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Abstract

Human adenovirus (HAdV) vectors are intensely investigated for virotherapy of a wide variety of
human cancers. Here, we have evaluated the effect of two apoptogenic HAdV5 vectors in an
immunocompetent Syrian hamster animal model of head and neck cancer. We established two cell
lines of hamster cheek pouch squamous cell carcinomas, induced by treatment with 9, 10-
dimethyl-1, 2-benzanthracene (DMBA). These cell lines, when infected with HAdV5 mutants
Ip11lw and Ipl1w/A55K (which are defective in the expression of either E1B-19K alone or both
E1B-19K and E1B-55K proteins) exhibited enhanced apoptotic and cytotoxic responses. The
cheek pouch tumor cells transplanted either subcutaneously at the flanks or in the cheek pouches
of hamsters readily formed tumors. Intra-tumoral administration of HAdV5 E1B mutants
efficiently suppressed the growth of tumors at both sites. Histological examination of orthotopic
tumors revealed reduced vascularity and the expression of the viral fiber antigen in virus-
administered cheek pouch tumors. These tumors also exhibited increased caspase-3 levels,
suggesting virus-induced apoptosis may contribute to tumor growth suppression. Our results
suggest that the apoptogenic HAdV5 vectors may have utility for the treatment of human head and
neck cancers.
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Introduction

The incidence of head and neck cancers is rapidly increasing and these cancers result in
more than 12,000 deaths annually in the US. Additionally, about 500,000 new cases of these
cancers are diagnosed every year globally 1. Head and neck cancers are predominantly of
squamous cell carcinoma (HNSCC) histology and constitute the sixth most prevalent cancer
worldwide. They are considered “difficult’ cancers since they are relatively more resistant to
conventional treatment modalities such as chemotherapy and radiotherapy 24. It appears that
the resistance of HNSCCs to chemotherapy and radiotherapy may be linked to enhanced
expression of anti-apoptosis proteins such as BCL-xL and MCL-1 °. The activation of these
pro-survival proteins may be linked to the enhanced expression of the epidermal growth
factor receptor (EGFR) and EGFR-signaling. Although the treatment of HNSCC with
tyrosine kinase inhibitors remains a primary treatment modality at present (reviewed in ),
other exploratory approaches aimed to enhance the apoptotic death of HNSCC have also
been reported. Peptides and BH3 mimetics that bind with the BH3 domain of BCL-2 family
pro-survival proteins were shown to enhance the sensitivity of chemotherapeutic drugs in
HNSCC 7 8. Considering the relative resistance of HNSCC, other alternative therapeutic
approaches for the management of this disease is needed. The use of viral vectors that kill
cancer cells alone or in combination with other treatment modalities appears to be a
promising approach.

We have previously reported that infection of HNSCC cell lines with an apoptogenic
HAdV5 mutant (Ip11w) that is defective in coding for the viral anti- apoptosis protein
E1B-19K, resulted in reduced levels of BCL-2 family pro-survival proteins and the infected
cells exhibited enhanced apoptotic response 2. In HNSCC cells infected with Ip11w, there
was dramatic down regulation of EGFR as a result of enhanced proteolysis during virus-
induced apoptosis as well as by the direct action of the HAdV5 E3-RID protein complex,
which targets membrane-associated receptors for proteolysis. These in vitro results
suggested the potential utility of Ip11w as a virotherapeutic agent for HNSCC.

HAdV5 mutants that are defective in a second protein coded by the E1B region, E1B-55K,
are wildly used as oncolytic vectors against several cancers in preclinical and clinical
studies. The 55K protein is multifunctional and is required for efficient viral replication. It
functions through diverse mechanisms 19, E1B-55K and its cooperating viral protein, E4orf6
form an E3 ligase complex that targets p53 and components of the DNA repair machinery
for proteasomal degradation. During late stages of viral infection, it plays a role in selective
nucleo-cytoplasmic export of viral mMRNASs and has been postulated to be the mechanism
governing the oncolytic activity of E1B-55K mutants 11, The treatment of HNSCC with a
replication competent HAdV5 vector, ONY X-015 that is defective in the expression of
E1B-55K protein, in combination with chemotherapeutic agents cisplatin and 5-flurouracil
resulted in enhanced oncolysis 12. In addition to E1B-55K deleted vectors, the use of other
replication competent and replication defective HAdV vectors for the treatment of advanced
head and neck cancers have been explored. Certain conditionally replicating oncolytic
adenovirus vectors that selectively replicate in tumor cells have been employed to kill
HNSCC in xenografts and tumor explants 13-15. An HAdV5 replication-defective vector that
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expresses the tumor suppressor protein p53 (Adp53) is in advanced clinical trials 16-18 and is
an approved agent in China for the treatment of HNSCC (reviewed in 19).

In the present study, we chose to investigate the anti-tumor activity of HAdV5 mutant [pliw
as well as a second apoptogenic HAdV5 mutant that is defective in coding for both E1B
proteins (Ip11w/A55K) in the Syrian hamster animal model. The rationale for the use of
these vectors is to exploit their powerful pro-apoptotic activity to kill the tumor cells.
Although most of the preclinical studies on the use of HAdV5 vectors employed
immunodeficient nude mouse bearing human tumor xenografts, recent studies have
exploited the Syrian hamster as an immunocompetent small animal model (which supports
HAdVS5 replication) to evaluate the oncolytic activity of HAdV5 vectors 2922, |n order to
evaluate the apoptogenic HAdV5 vectors against head and neck tumors, we developed two
Syrian hamster cell lines from the cheek pouch squamous cell carcinoma induced by the
chemical carcinogen DMBA and determined the oncolytic activity of the HAdV5 vectors in
orthotopic and heterotopic tumors induced by these cell lines. Our study appears to be the
first in which HAdV5 vectors have been tested in an orthotopic HNSCC tumor model.

Materials and methods

Cells

The human cell lines A549 (alveolar carcinoma), MCF7 (breast carcinoma), HeLa and
IMR90 fibroblasts were obtained from the American Type Culture Collection (ATCC,
Bethesda, MD, USA). The human embryonic kidney 293 (HEK-293) cells were from
Microbix (Toronto, ON, Canada). The hamster pancreatic carcinoma cell line SHPC6 23 was
obtained from Dr. W.S. M. Wold. Normal human bronchial epithelial (NHBE) cells were
obtained and grown in a specific medium from Cambrex (Walkersville, MD, USA). Normal
human foreskin fibroblasts (HFF) were gift from Dr. R. Ray. A549, 293 and HFF cells were
grown in DMEM (Sigma Life Science, St. Louis, USA) supplemented with 10% FBS.

Establishment of Hamster pouch tumor cell lines

Four to six week-old female Syrian Hamsters were anesthetized using 3% isoflurane; their
cheek pouches were painted with 0.5% DMBA (9, 10-dimethyl-1, 2-benzanthracene
#D3254,Sigma) in paraffin oil (#18512, Sigma) using camel hair brush No.4 (#6020-04000,
Gordon Brush) twice a week for 12 to 14 weeks 2% 25, The tumors were aseptically
harvested from euthanized animals and transferred to RPMI media without serum. The cells
from the tumors were prepared using a commercial kit (Cancer cell isolation kit - #C100XX,
Panomics, Affymetrix) and plated in DMEM supplemented with 20% FBS, 10 ug/mL of
hydrocortisone, 50 ng/mL of epidermal growth factor (EGF), 5 ug/mL of spermine and
antibiotics 26. The cells were further cultured in DMEM supplemented with 10% FBS with
antibiotics. DMBA-induced buccal tumor cells (2 x 107) were transplanted subcutaneously
in the flanks. Ten days after injection the tumors were aseptically removed and the cells
were prepared and clonal cell lines (HPT11 and 12) were established.
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Subcutaneous tumor assay in nude mice

Hamster cheek pouch SCC tumor (HPT12) cells (4x106) were injected subcutaneously in
100 pl volume into 5-6 week-old female athymic nude mice (Harlan Sprague Dawley,
Indianapolis, IN, USA) into the hind flanks to establish subcutaneous tumors. Tumor
bearing animals were randomized prior to virus injection. When the tumor volumes reached
about 100 to 200 pl, the mice were injected intratumorally with 50 pl vehicle (phosphate
buffered saline with 1 mM MgCl, and 1 mM CaCl, (PBS++) alone or with 1x10% PFU of
di312 or HAdV5 wt or Ip11w or Ip11w/A55K for six consecutive days (total 6x109 PFU/
animal). Tumor sizes were measured twice weekly with a Sylvac digital caliper and the
volumes were calculated using the formula length x width?/2.

Subcutaneous and cheek pouch SCC tumor assays in hamsters

Four to five week-old male Syrian hamsters (Harlan Sprague Dawley Indianapolis, IN) were
subcutaneously injected with 1x107 hamster cheek pouch SCC tumor cells in 200 pl volume
into the hind flanks to establish subcutaneous tumors. In another set of experiments, 1x107
hamster SCC tumor cells were injected submucosally in 200 pL volume into the right cheek
pouches. Tumor bearing hamsters were randomized and when the tumor volumes reached
about 100-200 pl, the animals were intratumorally injected with 100 pl vehicle (PBS++)
alone or with 1x1019 PFU of Ip11w or Ip11w/A55K for six consecutive days (total 6x1010
PFU/animal). Tumor measurements were performed twice weekly.

Western blot

Cells were grown in 60 mm tissue culture dishes and washed twice with PBS. Cells were
lysed in NuPAGE sample buffer and heated in boiling water for 5 min. The extracts were
fractionated by SDS-PAGE (NUPAGE 4-12% gel, NOVEX, Life technologies, USA) and
subjected to Western blotting. The following antibodies were used: anti-cytokeratin 19
(sc-25724, Santa Cruz), cytokeratin 8 (17514-1-AP, Proteintech), cytokeratin 14 (22221-1-
AP, Proteintech), anti-EGFR (sc-03, Santa Cruz), anti-actin (sc-1615, Santa Cruz),
caspase-3 (9662, Cell Signaling), PARP (556362, BD Bioscience), E1A (05-595, Millipore),
E1B 19K (gift from Dr. M. Green) and E1B-55K (gift from Dr. Peter Yaciuk) Abs.

Viral growth assay

A549, NHBE and HFF cells were plated in 35 mm dishes and at 60 to 70 % confluency,
were infected with HAdV5 mutants. A549 and NHBE cells were infected at 10 PFU/cell
while HFF cells were infected at 100 PFU/cell. One hr after infection, the cells were washed
three times with medium containing no serum and fed with 2.5 ml of DMEM containing 5%
fetal calf serum. After forty hours, the cells and the medium were harvested and the viruses
were released by freeze, thaw and sonication and the virus yield was estimated by plaque
assay on 293 cells.

Determination of virus titer in hamster serum

At the end of the experiments hamsters were sacrificed, blood was collected in sterile tubes
without anticoagulant from each animal and allowed to stand for about 10-20 min. The
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samples were centrifuged at 1500xg for 10 min and the serum was removed and frozen at
—80°C. The serum samples were tittered by plaque assay on 293 cells.

antibody titration

All serum samples were heat inactivated at 56°C for 30 min prior to titration. They were
diluted two fold across 96 well plates in four replicates. One column without serum sample
and the other column without virus were run as controls. All wells except virus control were
incubated with 100 PFU/well of HAdV5 wt. After one hr, 5x103 A549 cells in growth
medium were added to each well and incubated for 8 to 10 days at 37°C. At the end of the
incubation period neutral red (30 fold dilution of neutral red in PBS) was added to the cells
and incubated for one hr at 37°C. The plates were gently rinsed with PBS two times
followed by the addition of 100 pL acidified ethanol (50% ethanol in 1% acetic acid in
water). After 10 min at room temperature, the plates were read at 550 nm using a plate
reader and the neutralizing antibody titers were calculated

Solid tumors were fixed in formalin and 2-3 mm thick slices were excised with a sharp
scalpel through the middle of each tumor. The slices were fixed for another 24 hr in
formalin, processed into paraffin in a Miles Scientific Tissue-Tek VIP autoprocessor,
embedded in cassettes in a Leica EG1150H/1150C embedding station, and sectioned at 5 um
with a Leica RM2255 microtome using disposable steel blades. After collection on Fisher
Super Frost glass slides the sections were stained with hematoxylin and eosin in a Leica
Autostainer XL and after coverslipping with Leica Surgipath MM24 mounting medium were
photographed with an Olympus BX41 microscope/DP72 digital camera system. Contrast
and brightness were adjusted using Microsoft Power Point.

Immunohistochemistry

Slides of 5 um thick formalin-fixed paraffin sections were de-paraffinized and subjected to
antigen retrieval using DIVA Decloaker solution (Biocare Medical, Concord, CA).
Following quenching of endogenous peroxidase with 3% hydrogen peroxide in PBS for 30
min the sections were washed in PBS and blocked (1% bovine serum albumin, 5% normal
goat serum, 0.05% TX100 in PBS) for 30 min at room temperature in a humidified sealed
container. Sections were then incubated overnight at 4° C in anti-fiber adenovirus Ab4
monoclonal antibody (4D2; MS-1027-P, NeoMarkers, Freemont, CA) or anti-caspase-3
antibody (9662, Cell Signaling) diluted 1:200 in 1/10t" blocking buffer in a sealed
humidified container. Negative controls were incubated in non-immune isotype-specific
mouse IgG (Sigma 15381) at the same 1gG protein concentration as for the anti-fiber primary
antibody. The sections were then washed in PBS and incubated for 1 hr at room temperature
in goat anti-mouse 1gG conjugated to peroxidase (Sigma A4416) diluted 1:400 in 1/10t
blocking buffer. After washing in PBS, the sections were incubated in peroxidase substrate
(Sigma D4168) for 5 min and the reaction was stopped by rinsing in water. The sections
were counter-stained with hematoxylin, dehydrated, coverslipped with Leica Surgipath
MM24 mounting medium and photographed as described above. Histology and
immunohistochemistry staining were performed at the Research Microscopy and Histology
Core, Saint Louis University School of Medicine.
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FACS Analysis

HPT11 and HPT12 cells (4x10%) were infected with 400 PFU of indicated adenovirus. After
24 hr, infected cells were trypsinized, washed with PBS and binding buffer preceded by
Annexin APC and PI staining according to manufacturer instructions (Annexin V Apoptosis
Detection Kit APC cat.no. 88-8007, eBioscience). Cells were analyzed using a FACS
Calibur flow cytometer (Beckman Dickinson).

Statistical analysis

The data from multiple samples were compared by Student's t-tests analysis, 2-way
ANOVA by Bonferroni multiple comparisons. Significant values were defined as those p
values of <0.05.

Results

HAdVS5 vectors

We have previously reported that the replication competent apoptogenic mutant of HAdVS5,
Ip11w exhibited enhanced cytolytic activity in human HNSCC cells in vitro °. The
apoptogenic activity of Ip11w is conferred by a mutation that obliterates the ORF for the
viral anti-apoptotic protein E1B-19K 27, In the present study, we also used an additional
vector that is defective in coding both E1B-19K and E1B-55K proteins (Fig. 1A). We
decided to include the mutation in E1B-55K, since HAdV5 mutants have been reported to
exhibit restricted replication in certain normal human cells 28, We rationalized that this
vector, designated here as Ip11w/A55K, would incorporate both the enhanced apoptotic
activity in cancer cells and reduced toxicity to normal cells. As expected, the newly
engineered mutant (Ip11w/A55K) was deficient in the expression of both E1B proteins while
Ipl1w was deficient in the expression of only E1B-19K (Fig. 1B). Additionally, Ip11w/
A55K also expressed reduced levels of E1A proteins. We assessed the replication of these
vectors in comparison with HAdV5 wt in normal human bronchial epithelial (NHBE) cells
and in normal human foreskin fibroblasts (HFF) (Fig 1C). In NHBE, replication of both
Ipllw and Ipl1w/A55K was significantly reduced compared to HAdV5 wt. In contrast, the
replication of Ip11w was not impaired in HFF while replication of Ip11w/A55K was severely
impaired. These results suggest that the lack of E1B-19K in these vectors may reduce
toxicity to normal epithelial cells during oncolytic applications to head and neck cancers.
The combination of both E1B-19K and 55K mutations may retard replication in both NHBE
and HFF.

Hamster pouch tumor cell lines

The hamster pouch tumor model is a well-accepted orthotopic head and neck cancer 2°.
Since HAdVS5 replicates in the Syrian hamster, it has been shown to be a valuable immune-
competent model to investigate the oncolytic activity of HAdV5 vectors (reviewed in 39). In
order to evaluate the HAdV5-E1B vectors for head and neck cancers, we first explored the
utility of the hamster pouch tumors induced by painting with the chemical carcinogen
DMBA. However, we encountered difficulty in quantifying the effect of intra-tumoral
administration of the viral vectors in this system due to the heterogeneity of large number of
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tumors induced by DMBA on the painted area. Therefore, we decided to use syngeneic
pouch tumor cell lines that could be transplanted in the pouch for more quantitative
evaluation of HAdV5-E1B vectors. We established two clonal cell lines derived from pouch
squamous cell carcinomas (hamster pouch tumor, HPT) induced by treatment with DMBA.
We examined the expression of the squamous cell carcinoma markers, cytokeratins 8, 14
and 19 3132. 33 jn these cell lines (Fig. 2A). Both cell lines expressed readily detectable
levels of all three cytokeratins. To determine whether the viral vectors induce cytolysis of
these cell lines, the cells were infected with HAdV5 wt or different mutants and cell lysis
was quantified by the lactate dehydrogenase (LDH) release assay (Tollefson, 1996) (Fig.
2B). In both hamster pouch tumor cell lines, mutant Ip11w induced substantially increased
release of LDH compared to HAdV5 wt. The mutant Ip11w/A55K induced intermediate
levels of LDH release. These results suggest that both E1B mutants may be more cytotoxic
to the hamster pouch tumor cell lines than HAdV5 wt. Between the two E1B mutants, [pl1lw
may be a more potent cytolytic agent than Ipl1w/A55K.

Apoptotic activity of E1B mutants in hamster cells

It is well known that HAdV mutants deficient in the expression of the viral anti-apoptosis
protein E1B-19K induce apoptosis in cultured animal cells 34 35, We examined the apoptotic
activity of the E1B mutants in the hamster tumor cell lines by analyzing the activation of
caspase-3 as well as proteolytic processing of poly ADP-ribose polymerase (PARP) and
epidermal growth factor receptor (EGFR). Both E1B mutants induced efficient caspase-3
activation (loss of procaspase 3 and formation of 19 kD and 17 kD subunits) and proteolytic
processing of PARP and EGFR (caspase target proteins), suggesting efficient apoptosis
induction by Ipliw and Ip11w/A55K in both HPT11 and 12 cell lines (Fig. 3A). We also
measured the levels of apoptosis by FACS analysis of cells stained with annexin V-APC and
the non-vital stain propidium iodide (P1). In both cell lines infected with either E1B mutants,
there was increased apoptosis as indicated by annexin V-staining and total cell death (PI-
staining) (Fig. 3B, C). The cell population in the transition phase (apoptosis to dead, positive
for both Annexin V and PI staining) also showed comparable patterns. These results show
that both E1B mutants are apoptogenic in the hamster pouch tumor cell lines.

Tumor growth suppression by E1B mutants

We first determined the effect of the viral vectors Ipllw and Ip11w/A55K in the mouse
xenograft model (Fig. 4A). Athymic mice were transplanted with HPT12 cells
subcutaneously and the tumors were then treated by intratumoral injection with different
HAdV5 mutants. In this tumor model, both Ip11lw and |pl1w/A55K suppressed tumor
growth efficiently compared to di312 (replication defective control). Although HAdV5 wt
inhibited tumor growth, the effect was less compared to the E1B mutants. We then
determined the effect of pl1w and Ip11w/A55K in subcutaneous hamster flank tumors
induced by the transplantation of the two hamster tumor cell lines. The hamsters bearing
HPT12-induced tumors were treated with different HAdV5 mutants by intratumoral
injection and the changes in tumor volumes were monitored for three weeks. In tumors
injected with mutant dI312, there was substantial increase in volumes (Fig. 4B). In contrast,
there was no significant increase in tumor volumes in animals injected with Ipl1w or Ipliw/
A55K during the period of observation compared to animals injected with di312. The
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oncolytic activities of the E1B mutants were also assessed against tumor bearing hamsters
that were subcutaneously transplanted in the flanks with the tumor cell line HPT11. In these
tumors, both E1B mutants efficiently inhibited tumor growth compared to the administration
of vehicle alone (Fig. 4C). These results suggested that the apoptogenic E1B mutants
efficiently inhibited tumor growth both in the xenograft and syngeneic models transplanted
with the hamster pouch tumor cell lines.

Since the E1B mutants exhibited significant anti-tumor activity against subcutaneous tumors
in the flanks of athymic mice and hamsters, we then determined the effect of these mutants
against orthotopic tumors in hamster pouches. The hamster pouch tumor cell lines were
transplanted submucosally in the Syrian hamster cheek pouches. Both cell lines formed
tumors in a more accelerated fashion in the pouches than in the flanks. Since there was no
significant difference in tumor growth in the pouch of animals treated with the vehicle or
di312 (results not shown), the effects of E1B mutants were compared with the effects of
vehicle administration in these tumor assays. Between the two cell lines, HPT12 formed
faster growing tumors than HPT11. Intratumoral administration of Ip11w and [p11w/A55K
inhibited the growth of tumors induced by both cell lines (Fig. 5). We note that in some
instances, viral administration induced transient inflammation in the tumors that skewed the
measurements at certain time points (e.g., Fig. 5A, 7 days).

Tumor histology

Histological examination of the pouch tumors collected after sacrifice at 17 days from
vehicle treated animals revealed clear submucosal localization (Fig. 6A, top panel) and
increased angiogenesis and vascular ectasia with thrombosis, while tumors administered
with the viruses exhibited reduced vascularity (Fig. 6A, lower panel). The virus-treated
tumors also showed large areas of confluent necrosis (Fig. 6B. top panels; indicated by
arrow heads) and focal areas of dystrophic calcification (Fig. 6B, lower panels, indicated by
arrows) compared to vehicle-administered tumors. Further, the tissues surrounding the virus-
administered tumors also contained more cells that resembled aggregates of the plasma cells
(Fig. 6C, top panels) and infiltration of mast cells (Fig. 6 C, lower panels, indicated by
arrows) than the tissues surrounding the vehicle-administered tumors. The presence of
features such as chromatin condensation associated with apoptosis was also prevalent in
virus-treated tumors (Fig. 6D).

We then analyzed the pouch tumor samples and the plasma from virus-treated animals at the
end of the study for infectious virus by plaque and infectious center assays on sensitive
human (293) cells. However, these assays did not reveal the presence of infectious virus at
detectable levels (results not shown). We also analyzed the tumor sections by
immunocytochemistry to detect the viral fiber antigen (Fig. 7A) and caspase-3 (Fig. 7B). In
tumors treated with Ipl1w focal positive staining patterns for fiber at discrete locations were
observed (Fig. 7A-3) while in tumors treated 1p11w/A55K (Fig. 7A-4) more extensive
staining was noted. These results suggest that the virus-treated tumors may support at least
limited late viral gene expression. The virus-treated tumors were also significantly positive
for caspase-3 staining, suggesting virus-induced apoptosis.
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The sera from tumor bearing hamsters collected at the end of the tumor assays were
analyzed for anti-viral antibodies (Table 1). These results revealed the presence of
neutralizing antibodies against HAdV5. These results suggest that the treatment of hamsters
with the cytolytic viral vectors induced significant antibody response against viral antigens.

Discussion

We have investigated the potential utility of two apoptotically proficient HAdV5 vectors
against two head and neck model hamster cell lines in the immunocompetent Syrian hamster
model. Most preclinical studies with oncolytic HAdV vectors have employed xenografts of
human cancer cell lines in athymic mice. Recently, the Syrian hamster has been exploited as
an immunocompetent model that is permissive for HAdVS5 replication (reviewed in 30). A
limitation for the use of the hamster system has been the availability of suitable syngeneic
tumor cell lines. Here, we established two cell lines from the Syrian hamster cheek pouch
squamous cell carcinomas that readily form orthotopic tumors upon submucosal
transplantation in the cheek pouches as well as heterotopic tumors at the flanks upon
subcutaneous transplantation. Between the two vectors, Ip11w exhibited enhanced cytolytic
activity in the two hamster cell lines than Ip11w/A55K in vitro (Fig. 2B). However, both
vectors suppressed the growth of orthotopic and heterotopic tumors at comparable levels.
Thus, it is possible that the virus-induced apoptotic response might contribute to their
oncolytic activity. Extensive analysis of the tumor samples and the plasma from virus-
treated hamsters at the end of the study did not provide evidence for the presence infectious
virus (results not shown). However, immunocytochemistry analysis of the tumor samples
revealed the presence of different levels of the viral fiber antigen (Fig. 7A). Thus, it is
possible that there might be low levels of abortive/productive viral replication within the
tumors. These tumors also contained hallmarks of apoptosis such as chromatin condensation
(Fig. 6D) and activation of caspase-3 (Fig. 7B). Thus, the apoptotic activity of the two
vectors may restrict the level of viral replication in the tumors as well as contribute to
reduced tumor growth. Considering the lack of detectable levels of infectious virus within
the tumors, it is possible that the apoptotic activity of the two vectors might be the driver
behind their strong oncolytic activity. It should be noted that other investigators who studied
other oncolytic HAdV5 vectors that do not exhibit enhanced apoptosis also failed to detect
significant viral replication in virus-treated hamsters at late times after infection 36:37. The
cytolytic activity of these vectors may also facilitate the release of complete or incomplete
virus particles from infected tumor cells contributing to the anti-viral immune response
(Table 1) and tumor growth inhibition.

One of the characteristic features of HNSCC is overexpression of EGFR 38: 39 which form
the basis for the treatment of these cancers with EGFR antagonists. We have previously
shown that in HNSCC cells infected with Ip11w, there was a dramatic down-regulation of
EGFR as a result of caspase-mediated proteolytic processing of EGFR as well as through
viral E3-RID protein-mediated receptor clearing 40 41, In the hamster tumor cell lines
infected with Ip11lw and Ipl1w/A55K, we have observed efficient proteolytic processing of
EGFR (Fig. 3). Since both viruses possess intact early E3 region, it is possible that the E3-
RID protein may additionally target EGFR. Thus, the presence of the E3 region appears to
be an asset that makes these vectors particularly useful for virotherapy of HNSCC. It should
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be noted that most of the HAdV5 oncolytic vectors currently used worldwide are based on a
parental HAdV5 mutant that contains a large deletion in the E3 region that includes the RID-
coding region. In addition to E3, the E1A region may also transcriptionally down-regulate
the expression of EGFR 4243, Thus, the apoptotic activity and the ability to down-regulate
the EGFR make these vectors as desirable agents for virotherapy of HNSCCs. The hamster
pouch transplantation system and cell lines that we have developed should be useful in
studying various chemotherapeutic agents in combination therapy with the apoptotic vectors
studied here. Since the hamster pouches are immune privileged sites, it may also be possible
to directly investigate the tumor growth inhibitory activities of the viral vectors against
HNSCC under different immunomodulatory conditions.
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Figure1. HAdV5 mutantsand replication in normal cells

(A). Diagrammatic illustration of HAdV5 mutants. The top panel shows the proteins
expressed from early regions E1B and E3. Mutants Ipl1w and Ipl1w/A55K express wt E1A
and E3 regions while the control mutant di312 contain deletions in these regions. The
mutations within the E1B region are indicated. (B). Expression of ELA and E1B proteins by
HAdV5 mutants. (C). Replication of HAdV5 mutants in normal human epithelial (NHBE)
and fibroblast (HFF) cells. The virus yield from infected NHBE and HFF cells were

determined by plaque assay on 293 cells.

Cancer Gene Ther. Author manuscript; available in PMC 2015 March 09.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Vijayalingam et al.

Page 14

©
IMR90
A549
Hela
MCF7
SHPCE

« Cytokeratin-19

< EGFR

| — . ‘ « Cytokeratin-8
w « Cytokeratin-14
‘ I_l } < Actin
HPTH
25
2 P
3 15 T
E ’ —s—di312
a 4 A 8- Ad5 wt
o ’ -
B P - % =Ipliw
< ./"."'-'-'--—I——-_,_; —a - Ip1wiASEK
0 =
¥ 2 3 4

Days Postinfection
HPT12

1 ey —+—di312

' ---AdE wt
=== p1iw
—& ~Ip11w/A55K

Absorbance

Days Postinfection

Figure 2. Cytolytic activity of E1B mutantsin hamster cell lines
(A). Expression of cytokeratins in hamster cell lines. The western blots were probed with

antibodies against human cytokeratins 8, 14 and 19, EGFR and actin. (B). Cytolytic activity
of HAdV5 mutants. The hamster cell lines HPT11 and 12 were infected with HAdV5 wt or
mutants at 500 PFU/cell and the cytolytic activity was determined by the lactate
dehydrogenase (LDH) release assay using CytoTox 96 Non-Radioactive cytotoxicity assay
kit (Promega).
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Figure 3. Apoptotic activity of HAdV5 mutantsin hamster cells
(A). Effect of HAdV5 mutants on caspase activation. HPT11 and 12 cells were infected with

indicated mutants at 400 PFU/cell and proteolytic processing of pro-caspase 3, EGFR and
PARP were determined by western blot analysis 24 hr after infection. (B). HPT11 and 12
cells were infected 400 PFU/cell and the annexin V-staining patterns were determined by
FACS analysis. A representative analysis is shown in B. (C). Averages of annexin V-
positive cells were shown as an indication of apoptotic cell death. The experiment was
repeated at least three times independently and the data are means £SD. Statistical
differences were assessed using one-way ANOVA followed by a Newman-Keuls Multiple
Comparision Test, where appropriate, using GraphPad Prism 5 software. P-Value was
determined by comparing mock, di312 and Ad5 wt vs Ipl1w and mock, di312 and Ad5 wt
vs Ip11w/A55K in both HPT11 and HPT12 cell lines. Statistical significance was accepted at
a value of *P<0.05 and **P<0.001.
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Figure 4. Oncolytic activity of HAdV5 vector s against subcutaneous tumor sinduced by hamster
pouch tumor cdll lines

(A). Athymic mice were subcutaneously transplanted with HPT12 cells and the tumors were
injected with indicated HAdV5 mutants. At 24 days post treatment, the tumor measurements
indicated significant reduction in tumor growth by the administration of HAdv5 wt, Ipllw
or Ip11w/A55K compared to the administration of di312 (p=0.0072, 0.0018, and 0.0072
respectively). Comparison between tumors treated with Ipl1lw and tumors treated with
HAdV5 wt indicated significant suppression by Ipllw (p=0.0198). Similarly, the growth of
tumors treated with Ip11w/A55K was significantly suppressed compared to HAdV5 wt
treated tumors (p=0.0044). n=5 mice.

(B). The hamster tumor cell line HPT12 was subcutaneously transplanted at the hamster
hind flanks and the tumors were treated with Ipl1w or Ip11w/A55K or dI312. The tumor
measurements at 21 days post treatment indicated that [pl1w and Ip11w/A55K significantly
suppressed tumor growth compared to treatment with di312 (p=0.0014 and 0.0010,
respectively). At 18 days, the tumors treated with Ipl1lw or Ipl1w/A55K viruses were
significantly suppressed compared to those treated with dl312 (p=0.0044 and 0.0049,
respectively). n=4 hamsters

(C). The hamsters were subcutaneously transplanted with HPT11 cells at the hind flanks and
the tumors were treated with [pllw, Ipl1w/A55K or vehicle. At 24 days post treatment,
Ipliw and Ip11wA55K significantly suppressed the tumor growth compared to the vehicle
(p=0.0001 and 0.001 respectively). At 21 days, the significance levels were p=0.0001 and
0.0001, respectively. At 18 days, the significance levels were p=0.001 and 0.0001,
respectively. n=4 hamsters
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Figure5. Oncolytic activity of HAdV5 vectors against orthotopic tumorsinduced by the hamster
cheek pouch tumor cell lines

(A). Orthotopic tumors in the hamster cheek pouches were generated by transplantation of
HPT12 cells and the tumors were administered with Ip11lw or Ip11w/A55K or the vehicle. At
17 days, both viruses significantly suppressed the tumor growth compared to the vehicle
(p=0.001 and 0.0005, respectively). At 14 days, the levels of significance were p=0.021 and
0.0184, respectively) and at 10 days the significance levels were p=0.030 and 0.0252,
respectively. n=4 hamsters.

(B). Hamster cheek pouch tumors were generated by transplantation of HPT11 cells and the
tumors were administered with Ip11w or Ip11w/A55K or the vehicle. At 17 days, the
administration of Ip11w or Ip11w/A55K viruses significantly suppressed the tumor growth
compared to the vehicle control (p=0.021 and 0.030, respectively). At 10 days the
significance levels were p=0.033 and 0.0153, respectively. N=4 hamsters.
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Vehicle Ip11w Ip11w/A55K

Fig. 6. Histology of hamster cheek pouch tumorstreated with HAdV5 vectors
Tumor sections were stained with hematoxylin-eosin and photographed. The size bars

indicate 100 pum (top three panels), 50 um (fourth panel), 100 pm (fifth panel) and 25 pm
(sixth panel). (A). Vascularity of treated tumors. (B). Necrosis and calcification in treated
tumors. (C). Presence of cells like plasma cells. (D). Presence of apoptotic features.
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Figure 7. Immunocytochemistry of virus-treated pouch tumors
Immunocytochemistry analysis was performed with tumor sections using anti-fiber antibody

(A) or caspase-3 antibody (B). 1. Representative vehicle-treated tumor section 2. Section of
tumor-treated with Ip11w/A55K and stained with the isotype (mouse 1gG) antibody control
3. Section of tumor treated with Ip11w and stained with the anti-fiber or caspase-3 antibody
4. Section of tumor-treated with Ip11w/A55K and stained with the anti-fiber or caspase-3
antibody. The size bars indicate 200 um (Al and 2) and 50 um (A3 and 4 and B1-4).
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Table 1

Anti-HAdV5 antibody in sera from tumor bearing hamsters treated with adenoviral vectors

Serum (HPT11) Serological test  Serum (HPT 12)

Serological test

Subcutaneous tumors

Vehicle -
Ipliw 720
I1p11w/A55K 960

Pouch tumors

Vehicle -
Ipliw 480
1p11w/A55K 640

Vehicle
Ipliw
Ip11w/A55K
Ad5 wt

Vehicle
Ipliw
1pLl1w/A55K

40
180
240
1280

1440
640

Page 20

Neutralizing antibody titers are expressed as the highest reciprocal serum dilutions. Average antibody titers from two animals from each group are
presented. Hyper immunized serum raised against HAdV5 wt virus from hamster was used for positive control.
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