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Abstract

Human papillomavirus (HPV), particularly type 16, has been associated with a subset of head and
neck cancers. The viral-encoded oncogenic proteins E6 and E7 represent ideal targets for
immunotherapy against HPV-associated head and neck cancers. DNA vaccines have emerged as
attractive approaches for immunotherapy due to its simplicity, safety, and ease of preparation.
Intradermal administration of DNA vaccine via gene gun represents an efficient method to deliver
DNA directly into dendritic cells for priming antigen-specific T cells. We have previously shown
that a DNA vaccine encoding an invariant chain (li), in which the class I1-associated li peptide
(CLIP) region has been replaced by a Pan-DR-epitope (PADRE) sequence to form li-PADRE, is
capable of generating PADRE-specific CD4+ T cells in vaccinated mice. In the current study, we
hypothesize a DNA vaccine encoding li-PADRE linked to E6 (li-PADRE-EG) will further
enhance E6-specific CD8+ T cell immune responses through PADRE-specific CD4+ T helper
cells. We found that mice vaccinated with li-PADRE-E6 DNA generated comparable levels of
PADRE-specific CD4+ T cell immune responses as well as significantly stronger E6-specific
CD8+ T cell immune responses and antitumor effects against the lethal challenge of E6-expressing
tumor compared to mice vaccinated with li-E6 DNA. Taken together, our data indicates that
vaccination with li-E6 DNA with PADRE replacing the CLIP region is capable of enhancing the
E6-specific CD8+ T cell immune response generated by the li-E6 DNA. Thus, li-PADRE-E6
represents a novel DNA vaccine for the treatment of HPV-associated head and neck cancer and
other HPV-associated malignancies.
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Introduction

Head and neck cancer accounts for about 3% to 5% of all cancers in the United States based
on a report from the American Cancer Society. In 2010, it is estimated that 49,260 people
will develop head and neck cancer, and approx. 11,480 deaths will occur 1. Head and neck
squamous cell carcinoma (HNSCC) is the sixth most common cancer worldwide 2. With a
5-year survival rate of 50%, HNSCC has one of the lowest survival rates associated with the
major cancers 2. Thus, head and neck cancer requires an alternative treatment for its control.

Recently it has been found that a subset of HNSCC is associated with human papillomavirus
(HPV). The HPV-associated head and neck tumors are derived mainly from the oropharynx,
including the tonsil and base of tongue (for review see 3). Thus, immunotherapy targeting
HPV antigens has emerged as a promising approach for the treatment of head and neck
cancers 4. More than 90% of HPV-associated HNSCC are caused by HPV type 16 °. The
HPV antigens E6 and E7 represent ideal targets since they are constantly expressed,
essential for tumor phenotype and not expressed on normal cells and contribute to tumor
progression (for review see 6). Thus, they represent ideal targets for developing antigen-
specific immunotherapy for the control of head and neck cancers.

DNA vaccines have emerged as an attractive antigen-specific immunotherapy due to their
simplicity, safety, ability to be constantly delivered without being neutralized, ease of
preparation, stability at room temperature, and relatively cheap cost compared to other
biotherapy agents (for reviews see ’,8). Using gene gun, the vaccine will be delivered into
the skin where many immature dendritic cells (DCs), also called Langerhans cells, are
located. It is now clear that dendritic cells are key players in initiating an immune response.
Employment of gene gun has been shown to allow direct delivery of DNA into the DCs 9,10,
Thus, this system will allow us to employ various strategies to modify the multiple
properties of dendritic cells to improve DNA vaccine potency.

We have used the gene gun delivery system to test several DNA vaccines encoding HPV
type E6/E7 antigens (for review, see 11). We have previously used this system to show that a
DNA vaccine encoding an invariant chain (li), in which the class 11-associated li peptide
(CLIP) region has been replaced by a Pan-DR-epitope (PADRE) sequence to form li-
PADRE, is capable of generating PADRE-specific CD4+ T cells in vaccinated mice 2. The
PADRE motif is a high-affinity and “promiscuous” CD4* T cell epitope and has been shown
to bind to different human as well as mouse MHC class Il molecules 13. Thus, the PADRE
peptide has been widely used by us as well as other groups for enhancing CD4+ T helper
cells 12,1416 | addition, it has been shown that DNA vaccines encoding li linked to a
model antigen on the carboxyl end of li will enhance antigen-specific CD8+ T cell immune
responses in vaccinated mice 17.
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In the current study, we reason that a combination of these approaches by generating a DNA
vaccine encoding li-PADRE linked to E6 (li-PADRE-E®6) will further enhance E6-specific
CD8+ T cell immune responses through PADRE-specific CD4+ T helper cells. Our data
indicate that vaccination with li-PADRE-E6 generates potent E6-specific CD8+ T cell
immune responses and antitumor effects against E6-expressing tumors, thus representing an
innovative DNA vaccine for the treatment of HPV-associated head and neck cancer and
other HPV-associated malignancies. The clinical implications of the current study are
discussed.

E6 DNA constructs expressed comparable levels of E6 RNA

In the current study we planned to test whether a DNA vaccine encoding li-PADRE linked
to E6 (li-PADRE-E6) will further enhance E6-specific CD8+ T cell immune responses
through PADRE-specific CD4+ T helper cells. In order to test our hypothesis, we have come
up with various DNA constructs, including pcDNA3-E6, pcDNA3-li, pcDNA3-Ii-EB6,
pcDNA3-Ii-PADRE, and pcDNA3-1i-PADRE-EG6 (see Figure 1). In order to characterize the
E6 RNA expression of the various E6 DNA constructs, we performed quantitative RT-PCR
to demonstrate the relative expression of E6 gene. DC cell line was transfected with
pcDNA3-ES, li-E6, or PADRE-E6 plasmid. As shown in Supplementary Figure 1, we found
that the various E6 DNA constructs expressed comparable levels of E6 RNA.

Linkage of E6 to the carboxyl end of i or li-PADRE is able to improve E6 antigen
processing and presentation through MHC class | molecules

We then wanted to determine whether the linkage of E6 to the carboxyl end of li or Ii-
PADRE could enhance E6 antigen processing and presentation through MHC class |
molecules. We did this by characterizing the activation of the E6-specific T cell line by 293-
KP cells transfected with the various DNA constructs encoding li, PADRE, ES, 1i-E6, and
PADRE-E6 respectively. The cells were then analyzed using intracellular cytokine staining
by staining with CD8 and IFN-y. As shown in Figure 2, 293-KP transfected with DNA
encoding li-E6 and li-PADRE-E6 generated significantly higher frequency of activated IFN-
gamma secreting E6-specific CD8+ T cells compared to 293-KP transfected with i, li-
PADRE, or E6 DNA. These results indicate that linking of E6 to the carboxyl end of li or li-
PADRE is capable of improving E6 antigen processing and presentation through the MHC
class I molecule to activate a greater frequency of E6-specific CD8+ T cells.

Vaccination with li-PADRE-E6 generated the highest frequency of E6-specific CD8+ T cells
in vaccinated mice

To determine whether li-PADRE-EG6 could generate the best E6-specific CD8+ T cell
immune responses in vaccinated mice, we used C57BL/6 mice (5 per group) and vaccinated
the mice intradermally via gene gun with 2 pg/mouse of i, li-E6, li-PADRE, li-PADRE-E6
DNA vaccines. The mice received a boost with the same dose and regimen of the DNA
vaccines four days later. One week after the last vaccination, the splenocytes from
vaccinated mice were harvested and characterized for E6-specific CD8+ T cells. The
presence of E6-specific CD8+ T cells was determined by CD8-specific antibodies as well as
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intracellular cytokine staining for interferon gamma. As shown in Figure 3, mice vaccinated
with li-PADRE-E6 DNA vaccine generated the highest frequency of E6-specific CD8+ T
cells in mice among all the groups (p<0.05). li-E6 DNA vaccine also generated higher
frequency of E6-specific CD8+ T cells compared to E6 DNA although not as high as li-
PADRE-E6 DNA. Thus, the replacement of CLIP with PADRE in the li-E6 construct is able
to further enhance E6-specific CD8+ T cells.

We also characterized the E6-specific CD8+ T cell responses in mice vaccinated
simultaneously with li-E6 DNA and li-PADRE DNA at the same site compared to mice
vaccinated with li-PADRE-E6 DNA + li DNA (in order to match the amount of E6 and the
total amount of DNA in the vaccination). We found that mice vaccinated with
simultaneously with li-E6 DNA and Ii-PADRE DNA at the same site generated comparable
E6-specific CD8+ T cell immune responses to mice vaccinated with 1i-PADRE-E6 + li
DNA (Supplementary Figure 2). Taken together, our data suggests that the enhancement of
the E6-specfic CD8+ T cell immune responses can be contributed by co-administration with
li-PADRE DNA or linkage of li-PADRE to E6 DNA construct (li-PADRE-E6 DNA).

Both li-PADRE and li-PADRE-E6 generate significantly higher frequency of PADRE-
specific CD4+ T cells in vaccinated mice

In order to determine whether the replacement of CLIP by PADRE in li-PADRE and li-
PADRE-E6 can lead to the generation of PADRE-specific CD4+ T cell immune responses
in vaccinated mice, we used C57BL/6 mice (5 per group) and vaccinated them as described
in Figure 3. One week after the last vaccination, the splenocytes from vaccinated mice were
harvested and characterized for PADRE-specific CD4+ T cells. The presence of PADRE-
specific CD4+ T cells was determined by CD4-specific antibodies as well as intracellular
cytokine staining for interferon gamma. As shown in Figure 4, mice vaccinated with li-
PADRE-E6 or li-PADRE DNA vaccine both generated significantly higher frequency of
PADRE-specific CD4+ T cells compared to mice vaccinated with E8, li, and li-E6, although
li-PADRE-E6 generated significantly lower numbers of PADRE-specific CD4+ T cells than
li-PADRE (p<0.05). Thus, the replacement of CLIP with PADRE in the li and li-E6
construct is able to generate a significant frequency of PADRE-specific CD4+ T cells in
vaccinated mice.

Vaccination with li-PADRE-E6 generated a potent protective anti-tumor effect against E6-
expressing tumors

In order to determine whether the observed enhanced E6-specific CD8+ T cell immune
response generated by li-PADRE-E6 can be translated into enhanced protective anti-tumor
effects, we first vaccinated C57BL/6 mice intradermally via gene gun with 2 ug/mouse of Ii,
li-E6, 1i-PADRE, li-PADRE-E6 DNA vaccines. Four days later, the mice received a boost
with the same dose and regimen of the DNA vaccines. Seven days after the last vaccination,
the mice were challenged with a luciferase-expressing E6-positive murine tumor cell ling,
TC-1/luc in the buccal mucosa of the oral region. The tumor growth of the mice was
followed by a non-invasive luminescence imaging system. As shown in Figure 5, both 1i-E6
and li-PADRE-E6 DNA vaccines generated a better protective anti-tumor effect against E6-
expressing tumors in vaccinated mice among all the tested DNA vaccines (p<0.05). Thus,
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our data indicates that vaccination with li-PADRE-E6 generates a potent protective anti-
tumor effect against E6-expressing tumors.

CD4+ and CD8+ T cells are essential for the antitumor effects generated by vaccination
with li-PADRE-E6 DNA vaccine

In order to determine the subset of lymphocytes that are essential for the observed protective
antitumor effects, mice were first primed and boosted with li-PADRE-E6 DNA vaccine. The
vaccinated mice were depleted of CD4, CD8, or NK cells with various antibodies as
described in the M aterials and M ethods. The antibody-depleted mice were then challenged
with luciferase-expressing E6-positive murine tumor cell line, TC-1/luc in the buccal
mucosa of the oral region. The tumor growth of the mice was followed by a non-invasive
luminescence imaging system. As shown in Figure 6, the depletion of CD4+ or CD8+ T
cells led to the significant loss of antitumor effects generated by the vaccination with li-
PADRE-E6 DNA. In comparison, the depletion of NK cells did not lead to a loss of
antitumor effects generated by the li-PADRE-E6 DNA vaccination. Taken together, these
results indicate that both CD4 and CD8 T cells are essential for the antitumor effects
mediated by li-PADRE-E6 DNA vaccine.

Vaccination with li-PADRE-E6 generated the best therapeutic anti-tumor effects against
E6-expressing tumors

In order to further determine whether the vaccination with li-PADRE-E6 can lead to
enhanced therapeutic anti-tumor effects, we first challenged mice with luciferase-expressing
E6-positive murine tumor cell line, TC-1/luc in the buccal mucosa of the oral region. Three
days later, tumor-bearing-mice were vaccinated intradermally via gene gun with 2 ug/mouse
of 1i, li-E6, li-PADRE, li-PADRE-E6 DNA vaccines. One week after tumor challenge, the
mice received a boost with the same dose and regimen of the DNA vaccines. The tumor
growth was followed by luminescence imaging twice a week following tumor challenge. As
shown in Figure 7, li-PADRE-E6 DNA vaccine generated the best therapeutic anti-tumor
effects against E6-expressing tumors in vaccinated mice among all the tested DNA vaccines.
Furthermore, treatment with li-PADRE-E6 DNA generated the best over-all survival among
all the DNA-treated groups. Taken together, li-PADRE-EG is able to generate the best anti-
tumor immune responses in tumor-challenged mice.

Discussion

Our study demonstrated that vaccination with the li-PADRE-E6 DNA generated
significantly higher frequency of E6-specific CD8+ T cells compared to vaccination with li-
E6 DNA. We believe the PADRE-specific CD4+ T cells generated by the vaccination with
the li-PADRE-E6 DNA likely contributed to the improved frequency of E6-specific CD8+ T
cells. Our results are consistent with our previous studies using DNA vaccines co-
administered with DNA encoding li-PADRE. This result may be due to the important roles
of CD4+ T cells in facilitating the activation and proliferation of antigen-specific CD8+ T
cells.
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We observed that mice vaccinated with li-PADRE-E6 DNA vaccine had slightly lower
PADRE-specific CD4+ T cells compared to mice vaccinated with li-PADRE DNA. This
differs from our original expectations that mice vaccinated with li-PADRE-E6 DNA would
generate comparable levels of PADRE-specific CD4+ T cell immune responses compared to
mice vaccinated with li-PADRE DNA. The reduction of PADRE-specific CD4+ T cells may
be related to the enhanced CD8+ T cells generated by li-PADRE-E6 16, Dendritic cells
transfected with li-PADRE-E6 not only present PADRE-peptide through MHC Il pathway
to activate PADRE-specific CD4+ T cells, but also present E6-peptide through MHC |
molecules to activate E6-specific CD8+ T cells. As a result, 293-KP cells transfected with Ii-
PADRE-E6 can serve as targets for specific killing by the generated E6-specific CD8+ T
cells. In comparison, dendritic cells transfected with li-PADRE will not present E6-peptide
through MHC | molecules and thus will not become targets for E6-specific T cell killing.
This may explain why there is a reduction in the frequency of PADRE-specific CD4+ T
cells in mice vaccinated with li-PADRE-E6 compared to mice vaccinated with li-PADRE.

We observed that the linkage of E6 antigen directly to the carboxyl end of li or li-PADRE
can lead to enhanced E6 antigen processing and presentation through MHC class |
molecules in cells transfected with 1i-E6 or li-PADRE-E6 DNA compared to cells
transfected with E6 DNA (see Figure 2). Our data is consisting with previous studies using
other antigenic systems 17,18, Targeting of an antigen to the endoplasmic reticulum (ER) can
lead to enhanced E6 antigen processing on MHC |I.

In our study, we observed that vaccination with li-PADRE-E6 generated the best therapeutic
anti-tumor effects against E6-expressing tumors (See Figure 7). Although the vaccination
with DNA encoding li-E6 also generated significantly higher level of E6-specific CD8+ T
cells than DNA encoding E6 (Figure 3), it did not translate into a better therapeutic
antitumor effect against E6-expressing tumors (See Figure 7). This may be related to the
design of the experiment in our study. For example, if the dose of the tumor challenge is too
high, it may be difficult to appreciate the difference in antitumor effects generated by the
different suboptimal E6-containing DNA vaccines except the most potent DNA construct,
li-PADRE-E6. Thus, in order to illustrate the difference in the therapeutic antitumor effects
generated by the suboptimal E6-containing constructs, it may be necessary to reduce the
dose or the interval between the tumor challenge and initiation of DNA vaccination.

The li-PADRE-E6 DNA vaccine represents a novel immunotherapeutic strategy that can
enhance E6-specific CD8+ T cells through PADRE-specific CD4+ T helper cells. The
success of li-PADRE-E6 DNA vaccine in preclinical mouse models has served as an
important foundation for further clinical translation for the control of HPV-associated head
and neck cancers in humans. Because the majority of HPV-associated head and neck cancers
are related to HPV type-16, the current DNA vaccine that targets HPV-16 E6 can thus be
used. However, for clinical translation, several issues need to be addressed. First, E6 is an
oncogenic protein 8. Thus, it is important to modify E6 to alleviate the oncogenicity of E6
before it can be considered for vaccine. Second, the DNA vector used for the current study
contains the ampicillin resistant gene, which is not suitable for clinical applications.
Therefore, it is important to identify suitable vectors for administration to humans. Finally, it
is important to determine the correct dose, appropriate route of administration, and suitable
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regimen (such as frequency and interval of vaccination) for optimal DNA vaccine effect (for
reviews see 19,20),

The immunotherapeutic strategy used in the current study combining a strategy to enhance
both CD4+ T helper cells as well as a strategy to augment antigen-specific cytotoxic T cells
represents a platform for vaccine development. This strategy can potentially be used in
different antigenic systems to improve vaccine potency. Not only can the current vaccine be
used to treat HPV-16 associated head and neck cancers, but it also has the potential to treat
other HPV-associated cancers, such as anogenital cancers (for review see 11). Furthermore,
the current study should encourage the application of this strategy to control non-HPV-
associated cancers and other infectious diseases.

Materials and Methods

Mice

C57BL/6 mice (6-8 weeks old) were purchased from the National Cancer Institute
Frederick, MD). All animals were maintained under specific pathogen-free conditions at the
Johns Hopkins Hospital (Baltimore, MD). All procedures were performed according to
approved protocols and in accordance with recommendations for the proper use and care of
laboratory animals.

Cells, Antibodies, and Reagents

The HPV-16 E7-expressing murine tumor model, TC-1, has been described previously 21, In
brief, HPV-16 E6 and E7 and the ras oncogene were used to transform primary C57BL/6
mouse lung epithelial cells to generate TC-1. The production and maintenance of E6-
specific CD8* T cells has been described in a previous paper 22. Firefly luciferase-
expressing TC-1 cells (TC-1/luc) were generated as described previously 23. All cells were
maintained in RPMI medium (Invitrogen, Carlsbad, CA) supplemented with 2 mM
glutamine, 1 mM sodium pyruvate, 20 mM HEPES, 100 1U/ml penicillin, 100pg/ml
streptomycin, and 10% fetal bovine serum (Gemini Bio-Products, Woodland, CA).

DNA Constructs

RT-PCR

The pcDNA3-E6 and pcDNAS3-1i and pcDNA3-1i-PADRE have been previously described
1222 Tq generate pcDNA3-i-E6, the 1i DNA fragment was amplified using PCR with
primers (AAATCTAGAATGGATGACCAACGCGACC and
TTTGAATTCCAGGGTGACTTGACCCAGT) and pcDNA3-1i as a template. The li DNA
fragment was further cloned into Xbal/EcoRlI sites of pcDNA3-E6 to form pcDNA3-Ii-E6.
To generate pcDNA3-1i-PADRE-E6, The li-PADRE DNA fragment was amplified by PCR
using the same primers and pcDNA3-1i-PADRE as a template. The li-PADRE DNA
fragment was further cloned into Xbal/EcoRlI sites of pcDNA3-E6 to form pcDNA3-li-
PADRE-ES.

For the real-time PCR, DC-1 cell line 24 was transfected with pcDNA3-ES, 1i-E8, or li-
PADRE-EG6 plasmid. From transfected cells, total RNA was purified using a Trizol reagent
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(Invitrogen, Carlsbad, CA) according to protocol. The immortalized DC line was kindly
provided by Dr. Kenneth Rock (University of Massachusetts, Worcester, MA:25). With
continued passage, we have generated subclones of DCs (DC-1) 24 that are easily transfected
using Lipofectamine 2000 (Life Technologies, Inc., Rockville, MD). The cDNA was
prepared using QIAGEN LongRange RT-PCT Kits and diluted for real time PCR. Relative
transcript expression levels of E6 were measured by quantitative real-time PCR using
method previously described 2. The primer sequences were HPV16 E6 foward: 5-
TTACCACAGTTATGCACAGA-3 and reverse: 5-ACAGTGGCTTTTGACAGTTA-3 or
GAPDH foward: 5-GGTGAAGGTCGGTGTGAACG-3 and reverse: 5-
CTCGCTCCTGGAAGATGGTG-3. PCRs were performed in triplicates using an iCycler
(Bio-Rad). The amplified products were quantified by fluorescence intensity of SYBR
Green | (Molecular Probes). Average fold changes were calculated by differences in
threshold cycles(Cy) between pairs of samples to be compared. GAPDH gene from the
transfected DC-1 cells was used for normalization of the amount of sample loaded.

DNA vaccination by gene gun

Intracellular

DNA-coated gold particles were prepared, and gene gun particle-mediated DNA vaccination
was performed, according to a protocol described previously 27. Gold particles coated with
DNA vaccines were delivered to the shaved abdominal regions of mice by using a helium-
driven gene gun (Bio-Rad Laboratories Inc., Hercules, Calif.) with a discharge pressure of
400 Ib/in2. Mice were immunized with 2ug of the DNA vaccine and received one boost with
the same dose after a 4 day interval. Splenocytes were harvested 1 week after the last
vaccination.

cytokine staining and flow cytometry analysis

Pooled splenocytes from the vaccinated mice were harvested 1 week after the last
vaccination and incubated overnight with 1 pg/ml E6 peptide (aa50-57) or PADRE peptide
(AKFVAAWTLKAAA) in the presence of GolgiPlug (BD Pharmingen, San Diego, CA,
USA) (1 pl/ml). The stimulated splenocytes were then washed once with FACScan buffer
and stained with phycoerythrin-conjugated monoclonal rat anti-mouse CD8a (clone 53.6.7)
or CD4. Cells were subjected to intracellular cytokine staining using the Cytofix/Cytoperm
kit according to the manufacturer’s instruction (BD Pharmingen, San Diego, CA, USA)
2829 'Intracellular IFN-y was stained with FITC-conjugated rat anti-mouse IFN-y. All
antibodies were purchased from BD Pharmingen. Flow cytometry analysis was performed
using FACSCalibur with CELLQuest software (BD Biosciences, Mountain View, CA,
USA).

In vivo tumor protection experiment

C57BL/6 mice (5 per group) were primed with the various DNA vaccines at a dose of 2ug/
mouse 11 days before tumor challenge. Mice were boosted with the same dose and regimen
4 days later. 7 days after the last vaccination, mice were orally inoculated at the buccal
mucosa with 2 x 10° TC-1 cells/mouse and monitored twice a week for tumor growth using
the non-invasive luminescence imaging system Xenogen 200 using methods similar to what
we have described previously 39,31,
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In vivo antibody depletion experiments

C57BL/6 mice (5 per group) were primed with the pcDNA3-1i-PADRE-E6 vaccine at a dose
of 2ug/mouse 11 days before tumor challenge. Mice were boosted with the same dose and
regimen 4 days later. Mice underwent antibody depletion of CD4, CD8, or NK cells one day
after the last vaccination. 7 days after the last vaccination, mice were orally inoculated at the
buccal mucosa with 2 x10° TC-1 cells/mouse. Mice were depleted of CD8, CD4 T cells or
NK cells using purified rat monoclonal antibodies mAb 2.43, 100 GK1.5 and mAb PK136,
respectively, as described previously 32. The mice were injected with antibodies every other
day for 3 times for the first week and then once every week using a protocol similar to one
we have described previously 32. In addition, treated tumor-bearing mice without antibody
depletion and untreated tumor-bearing mice were used as controls. Mice were monitored
twice a week for tumor growth using the non-invasive luminescence imaging system
Xenogen 200 using methods similar to what we have described previously 39,31,

In vivo tumor treatment experiment

C57BL/6 mice (5 per group) were orally inoculated at the buccal mucosa with 2 x 10° TC-1
cells/mouse on DO. Three days after tumor inoculation, all the tumor-bearing mice were
treated with the various DNA constructs (li-E6, E6, 1i-PADRE or li-PADRE-EG6)
intradermally via gene gun at a dose of 2ug/mouse. Mice were boosted with the same dose
and regimen 7 days later. The growth of tumor in mice was monitored using the IVIS
Imaging System Series 200.

Statistical Analysis

All data expressed as means *s.e. are representative of at least two different experiments.
Data for intracellular cytokine staining with flow cytometry analysis were evaluated by
ANOVA. Comparisons between individual data points were made using a Student’s t-test.
For statistical analysis of the tumor protection experiment, we used Kaplan-Meier analysis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Schematic diagram depicting the various pcDNA3 constructs
For the pcDNA3-Ii-E6 construct, the E6 gene was cloned at the carboxyl end of the

invariant chain (li). For the pcDNA3-1i-PADRE construct, the PADRE sequence was cloned
replacing the CLIP region of the li between aa81 and 101 of the li chain. For the pcDNAS3-
li-PADRE-E6 construct, the E6 gene was cloned at the carboxyl end of the li and PADRE
sequence was cloned replacing the CLIP region of the li.
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Figure 2. Characterization of the activation of the E6-specific T cell line by 293-KP cells
transfected with the various DNA constructs

293 cells expressing murine H-2KP (293-KP) were transfected with pcDNA3 encoding i,
PADRE, ES6, li-E6, and PADRE-ES6 respectively using Lipofectamine 2000. 24 hours later,
transfected cells were used to stimulate a H-2KP restricted, HPV-16 E6 aa48-57 specific T
cell line for 20 hours at the presence of 1pl/ml of GolgiPlug. 293-KP cells pulsed with
HPV16 E6aa50-57 peptides were used as positive control. The cells were then analyzed
using intracellular cytokine staining by staining with CD8 and IFN-y. A. Representative
flow cytometry data demonstrating the percentage of IFN-y* CD8* T cells out of total CD8*
T cells. B. Bar graph depicting the percentage of IFN-y* CD8" T cells out of total CD8* T
cells. The data shown here are from one representative experiment of two performed.
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Figure 3. Characterization of the E6-specific CD8+ T cell immuneresponsesin mice vaccinated
with the various DNA constructs

C57BL/6 mice (5 per group) were vaccinated with the various DNA constructs via gene gun
delivery at a dose of 2pug/mouse. Four days later, mice were boosted with the same dose and
regimen. One week after last vaccination, splenocytes from mice were harvested and
characterized for E6-specific CD8" T cells using intracellular IFN-y staining followed by
flow cytometry analysis. A. Representative data of intracellular cytokine staining followed
by flow cytometry analysis showing the frequency of E6-specific IFNy+ CD8+ T cells in
after DNA vaccination. B. Bar graph depicting the number of E6-specific IFNy+ CD8+ T
cells per 2x10° splenocytes +SEM following DNA vaccination. The data shown here are
from one representative experiment of two performed.
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Figure 4. Characterization of the PADRE-specific CD4+ T cell immune responsesin mice
vaccinated with the various DNA constructs

C57BL/6 mice (5 per group) were vaccinated with the various DNA constructs via gene gun
delivery at a dose of 2ug/mouse. Four days later, mice were boosted with the same dose and
regimen. One week after last vaccination, splenocytes from mice were harvested and
characterized for PADRE-specific CD4" T cells using intracellular IFN-y staining followed
by flow cytometry analysis. A. Representative data of intracellular cytokine staining
followed by flow cytometry analysis showing the number of PADRE-specific IFNy+ CD4+
T cells in after DNA vaccination. B. Bar graph depicting the number of PADRE-specific
IFNy+ CD4+ T cells per 2x10° splenocytes + SEM following DNA vaccination. The data
shown here are from one representative experiment of two performed.
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Figure 5. Characterization of protective antitumor effects by vaccination with various DNA

constructs

A. Schematic diagram demonstrating the time for prime boost and tumor challenge.
C57BL/6 mice (5 per group) were primed with the various DNA vaccines at a dose of 2ug/
mouse 11 days before tumor challenge. Mice were boosted with the same dose and regimen
4 days later. 7 days after the last vaccination, mice were orally inoculated at the buccal
mucosa with 2 x 10° TC-1 cells/mouse. B. Graphical representation of the tumor growth in
mice treated with the various DNA constructs (mean + s.d.). The data shown here are from

one representative experiment of two performed.
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Figure 6. Characterization of the subset of lymphocytes contributing to the antitumor effects by
in vivo antibody depletion

A. Schematic diagram to depict the time course of vaccination depletion and tumor
challenge. C57BL/6 mice (5 per group) were primed with the pcDNA3-1i-PADRE-E6
vaccine at a dose of 2ug/mouse 11 days before tumor challenge. Mice were boosted with the
same dose and regimen 4 days later. Mice underwent antibody depletion of CD4, CD8, or
NK cells one day after the last vaccination. 7 days after the last vaccination, mice were
orally inoculated at the buccal mucosa with 2 x 10° TC-1 cells/mouse. B. Graphical
representation of the tumor growth in mice treated with pcDNA3-1i-PADRE-E6 (meant
s.d.). C. Kaplan-Meier survival analysis of TC-1 tumor-bearing mice treated with pcDNAS3-
li-PADRE-E6. The data shown here are from one representative experiment of two
performed.
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Figure7. Characterization of antitumor effects against luciferase-expressing TC-1tumorsin
mice treated with the various DNA constructs

A. Schematic diagram to depict the time course for tumor challenge, prime and boost
vaccination. C57BL/6 mice (5 per group) were orally inoculated at the buccal mucosa with 2
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x 10° TC-1 cells/mouse on DO. Three days after tumor inoculation, all the tumor-bearing
mice were treated with the various DNA constructs (li-E6, E6, 1i-PADRE or li-PADRE-EG6)
intradermally via gene gun at a dose of 2ug/mouse. Mice were boosted with the same dose
and regimen 7 days later. Mice were imaged using the 1VIS Imaging System Series 200. B.
Representative bioluminescence images of TC-1 tumor-bearing mice treated with the
various DNA constructs. Images were acquired on day 3, 7, 10, 13 and 16 after tumor
inoculation. C. Graphical representation of the tumor growth in mice treated with the
various DNA constructs (mean = s.d.). D. Kaplan-Meier survival analysis of TC-1 tumor-
bearing mice treated with the various DNA constructs. The data shown here are from one
representative experiment of two performed.
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