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Abstract

Purpose: The goal of this study was to investigate the therapeutic potentials of combining
chemotherapy with human papillomavirus (HPV) E7 subunit vaccines in an animal tumor model
and to determine the underlying therapeutic mechanisms.
Experimental Design: Animals bearing HPV E6/E7^ expressing tumors were treated intratumorally with a selected cytotoxic drug, cisplatin, twice at 1-week interval and s.c. with E7 subunit
vaccines thrice at 1-week interval. Tumor chemoimmunoresponse was measured by tumor
size. Ag-specific CTL activities and tumor histology were checked in mice under treatments.
Apoptosis, in vivo T-cell subset depletion, adoptive CTL transfer, and tumor regression were used
to determine the mechanisms for antitumor therapeutic effects.
Results: Combined therapy using cisplatin plus E7 subunit vaccines improved cure and recurrence rates of tumors and long-term antitumor immunity dramatically more than single therapy
alone. In particular, both components of E7 subunit vaccines were required for induction of
Ag-specific CTL as well as therapeutic synergy when combined with cisplatin. This therapeutic
synergy was abrogated by depletion of CD8+ Tcells in vivo and was concomitant with histologic
changes (such as heavy infiltration of lymphocytes and reduced tumor cell density). Finally,
the increased sensitivity of cisplatin-treated tumors to CTL-mediated killing was found to be
responsible for therapeutic synergy.
Conclusions: E7 subunit vaccines plus cisplatin mediate antitumor therapeutic synergy through
the increased sensitivity of cisplatin-treated tumors to CTL-mediated killing. Moreover, E7-based
therapeutic vaccines have the potential to improve chemotherapy in patients with cervical cancer.

Cervical cancer of the uterus is caused mainly by infection with
human papillomavirus (HPV; ref. 1). Presently, HPV virus-like
particle-based prophylactic vaccination against HPV infection
is expected to reduce cervical cancer incidence. In women
already infected with HPV, however, therapeutic vaccines are
one promising option for control of cervical cancer incidence.
To date, HPV E6 and E7 proteins have been a major target
for immune-based therapeutic strategies against HPV-derived
cervical cancers as they are expressed constantly in cervical

cancer cells (2, 3). In particular, a variety of E6- or E7-targeted
vaccine types have been tested preclinically and in humans.
These include peptide vaccines (4 – 6), DNA vaccines (7 – 10),
recombinant proteins (11 – 13), dendritic cell – based vaccines
(14 – 17), and viral/bacterial delivery of vaccines (18 – 20).
These studies have shown the importance of T-cell responses,
particularly CTL in clearing cervical lesions in humans or
tumors in animals. In our recent findings, tumor burden is
inversely related to E7 subunit vaccine-induced antitumor
therapeutic efficacy (21). For instance, E7 subunit vaccines
were able to cure tumors of a smaller size (2 mm in diameter)
but not larger tumors (6-8 mm in diameter). This prompted us
to evaluate whether E7 subunit vaccines might be able to cure
tumors of a larger size when combined with chemotherapy.
Furthermore, previous studies using other tumor model
systems have shown antitumor combination effects when
integrating dendritic cell – based vaccines with cytotoxic drugs
(22, 23). However, no studies have yet been reported on the
mechanisms as to how this occurs.
Presently, concurrent chemoradiation therapy has been the
current ’standard of care’ for locally advanced cervical cancers.
The previous literature has suggested a large benefit of
concurrent chemoradiation for survival, progression-free survival, and local and distant control rates in cervical cancer
patients (24). However, recurrence of the disease has been
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Tumor response to chemotherapy plus immunotherapy. TC-1 cells
(2  105) were injected s.c. into the right flank of C57BL/6 mice. When
tumors were approximately 5 to 8 mm in mean tumor diameter,
animals were injected intratumorally with cisplatin and s.c. with E7
subunit vaccines. For tumor rechallenge studies, 4  105 TC-1 cells per
mouse were injected s.c. into the left flank of C57BL/6 mice. Mice were
monitored twice weekly for tumor growth. Tumor size was measured
in millimeter using a caliper and recorded as mean diameter
[(a + b) / 2, where a is the longest surface length and b is the width].
Cured animals were denoted as those showing complete response for
120 days posttreatment. Percentage cure rates were calculated as
follows: (the number of animals cured for 120 days following the first
treatment / the number of animals treated)  100. Mice were
euthanized when tumor size reached >20 mm in mean diameter.
CTL assay. Splenocytes were stimulated in vitro with 1 Ag E7 CTL
peptides (amino acids 49-57) containing MHC class I epitope (30) per
milliliter and 25 units of recombinant interleukin-2 (Becton Dickinson)
per milliliter for 5 days. The E7 CTL peptide (RAHYNIVTF) was
purchased from Peptron (Taejon, Korea). CTL assay was done in
96-well round-bottomed plates. Cytolysis was determined by quantitatively measuring lactate dehydrogenase activity as reported previously
(31). Splenocytes served as an effector cells and TC-1 cells were used as
target cells. CTL assay was done with effector and target cells (1  104
per well) mixed at varying E:T cell ratios in a final volume of 200 AL.
After a 5-h incubation at 37jC, 50 AL cell supernatant was collected to
test the amount of lactate dehydrogenase in the cultured medium
according to the manufacturer’s protocol (Promega, Madison, WI).
After background subtraction, the percentage lysis was calculated as
follows: 100  [(experimental release effector spontaneous release
target effector spontaneous release) / (target maximum release target
spontaneous release)].
Adoptive transfer of CTL effector cells. CTL effector cells were
prepared as above. The effector cells were washed thrice in PBS and
then 1  107 effector cells per mouse in 100 AL PBS were injected i.v.
into animals with two masses of tumors located distantly on days 0 and
1 following cisplatin treatment.
In vivo depletion of CD4+ and CD8+ T cells. Depletion studies were
done as described previously (10, 11, 32). Briefly, 100 AL ascites fluids
were given i.p. on days 3, 0, and 3 of the second treatment with E7
subunit vaccines.
Histologic analysis. Tumor-bearing animals were sacrificed and
tumors were excised. The tumor mass was placed in 4% formalin
solution. The fixed tumor mass was bisected longitudinally and
embedded in parafilm. The 4- to 5-Am sections of the embedded
tumor tissues were made and then stained with H&E. Light microscopy
was used to identify the status of necrosis, abnormal cell borders, loss or
condensation of the nucleus, eosinophilic cytoplasm, and lymphocyte
infiltration or inflammation.
SDS-PAGE and Western blot assay. Tumor tissue was homogenized
in lysis buffer [0.1 mol/L Tris-HCl (pH 7.8), 0.5% Triton X-100,
protease inhibitor cocktail] and then 60 Ag tumor tissue lysates were
run on 12% SDS-PAGE. Western blot assay was done as described
previously (33). In particular, anti-caspase-3 (both 35 and 17 kDa
specific) and anti-h-actin antibodies were purchased from Cell
Signaling Technology (Danvers, MA) and used as primary antibodies.
Statistical analysis. Statistical analysis was done using the ANOVA.
Values between different treatment groups were compared. P values
<0.05 were considered significant.

problematic. It has been thought that growth of tumor cells and
response to conventional therapy modalities (surgery, chemotherapy, and radiotherapy) are influenced by the host immune
status. In particular, CTL responses to E6 and E7 are more
commonly detectable in HPV-16-positive women without
cervical intraepithelial neoplasia than in HPV-16-positive
women with cervical intraepithelial neoplasia (25), suggesting
the importance of CTL in disease protection. Similarly, CTL
has a protective effect in squamous intraepithelial lesion
development (26). More recently, Sarkar et al. (27) showed
that the magnitude of cellular immune responses to E6 or
E7 peptides correlates positively with recurrence-free survivals
of cervical intraepithelial neoplasia patients following ablative
or excisional treatment. It is likely that antitumor efficacy of
conventional treatment modalities might be increased dramatically by stimulating E6- or E7-specific cellular immunity in
patients with cervical cancer.
Using our well-defined animal tumor model, we evaluated
the potential benefits of combination therapy using E7 subunit
vaccines plus chemotherapy in terms of tumor cure rates,
recurrence rates, and long-term immunity with a special focus
on the underlying therapeutic mechanisms.

Methods and Materials
Mice and tumors. Female 4- to 6-week-old C57BL/6 mice were
purchased from Daehan Biolink Co. (Chungbuk, Korea). Animals were
cared for under the guidelines of Institutional Animal Care and Use
Committee – approved protocols. TC-1 tumor cells (a kind gift from
T-C. Wu, Johns Hopkins University, Baltimore, MD) were grown in
complete RPMI 1640 (10% fetal bovine serum, 1% L-glutamine, and
1% penicillin/streptomycin) supplemented with 400 Ag/mL G418.
TC-1 is an E7-expressing tumorigenic cell line. It was established from
primary lung epithelial cells of C57BL/6 mice immortalized with
HPV16 E6 and E7 and then transformed with an activated ras oncogene
(28). The tumor cells were washed twice with PBS and injected into
mice.
Chemotherapeutic drugs and their delivery. Tumor tissues were
excised from animals with established tumors of a TC-1 tumor cell
line origin and then sent to Metabio Co., Ltd. (Seoul, Korea) for threedimensional chemosensitivity test over various chemotherapeutic drugs
of our choice as described previously (29). To evaluate the antitumor
effect of different delivery methods of chemotherapeutic drugs in vivo,
tumor-bearing animals were injected i.p., i.v., or intratumorally with
cisplatin (0.5 mg/mL; Ildong Pharmaceuticals Co., Ltd., Seoul, Korea)
and 5-fluorouracil (5-FU; 5 mg/mL; Choongwae Pharmaceuticals Co.,
Ltd., Seoul, Korea) at their indicated doses. However, control animals
were injected i.p., i.v., or intratumorally with 100 AL PBS.
E7 subunit vaccines and their delivery. For therapeutic treatments
with E7 subunit vaccines, tumor-bearing animals were injected s.c. with
20 Ag of recombinant E7 proteins in the presence of 20 Ag CpG
oligonucleotide in a final volume of 100 AL PBS using a 30-gauge
needle (Becton Dickinson, Franklin Lakes, NJ). In particular, either
recombinant E7 protein or CpG oligonucleotide was also tested to
determine individual effects of E7 subunit vaccine components on
antitumor therapeutic synergy when combined with cisplatin. As a
control, 100 AL PBS was injected instead. In particular, contralateral
injection was made at a site distant to tumor sites two to three times at
1-week interval. In this study, recombinant E7 proteins were prepared
as reported previously (11). The unmethylated CpG oligonucleotide
designated as 1826 (5¶-TCCATGACGTTCCTGACGTT-3¶) was purchased
from GenoTech, Taejon, Korea. It was synthesized with a nucleaseresistant phosphorothioate backbone, dissolved in water, and then
confirmed to have undetectable endotoxin level.
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Results
Selection of chemotherapeutic drugs and their delivery methods
in vitro and in vivo. To select a cytotoxic drug for
combination therapy with E7 subunit vaccines, an established
TC-1 tumor was excised and the tissues were evaluated
over various chemotherapeutic drugs using three-dimensional
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chemosensitivity test. As shown in Fig. 1A, among tested drugs
(cisplatin, paclitaxel, 5-FU, etoposide, irinotecan, mitomycin C,
Adriamycin, and ifosfamide), cisplatin and 5-FU displayed the
highest inhibition rates against TC-1 tumor growth in vitro.
However, this was below the threshold level of 30% inhibition
rates, suggesting that TC-1 tumors are relatively chemoresistant.
We next compared the abilities of delivery methods of cisplatin
versus 5-FU delivered i.p. at varying doses to induce antitumor
therapeutic efficacy. As shown in Fig. 1B, both doses (50 and
75 mg/kg) of 5-FU delivered i.p. made all five tested animals
dead within 4 days posttreatment. In contrast, cisplatin treated
at a dose of 2.5, 5, and 10 mg/kg inhibited tumor growth
insignificantly compared with control group. However, all five
tested animals survived at these drug doses, except for one drug
dose (10 mg/kg) showing one death out of five tested animals.
We next evaluated an intratumoral delivery method. In
particular, the intratumoral injection volume was limited to
100 AL. As shown in Fig. 1C, 5-FU delivered intratumorally at
12.5 and 25 mg/kg made all five tested animals dead at 12 and 9
days posttreatment, respectively. In contrast, cisplatin delivered
intratumoral at a dose of 2.5 mg/kg showed a significant level of
tumor growth inhibition but no death in all tested animals,
suggesting that cisplatin might be tested as a drug in combination with immunotherapy. We further compared the abilities of
two delivery methods (intratumorally versus i.v.) of cisplatin at
2.5 mg/kg to induce tumor growth inhibition (Fig. 1D). When
animals with established tumors of 7 mm in mean diameter were
treated intratumorally versus i.v. with cisplatin, intratumoral
delivery inhibited tumor growth significantly more than i.v.
delivery. Therefore, we chose the intratumoral delivery method
of cisplatin to test our hypothesis.
E7 subunit vaccines improved cure and recurrence rates of
tumors after local cisplatin therapy. To investigate whether
E7 subunit vaccines might enhance tumor response to local
cisplatin therapy, tumor-bearing animals were treated intratumorally with cisplatin and then s.c. with E7 subunit vaccines.
As shown in Fig. 2, treatment with either cisplatin or E7 subunit
vaccines alone resulted in no cure of tumors (0% cure rates) but
showed delayed tumor growth for a few to 15 days compared
with negative controls (0% cure rates). However, cisplatin plus
E7 subunit vaccine – treated animals showed complete cure of
tumors for 120 days following the first treatment (100% cure
rates), which is a dramatic level of therapeutic synergy. We next
tested this combination strategy in animals with tumors of
5 mm in diameter, a smaller tumor in size, as we were interested in seeing long-term antitumor therapeutic effects between
cisplatin treatment and cisplatin plus E7 subunit vaccine
treatment. As shown in Fig. 3, two of five animals treated with
cisplatin alone cured tumors for 120 days posttreatment, giving
rise to 40% (2 of 5) cure rates. The remaining three failed to
cure tumors, one of which displayed regression of tumors at
26 days posttreatment, but the tumors recurred at 54 days
posttreatment. However, all animals treated with cisplatin plus
E7 subunit vaccines showed 100% cure rates without any
recurring tumors, supporting a dramatic role of E7 subunit
vaccines plus cisplatin in improving both tumor cure and
recurrence rates. We further tested whether long-term antitumor
immunity could be achieved in these surviving animals. When
two surviving animals by cisplatin treatment alone and all five
surviving animals by treatment with cisplatin plus E7 subunit
vaccines were rechallenged with TC-1 cells at 125 days
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Fig. 1. Selection of chemotherapeutic drugs and their delivery methods in vitro and
in vivo. A, a series of chemotherapeutic drugs was selected for three-dimensional
chemosensitivity test. Tumor masses were excised from tumor-bearing animals and
then sent to Metabio for the test. B, two selected drugs, cisplatin and 5-FU, at
different doses were delivered i.p. to each group of animals (n = 5) with established
tumors of 7 mm in diameter twice at 1-wk interval. C, cisplatin and 5-FU at
different doses were delivered intratumorally to each group of animals (n = 5)
with established tumors of 7 mm in diameter twice at 1-wk interval. D, cisplatin at
a dose of 2.5 mg/kg (100 AL) was delivered intratumorally (i.t.) versus i.v. to each
group of animals (n = 5) with established tumors of 7 mm in diameter twice at
1-wk interval. Columns and points, mean percentage inhibition rates and mean
tumor sizes; bars, SD. This was repeated with similar results. *, statistically
significant at P < 0.05 using ANOVA compared with control animals.
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nents of E7 subunit vaccines (recombinant E7 proteins or CpG
oligonucleotide) are required for displaying therapeutic synergy
when combined with cisplatin, tumor-bearing animals were
treated intratumorally with cisplatin and s.c. with individual
components of E7 subunit vaccines. As shown in Fig. 4A, no
therapeutic synergy was observed in tumor-bearing animals
under treatment with either cisplatin plus E7 proteins or
cisplatin plus CpG oligonucleotide. However, animals treated
with cisplatin plus E7 subunit vaccines showed therapeutic
synergy that we observed previously, suggesting that therapeutic
synergy is achieved when both components of E7 subunit
vaccines are used together with cisplatin. We also tested in vitro
CTL activities in these animals as we reported previously that
CD8+ CTL is mainly responsible for antitumor immunity in this
model (10, 11, 32). As shown in Fig. 4B, a significant level of
E7-specific CTL activities were observed only in animals treated
with cisplatin plus E7 subunit vaccines but not in those treated
with either cisplatin plus E7 proteins or cisplatin plus CpG
oligonucleotide, further suggesting that E7-specific CTL can be
inducible only when E7 proteins plus CpG oligonucleotide are
used together. These data further show that CTL activities are
directly associated with antitumor therapeutic synergy mediated by cisplatin plus E7 subunit vaccines in this model.
To further confirm the importance of CD8+ CTL in
therapeutic synergy, animals were depleted in vivo of CD4+ or
CD8+ T cells during chemoimmunotherapy. As shown in
Fig. 4C, cisplatin plus E7 subunit vaccine – treated animals with
CD8+ T cell depletion showed tumor growth in a manner
similar to animals treated with cisplatin alone. However,
animals treated with cisplatin plus E7 subunit vaccines in the
presence of CD4+ T-cell depletion displayed tumor suppression
in a manner similar to animals treated with cisplatin plus E7
subunit vaccines, confirming that E7-specific CD8+ T cells
(CTL) but not CD4+ T cells are responsible for therapeutic
synergy as effector cells.
E7 subunit vaccine-induced tumor cell depopulation, tumor cell
density, and lymphocyte infiltration. Histology of tumors from
animals treated with cisplatin and/or E7 subunit vaccines was

Fig. 2. Antitumor therapeutic effects of cisplatin + E7 subunit vaccines in
combination in tumor-bearing animals. Each group of mice (n = 10) with
established tumors of 7 mm in mean diameter was injected intratumorally with
cisplatin (2.5 mg/kg) twice at 1-wk interval and/or s.c. with E7 subunit vaccines
thrice at 1-wk interval. Columns, mean tumor sizes; bars, SD. This was repeated
with similar results. Number in parenthesis, percentage cure rates of tumor.
The percentage cure rates were calculated as follows: (the number of animals cured
for 120 d following the first treatment / the number of animals treated)  100.

posttreatment, all animals treated with cisplatin alone showed
tumor formation. In particular, the tumor growth pattern was
exactly the same as that of age-matched naive controls (data not
shown). In contrast, animals treated with cisplatin plus E7
subunit vaccines eventually showed complete tumor regression.
Overall, 10 of 10 tumor-controlled animals by treatment with
E7 subunit vaccines plus cisplatin protected tumor rechallenge,
whereas zero of three tumor-controlled animals by treatment
with cisplatin alone protected tumor rechallenge (100% versus
0% in protection rates from tumor rechallenge). These data
suggest that combination therapy using cisplatin plus E7
subunit vaccines results in inducing long-term antitumor
immunity, which seems to be responsible for prevention of
any tumor recurrence in these animal groups.
Both components of E7 subunit vaccines were required for
induction of CTL as well as antitumor therapeutic synergy when
combined with cisplatin. To investigate whether both compo-

Fig. 3. Long-term antitumor therapeutic
effects of cisplatin + E7 subunit vaccines in
tumor-bearing animals. Each group of
animals (n = 5) with established tumors
of 5 mm in mean diameter was injected
intratumorally with cisplatin (2.5 mg/kg)
twice at 1-wk interval and/or s.c. with E7
subunit vaccines thrice at 1-wk interval.
At 125 d posttreatment (arrow), two
tumor-cured animals by treatment with
cisplatin alone and all five tumor-cured
animals by treatment with cisplatin + E7
subunit vaccines were rechallenged with
4  105 TC-1cells per mouse. Points, mean
tumor sizes of each animal up to 150 d
after the first treatment. Nontreatment
control (A), E7 subunit vaccines alone (B),
cisplatin treatment alone (C), cisplatin + E7
subunit vaccine treatment (D). Arrow, time
of tumor rechallenge. This was repeated
with similar results. One of the data is
shown here.
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compared (Fig. 5). Untreated controls were highly cellular and
looked squamous carcinoma cell types. Tumors from cisplatintreated animals also showed a little decreased level of tumor
cell density compared with negative control. However, tumors
of animals treated with E7 subunit vaccines showed a greater
infiltration of lymphocytes and contained large areas of
reduced tumor cell density compared with those of control
animals. However, the tumors of animals treated with cisplatin
plus E7 subunit vaccines were infiltrated heavily with lymphocytes and contained a few tumor cells on the H&E staining.
Comparison of in vitro CTL activities versus tumor regression
status in animals treated with cisplatin and E7 subunit vaccines.
We assumed that apoptotic TC-1 tumor cells by cisplatin
treatment might serve as antigen-presenting cells, leading to
induction/enhancement of CTL for antitumor therapeutic
synergy. To first test whether cisplatin could induce apoptosis
in TC-1 tumors in vivo, animals were injected intratumorally
with cisplatin and then tumor mass was tested for apoptosis.
As shown in Fig. 6A, a cleaved form of active caspase-3 (a key
mediator of apoptosis) was detected by cisplatin treatment, as
opposed to untreated control, showing that local injection of
cisplatin can induce apoptosis in TC-1 tumors. We next
evaluated the possibility that apoptotic TC-1 tumor cells
might serve as antigen-presenting cells for induction/enhancement of Ag-specific CTL in vivo and that there might be a
direct correlation between in vitro CTL activities and tumor
regression status in animals under chemoimmunotherapy. To
test this, we treated tumor-bearing animals and age-matched
naive animals with/without cisplatin and E7 subunit vaccines.
Tumor size per animal group was measured at the time of
animal sacrifice for in vitro CTL assays (Fig. 6B). Figure 6C
shows in vitro CTL activities in these animals. We observed a
similar level of CTL activities in all animal groups treated at
least with E7 subunit vaccines. In particular, tumor-bearing
animals treated with E7 subunit vaccines alone (tumor
size, 11 mm) showed CTL activities similar to those of two
other groups [tumor-bearing groups treated with cisplatin plus
E7 subunit vaccines (tumor size, 2 mm) and naive groups
(no tumor) treated with E7 subunit vaccines alone].
However, a background level of CTL activities were detected
in animal groups without immunotherapy [tumor-bearing
nontreated groups (tumor size, 20 mm), tumor-bearing
groups treated with cisplatin alone (tumor size, 16 mm),
and nontreated naive group (no tumor)]. Thus, these data
show that there is neither induction nor enhancement of CTL
by cisplatin treatment and further that there is no direct
correlation between in vitro CTL activities and tumor
regression status.
Increased sensitivity of cisplatin-treated tumor cells to CTLmediated killing in vitro and in vivo. We next hypothesized
that cisplatin-treated tumor cells might be more sensitive to
CTL-mediated killing. This increased susceptibility might be
responsible for antitumor therapeutic synergy. To test this
hypothesis, we evaluated tumor cell growth patterns and
viability upon treatment in vitro with cisplatin at 0.2, 0.5, 1,
and 1.5 Ag/mL over a 3-day incubation period. TC-1 cells
treated with cisplatin at 0.2, 0.5, and 1 Ag/mL showed a similar
level of cell viability to control groups up to a 2-day incubation
period (data not shown). However, tumor growth was affected
immensely by cisplatin treatment in these groups. In particular,
treatment with cisplatin at 1.5 Ag/mL resulted in both decreased
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Fig. 4. Antitumor therapeutic effects (A) and in vitro CTL activities (B) in
tumor-bearing animals by treatment with cisplatin plus individual components of
E7 subunit vaccines and antitumor therapeutic effects of in vivo depletion of CD8+
Tcells (C). A, each group of animals (n = 5) with established tumors of 6 to 7 mm
in mean diameter was treated intratumorally with cisplatin (2.5 mg/kg) twice at
1-wk interval and/or s.c. with PBS, E7 proteins, CpG-oligonucleotide (ODN), or
both thrice at 1-wk interval. Tumor size was measured for 21d following the first
treatment. B, animals were sacrificed at 21d following the first immunization to
evaluate in vitro CTL activities. C, each group of animals (n = 5) with established
tumors of 6 to 7 mm in mean diameter was injected intratumorally with cisplatin
(2.5 mg/kg) twice at 1-wk interval and s.c. with E7 subunit vaccines thrice at
1-wk interval. At the second treatment, mice were depleted in vivo of CD4+ or
CD8+ Tcells as described in Materials and Methods. Points, mean percentage lysis
and mean tumor sizes; bars, SD. These were repeated with similar results. One of
the data is shown here.

tumor cell growth and viability. Therefore, we chose TC-1
tumor cells treated for 2 days with cisplatin at 0.2, 0.5, and
1 Ag/mL as target cells for CTL sensitivity test. As shown in
Fig. 6D, CTL activities against TC-1 tumor cells without
cisplatin treatment showed 32%, 22%, and 12% at the E:T
ratios of 10:1, 5:1, and 2.5:1, respectively. CTL activities against
TC-1 tumor cells treated with cisplatin at 0.2 Ag/mL were a bit
higher than those against control TC-1 cells without cisplatin
treatment. However, CTL activities against TC-1 tumor cells
treated with cisplatin at 0.5 Ag/mL showed 67%, 44%, and 22%
at the E:T ratios of 10:1, 5:1, and 2.5:1, respectively. This is
f2.0-fold increase in CTL sensitivity by cisplatin treatment.
CTL activities against TC-1 tumor cells treated with cisplatin at
1 Ag/mL showed 76%, 53%, and 26% at the E:T ratios of 10:1,
5:1, and 2.5:1, respectively, which is f2.3-fold increase in CTL
sensitivity compared with TC-1 tumor cells without cisplatin
treatment. In contrast, MHC-matched control tumor cells
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Fig. 5. Histologic evaluation of tumor masses in animals
treated by cisplatin and E7 subunit vaccines. Animals with
established tumors of 7 mm in mean diameter were injected
intratumorally with cisplatin (2.5 mg/kg) twice at 1-wk
interval and s.c. with E7 subunit vaccines twice at 1-wk
interval. Tumors were excised from animals 2 d after the
second treatment and then evaluated by H&E staining.
Magnification, 400. A, nontreatment control; B, cisplatin
treatment alone; C, E7 subunit vaccine treatment alone;
D, cisplatin plus E7 subunit vaccine treatment.

infiltration of lymphocytes as well as a lower level of tumor cell
density were detectable in the tumor tissues of animals treated
with cisplatin plus E7 subunit vaccines compared with single
treatment alone. This is also in line with previous findings that
combination of cytotoxic drugs with dendritic cell – based
vaccines results in antitumor combination effects in breast
cancer and melanoma animal models (22, 23).
The importance of CD8+ CTL for eradication of tumors has
been reported in a TC-1 tumor challenge model (9 – 11, 18, 32,
34 – 37). In our observation, antitumor therapeutic synergy of
cisplatin plus E7 subunit vaccines was lost upon depletion of
CD8+ T cells, but not CD4+ T cells, implying that CD8+ T cells
play an important effector function in antitumor therapeutic
synergy. Furthermore, this therapeutic synergy was not observed when animals were treated with cisplatin plus each
component of E7 subunit vaccines (E7 proteins and CpG
oligonucleotide) compared with cisplatin plus both components of E7 subunit vaccines. Similarly, E7-specific CTL
responses were detectable only when animals were treated with
cisplatin plus both components of E7 subunit vaccines. These
data suggest that Ag-specific CTL activities are directly associated with cisplatin plus E7 subunit vaccine – mediated therapeutic synergy. Furthermore, the tested adjuvant, CpG
oligonucleotide has been known to possess immunostimulatory effects (38 – 40) and induce development of enhanced CTL
activity (41, 42).
Recurrent and metastatic tumors after chemotherapy and
radiotherapy are often detected in a portion of tumor patients.
Therefore, an ideal cancer treatment modality should not only
cause tumor eradication but also induce a long-term, systemic
antitumor immunity, which is essential for prevention of
metastatic and recurrent tumors. In this study, we observed that
in the presence of local chemotherapy, E7 subunit vaccines
were effective at minimizing recurrence of tumors. For example,
for animals with tumors of 5 mm in diameter, three animals
controlled tumors at 19, 22, and 26 days posttreatment, but

(B16 melanoma cell lines) showed a background level of CTL
activity over different E:T ratios. These results suggest that
dramatically increased sensitivity of cisplatin-treated tumor
cells to CTL-mediated killing might be responsible for
antitumor therapeutic synergy. To confirm our in vitro findings,
we adoptively transferred CTL effector cells to animals bearing
two tumor masses located distantly on the abdominal part and
then evaluated the regression status of tumors upon local
treatment with cisplatin (one tumor site) and PBS (the other
tumor site). Figure 6E shows a small difference in tumor size of
animals under no adoptive CTL transfer between cisplatin and
PBS treatment. However, tumors of animals under adoptive
CTL transfer regressed more dramatically by cisplatin treatment,
as opposed to PBS treatment (Fig. 6F), suggesting that CTL can
remove cisplatin-treated tumors more effectively than nontreated tumors in vivo. Thus, these in vivo findings match well
with our in vitro findings and further support that E7 subunit
vaccines plus cisplatin – mediated antitumor therapeutic synergy is mediated by increased sensitivity of cisplatin-treated
tumors to CTL-mediated killing in this model.

Discussion
As cytotoxic drugs have been used to treat most malignancies,
combining these drugs with therapeutic vaccines seems to be
increasingly promising in treating the diseases. Our data show a
remarkable degree of synergy between cisplatin-based chemotherapy and E7 subunit vaccine-based immunotherapy in
treating established E7 expressing TC-1 tumors. In particular,
combination effects of cisplatin and E7 subunit vaccines were
most prominent by tumor cure rates. For instance, either
cisplatin or E7 subunit vaccines alone showed 0% cure rates in
animals with tumors of 7 mm in diameter, whereas combined
therapy using cisplatin plus E7 subunit vaccines resulted in
complete cure of tumors in all animals (100% cure rates). This
correlates well with our histologic findings, in which a more
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cells. In this case, however, this benefit might not be expected
when the immune system of the host is suppressed by
chemotherapy. In animals treated with cisplatin, we observed
some decrease in both WBC and absolute lymphocyte counts at
2 days posttreatment but recovery to normal at 5 days
posttreatment (data not shown). It seems reasonable that
therapeutic vaccination should be initiated during or after
immune recovery after chemotherapy. This likely maximizes
the synergistic effects of therapeutic vaccines combined with
chemotherapy on cure of tumors.
We further evaluated the mechanism(s) as to how antitumor
therapeutic synergy was mediated by cisplatin plus E7 subunit
vaccines. We first speculated that cisplatin-treated tumor
cells might serve as an antigen-presenting cell, leading to

one last controlled animal displayed recurrence of tumors at 54
days posttreatment. However, such recurrence was not detectable in animals treated with cisplatin plus E7 subunit vaccines.
This might be explained by our subsequent findings that longterm antitumor immunity was detectable in tumor-controlled
animals by treatment with cisplatin plus E7 subunit vaccines, as
opposed to tumor-controlled animals by cisplatin treatment
alone. This result suggests that chemotherapy in combination
with therapeutic vaccines can mediate prevention of tumor
recurrence through induction of long-term antitumor immunity. Furthermore, when tumor cells are metastasized to the
other distal sites, the benefits of addition of immunotherapy to
chemotherapy might be highlighted as immunotherapy can
induce systemic immune responses against metastasized tumor

Fig. 6. Detection of apoptosis inTC-1tumors by local treatment with cisplatin in vivo (A), comparison of tumor regression status (B) versus E7-specific CTL activities (C) in
animals under chemoimmunotherapy, and increased sensitivity of cisplatin-treated TC-1tumor cells to CTL-mediated killing in vitro (D) and in vivo (E and F). A, each group
of animals (n = 2) with established tumors of 7 to 8 mm in mean diameter was injected intratumorally with cisplatin (2.5 mg/kg) or PBS in a volume of 100 AL. One day
after the injection, tumors were excised and homogenized to obtain tumor tissue lysates for SDS-PAGE and Western blot assay. 1, PBS controls; 2, cisplatin-treated groups.
B and C, each group of animals (n = 5) with established tumors of 7 to 8 mm in mean diameter or age-matched naive animals was treated intratumorally with cisplatin
(2.5 mg/kg) and/or s.c. with E7 subunit vaccines twice at 1-wk interval. At 1wk following the second injection, the animals were checked for tumor size (B) and then
sacrificed to obtain splenocytes for measuring in vitro CTL activities (C). D, animals (n = 10) were immunized s.c. with E7 subunit vaccines twice at 2-wk intervals. At 3 wks
following the second immunization, animals were sacrificed to obtain splenocytes for measuring direct CTL activities. Splenocytes were stimulated in vitro for 5 d to obtain
effector cells, which were then reacted at different E:Tcell ratios withTC-1tumor cells (target cells). Target cells were treated previously for 2 d with cisplatin at a dose of
0.2, 0.5, and 1 Ag/mL. As a control, a MHC-matched melanoma cell line, B16, was tested as target cells. E and F, each group of animals (n = 5) with two tumor masses
(6-7 mm) located distantly on the abdominal part was adoptively transferred with either PBS (E) or effector cells (F) prepared as described in (D) followed by local treatment
with PBS or cisplatin. Tumor size was measured for 10 d after the first treatment. Columns and points, mean percentage lysis and mean tumor sizes; bars, SD. These were
repeated with similar results. One of the data is shown here. *, statistically significant at P < 0.05 using ANOVA compared with PBS controls.
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support the notion that antitumor therapeutic synergy of
cisplatin plus E7 subunit vaccines is mediated mainly by
increased sensitivity of cisplatin-exposed tumors to CTLmediated killing.
In conclusion, we observed a dramatic therapeutic synergy
between cisplatin and E7 subunit vaccines in animals with
established TC-1 tumors, along with long-term antitumor
immunity. In particular, both components of E7 subunit vaccines
were required for induction of antigen-specific CTL responses as
well as therapeutic synergy when combined with local therapy
with cisplatin. This therapeutic synergy was abrogated by
depletion of CD8+ T cells in vivo, suggesting an important
effector role of CD8+ CTL cells for antitumor therapeutic synergy.
Moreover, this combined therapy resulted in histologic changes
(heavy infiltration of lymphocytes and reduced tumor cell
density). Furthermore, increased sensitivity of cisplatin-treated
tumors to CTL-mediated killing seemed to be mainly responsible
for antitumor therapeutic synergy, as determined by apoptosis,
in vitro CTL activities, adoptive CTL transfer, and tumor
regression. Thus, these data show that E7 subunit vaccines act
as a potent enhancer of tumor chemoresponse and that this is
mediated by increased sensitivity of cisplatin-treated tumors to
CTL-mediated killing. This study further suggests that E7-based
therapeutic vaccines have the potential to improve chemotherapy
in patients with cervical cancer.

enhancement of CTL effector cell activities when subsequently
treated with E7 subunit vaccines. This is based on the previous
report that cisplatin can cause tumor cell apoptosis (43), which
can engage in antigen presentation (44, 45). However, this
model of an increase in antigen-presenting capability by TC-1
tumor cell apoptosis does not fit the profile of the induction
pattern of in vitro CTL. For instance, CTL activities were not
detectable in splenocytes of tumor-bearing animals treated with
cisplatin alone. Moreover, E7 subunit vaccine-driven CTL
activities were not enhanced when combined with cisplatin.
We next thought that cisplatin-treated tumor cells could be
rendered more susceptible to CTL-mediated killing. This
increased sensitivity might be responsible for therapeutic
synergy. This hypothesis is supported by our in vitro data that
cisplatin-treated tumor cells were more sensitive to CTLmediated killing. For example, tumor cells treated with cisplatin
at 0.5 and 1 Ag/mL showed about 2.0- and 2.3-fold increases in
CTL sensitivity, respectively, compared with nontreated controls. This in vitro data suggests that increased tumor sensitivity
to CTL-mediated killing might be the possible mechanisms for
therapeutic synergy. This is in line with the previous finding
that cytotoxic drugs, such as 5-FU and dacarbazine, can
sensitize tumor cells to CTL-mediated apoptosis in vitro (46).
This hypothesis was further shown by our in vivo findings that
cisplatin-treated tumor mass regressed more dramatically by
adoptive transfer of CTL effector cells, as opposed to nontreated
tumor mass. Furthermore, the similar finding was observed
when animals with two tumor masses were treated locally with
cisplatin versus PBS in the presence of E7 subunit vaccination
(data not shown). Therefore, these in vitro and in vivo data
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