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A non-pathogenic live vector as an efficient delivery system in vaccine
design for the prevention of HPV16 E7-overexpressing cancers
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Abstract

The attenuated or non-pathogenic live vectors have been evolved specifically to deliver DNA
into cells as efficient delivery tools in gene therapy. Recently, a non-pathogenic protozoan,
Leishmania tarentolae (Ltar) has attracted a great attention. In current study, we used
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Leishmania expression system (LEXSY) for stable expression of HPV16 E7 linked to different

mini-chaperones [N-/C-terminal of gp96] and compared their immunogenicity and protective
effects in C57BL/6 mice against TC-1 challenge. TC-1 murine model is primary C578BL/6 mice
lung epithelial cells co-transformed with HPV16 E6, HPV16 E7 and ras oncogenes. Our results
showed that subcutaneous administration of mice with both the recombinant L.tar-E7-NT
(gp96) and L.tar-E7-CT (gp96) led to enhance the levels of IFN-y and also IgG2a before and after
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challenge with TC-1. Furthermore, Ltar-E7-CT (gp96) live vaccine indicated significant
protective effects as compared to control groups as well as group vaccinated with Ltar-E7,
Indeed, the recombinant live vector is capable of eliciting effective humoral and cellular
immune responses in mice, but however, further studies are required to increase their efficacy.

Introduction

Infection with human papillomavirus (HPV), particularly
HPV16, can result in cervical cancer (Bolhassani et al., 2009;
Seo et al., 2009). Several therapeutic vaccines that target the
HPV E6 and E7 proteins have been developed over the past
years (Kanodia et al., 2008). Various forms of vaccines such
as vector-based vaccines, tumor-based vaccines, DNA-based
vaccines and protein/peptide-based vaccines have been
described in experimental systems targeting HPV16 E6 and/
or E7 proteins (Bolhassani et al., 2009). Recently, live
recombinant vectors are central in the development of new
vaccine strategies. Biological carriers are viruses or bacteria,
which were naturally evolved to infect cells and transfer their
genetic materials into the host cells (E1-Aneed, 2004). Viruses
used in gene therapy are modified in the laboratory to
eliminate their pathogenicity and retain their high efficiency
in gene transfer (El-Aneed, 2004). Intracellular bacteria (e.g.
Listeria and Salmonella) as well as viral vectors (e.g.
Vaccinia, adenovirus) have been extensively used for vaccine
development against HPV infection (Kanodia et al., 2008).
However, the use of bacterial or viral recombinant vectors
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NA-based vaccine and protein/peptide-based vaccine
(Bolhassani & Rafati, 2008). Our previous study demon-
Strated that co-delivery of E7+Gp96 as DNA/DNA and
E7+cr (gp96) as DNA/protein could be an effective
approach to induce E7-specific immune responses as a
Potential vaccine candidate for cervical cancer (Bolhassani
et al,, 2008).

In the present study, we have used a Leishmania expression
vector (LEXSY), which can mediate high-level production of
heterologous proteins both intracellularly and extracellularly
(Bolhassani et al., 2011). L. tarentolae was transfected with
the expression cassettes containing E7-NT (gp96) or E7-CT
(2p96) genes fused to the green fluorescent protein (GFP)asa
reporter gene in order to rapidly and sensitively quantify
Leishmania promastigotes. We showed that expression cas-
settes including E7-NT (gp96)-GFP/E7-CT (gp96)-GFP genes
integrate in Leishmania 18S rRNA through homologous
recombination. In continuation, the potential of two recom-
binant L. rarentolae expressing E7-NT (gp96) and E7-CT
(gp96) was evaluated to reduce HPV16 E7-overexpressing

tumors in C57BL/6 mice model.

Materials and methods
Plasmid DNA constructs and preparation

For the generation of E7-NT (gp96)-GFP-expressing plasmid
[PLEXSY-E7-NT (gp96)-GFP), the E7-NT (gp96)-GFP gene
was sub-cloned from pcDNA-E7-NT (gp96)-GFP (previously
provided by our groups in Molecular Immunology and
Vaccine Research Lab.) into the Bg/ll and Kpnl cloning
sites of pLEXSY-neo2 expression vector (Jena bioscience).
Furthermore, to make the E7-CT (gp96)-GFP-expressing
plasmid [pLEXSY-E7-CT (gp96)-GFP], the E7-CT (gp96)
gene was sub-cloned from pUC-E7-CT (gp96) into the Bg/ll
and Kpnl cloning sites of pLEXSY-GFP expression vector.
DNA constructs containing E7-NT-GFP and E7-CT-GFP
were purified in large-scale using Midi-kit (Qiagen). The
presence of the inserted genes was confirmed by PCR and

restriction enzyme digestion as detected on gel
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electrophoresis. Finally, DNA concentration was determined
by the absorbance measured at 260 nm. The accuracy of these
constructs was confirmed by DNA sequencing.

DNA manipulations

Approximately 10pg of the expression plasmids were
digested with Swal restriction sites and the product was
separated on a 0.8% agarose gel. The bands corresponding to
the expected size was gel purified (QIAquick gel extraction

kit) for electroporation.

Parasite growth and transfections

The L. tarentolae strain (ATCC 30267) was grown at 26 °C in
complete M199 medium (Bolhassani et al., 2011). For
transfection, 4 x 107 log-phase parasites re-suspended in
ice-cold electroporation buffer (pH =7.5) containing 8 pg of
linearized pLEXSY-E7-NT-GFP or pLEXSY-E7-CT-GFP,
stored on ice for 10min and electroporated using Bio-Rad
Gene Pulser Ecell under conditions of 500pF, 450V and
pulse time ~5-6ms. The electroporated promastigotes were
plated on solid media containing 50 pg/ml of G418
(Bolhassani et al., 2011). Clones were selected on Noble
agar plates and further propagated in liquid M199 10%
medium in the absence of G418. Expression of E7-NT-GFPp
and E7-CT-GFP proteins in promastigote stage of the
recombinant Leishmania species was evaluated by Epi-
fluorescent microscopy (Nikon, E200, ACT-1 software,
Japan) as well as flow cytometry (BD: Becton Dickinson).

Confirmation of E7-NT (gp96)-GFP or E7-CT (gp96)-
GFP gene integration by diagnostic PCR

Integration of the linearized expression cassettes into the ssu
locus was confirmed by diagnostic PCR using genomic DNA
of wild type and transgenic strains of L. rarentolue as
template. For this purpose, a primer pair including one primer
hybridizing within the expression cassette and one primer
hybridizing to a ssu sequence not present on the plasmid were
used (Bolhassani et al., 2011). Furthermore, additional
diagnostic PCR was performed by specific primers for E7,
GFP, E7-NT, NT-GFP, E7-CT and CT-GFP using genomic
DNA of transgenic L. tarentolae.

RNA extraction and reverse-transcription PCR

RNA samples were extracted from promastigote form of wild
type and transgenic parasites using RNeasy mini-kit (Qiagen)
according to the manufacturer’s instructions. The cDNA
synthesis was performed using Omniscript Reverse
Transcriptase kit (Qiagen) from Ipg of RNA
(Bolhassani et al.,, 2011). PCR analysis was performed to
amplify E7-NT, NT-GFP, E7-CT and GFP under standard

conditions.

Western blot analysis

Promastigote forms were harvested by centrifugation
at 3000rpm for 10 min and washed in PBS 1X
(Bolhassani et al., 2011). Samples from both wild type and
transgenic L. tarentolae were separated by SDS-PAGE in a
12.5% (wlv) polyacrylamide gel. Western blot analyses
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were performed to confirm E7-CT-GFP or E7-NT-
GFP protein expression using anti-HPV16 E7 monoclonal
antibody (1:10000 v/v, USBiological) or anti-GFP poly-
clonal antibody (1:5000 v/v; Acris antibodies GmbH) under
standard procedures, respectively. The immunoreactive
protein bands were visualized using peroxidase substrate
named 3,3'-diaminobenzidine (DAB, Sigma, St. Louis, MO)
(Bolhassani et al., 2011).

Preparation of the recombinant proteins and Freez-
thaw parasites

For the production of recombinant E7, NT (gp96) and CT
(gp96) proteins, the bacterial cultures containing pQE-E7,
PQE-NT (gp96) and pQE-CT (gp96) were grown to an optical
density of 0.6-0.8 at 600nm and protein expression was
induced with 1mM IPTG for 2h at 37°C. Protein samples
were analyzed by SDS-PAGE in 12.5% (W/V) polyacryl-
amide gel. The recombinant E7, CT and NT proteins were
purified by affinity chromatography using 6xHis-tag accord-
ing to the manufacturer’s instructions (Qiagen) (Bolhassani
et al., 2008). In addition, the promastigotes of transgenic
parasites were harvested from stationary phase cultures by
centrifugation, washed two times with PBS and disrupted by
15 rounds of freezing and thawing. Protein concentrations
were measured using BCA assay kit (Pierce, Rockford, IL)
and kept at —70°C prior to use.

Cells

TC-1 (ATCC number: CRL-2785) cancerous cell line
Ji et al., 1998) was cultured in complete RPMI 1640
(Mohit et al., 2012). On the day of tumor challenge, TC-1
cells were harvested by trypsinization, counted and finally

re-suspended in PBS.

Mice immunization

Inbred C57BL/6 female mice, 6-8 week old were obtained
from the breeding stocks maintained at the Pasteur Institute
of Iran. All animal procedures were performed according
to approved protocols and in accordance with the recommen-
dations for the proper use and care of laboratory animals.
Five groups of 12 mice were selected. For priming,
test groups were immunized subcutaneously (s.c.) at the
footpad with 2x 107  stationary-phase recombinant
L. tarentolae promastigotes expressing E7-CT-GFP (G1),
E7-NT-GFP (G2) and E7-GFP (G3) proteins. The control
groups (G4 & G5) were injected with L. tarentolae expressing
GFP and PBS, respectively. We considered another control
group as untreated or Naive mice (G6) (10 mice)
for evaluation of antibody responses and protective
effects. For boosting (3 weeks after priming), all groups
1-5 received the regimens similar to priming. Three weeks
after booster, all groups subcutaneously received 1x 10°
TC-1 cells on the right flank. Table 1 shows the regimens of

each group.

Monitoring humoral immune response

Mice sera were collected from all groups before and 2 weeks
after challenge. Pooled sera for each group were stored
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Table 1. Live vaccination in C57BL/6 mice by using E7 in different
formulations.

1st week 3rd week th week

Group (G) (Priming) (Booster) (ghallenge)
1 L.tar-E7-CT (gp96)  L.tar-E7-CT (gp96) TC-1
2 L.tar-E7-NT (gp96)  L.tar-E7-NT (gp96) TC-1
3 L.tar-E7 L.tar-E7 TC-1
4 L.tar-GFP L.tar-GFP TC-1
g PBS PBS TC-1

- - TC-1

at -—2(_)°g. IgG1 and IgG2a (1:1000, Southern biotechnology
Assocna_uon, USA) were measured using ELISA against
recombinant (r) E7 (Spg/ml), NT (gp96) (2.5pg/ml),
gh(gp9.6) (10pg/ml) proteins and Freez-thaw (FT)
ishmania proteins (10pg/ml) as i i
(Bothassani et al., 2008). ‘ coatng.  sntigen®

Cytokine assay

Two mice from each group were scarificed before, 3 and
6 ercks 'after challenge and spleens were homogenize’d. After
lysis using ACK buffer, splenocytes were washed and
re-suspended in complete RPMI medium (Bolhassani et al.,
?008). Cells were then seeded at a density of 2 x 10° cells/ml
in the presence of 10 ng/ml rE7, rE7 + INT, rE7 + 1CT, Freez-
thaw transgenic parasites as a recall antigen (provided in
Mo]c.-,cular Immunology and Vaccine Research Lab.) and
medium alone (RPMI 10%). Concanavalin A (ConA: 5 pg/ml)
was also used as the positive control. Plates were incubated
for 3 days at 37°C in 5% CO, humidified atmosphere. Culture
supernatants from stimulated splenocytes under tl.le same
conditions were collected in triplicate and assayed for IFN-Y
and IL.-4 by a sandwich ELISA (R & D, Minneapolis, MN):
according to the manufacturer’s instructions. The, lower

detection limits of IFN-y and IL-
respectively. Y L4 were 2 and 7pg/mlv

In vivo tumor protection

Three weeks after the second vaccination, mice Wwere
challenged subcutaneously with 1 x 10° TC-1 cells/mice-
A,-” m:c'e were followed for 50 days to monitor tumor
go(:lgrf\isilc(;n. Tumor growth was determined by direct palpa-
dctermined; week. A.l each time point, tumor size Was
determin y measuring 'the smallest diameter (a) and the

ggest diameter (b) by caliper. Tumor volume was calculated
using the formula: V= (a®)/2 (Li et al., 2006)

Statistical analysis

(Sct;z:_tz:st}:;aldagal)’si§ was performed using Prism 5.0 software
t-les:) weare’ p:rnf(? iego, CA). One-way ANOVA and Student's
as tumor volumr;ned to analyze immune responses as wel
immunization roumeasufements among different various
respectivel Fg ps and compare individual data points

p Y- For all analyses, p <0.05 was considered statis-

tically significant. Data ar
deviation (SD). e presented as mean + standard
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1783 4, s -CT-GFp proteins efficiently, the 2034bp and
Were CF]’ fagments encoding the E7-NT-GFP and E7-CT-GFP
Plasmig oned into pLEXSY-neo2. Then, the recombinant
linear; S Were prepared in Jarge scale with high purity,
mantg zed and electroporated into parasites, The transfor-
were selected by plating on solid medium containing
rec()mb_lmegration of genes in the genomic DNA of the
ex Nant cells was confirmed by PCR analysis. The
in é{ect?d 1kb band was only observed from transformed cells
ICating the correct integration of expression constructs into
© 55u locus. The expected PCR products of GFP, E7-CT,
~ "GFP, E7.NT and NT-GFP were appeared as ~720bp,
1068 bp, ~.1488 bp, ~1314 bp and ~1734 bp fragments for
E7-NT-GFp and E7-CT-GFP posilive clones. To verify
MRNA Synthesis, RT-PCR was performed on total mRNA
SXtracted from wild and transformed cells. The desired bands
for GFP, E7-CT, CT-GFP, E7-NT and NT-GFP were obtained

In recombinant Leishmania promastigotes.

Monitoring of E7-NT-GFP or E7-CT-GFP expression in
L. tarentolae as a tive vector

The expression of E7-NT-GFP and E7-CT-GFP using GFP
Was monitored by Epi-fluorescent microscopy and flow
Cytometry. The expression of genes was readily eviflenl
flom the intense green fluorescence of the parasiles.
Fluorescence-activated cell sorting (FACS) analysis indical.ed
a clear quantitative separation between transfected and wild
type parasites (Figure 1). E7-NT-GFP and E7-CT-GFP
expression in transgenic L. tarentolae were almost similar
to GFP expression in L.tar-GFP at promastigote form‘ (94%
and 92.9% versus 97.5%, respectively). The stability of
protein expression was monitored over a perif)d of 3 months
post-electroporation. There was no decrease in ﬂuorescem.:e
intensity during this period in the absence of G413. Protegn
expression was also detectable in cell extracts of transgenic
parasites compared to wild type by western blotting. As
shown in Figure 1, the dominant bands of ~81 and ~72kDa
detected in transgenic parasites expressing E7-NT-GFP and
E7-CT-GFP, respectively. No such corresponding bands were
revealed in the wild-type promastigotes.

Immunization with L.tar-E7-NT-GFP and L.tar-E7-CT-
GFP induces an IFN-gamma response in C57BL/6 mice

Protection following successful immunization requires
the generation and maintenance of antigen-specific CD4+
Th cells. Herein, the levels of IFN-y and IL-4 were compared
between different groups. Our resuits indicated a significant
increase in the level of IFN-y following stimulation with
recall antigens, in all test groups as compared to un-
stimulated splenocytes. In addition, splenocytes from test
groups (G1-G3) produced significantly higher levels of
IFN-y, before and after challenge as compared to control
mice (G4, G5) (p <0.05). However, the Jevels of IFN-vy in G1
and G2 were significantly higher than those in G3, before and

A non-pathogenic live vector as an efficient delivery 193

3 weeks after challenge with TC-1 (p <0.05), confirming the
induction of Thi response (Figure 2). It is worth to mention
that IEN-y immune responses were reduced gradually in G1
and G2 after challenge, but were significantly comparable
with other groups. The peak response in Gl and G2 was
elicited at 3 weeks after second immunization. Splenocytes
from test groups (G1 and G2) didn’t elicit IL-4 production in
comparison with control groups (p>0.05).

Immunization with transgenic L. tarentolae elicits high
level of 1gG2a after TC-1 challenge

We evaluated the levels of IgG1 and IgG2a antibodies against
different antigens using ELISA before and 2 weeks afier
challenge. As shown in Figure 3, 1gG2a levels were signifi-
cantly higher in test groups than those in contro} groups
(p <0.05). Interestingly, the levels of IgG1 did not increase in
test groups compared to L.tar-GFP (G4), before and after TC]

challenge (data not shown).

Vaccination with L.tar-E7-CT (gp96}-GFP reduced sig-
nificantly tumor growth after TC-1 challenge

Considering that L. tarentolae is capable of eliciting a Thl-
type cytokine response in mice, we tested whether vaccin-
ation with this vector expressing HPV16 E7-NT and E7-CT
could protect mice against 1x 10° cell/ml TC-1 tumors,
C57BL/6 mice immunized with Ltar-E7-CT-GFP (G1)
indicated considerably more protection than control groups
even after 50 days (p < 0.05). Control groups (G4 and G5) and
also Naive mice developed progressive tumor growth. Our
results indicated that group vaccinated with L.tar-E7-CT-GFP
has significant protection compared to group vaccinated with
L.tar-E7-GFP from 41 days after TC-1 challenge (p<0.05)
but not against group vaccinated with L.tar-E7-NT-GFP
(p>0.05) (Figure 4). In addition, group vaccinated with L.tar-
E7-NT-GFP did not show any significant protection in
comparison with groups vaccinated with L.tar-E7-GFP (G3)
and L.1ar-GFP (G4) after TC-1 challenge (p>0.05).

Discussion

In current study, we evaluated the potency of live vac-
cines expressing HPVI6 tumor antigen (E7) linked to
N-/C-terminal fragments of gp96 as an adjuvant. Regarding
to studies, the majority of clinical trials using therapeutic
agents have shown limited efficacy in eradicating established
tumors in humans (Kanodia et al., 2008). The design of recent
clinical trials may have improved to examine efficacy of
therapy in patients with early stage cancers when their
immune system is more competent. Thus, the necessity to
focus efforts on the devefopment of new therapeutic strategies
remains. Live recombinant vaccines that express HPV E7 or
E6 proteins have proven generally to stimulate strong CD44-
and CD8+4 T cell responses in mice model! (Lin et al., 2010).
Various bacterial vectors have been explored in HPV
therapeutic  vaccines including Listeria monocytogenes
(Sewell et al, 2008), Lactobacillus lactis (Bermudez-
Humaran et al., 2005), Lactobacillus plantarum (Cortes-
Perez et al., 2005) and Salmonella (Krul et al,, 1996),
Moreover, some effective properties make viral vectors g
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Figure 3. Before (A) and 2 weeks (B) after challenge, mice were bled and the pooled sera from each group were used to determine antibody levels
against different antigens by ELISA. Data represent means £ SD and each assay was performed in duplicate. p Values <0.05 have indicated statistically

significant differences between G1/G2 and G3 vaccinated mice.

feasible option in therapeutic HPV vaccines (Lin et al., 2010).
The Viruses include adenovirus (Gomez-Gutierrez et al.,
2007), adeno-associated virus (Jin et al., 2005), vaccinia virus
(Lamikanra et al., 2001) and alphaviruses (Cassetli et al.,
2004). The tumor cells may express different levels of
antigenic peptides loaded by class I MHC molecule. For
example, a portion of TC-1 tumor cells may load either E6- or
E7-derived antigenic peptides on their MHC class I molecule
in vivo (Held et al., 2008). Thus, it is likely that some TC-1
tumor cells may not be lysed by CD8+ T cells generated from
vaccination with a single antigen-encoding DNA vaccine,
indicating the importance of broad immunity (Seo et al.,
2009). Furthermore, targeting the activation of DCs is an
important strategy associated with the development of cancer
vaccines since these cells play a central role in the induction
of anti-tumor immunity (Seo et al., 2009). In the present
study, we investigated the potential of a non-pathogenic

parasite, L. tarentolae (Basile & Peticca, 2009) against tumor
as a live vaccine candidate vector to efficiently target DCs
and lymphoid organs, thus enhancing antigen presentation and
consequently influencing the magnitude and quality of T cell
immune responses. In addition, the fusion of antigen with heat
shock proteins is one such strategy for enhancing immune
responses and regression of HPV-16 E7-expressing tumors in
mice (Devaraj et al., 2003). .

Herein, L. tarentolae expressing E7-NT-GFP or
E7-CT-GFP proteins were stably generated to immunize
mice. We showed that the L. tarentolae expressing E7-CT-
GFP (G1) and also E7-NT-GFP (G2) induce the production of
IFN-y, thus skewing CD4+4 T cells toward a Thl cell
phenotype and acting as an immunostimulatory adjuvant.
These recombinant strains successfully generated significant
levels of IgG2a compared to other groups before and after
challenge with TC-1 tumor cells. A significant protection
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Figure 4. In vivo tumor protection experiments: CS7BL/6 mice were subcutaneously challenged with 1 x 10*/mouse of TC-1 tumor cells; Line graph
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level of live L.tar-E7-CT-GFP was observed against the tumor
outgrowth in comparison with live L.far-E7 and control
groups from 41 days after TC-1 challenge but not against
group vaccinated with L.tar-E7-NT-GFP. Regarding to the
same IFN-gamma response in both L.tar-E7-CT-GFP and
L tar-E7-NT-GFP groups against L.tar-E7 antigen; thus,
the protection observed in mice immunized with
L.tar-E7-CT-GFP through s.c. route could probably be
attributed to other cytokines—secreting T cells toward a Thl
cell phenotype. It is clear that s.c. administration is among the
most applicable means of vaccine delivery in human

(Ravindran et al, 2012). .
A study showed that the recombinant L. tarentolae elicits

an HIV-specific T-cell-mediated immunity (Barouch et al,
2003), which makes it an attractive candidate not only against
HIV-1 (Breton et al., 2007), but also against other intracel-
lular pathogens such as Leishmania infantum (Mizbani et al.,
2009). Recently, a recombinant non-pathogenic clone of
Trypanosoma cruzi expressing a cancer testis antigen
(NY-ESO-1) has been used as a vaccine vector to induce
long-term T cell-mediated immunity and delay the rate of
tumor development in mice (Junqueira et al., 2011),

Some groups isolated molecular chaperones (Gp96 and
Hsp90) as tumor-specific transplantation antigens, which
provoked a highly specific immune response against a certain
type of tumor (Robert, 2003; Bolhassani & Rafati, 2008).
Gp96 exerts adjuvant activity with some viral and bacterial
antigens when applied in the form of a DNA vaccine
(Bolhassani & Rafati, 2008; Bolhassani et al., 2008). Some
studies have shown the adjuvant activity of the N-/C-terminal
domains of gp96 in DNA or protein vaccine strategies.
For instance, fusion of the C-terminal domain to Her2/neu
inhibited the tumor growth (Pakravan et al., 2010). Moreover,
the N-terminal domain has also potent adjuvant activity
toward hepatitis B surface antigen (Yan et al, 2007).
The _controversy surrounding adjuvant activity of these
terminal domains of gp96 prompted us to compare their

adjuvant activity toward HPV16 E7, as live vaccine in tumor
mice model.

In summary, this study showed the potential value of live
L.tar-E7-CT-GFP vaccine that is successful in eliciting the
proper immune responses and further protective effects.
However, this formulation could not confer full protection
against tumor challenge after 50 days. Two reasons could be
assumed: (1) failure of the immune system at the final stages
or (2) antigen loss and tumor escape (He et al, 2005;
Kmieciak et al., 2007). Thus, further studies are required to
generate more potent live vaccine candidate and long-lived
protective immunity against tumors using immuno-adjuvants.
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