrian
hamster model, as these animals are permissive to
human adenovirus replication and provide a unique
immunocompetent model to objectively analyze the
impact of an adenovirus-produced immunostimulatory
cytokine [23-25]. With this model, we assessed the use of
an OAd expressing hamster IFN in therapeutic protocols
similar to the IFN-based therapy used in PDAC clinical
trials [5, 7, 10]. We believed that the use of an OAd, which
is known to enhance the killing effect of chemotherapy
and radiation [20-22, 31-34], in conjunction with a chemo-
radio sensitizer such as IFN [6, 7, 10] would greatly
improve the effectiveness of chemoradiation therapy.

Our data showed that IFN expressed by OAd-
hamIFN augmented the capability of OAd to sensitize
cells to 5-FU, GEM, and CDDP. The potentiation of
the effect of these drugs is extremely important as they
are commonly used to treat pancreatic cancer. We also
demonstrated that the use of OAd-hamIFN with 5-FU,
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Figure 6: Quantification of cytotoxicity and synergy of OAd-hamIFN combination therapies based on the colony
formation assay. Combination of OAd-hamIFN with 5-FU, radiation, and chemoradiation reduced number of colonies formed in hamster
pancreatic cancer cell lines. The strong synergism (CI < 1) was identified in groups treated with OAd-hamIFN in combination with
chemotherapy, radiation, and chemoradiation. In both cell lines, combinations of OAd-hamIFN and chemoradiation in higher doses resulted
in the strongest killing effect and synergistic interaction. The Chou Talalay method was used to determine the combination index (CI).
Synergistic effect (CI < 1); additive effect (CI = 10); antagonistic effect (CI > 1). The numbers on the top of the histogram bars represent

the percent of colonies formed after each treatment.
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radiation, or 5-FU + radiation enhanced cell killing in
vitro, and resulted in the most potent treatments in vivo.
The combination index (CI) analysis showed that
double-therapy treatments of OAd-hamIFN with 5-FU or
radiation were synergistic (CI < 1), and treatments with
triple therapy (OAd-hamIFN + 5-FU + Radiation) were
strongly synergistic (CI < 0.5). Based on the reports
by other groups, synergistic interaction between OAd-
hamIFN, chemotherapeutic drugs and radiation was

A

expected. The oncolytic adenovirus itself can sensitize
the effect of chemo- and radiotherapy [31-35]. It is
well known that adenoviral E4 proteins inhibit cellular
DNA repair pathways thus potentiating the effect of
radiotherapy [34, 36]. Although there are no clear reports
exploring the mechanism by which OAd sensitizes cells
to chemotherapy drugs, the interaction between IFN and
chemotherapeutics is well reported [7, 37-39]. Multiple
studies report that IFN can prompt G0/G1 phase CD133+
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Figure 7: Improved anti-tumor effect and survival of

OAd-hamIFN combination therapies in vivo PDAC hamster

model. (A) Treatment schedule in hamsters. A single fraction of radiation (8 Gy) was given 3 days after virus administration. Intraperitoneal
injections of 20 mg/kg 5-FU were given on days 1, 3, 6, and 10. (B) Each point on the graph represents the geometric mean relative change in
volume from baseline (day 0). The antitumor effect of combination therapies were compared against that of the chemoradiation group (5-FU
+ Radiation). The triple-therapy (OAd-hamIFN + 5-FU + Radiation) and virus-radiotherapy (OAd-hamIFN + Radiation) groups demonstrated
the strongest anti-tumor effects (p = 0.002 and 0.01, respectively). Treatment with OAd-hamIFN + Radiation significantly outperformed
treatment with OAd-Luc + Radiation (p = 0.02). (C) The survival rate of animals treated with OAd-hamIFN combined with SFU and radiation
was significantly improved when compared to that of a group treated with standard chemoradiation (5-FU + Radiation); p < 0.05 ().
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cells to re-enter the cell cycle thus increasing therapeutic
effect of nucleoside analogs such GEM. IFN induces the
double stranded RNA-activated protein kinase (PKR),
that shuts down protein translation [40]. It is possible
that inhibition of protein synthesis combined with the
DNA damage caused by 5-FU leads to synergism of
OAd-hamIFN combinations with 5-FU. To exclude
the lytic and sensitizing effects from the oncolytic
adenovirus itself, we have employed an identical control
adenovirus encoding luciferase (OAd-Luc) instead of
IFN. The expression of IFN significantly enhanced the
cytotoxicity of 5-FU, GEM, and CDDP in pancreatic
cancer cell lines and sensitized radiotherapy in in vivo
models, confirming the role of IFN as a chemo- and
radiotherapy sensitizer.

Overall, in vivo data in a syngeneic
immunocompetent hamster model showed that treatments
with OAd-hamIFN in combination with 5-FU, radiation,
and especially 5-FU + Radiation are greatly superior to
that with a standard approach (5-FU + Radiation). Animals
treated with the triple-combination therapy showed the
strongest anti-tumor effect and survival, with one of the
animals displaying complete tumor remission. There was
no statistical difference between the triple-therapy group
and the group treated with OAd-hamIFN + Radiation. The
remarkable anti-tumor effect of OAd-hamIFN + Radiation
suggests that it might be possible to reduce chemotherapy
doses, broadening the application of this new therapeutic
approach to the patients who cannot tolerate existing
chemotherapies.

While the animals treated with OAd-hamIFN in
combination with 5-FU had smaller tumors and longer
survival compared to the control chemo-radiotherapy
group, this was not statistically significant. The decreased
efficacy of 5-FU regimens in vivo could be explained by
the short half-life of 5-FU (approximately 30 minutes). In
human clinical trials, 5-FU is continuously administered
to patients to maintain constant concentration of the drug
in the blood [7, 9, 11], but in our animal model drug
was given with an interval of 2-4 days. While constant
administration of 5-FU to animals is not feasible, it is
possible that more frequent injections of the drug could
have improved efficacy of OAd-hamIFN combinations
with 5-FU.

Although not assessed in this project, it is possible
that stimulation of anti-tumor immune response by OAd-
hamIFN was also responsible for the improved therapeutic
effect. The role of oncolytic viruses to initiate a robust
antitumor immune response in immunocompetent models
has been well reported [17, 23-25]. In fact, lytic death of
cancer cells during oncolysis provides an excellent pro-
inflammatory environment for induction of the antitumor
vaccine response. On the other hand, IFN can stimulate
maturation and activation of antigen presenting cells,
activity of NK and T-helper cells, and enhances MHC-1
expression [6, 9]. Supporting this hypothesis is the report

by Aoki and colleagues describing that the treatment of
tumor with an IFN-expressing adenovirus reduced not
only the size of injected tumors, but also caused the NK-
mediated anti-tumor effect in contralateral non-treated
tumor [28]. Even though the tools for immunological
analyses in hamsters are currently limited, further
evaluation of antitumor immunity in OAd-hamIFN-treated
hamsters will be necessary.

In summary, our data demonstrate the use of IFN-
expressing oncolytic adenovirus in treatment protocols
employing chemotherapy and radiation can provide a
potent therapy for PDAC. Described synergism between
an [FN-expressing OAd and chemotherapy, radiation, and
chemoradiation may allow for reduction of the therapeutic
doses used in IFN-based regimens, which could contribute
to development of better-tolerated clinical regimens. IFN
therapy is one of the few approaches found to improve the
survival of pancreatic cancer patients, and the addition of
an IFN-expressing OAd may leads us a step further in the
development of an effective multimodal treatment against
this disease.

MATERIALS AND METHODS

Cell lines

HP1, HAPT-1 and PGHAM hamster pancreatic
cancer cells lines were provided by Dr. Hollingsworth,
University of Nebraska, NE, and Dr. Uchida, Nippon
Medical School, Tokyo, Japan, respectively. Cells were
cultured as previously described [22].

Adenovirus vectors

The oncolytic adenoviruses expressing hamster IFN
were described previously [22]. Since the use of human
Cox2 gene promoter in hamster tissues was not optimal
[22] we have analyzed only the wild type replication virus
in this study (OAd-hamIFN). The hamster interferon
alpha gene was incorporated into the adenoviral E3 region
(Figure 1). To enhance oncolysis and spreading of virus,
the adenoviral death protein (ADP) was maintained
in the E3 region [20-22]. To increase the infectivity of
the virus in hamster pancreatic cancer cells, a RGD-4C
(Arginive-Glycine-Aspartic) motif was incorporated in the
HI-loop of OAd-hamIFN [26, 27]. A non-IFN expressing
virus expressing firefly luciferase (OAd-Luc) was used
as a control virus [41]. Virus purification, titration, and
structure confirmation was performed as described
previously [20, 21, 42, 43].

Chemotherapy drugs

Fluorouracil (5-FU), Gemcitabine (GEM), and
Cisplatin (CDDP) were purchased from University of
Minnesota Pharmacy. Drugs were diluted and stored
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as described elsewhere [22]. For in vivo experiments,
diluted 5-FU drug in the concentration of 50 mg/ml
was purchased from University of Minnesota Boynton
Pharmacy.

Colony formation assay

1.0 x 106 cells were seeded in 75cm? flasks and
incubated at 37°C in a humidified 5% CO, incubator.
After 24 hours, cells were infected with OAd-hamIFN
or OAd-Luc. On the following day, cells were irradiated,
trypsinized with 0.25% Trypsin-EDTA, counted,
serially diluted, and plated in 10 cm culture dishes with
standard media (DMEM with 10% FBS, 1% Penicillin/
Streptomycin). Plates receiving chemotherapy as part
of the treatment had 5-FU added to media at the time of
plating. Media was replaced in all plates every two days.
After 14 days, the plates were fixed with 4% formalin for
1 hour, stained with 1% methylene blue overnight, washed
with PBS, and allowed to air dry. Colonies were counted
and the following formula was used to estimate assay
results:

Cell survival: Number of colonies
fraction Number of plated cells x Plating efficiency
Plating .
. Number of colonies in untreated control
efficiency =

Number of plated cells in untreated control

Cell viability assay

For quantitative analyses, 8 x 10* cells/well were
plated in 96-well plates, and infected with 100 viral
particles (VP)/cell of OAd-hamIFN or OAd-Luc. Four
hours after viral inoculation, infectious media was
replaced with DMEM with 5% FBS, 1% Penicillin/
Streptomycin containing 5-FU; GEM, or CDDP, and
plates were incubated further. Viability assay was
done with CellTiter-96*Aqueous One-Solution Cell
Proliferation Assay MTS reagent (Promega) according to
manufacturer’s instructions.

For the Crystal Violet Assay, 2x10° cells were plated
in 12-wells plates and infected with 50 or 100 VP/cell.
Cells were fixed and stained as described previously [22].

In vivo therapeutic studies

Hamster pancreatic cancer HP1 cells (2 x 10°)
suspended in 100 pl of PBS were subcutaneously injected
into both hind legs of female Golden Syrian Hamsters
(obtained from Harlan Sprague Dawley). Animals were
divided in 8 groups composed of 4 animals bearing 2
tumors each. When tumor diameters reached 8 - 10 mm,
they were injected with 2 x 10" VP diluted in 50 pl PBS.
The day of virus injection was considered as Day 0.

A clinically feasible fraction of 8 Gy was given 3
days after virus administration (as we previously showed

the highest gene expression from the adenoviral E3
region in solid tumors occurs 2-6 days post infection [41].
Intraperitoneal injections of 20 mg/kg 5-FU were given
on days 1, 3, 6, and 10 [7, 10, 12, 44]. Animals were
anesthetized with mixture of 100 mg/kg Ketamine and
15 mg/kg Xylazine and placed in customized radiation
chamber where only tumors were exposed to radiation.
Tumor diameter was measured two times per week using
calipers. Tumor volume was calculated considering
tumor volume = (width? x length)/2. The animals were
euthanized according to IACUC guidelines. The animals
in the untreated and chemoradiation groups were
euthanized earlier due to tumor size and ascites.

Radiation

Radiation in vitro and in vivo was performed using
X-RAD 320 X-ray system (North Btanford, CT). The
X-ray radiation platform was positioned at 50 cm of
distance from bottom of the machine, and Filter 1 (2.0
mm Aluminum/Half Value Layer 1.0mm Cu) was used.
To determine the dose for radiotherapy, the Biologically
Effective Dose (BED) based on the “linear quadratic
model” has been used [45]. In the clinical protocol, 3 Gy x
10 fraction (BED = 59.5) was given [45]. Expecting dose
reduction benefit upon combination, we set the radiation
dosage as 1/4 of the full clinical dose. BED of 8 Gy single
fraction is 8 x (1+8/10) = 14.4.

Combination index analysis

Calculation of the Combination Index (CI) to
determine synergism (CI < 1), antagonism (CI > 1), or
additive effect (CI = 1) between virus, chemotherapy,
and radiation was performed using Compusyn software
[30]. The ED50 of each treatment alone (OAd-hamIFN,
5-FU, and radiation) was quantitatively determined by
the Colony Formation Assay (CFA) in HP1 and PGHAM
cells, and ED50 values were entered as monotherapies in
Compusyn. Quantification of cytotoxicity of combination
treatments was determined by CFA in same cell lines,
and killing effect was entered as the combo therapies in
Compusyn. Final report with CI was generated using non-
constant ratio between therapies. Strong synergism was
considered when CI < 0.5 and moderate synergism when
CI=0.61t00.9.

Statistical analysis

For the in vitro cell viability study, two-way
ANOVA was performed for each cell line and treatment
condition, with a three-level treatment dose effect, and a
binary virus effect.

In vivo, tumor volume over time was analyzed
using a linear mixed model. The outcome (tumor volume)
was square-root transformed to improve model fit. Fixed
effects included treatment group, time, and the interaction
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of group and time. Random intercept and time effects
were included for each animal. Twelve pairwise group
tests (model contrasts) compared differences in tumor
volume between selected treatment groups. Reported
p-values were obtained relative to the 5-FU+Radiation
group because this was the historical control group
compared to IFN-based therapies in clinical trials [8-10,
29].

For the survival study, comparisons between the
5-FU + Radiation and all other treatment groups were
made using standard log-rank tests. The stepdown
Bonferroni method adjusted for multiple tests in the in
vivo and survival studies.
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