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Intratumoral injection of therapeutic HPV vaccinia vaccine
following cisplatin enhances HPV-specific antitumor effects
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Abstract Despite the conventional treatments of radiation
therapy and chemotherapy, the 5-year survival rates for
patients with advanced-stage cervical cancers remain low.
Cancer immunotherapy has emerged as an alternative,
innovative therapy that may improve survival. Here, we
utilize a preclinical HPV-16 E6/E7-expressing tumor
model, TC-1, and employ the chemotherapeutic agent cis-
platin to generate an accumulation of CD1lc+ dendritic
cells in tumor loci making it an ideal location for the
administration of therapeutic vaccines. Following cisplatin
treatment, we tested different routes of administration of a
therapeutic HPV vaccinia vaccine encoding HPV-16 E7
antigen (CRT/E7-VV). We found that TC-1 tumor-bearing
C57BL/6 mice treated with cisplatin and intratumoral
injection of CRT/E7-VV significantly increased E7-specific
CD8+ T cells in the blood and generated potent local and
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systemic antitumor immune responses compared to mice
receiving cisplatin and CRT/E7-VV intraperitoneally or
mice treated with cisplatin alone. We further extended our
study using a clinical grade recombinant vaccinia vaccine
encoding HPV-16/18 E6/E7 antigens (TA-HPV). We found
that intratumoral injection with TA-HPV following cis-
platin treatment also led to increased E7-specific CD8+ T
cells in the blood as well as significantly decreased tumor
size compared to intratumoral injection with wild type
vaccinia virus. Our study has strong implications for future
clinical translation using intratumoral injection of TA-HPV
in conjunction with the current treatment strategies for
patients with advanced cervical cancer.
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Introduction

Cervical cancer is the third most common female cancer
worldwide [1]. Advanced stages of cervical cancer are
commonly treated by radiation therapy combined with
cisplatin-based chemotherapy [2]. Despite the current
treatment regimens, stage 3 and 4 cervical cancers have a
5-year survival rate of less than 35 % [3]. Therefore,
alternative innovative therapies are required if improve-
ments in survival rates are to be realized in this clinical
context. Cancer immunotherapy represents one such
promising treatment. This is because the adaptive immune
system, once activated, is able to specifically recognize and
target tumor cells while sparing normal cells. Furthermore,
tumor-specific immunity may be able to recognize multiple
tumor loci throughout the body. Thus, cancer immuno-
therapy represents a potentially promising approach that
can be used in conjunction with conventional chemother-
apy and radiotherapy to further improve the survival rate of
patients with advanced-stage cervical cancer.

Cervical cancer is an ideal model for developing cancer
immunotherapy methodologies because tumor-specific
antigens are well defined. It is now clear that human pap-
illomavirus (HPV) is the etiological factor for cervical
cancer (for review, see [4]). Furthermore, two HPV-enco-
ded oncogenic proteins, E6 and E7, are constantly
expressed in the majority of HPV-associated cervical
cancers and are responsible for the malignant transforma-
tion of pre-cancerous lesions to cervical cancer [5]. Thus,
E6 and E7 are ideal targets for cancer immunotherapy
aiming to generate an immune response to HPV in cervical
cancer cells [6]. Recombinant vaccinia virus (VV) encod-
ing E6 or E7 can efficiently deliver E6/E7 antigen in vivo.
Therefore, the VV vector is an attractive methodology to
generate an E6/E7-specific immune response to eliminate
HPV infected tumor cells.

Our lab has previously created a VV vector expressing
the chimeric protein consisting of calreticulin (CRT) linked
to HPV-16 E7 (CRT/E7-VV) [7]. CRT has been shown to
enhance CD8+4 T cell-mediated immune responses by
improving antigen processing associated with MHC class I
antigen presentation [8, 9]. We have demonstrated that mice
vaccinated with CRT/E7-VV generated the highest E7-
specific CD8+ T-cell immune response compared to those
vaccinated with VV expressing relevant control proteins
[7]. The potent E7-specific CD8+ T-cell immune response
generated by CRT/E7-VV translates into a powerful ther-
apeutic antitumor effect. This indicates that the VV
expressing the CRT/E7 chimeric protein represents an ideal
vaccine for generating E7-specific antitumor immunity.

Although vaccination with CRT/E7-VV was found to
generate an antitumor immune response, it is still critical to
determine the optimal route of administration in order
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to effectively deliver CRT/E7-VV to professional antigen-
presenting cells, such as dendritic cells (DCs). Recently, we
found that treating mice with the chemotherapeutic agent
cisplatin generated a significantly greater accumulation of
CDl11c+ DCs in tumor loci compared with untreated mice
[10]. The increased accumulation of CD11c+ DCs in the
tumor represents an ideal location for administration of
therapeutic vaccines such as CRT/E7-VV.

In this study, we explored the treatment of E7-express-
ing tumor-bearing mice with cisplatin in combination with
intratumoral injection of CRT/E7-VV or TA-HPV. We
demonstrated that mice treated with this approach were
capable of generating a potent systemic E7-specific CD8+
T-cell immune response as well as a strong therapeutic
antitumor effect against E7-expressing tumors. We further
extended our study using a clinical grade therapeutic HPV
recombinant vaccinia vaccine, TA-HPV [6, 11-13]. TA-
HPV carries modified E6 and E7 genes from HPV types 16
and 18 and has been safely administered to over 100
patients in the previously mentioned clinical trials [14].
However, these studies use intramuscular or percutaneous
scarification for vaccine administration and do not take
advantage of directly injecting the vaccine in an environ-
ment enriched with professional antigen-presenting cells.
Our study indicated that intratumoral injection of TA-HPV
also generated potent HPV antigen-specific CD8+ T-cell
immune responses and antitumor effects against HPV-16
E6/E7 expressing tumors. Our study has strong implica-
tions for future clinical translation using TA-HPV as a
vaccine in conjunction with the current treatment regimen
for patients with advanced cervical cancer to improve
survival.

Materials and methods
Mice

Five- to eight-week-old female C57BL/6 mice were pur-
chased from the National Cancer Institute (Frederick, MD)
and kept in the oncology animal facility of the Johns
Hopkins Hospital (Baltimore, MD). All of the animal
procedures were performed according to approved proto-
cols and in accordance with recommendations for the
proper use and care of laboratory animals by Johns Hop-
kins University Animal Care and Use Committee.

Cell lines

Briefly, TC-1 cells were obtained by co-transformation of
primary C57BL/6 mouse lung epithelial cells with HPV-16
E6 and E7 and an activated ras oncogene as described
previously [15]. TC-1 tumor cells were grown in RPMI
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1640 supplemented with 10 % FBS, 50 U/ml penicillin/
streptomycin, 2 mM L-glutamine, 1 mM sodium pyruvate,
2 mM nonessential amino acids, and 2-mercaptoethanol
(2-ME, 50 uM) at 37 °C with 5 % CO,. The E7-specific
CDS8+ cell line has been previously described [16].

Characterization of CD11c+ cells derived
from the tumor microenvironment

C57BL/6 mice (five per group) were injected with TC-1
cells s.c. at a dose of 1 x 10° per mouse. Eight days later,
mice were treated with cisplatin twice at a 3-day interval
by intraperitoneal (i.p.) injection at a dose of 5 mg/kg body
weight, using methods similar to those described previ-
ously [17]. Two days later, the tumors were harvested and
characterized for the presence of CD1lc+ cells. Briefly,
single-cell suspensions from TC-1 tumors were prepared
by surgically excising TC-1 tumors using sterile technique
and placing them in RPMI-1640 medium containing 100
U/ml penicillin and 100 pg/ml streptomycin. The solid
tumors were then minced into 1- to 2-mm pieces and fil-
tered through a 70-lm nylon filter mesh. The resultant
single tumor cell suspensions and tumor-infiltrating lym-
phocytes were washed twice in phosphate-buffered saline
(PBS) and stained for CD11c using a monoclonal antibody
specific for CD11c followed by flow cytometry analysis.

Vaccinia and vaccination

The wild type (WT) VV and CRT/E7-expressing VV were
prepared as described previously [18]. Briefly, pSCIIMCS2
encoding CRT/E7 was generated by cutting pcDNA3
plasmids encoding E7 vaccines by Notl/Pmel and cloned
into Notl/Smal sites of pSCIIMCS2. These constructs were
transfected into WT-VV-infected CV-1 using Lipofect-
amine 2000, in order to facilitate heterologous recombina-
tion. The recombinant vaccinia viruses were isolated as
described previously [15]. The WT-VV and CRT/E7-VV
were amplified by infecting TK cells in vitro according to a
standard protocol [18]. Titer was determined by plaque
assay using BSC-1. The viral stocks were preserved at
—70 °C prior to vaccination. Before use, the virus was
thawed, trypsinized with 1/10 volume of trypsin/EDTA in a
37 °C water bath for 30 min, and diluted with minimal
essential medium (MEM) containing 2.5 % fetal bovine
serum to the final concentration of 1 x 10® plaque-forming
units (PFU)/ml. Mice were immunized i.p. or intratumorally
(i.t.) with 3 x 10° PFU of one of the vaccinia vaccines.

In vivo tumor treatment experiments

For in vivo treatment, 1 x 10° TC-1 tumor cells per mouse
were injected s.c. into 5- to 8-week-old C57BL/6 mice. Tumor-

bearing mice were treated with cisplatin twice at a 3-day
interval by i.p. injection (5 mg/kg body weight) 8 or 12 days
following tumor challenge (when tumor diameter was
approximately 5 mm) [17]. The cisplatin-treated mice were
further treated with or without CRT/E7-VV i.p. or i.t. at a dose
of 3 x 10° PFU per mouse. Tumor-bearing mice treated with
CRT/E7-VV injected i.p. or i.t. alone were included for com-
parison. Mice were monitored twice weekly by visual inspec-
tion and palpation. Tumor diameter was measured with digital
calipers and tumor volume was calculated using the for-
mula mm® = 2(shortest diameter) x 0.5(longest diameter).

Antibodies

PE-conjugated CD11¢, CD8a, and Grl, and FITC-conjugated
IFN-y antibodies were purchased from BD Pharmingen (San
Jose, CA, USA), and FITC-conjugated CD11b antibody was
purchased from eBioscience (San Diego, CA, USA).

Tetramer analysis of E7-specific CD8+ T cells

Peripheral blood samples were depleted of red blood cells
by ACK lysis and were stained with PE-conjugated HPV-
16 H-2Db-RAHYNIVTF tetramer reagent (kindly provided
by the National Institute of Allergy and Infectious Disease
MHC Tetramer Core Facility) as described previously [19].
Tetramer staining was combined with surface staining
using FITC-conjugated anti-CD8 (BDPharmingen). Cells
were analyzed on a BD FACSCalibur.

Intracellular cytokine staining and flow cytometry
analysis

For the characterization of the activation of E7-specific
CD8+ T cells in vitro, control TC-1, wild type VV
(MOI = 0.5)-treated TC-1,and CRT/E7-VV (MOI = 0.5)-
treated TC-1 cells were incubated with E7-specific CD8+ T
cells ata 1:1 ratio of tumor to T cells for 16 h in the presence
of GolgiPlug (BDPharmingen). The stimulated CD8+ T
cells were washed once with FACScan buffer and were
stained with PE-conjugated monoclonal rat anti-mouse
CDS8a (clone 53.6.7). Cells were subjected to intracellular
cytokine staining using the Cytofix/Cytoperm kit according
to manufacturer’s instructions (BD Pharmingen). Intracel-
lular IFN-y was stained with FITC-conjugated rat anti-
mouse [FN-v. Flow cytometry analysis was performed using
FACSCalibur with CellQuest software (BD Bioscience).

Characterization of CD11b+ Grl+ myeloid-derived
suppressor cells

C57BL/6 mice (5 per group) were inoculated subcutane-
ously with TC-1 tumor cells at a dose of 1 x 10°. After
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12 days, the mice were divided into six groups reflecting
different treatment regimens: group 1 received only TC-1
tumor challenge, group 2 was treated with cisplatin by i.p.
injection (5 mg/kg body weight) on days 12 and 15, group
3 was immunized with the CRT/E7-VV by i.p. injection,
group 4 was immunized with CRT/E7-VV by i.t. injection,
group 5 was i.p. immunized and treated with cisplatin,
and group 6 was i.t. immunized and treated with cisplatin.
Splenocytes were harvested on day 34 after tumor chal-
lenge and characterized for CD11b+4 Grl+ myeloid-
derived suppressor cells (MDSCs) using antibodies specific
for CD11b and Grl (BD Pharmingen). Flow cytometry
analysis was performed using FACSCalibur with CellQuest
software.

Statistical analysis

All data expressed as mean + SE are representative of at
least two independent experiments. Comparisons between
individual data points were made using Student’s ¢ test.
The Kaplan—-Meier method was used to analyze the sur-
vival rate and the difference in survival among groups was
compared using the log-rank test. Statistical analyses were
performed using SPSS version 17.0, with significance
considered at p < 0.05.

Results

Cisplatin increases CD11c+ dendritic cells in the tumor
locus

We first characterized the effect of cisplatin treatment on
the presence of CD11c+ DCs in the tumor microenviron-
ment. C57BL/6 mice were challenged subcutaneously with
E7-expressing TC-1 tumor cells and later injected i.p. with
cisplatin. Tumors were then harvested and characterized
for the presence of CD11lc+ DCs. As shown in Fig. 1,
TC-1 tumor-bearing mice treated with cisplatin generated a
considerably higher percentage of CD11c+ DCs in tumor
loci compared to mice that did not receive cisplatin. This
data suggests that in the tumor locus, following chemo-
therapy, a significant number of CD11c+ DCs accumulate,
rendering it an ideal location for administration of thera-
peutic vaccines due to the abundance of professional
antigen-presenting cells.

Tumor-bearing mice treated with cisplatin followed
by intratumoral injection of CRT/E7-expressing

vaccinia virus generates a potent antitumor effect

The presence of the large number of DCs in tumor loci
creates an opportunity to deliver antigen to DCs through i.t.
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injection. Therefore, we examined the antitumor effect of
cisplatin treatment alone and in combination with CRT/E7-
VV administered via different routes using the TC-1 tumor
model as shown in the schematic diagram in Fig. 2a. After
tumor cell challenge, groups of TC-1 tumor-bearing mice
were treated twice with cisplatin, three days apart, followed
by administration of CRT/E7-VV 1 day after the final
cisplatin treatment. Vaccinia virus treatments were
administered via i.p. or i.t. injections. As shown in Fig. 2b,
the combination of cisplatin and i.t. injection of CRT/E7-
VV resulted in a significantly decreased tumor volume
compared to cisplatin-treated mice receiving i.p. injection
of CRT/E7-VV or cisplatin treatment alone. This signifi-
cant therapeutic antitumor effect translated into an
improved survival of treated tumor-bearing mice (Fig. 2c¢).
These data suggest that the combination of cisplatin with
i.t. injection of CRT/E7-VV generates the most potent
therapeutic antitumor effect.

Combination treatment with cisplatin

and intratumorally administered CRT/E7 expressing
vaccinia virus increases E7-specific CD8+ T
cell-mediated immune responses and reduces
myeloid-derived suppressor cells systemically

We further examined the effect of cisplatin treatment alone
and in combination with i.p. or i.t. injection of CRT/E7-VV
on the E7-specific CD8" T cell-mediated immune
response. Peripheral blood samples derived from each
treatment group were tested for E7-specific CD8' T cells
by E7-tetramer and FITC-conjugated CDS8 cells and
quantified using flow cytometry. As shown in Fig. 3a, the
combination treatment of cisplatin and i.t. injection of
CRT/E7-VV generated the highest proportion of E7-spe-
cific CD8' T cells among all treatment groups. Intratu-
moral injection of CRT/E7-VV generated significantly
higher E7-specific CD8* T cells compared to i.p. injection
of CRT/E7-VV. These data indicate that the combination
treatment of cisplatin with i.t. injection of CRT/E7-VV
induced the most potent E7-specific CD8" T-cell immune
response. We further examined the effect of cisplatin alone
and in combination with i.p. and i.t. injection with CRT/
E7-VV on the number of immunosuppressive cells.
Splenocytes were harvested 34 days after tumor challenge,
isolated, and characterized for the presence of myeloid-
derived suppressor cells (MDSCs) using flow cytometry
analysis. Combination treatment with CRT/E7-VV injected
i.p. and i.t. significantly decreased the number of MDSCs
in the spleen compared to treatment with cisplatin alone
(Fig. 3b). These data are suggestive of the importance of
cisplatin treatment in combination with CRT/E7-VV
injection to reduce MDSCs systemically. Taken together,
this data indicates that the combination treatment is able to
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Fig. 1 Characterization of the effect of cisplatin treatment on
CDllc+ dendritic cells in the tumor locus. TC-1 tumor-bearing
mice were given cisplatin (5 mg/kg) at day 8 and 11. Single-cell
suspensions from TC-1 tumors were prepared 2 days after the last
cisplatin treatment by surgically excising TC-1 tumors. The solid
tumors were then minced into 1- to 2-mm pieces and filtered through
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a 70-Im nylon filter mesh. The resultant single-cell suspensions
containing tumor cells and tumor-infiltrating lymphocytes were
stained for CD1lc. For flow cytometry analysis, the number of
events was 1 x 10°. a Right panel shows histograms of representative
flow cytometry capturing 1 x 10° events. Left panel displays the % of
CDl11c+ cells among all cells from the tumor
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Fig. 2 Cisplatin and intratumoral injection of CRT/E7-VV treatment
has significant anti-tumor effect. Groups of C57BL/6 mice were s.c.
challenged with 1 x 10° TC-1 tumor cells per mouse on day 0.
Tumor-bearing mice were treated with cisplatin and/or CRT/E7-VV
as indicated in the timeline. Cisplatin was given via intraperitoneal
injection of 5 mg/kg body weight. VV was injected via intraperitoneal
or intratumoral injection in the amount of 3 x 10° PFU/mouse.

a Diagrammatic representation of the different treatment regimens of
cisplatin and/or VV. b Line graph depicting the tumor volume in TC-
1 tumor-bearing mice (five per group) treated with the different
treatment regimens. ¢ Kaplan—-Meier survival analysis of TC-1 tumor-
bearing mice (six per group) treated with the different treatment
regimens. Points, mean; bars, SE
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Fig. 3 Characterization of E7-specific CD8+ T cells and myeloid-
derived suppressor cells following various treatments. Peripheral
blood samples (collected from the tail vein on day 10 after last
treatment) were stained with PE-conjugated HPV16 H-2D"-RAH-
YNIVTF (E7) tetramer reagent and FITC-conjugated CD8+ anti-
body. a Left panel is representative flow cytometry analysis. Right
panel is bar graph representing the percentage of E7-specific CD8+ T
cells among all CD8+ T cells of peripheral blood. b Splenocytes were

generate potent HPV-16 antigen-specific CD8+ T cell—-
mediated immune responses and reduce systemic MDSCs.

Intratumoral injection of CRT/E7 expressing vaccinia
virus generates a greater E7-specific immune response
than treatment with wild type vaccinia virus

We further characterized the presentation of E7 peptide by
MHC class I molecules in TC-1 tumor cells infected with
CRT/E7-VV or wild type VV. We incubated TC-1 tumor
cells infected with CRT/E7-VV or WT-VV with cells from
an E7-specific CD8+ T-cell line and characterized the
activation of the T cells using intracellular cytokine
staining for IFN-y. As shown in Fig. 4a, TC-1 cells
infected with CRT/E7-VV had a significantly higher acti-
vation of E7-specific CD8+ T cells compared with TC-1
cells treated with WT-VV. This indicates that infection
with CRT/E7-VV can lead to a significant increase in E7
peptide presentation via MHC class I molecules in tumor
cells. Furthermore, TC-1 tumor-bearing mice treated with
cisplatin followed by CRT/E7-VV generated a significantly
higher number of E7-specific CD8+ T cells systemically
compared to mice treated with cisplatin followed by WT-
VV (Fig. 4b). We further characterized the therapeutic
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harvested on day 34 after tumor challenge. The cells isolated from
spleens were then characterized for the presence of CD11b+ Grl+
myeloid suppressor cells using flow cytometry analysis. Left panel is
representative flow cytometry analysis. Right panel is a bar graph
depicting the percentages of CD11b+ Grl+4 myeloid suppressor cells
per 3 x 10° monocytes in the spleen. Data shown are representative
of two experiments conducted. Columns, mean; bars, SE (¥*p < 0.05)

antitumor effect generated by i.t. injection with CRT/E7-
VV or WT-VV in cisplatin-treated TC-1 tumor-bearing
mice. Treatment with cisplatin and CRT/E7-VV resulted in
decreased tumor volume and increased survival compared
to treatment with cisplatin and WT-VV (Fig. 4c, d). Thus,
the data show that compared to WT-VV, CRT/E7-VV
generates a greater antitumor immune response by making
tumor cells more susceptible to destruction by enhancing
presentation of E7 antigen and boosting the E7-specific
CD8+ T-cell response.

Combination treatment with cisplatin

and intratumorally administered CRT/E7 expressing
vaccinia virus elicits a systemic immunotherapeutic
response

We further examined whether cisplatin would generate a
systemic immunotherapeutic effect either alone or in
combination with i.t. or i.p. injection with CRT/E7-VV.
Mice were subcutaneously challenged with TC-1 tumor
cells on both flanks. Mice were treated with cisplatin and
subsequently injected with CRT/E7-VV i.p. or i.t. in the
left flank tumor only as outlined in Fig. 5a. As shown in
Fig. 5b, the right flank tumor volume was significantly
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Fig. 4 Characterization of TC-1 tumor cells following infection with
various vaccinia viruses. a Intracellular cytokine staining and flow
cytometry analysis to determine the number of IFN-y—secreting E7-
specific CD8™ T cells induced by non-infected TC-1 cells or wild type
vaccinia virus—infected TC-1 cells or CRT/E7-VV-infected TC-1
cells (MOI = 0.5). TC-1 cells were incubated with cells from an E7-
specific CD8™" T-cell line at 1:1 E:T ratio for 15 h. After incubation,
cells were stained for CD8 and IFN-y and analyzed by flow
cytometry. Left panel is representative flow cytometry analysis. Right
panel is a bar graph representing the percentage of IFN-y secreting
E7-specific CD8+ T cells among all CD8+ T cells. Data shown are
mean of three experiments performed (**p < 0.01). b Peripheral
blood samples (collected from the tail vein on day 10 after last
treatment) were stained with PE-conjugated HPV16 E7 tetramer

lower in cisplatin-treated mice with the left flank tumor
receiving i.t injection with CRT/E7-VV compared to those
receiving i.p. injection of CRT/E7-VV. Furthermore, the
percentage of E7-specific CD8+ T cells among tumor-
infiltrating lymphocytes in the right flank tumor was
highest in mice receiving treatment with cisplatin and i.t.
injection of CRT/E7-VV compared to mice receiving

L T T L T

T T 1
0 10 20 30 40 50 60 70 pays

reagent and FITC-conjugated CD8+- cells. Left panel is representative
flow cytometry analysis. Right panel is a bar graph representing the
percentage of E7-specific CD8+ T cells among all CD8+ T cells of
peripheral blood. Data shown are representative of two experi-
ments performed. Columns, mean; bars, SE (¥p <0.05,
**p < 0.01).c Groups of C57BL/6 mice (five per group) were s.c.
challenged with 1 x 10° TC-1 tumor cells per mouse on day 0.
Tumor-bearing mice were treated with cisplatin and wild type
vaccinia virus or CRT/E7-VV according to the schedule in Fig. la.
The line graph depicting the tumor volume in TC-1 tumor-bearing
mice treated with cisplatin with wild type VV or CRT/E7-VV
(mean *+ SE) (p = 0.001). d Kaplan—Meier survival analysis of TC-1
tumor-bearing mice treated with the different treatment regimens

treatment with cisplatin followed by i.p. injection of CRT/
E7-VV (Fig. 5¢). Additionally, the left flank tumor volume
was significantly lower than the right flank tumor volume
in mice treated with cisplatin and i.t. CRT/E7-VV
(p = 0.002). Taken together, these data suggest that
the therapeutic antitumor effects on the right flank
tumor are contributed by the systemic distribution of the
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Fig. 5 Cisplatin and intratumoral injection of CRT/E7-VV elicits a
systemic anti-tumor effect and therapeutic immune response.
a Schematic diagram of cisplatin and VV treatments. Groups of
C57BL/6 mice (five per group) were s.c. challenged with 1 x 10°TC-
1 tumor cells per mouse on both flanks. TC-1 tumor-bearing mice
were treated with cisplatin and/or CRT/E7-VV as indicated in the
time line. Vaccinia virus was injected via intraperitoneal or intratu-
moral injection (left flank tumor) in the amount of 3 x 10° PFU/
mouse. b Line graphs depicting the tumor volume in TC-1 tumors.

tumor-specific immunity generated by i.t. injection of
CRT/E7-VV in the left flank tumor.

Cisplatin and TA-HPV vaccine treatment generates
greater antitumor effect and E7-specific immune
response than cisplatin and wild type vaccinia virus

We have demonstrated that intratumoral administration of
CRT/E7-VV effectively improves survival, decreases
tumor volume, and increases antigen-specific CD8+ T
cells when administered following cisplatin treatment in a
preclinical model. This encouraging preclinical data war-
rants further exploration of our treatment methodology in a
clinical trial. In order to expeditiously apply this approach
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Upper panel is left flank tumor volume. Lower panel is right flank
tumor volume. Points, mean; bars, SE. ¢ Tumor-infiltrating lympho-
cytes (collected from the right flank tumor mass) were stained with
PE-conjugated HPV E7 tetramer reagent and FITC-conjugated CD8+
cells. Upper panel is representative flow cytometry analysis. Lower
panel is a bar graph representing the percentage of E7-specific CD8+
T cells among all CD8+ T cells of tumor mass. Data shown are
representative of two experiments performed. Columns, mean; bars,
SE (*p < 0.05)

to the clinical arena to help patients suffering from
advancer cervical cancer, it is important to consider a safe
therapeutic recombinant HPV vaccinia vaccine that covers
the high-risk HPV types. One such candidate is TA-HPV, a
vaccine based on the Wyeth vaccine strain of vaccinia that
carries modified E6 and E7 genes from HPV types 16 and
18. Therefore, we tested TA-HPV in a manner similar to
the experiments outlined above using CRT/E7-VV. TC-1
tumor-bearing mice were treated with cisplatin followed by
i.t. injection with WT-VV or TA-HPV as outlined in
Fig. 2a. As shown in Fig. 6, TC-1 tumor-bearing mice
injected i.t. with TA-HPV following cisplatin treatment
generated a more potent E7-specific CD8+ T-cell response
and better therapeutic antitumor effects compared to those
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Fig. 6 Cisplatin and TA-HPV treatment generates greater anti-tumor
effect and E7-specific immune response than cisplatin and wild
typeVV. Groups of C57BL/6 mice (five per group) were s.c.
challenged with 1 x 10° per mouse of TC-1 tumor cells on day 0.
Tumor-bearing mice were treated with cisplatin and either wild type
vaccinia virus or TA-HPV according to the schedule outlined in
Fig. la. a Line graph depicts tumor volume over time. b Peripheral

treated with WT-VV. These data serve as an important
foundation for future clinical translation of this treatment
platform using TA-HPV.

Discussion

In this study, we found that treatment with cisplatin fol-
lowed by i.t. injection of CRT/E7-VV in an in vivo murine
cervical cancer model generates a potent antitumor effect.
Mice receiving this treatment experienced inhibited tumor
growth, prolonged survival, and an increased proportion of
E7-specific CD8+ T cells systemically and in tumor loci
compared to mice treated with cisplatin alone or cisplatin
followed by i.p. injection of CRT/E7-VV. Moreover, i.t.
injection with a clinical grade therapeutic HPV vaccinia
vaccine, TA-HPV, also increased the number of E7-spe-
cific CD8+ T cells and generated potent antitumor effects
in treated TC-1 tumor-bearing mice. The current data are
consistent with our recent study in which we demonstrated
that cisplatin induced accumulation of CD11c+ DCs in E7-

Cis+Wild-VV(IT)  Cis+TA HPV(IT)

blood samples (collected from the tail vein on day 10 after last
treatment) were stained with PE-conjugated HPV16 H-2D°-RAH-
YNIVTF (E7) tetramer reagent and FITC-conjugated CD8+ cells.
Left panel is representative flow cytometry analysis. Right panel is a
bar graph representing the percentage of E7-specific CD8+ T cells/
3 x 10* CD8+ T cells of peripheral blood. Columns, mean; bars, SE
(*p < 0.01)

expressing tumor loci [10]. We found that the increased
number of CD11c+ DCs were capable of taking up the E7
antigen peptide administered by intratumor injection and
migrating to the draining lymph node. In addition, we
found that the antigen-loaded DCs had high level of
expression of co-stimulatory molecules and -efficiently
activated E7-specific CD8+ T cells [10]. These data sug-
gest that following the enrichment of DCs in tumor loci in
response to chemotherapy, these DCs have the capacity to
uptake tumor antigen, mature, travel to the draining lymph
nodes, and prime antigen-specific CD8+ T cells. Taken
together, our data indicate that the DC-rich tumor micro-
environment induced by treatment with cisplatin may serve
as a suitable environment for vaccination with different
types of therapeutic HPV recombinant vaccinia vaccines
[20] as well as other forms of cancer vaccines to result in
better control of tumors.

Chemotherapy with cisplatin in conjunction with ther-
apeutic HPV vaccine has previously been used for the
control of HPV-16 E6/E7-expressing tumors. For example,
Bae et al. examined the synergistic effects of cisplatin
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combined with an HPV-16 E7 protein subunit vaccination
with CpG oligonucleotide adjuvant [21]. In addition, Tseng
et al. have demonstrated that cisplatin can be used in
conjunction with an E7-specific therapeutic HPV DNA
vaccine to significantly enhance therapeutic antigen-spe-
cific antitumor effects [17]. However, neither of these
studies employed intratumor injection of the therapeutic
vaccine. In the current study, we found that intratumor
injection is significantly better than other routes of
administration for the recombinant vaccinia vaccine to
generate therapeutic antitumor effects. Our data suggests
that intratumor injection is a preferred route of adminis-
tration to maximize antitumor effects following chemo-
therapy with cisplatin.

Successful treatment of tumor-bearing mice with cis-
platin followed by i.t. injection of CRT/E7-VV or TA-HPV
has significant clinical implications. TA-HPV has previ-
ously been widely tested in HPV-associated lesions [6, 11—
13]. In addition, several clinical grade reagents for a ther-
apeutic vaccine consisting of plasmid DNA expressing
mutated HPV-16 E7 fused to CRT [22], or heat shock
protein 70 [23], have already been created and tested in
clinical trials. All of these clinical grade E6/E7 vaccine
candidates can potentially be used for i.t. injection in
conjunction with standard treatment regimens to improve
outcomes in patients with advanced stages of cervical
cancer.

Direct injection of CRT/E7-VV at the tumor site may
generate therapeutic antitumor effects against TC-1 tumors
through several different mechanisms. First, the vaccinia
virus may contribute to the antitumor effect by triggering
tumor oncolysis (for review, see Worschech et al. [24]).
Secondly, destruction of tumor cells may potentially result
in TC-1 tumor-specific CD8+4 T-cell immunity through a
cross-priming mechanism. Thirdly, CRT/E7-VV may
directly infect CD11c+ DCs in the tumor loci contributing
to the generation of E7-specific CD8+ T-cell immune
responses. Finally, the expression of CRT/E7 by tumor
cells infected by the vaccinia virus may also render tumor
cells susceptible to CTL-mediated killing by E7-specific
CD8+ T cells. Thus, multiple mechanisms may account for
the observed potent therapeutic antitumor effect generated
by i.t. injection of CRT/E7-VV. The generation of the
tumor antigen-specific CD8+ T-cell immune response may
also contribute to the systemic therapeutic antitumor effect.
This is evident in the significant reduction in right flank
tumor mass in response to i.t. injection of CRT/E7-VV in
the left flank tumors, compared to i.p. injection of CRT/E7-
VV (Fig. 5b). Thus, the combined effect of tumor oncol-
ysis with a specific T cell-mediated immune response
demonstrates the potency of i.t. injection of CRT/E7-VV as
a therapeutic agent for HPV-associated cervical cancer.

@ Springer

In summary, we found that cisplatin treatment increased
the population of CD1lc+ dendritic cells in tumor loci
making it an ideal locus for the administration of vaccine to
elicit a tumor-specific immune response. Because HPV-
associated cervical cancers are conventionally treated by
cisplatin and these tumors are readily accessible for i.t.
injection of a therapeutic HPV vaccine, the approach
described in the current study may likely be applied for the
control of HPV-associated advanced cervical cancers.
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