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Cervica cancer-the most frequent neoplasm and the third mortality rate of
malignancies of the women in the world. It affects half a million women each year and
results in about 200,000 women dying of cervical cancer each year worldwide. Not
only are the costs of treatment high, but there is also the need for expensive screening
programs for early detection, and for costly secondary screening via colposcopy.
Moreover, the available forms of treatment-surgery, radiation therapy, and
chemotherapy are al cytoreductive treatment modalities, so in addition to killing
cancerous cells, healthy cells are also destroyed in the process. Indeed, there is a need
to decrease the incidence of cervical cancer and develop better forms of its treatment.
We have recently developed some DNA-formated E7-specific cancer vaccines in the
murine model. Among them, calreticulin (CRT) linked to a model antigen-HPV-16 E7
has been found the antitumor effects mediated by E7-specific immune responses and
anti-angiogenesis in mice vaccinated with CRT/E7 DNA. Cdreticulin is composed of
3 domains- N-domain, P-domain and C-domain. Which domain(s) that links with E7
can also generate anti-tumor effect via E7-specific immunologic response and/or
anti-angiogenesis is needed to be further evaluated ? In the first year’s research, we
found that all of the NCRT/E7, PCRT/E7 and CCRT/E7 could generate higher
numbers of E7-specific CD8+ T lymphocytes and higher tumor protective effects as
compared to wild-type E7. So, we will focus on comparing the differences of
immunologic responses and antitumor effects between NCRT/E7, PCRT/E7 and
CCRT/EY in the second year’s research.

Plasmid DNA Constructs and Preparation

The generation of pcDNA3-E7 has been described previously. The generation of
pPcDNA3-CRT has aso been described previously. There is more than 90% homology
between rabbit, human, mouse, and rat CRT. For the generation of pcDNA3-NCRT, DNA
encoding the N-domain of CRT, NCRT was first amplified with PCR by using rabbit CRT
cDNA asthe template and a set of primers,
5 -CCGGTCTAGAACGCTGCTCCCTGTGCCGCT-3 and
5 -CCCGAATTCGTTGTCCGGGCCGCACGATCA-3'. The amplified product was
further cloned into the Xbal/EcoR1 site of pcDNA3 (Invitrogen Corp., Carlsbad, California,
USA). For the generation of pcDNA3-PCRT, DNA encoding the P-domain of CRT was
first amplified with PCR using rabbit CRT cDNA as the template and a set of primers,
5-TGCTCTAGAATGTACAAGGGTGAGTGGAAGCC-3' ji{land



5 -CCGGAATTCCAGCTCGTCCTTGGCCTGGCC-3'. The amplified product was further
cloned into the Xbal/EcoRl site of pcDNA3. For the generation of pcDNA3-CCRT, DNA
encoding the C-domain of CRT was first amplified with PCR using rabbit CRT cDNA as
the template and a set of primers,
5-TGCTCTAGAATGTACAAGGGTGAGTGGAAGC-3 j{land
5-CCGGAATTCCAGCTCGTCCTTGGCCTGGC-3'. The completed product was then
cloned into the Xbal/EcoRl site of pcDNAS3.

For the generation of pcDNA3-NCRT/E7, PCRT/E7, and CCRT/E7, E7 wasfirst
amplified with pcDNA3 as atemplate and a set of primers,
5 -GGGGAATTCATGGAGATACACCTA-3 ji{land
5 -GGTGGATCCTTGAGAACAGATGG-3', and then cloned it into the EcoRI/BamHI
sites of pcDNA3-NCRT, PCRT, or CCRT to generate pcDNA3-CRT/E?7,
pcDNA3-NCRT/E7, pcDNA3-PCRT/E7, pcDNA3-CCRT/ETY.

Cdl Line

The production and maintenance of TC-1 cells have been described previously [Lin,
1996 #179]. In brief, HPV-16 E6, E7 and ras oncogene were used to transform primary
C57BL/6 mice lung epithelial cellsto generate TC-1.

DNA Vaccination

Preparation of DNA-coated gold particles and gene gun particle-mediated DNA
vaccination were performed using a helium-driven gene gun according to a protocol
described previoudly with some modifications [Hung, 2001 #1487]. Gene gun
particle-mediated DNA vaccinations were performed using a Low Pressure-accel erated
Gene Gun (BioWare Technologies Co. Ltd, Taipel, Taiwan). The gold particles (Bio-Rad
1652263) were weighted and suspended in 70% ethanol. This suspension was vortexed
furiously and then centrifuged to collect the particles. After washing by distilled water
three times, the collected particles were resuspended in DNA solution (1 ug DNA per mg
gold particles), vortexed and sonicated for afew seconds, and then added 2.5M CaCl, and
0.05 M spermidine solution with vortex. This solution was kept on ice for ten minutes and
the DNA-coated gold particles were collected and washed by 100% ethanol three times.
Finally, the particles were resuspended in 100% ehanol with appropriate concentration and
used to make bullets. Control plasmid (no insert), E7, NCRT, NCRT/E7, PCRT/E?,
CCRT/E7, or CRT/E7 DNA-coated gold particles were delivered to the shaved abdominal
region of mice using a Low Pressure-accelerated Gene Gun (BioWare Technologies Co.
Ltd, Taipel, Taiwan) with a 50ps discharge pressure of helium.

Intracellular Cytokine Staining and Flow Cytometry Analysis



Mice were immunized with 2 pg of the various DNA vaccines and received a
booster with the same regimen 1 week later. Splenocytes were harvested 1 week after the
last vaccination. Before intracellular cytokine staining, 5x10° pooled splenocytes from each
vaccination group were incubated for 16 hours with either 1 ug/ml of E7 peptide (aa 49-57)
containing an MHC class | epitope [Feltkamp, 1993 #234] for detecting E7-specific CD8"
T cell precursors or 10 pug/ml of E7 peptide (aa 30-67) containing an MHC class |1 epitope
[Tindle, 1995 #569] for detecting E7-specific CD4" T cell precursors. Cell surface marker
staining for CD8 or CD4 and intracellular cytokine staining for IFN-y, as well as flow
cytometry analysis, were performed using conditions described previously [Cheng, 2002
#1743].

In Vivo Tumor Protection Experiments

For the tumor protection experiment, C57BL/6 mice (five per group) either received
no vaccination or were immunized with 2 pg/mouse of plasmid encoding no insert, NCRT,
E7, NCRT/E7, PCRT/E7, or CCRT/E7 using a gene gun. One week later, mice were
boosted with the same regimen as the first vaccination. One week after the last vaccination,
mice were subcutaneously challenged with 5x10* TC-1 cells’/mouse in the right leg. Mice
were monitored for evidence of tumor growth by palpation and inspection twice a week
until they were sacrificed at day 60.

Vaccination with DNA encoding NCRT, PCRT, or CCRT linked to E7 significantly
enhances the E7-specific CD8" T cell response

To determine if the different domains of calreticulin when linked with the E7 DNA
vaccines could enhance E7-specific T cell-mediated immune responses in mice, we
performed intracellular cytokine staining with flow cytometry analysis to characterize
E7-specific CD8" and CD4" T cell precursors. As shown in Figure 1, vaccination with
NCRT/E7, PCRT/E7, or CCRT/E7 DNA generated higher frequencies of E7-specific
IFN-y-secreting CD8" T cell precursors when compared to mice vaccinated with E7 DNA
(p<0.01). DNA encoding no insert was used as a negative control. Our results also
indicated that the fusion of NCRT to E7 was required for enhancement of CD8" T cell
activity, since NCRT DNA mixed with E7 DNA did not generate enhancement of CD8" T
cell activity (data not shown). Vaccination with CRT/E7 DNA generated the highest
number of E7-specific CD8" T cell precursors (220.5+18.5) when compared to the
NCRT/E7 (178.0+18.5), PCRT/E7 (140.0£16.0) and CCRT/E7 (128.0£10.0) (p<0.01).
Thus, our data suggest that NCRT/E7, PCRT/E7, and CCRT/E7 DNA vaccines are capable
of enhancing the E7-specific CD8+ T cell response in vaccinated mice, although not as



strongly as CRT/E7.

Vaccination with NCRT/E7, PCRT/E7, or CCRT/E7 DNA enhancestumor protection
in mice challenged with an E7-expressing tumor cell line

To determine if the observed enhancement of the E7-specific CD8" T cell response
translated into a significant E7-specific protective antitumor effect, we performed an in vivo
tumor protection experiment using a previously characterized E7-expressing tumor model,
TC-1. Asshown in Figure 2, 100% of mice receiving PCRT/E7, CCRT/E7, or CRT/E7
DNA vaccination also remained tumor-free 60 days after TC-1 challenge. In comparison,
all mice vaccinated with wild-type E7 DNA developed tumors within 14 days of challenge.
This suggests that each of the three domains of calreticulin can protect vaccinated mice
against alethal challenge with E7-expressing tumor cells when linked to the E7 antigen in a
DNA vaccine.

Figure 1. Immunological profile of vaccinated mice using intracellular cytokine
staining and flow cytometry analysis. Mice were vaccinated with DNA encoding no
insert, E7, NCRT, NCRT/E7, CCRT/E7, PCRT/E7, or CRT/E7. Splenocytes from
vaccinated mice were harvested 7 days after vaccination, cultured in vitro with MHC class
I-restricted (aa 49-57) E7 peptide overnight, and stained for intracellular IFN-y and CD8.
(A) Bar graph depicting the number of antigen specific IFN-y-secreting CD8" T cell
precursors/3 x 10° splenocytes (mean+SD). Note: NCRT/E7, PCRT/E7, CCRT/E& and
CRT/E7 DNA vaccines generated significantly higher E7-specific antibody responses when
compared with mice vaccinated with the other DNA vaccines (P<0.01, one-way ANOVA).

Figure 2. In vivo tumor protection experimentsin mice vaccinated with various DNA
vaccines. Mice were immunized with DNA vaccines encoding E7, NCRT/E7, PCRT/E7,
CCRT/E7 or CRT/E7 and then were challenged with TC-1 tumor cells. Note: 100% of mice
receiving NCRT/E7, PCRT/E7 CCRT/E7, or CRT/E7 remained tumor-free 60 days after
TC-1 challenge.
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