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Abstract: 

HPV minor capsid protein L2 has been shown to induce cross-protective and cross-

neutralizing antibodies against diverse HPV types, but at a low titer.  Adenovirus "capsid 

display" has the potential to enhance the immunogenicity of heterologous B cell epitopes, 

and recombinants were engineered to display an HPV L2 epitope on the surface hyper 

variable regions (HVR) 1 or 5 of adenovirus capsid protein hexon. Mice were immunized 

by subcutaneous injection with 1x1010 L2-recombinant adenovirus particles with or 

without adjuvant (a mixture of Aluminum hydroxide and monophosphoryl lipid A 

{MPL}).  ELISA assays of the serum from immunized mice shows that these 

recombinants induced anti-L2 antibodies as well as anti-adenovirus antibodies. The 

immunized mice were challenged with HPV pseudovirus (PsV) encapsidating a luciferase 

reporter, first with HPV16 pseudovirus and then heterologously with HPV56 

pseudovirus. The data show that mice were protected against high dose infection with 

HPV16; however there was no protection in the heterologous challenge with HPV56. The 

data demonstrate that adenovirus capsid display recombinants are capable of inducing 

protective immunity against HPV16 but do not cross protect against HPV56. 
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Introduction: 

Human Papilloma Virus and Cervical Cancer: 

Every year there are 500,000 new cases of cervical cancer worldwide and around 250,000 

women die of cervical cancer annually.1, 2  In the 1980s Dr Harald Zur Hausen elucidated 

the link between infection with certain types of human papilloma virus (HPV) and the 

oncogenic mechanism which leads to cervical cancer, for which he received the Nobel 

Prize in 2008.4 Since then it has been found that a handful of HPV types cause 

approximately 90% of cervical cancer worldwide2  

Papillomaviruses are a group of small, non-enveloped, icosahedral DNA viruses that 

cause benign lesions of the skin (warts) and mucous membranes (condylomas).4 Infection 

with HPV has been found to be a necessary (but not sufficient) cause of epithelial 

malignancies such as cervical cancer and tumors of the urinogenital tract.15 Most HPV 

infections, do not produce cancer and the majority are cleared over time by the immune 

system. There are over 100 types of HPV and out of these 40 infect the human genital 

tract but only fifteen have been shown to induce tumors that may eventually progress to 

carcinomas.3,15  Among the fifteen high risk (HR) HPV types are 16, 18 and 45 which 

account for 53.5%, 17.2% and 6.7% of cervical cancer cases worldwide. The other 30% 

of the cases are caused by the other 12 types (HPV31, HPV33, HPV52, HPV58, HPV35, 

HPV59, HPV56, HPV51, HPV39, HPV68, HPV73, HPV82).3 

The HPV genome consists of six early genes (E1/E2/E4/E5/E6/E7), two late genes (L1, 

L2) and a long control region.4 (Figure 1) Abrasions in the cervical epithelium allow the 

virus access to the cells of the basal layer of the epithelium. HPV infects these basal cells 
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and the early genes (E1,E2,E5,E6,E7) are expressed. As the viral genome replicates, 

progeny virions are formed by the encapsidation of viral genome copies by the proteins 

L1 and L2. These progeny virions go on to infect new cells.  

The HPV genome may be episomal or it may be integrated into the host genome.15  HPV 

proteins E1 and E2 are responsible for initiating viral replication. In the episomal phase, 

the production of oncogenes E6 and E7 is very tightly controlled by the viral protein E2 

which acts as a transcription factor.56 E2 has multiple splice variants that act as an 

activator or repressor of E6 and E7.15 Integration of the episomal viral DNA into the host 

genome is a key step in the progression of cervical cancer. Integration of the viral DNA 

causes deletion or disruption of the regulatory E2 gene. The loss of correctly functioning 

E2 leads to increased expression of E6 and E7 because of a loss of E2-mediated 

repression.56  

E6 and E7 promote neoplastic progression by inducing deregulation of the cell cycle, by 

preventing apoptosis and by promoting the transition between the G1/S and G1/M phases 

of the cell cycle. E6 inactivates cellular protein p53, which is a key protein in cell cycle 

control. In normal cells, p53 is expressed at a low level. (Figure 2) When the cell is 

under stress, such as during DNA damage and viral infection, the level of p53 rises so as 

to delay the cell cycle and allow for DNA to be repaired. If the level of DNA damage is 

too great then p53 induces apoptosis. When HPV E6 causes degradation of p53, neither 

cell cycle delay nor apoptosis can prevent unregulated entry into the S phase and cell 

division. This disregulated cell division coupled with spontaneous mutations (since E6 

degrades p53 the cell is unable to stop the cell cycle or induce apoptosis) and 

chromosomal instability drives cancer development. 
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E7 competes with cellular transcription factor E2F for binding to cellular protein pRb. 

When pRb is bound to E2F, E2F is prevented from acting as a transcription factor in the 

cell cycle and cell division is blocked. When E7 binds to pRb then E2F is free to act as a 

transcriptional activator of cellular genes involved in DNA synthesis, and so the cell 

cycle progresses into S phase. As a result of both oncogenic type E7 and E6 expression, 

cells are immortalized and undergo clonal expansion to proliferate and often acquire 

other genetic abnormalities as they progress through a crisis period.56 These mechanisms 

immortalize keratinocytes and lead to the precursor of cervical cancer known as high 

grade cervical intraepithelial neoplasia (CIN).4  

High risk HPV is transmitted primarily via sexual activity and as a result the majority of 

new HPV infections are in the under 25 age group.15 Prior to sexual activity the rate of 

HPV infection is around 5-10% for children (perinatal transmission is also a route of 

transmission) increases to 30% by the age of 15 (due to commencement of sexual 

activity) and rises steadily to around 70% by the age of 19.5 It is estimated that 

worldwide there around 300 million HPV infections without cytologic abnormalities. Out 

of those, 30 million progress to low grade dysplasia, 10 million progress to high grade 

dysplasia and 500,000 progress to invasive cervical cancer.5 HPV is also implicated in 

90% of anal cancers, 40% of vulvar cancers, 40% of penile cancers and 12% of 

oropharyngeal cancers.10 

Current HPV Vaccines: 

The two licensed HPV vaccines are Cervarix (GlaxoSmithKline, Middlesex, UK) and 

Gardasil (Merck and Co., Inc., NJ, USA). The vaccines consist of Virus-Like-Particles 
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(VLPs) that are assembled from the major HPV capsid protein L1. They contain no 

genetic material and therefore, cannot replicate. These VLPs are made of L1 protein that 

is specific to two of the high risk types HPV16 and HPV18. Gardasil also includes types 

6 and 11 (which cause 90% of genital warts). Both are prophylactic vaccines which 

induce an anti-L1 antibody response and prevent infection. Gardasil provides cross 

protection against HPV31 while Cervarix provides cross-protection against HPV31, 

HPV33, and HPV45 persistent infections.1    

The antibody titers obtained after three doses of Cervarix or Gardasil far exceed the 

antibody titers obtained after a natural infection.1 This is because the humoral response is 

strengthened by the intramuscular administration and use of an adjuvant in the vaccine. 

The adjuvant in Gardasil is a proprietary aluminium hydroxyphosphate sulphate system 

while the adjuvant used in Cervarix is named ASO4 and contains monophosphoryl lipid 

A (MPL) which is a Toll-like receptor 4 agonist and helps activate the anti-viral immune 

response.19  

Cervarix is produced by a Baculovirus expression system in insect cells while Gardasil is 

produced using an expression system in the yeast Saccharomyces cerevisiae. Both are 

comparatively expensive processes and as a result the vaccines are unaffordable for most 

of the world.58  

Randomized clinical trials were conducted by GlaxoSmithKline Biologicals, Merck and 

the US National Cancer Institute and both vaccines have been proven to be highly 

efficacious in preventing CIN for women who were uninfected at the time of 

vaccination.59 A 4 year trial analysis reported a 100% efficacy in preventing HPV16 and 
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HPV 18 associated high grade CIN in women who had no evidence of HPV at the time of 

enrollment and received at least one dose of the vaccine. Both vaccines offer strong 

protection from lower grades of cervical dysplasia and there is no evidence of waning 

protection at 8.4 years after vaccination.59 Neither vaccine offers any therapeutic efficacy 

for people who are already seropositive at the time of vaccination1.  

The major drawback of these vaccines is that L1 antibodies are type restricted and are 

licensed for protection against the types included in the vaccine. Since the licensed 

vaccines are L-1 based, and neutralizing epitopes on the L1 virus-like particles are not 

conserved, they cannot protect against all of the oncogenic HPV types. As a result 

vaccinated individuals can still be infected with other types of HPV and cervical 

screening must be maintained. 

Rationale for a Second Generation Vaccine: 

The effects of vaccination depend upon the vaccine efficacy, durability, and the 

population coverage.  In the USA only 32% of adolescent girls aged 13-17 have 

completed all three doses of the HPV vaccination series.57 Given the prohibitively 

expensive cost of the vaccines (~ 130 USD/dose) it is not surprising that population 

coverage in developing countries is low. In addition countries that do not have good 

public health infrastructure cannot effectively prevent, diagnose or treat cervical cancer. 

As a result, cervical cancer disproportionately affects relatively poor young women in 

developing countries where screening programs such as Pap testing and prevention 

treatments (such as electroloop excision surgery) are absent or ineffective.20 Of the 
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500,000 new HPV infections worldwide, 83% of new cases occur in developing 

countries.3   

In addition even if vaccine coverage was 100%, detection programs would still have to 

stay in place because 30% of cervical cancer is caused by types other than those included 

in the current vaccines. This brings up the problem that the current HPV genotypes might 

be replaced by serotypes that are not included in the vaccine and cervical cancer would 

be on the rise again. As a result, vaccination programs and prevention and treatment 

programs would have to be complementary strategies. This increases the burden on 

public health programs. 

What would an ideal vaccine look like? It is clear that we need a vaccine that would 

target all the HPV types causing cervical cancer. It is absolutely necessary that this 

vaccine be affordable for developing countries which means it must be easy to mass 

produce. It must ideally provide maximum immunity with minimum number of doses. 

Immunity generated would ideally be strong and must not wane otherwise we will only 

delay cervical cancer and not prevent it.  

Type restricted immunity can be achieved by L1 VLP vaccination.1 One approach to a 

broadly protective HPV vaccine is to make highly multivalent vaccines by increasing the 

number of L1 VLP types. There is a nonavalent (Merck) vaccine being developed and 

tested in clinical trials21 , but it is likely that this vaccine will be even more expensive 

than the current ones. 

 

 



 

7 
 

HPV Minor Capsid Protein L2: 

The HPV virion is non-enveloped with an icosahedral capsid and consists of two 

structural proteins L1 and L2. (Figure 3a) The major capsid protein is L1 (55kDa) 

arranged in pentamers and represents 80% of the total viral protein. The minor protein 

capsid L2 (70kDa) associates with L1 pentamers. The N-terminal region of L2 is 

conserved among many of the medically important HPV types as shown in Figure 4, 

suggesting that antibodies against this region would be cross protective.3 Anti-L2 

monoclonal antibodies have been generated and mapped (Figure 4) 22,23,24. Immunization 

of cows or rabbits with Bovine Papillomavirus 4 (BPV4) L2 polypeptides protected them 

against experimental virus challenge.25, 26, 27 L2 polypeptides were also found to be 

protective in a rabbit model.28 Animals immunized with HPV L2 produce antibodies that 

cross neutralize a broad range of HPV types.29, 30, 31,32,33,34 However, the L2 sequence of 

animal HPV types is evolutionarily distinct from human types and none of these studies 

involved genital challenge.3 

Given that L2 contains protective epitopes near its N terminus (1-200)3 and can elicit 

antibodies that are cross-protective it is a promising antigen for a new HPV vaccine. 

Unlike L1 VLPs, conformation is believed not to be critical and even L2 purified under 

denaturing conditions induces enough neutralizing antibodies to protect against a viral 

challenge3. The approach of using L1/L2 VLPs has been unsuccessful because L1 is 

immunologically dominant35 and there is very little response to L2 in the context of 

virion or VLP vaccines and in natural infection.35 Another approach has been to examine 

concatenated fusion proteins of HPV L2 from several different types which generated 

neutralizing antibody titers in mice36. The limitations of recombinant protein strategies 
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such as their production cost and low immunogenicity can be overcome by using viral 

vectors. Viral vectors that express HPV L2 antigens are immunologically robust. In this 

vein Tobacco Mosaic Virus (TMV) was used to display HPV L2 epitopes 94-122 and 

vaccination of rabbits with these recombinants triggered low titers of neutralizing 

antibody and provided protection in an experimental challenge.37 If an L2 vaccine could 

be made by using a viral vector that is effective in humans and that provides long lasting 

immunity against a broad array of HPV types then the well-established and inexpensive 

commercial scale production processes that already exist for that vector could be applied 

to make an affordable, mass produced vaccine. 

Recombinant Adenovirus Vaccines:  

Adenoviruses are non-enveloped, icosahedral, double-stranded, DNA viruses which have 

a 36 Kb genome that encodes around 36 proteins with various functions.4 Different 

adenoviruses infect a wide range of hosts but are host specific. Human adenoviruses 

mainly infect the respiratory and gastrointestinal tracts. In immunocompetent hosts, 

infection is usually asymptomatic or mild and short-lived. Some adenovirus types can 

cause tumors in animals but have not been associated with any human malignanacy.6  

Adenovirus is one of the most well-studied and best characterized viral vectors for 

vaccines and gene therapy. The genome is stable and easily manipulated. Adenovirus 

infects a wide variety of cells and it grows to high titers in tissue cultures, allowing for 

large scale purification.7 This economy of production makes adenovirus vaccines well 

suited for use in the developing world. Live adenovirus based vaccines are well 

characterized, inexpensive, and highly immunogenic. They can act as their own adjuvant 
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by stimulating the innate immune response. This allows for low dosage of the vaccine. 

Adenovirus vaccines been found to be safe and highly effective and there are no 

associations with cancer or human malignancy. In immunocompromised hosts however, 

adenoviruses can lead to fatal infections.9  

Live adenovirus vaccines were licensed against types 4 and 7 to prevent severe 

respiratory infections among military personnel. It was delivered orally as lyophilized 

wild-type virus in enteric coated tablets, replicated asymptomatically in the gut and 

proved to be 90% efficacious against adenovirus and corresponding respiratory 

infections.7 The benefits of this oral approach include freedom from the hazards of 

needles and ease of administration. 

The adenovirus virion is made up of two symmetric structures: pentons and hexons. 

(Figure 3a) A knob-like appendage known as fiber protrudes from the base of each 

penton. “Capsid display” involves replacing a region of the adenovirus genome with the 

epitope of interest so that it is incorporated into capsid proteins and displayed on the 

surface of the virion. Several capsid proteins such as hexon, fiber, penton base and pIX 

are potential sites for the capsid display of foreign epitopes.7  

The most abundant of the capsid proteins is the hexon protein (polypeptide II, 960 amino 

acids). Comparison of the hexon amino acid sequence from many human types reveals 9 

regions that are variable in both sequence and length and as a result are known as 

“hypervariable regions” (HVRs).38 These HVRs contain specific epitopes for each 

serotype.39 Since the HVRs are present on the protruding loops of the hexon, they are 

well-exposed on the surface. (Figure 3b) HVRs can tolerate insertions and the still 

maintain the infectivity of the virus. Adenovirus vectors with HVR insertions of foreign 
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epitopes from poliovirus, P. aeruginosa, HIV, Influenza, Plasmodium and B. anthracis 

have been studied.40,41,42,43,44,12,46 Some of these recombinant adenovirus vectors (P. 

aeruginosa) have been found to be protective while others (B. anthracis) have not been 

protective. 

The recombinant “capsid display” adenovirus infects a limited number of cells. Since the 

adenovirus recombinants are non-replicating in mice, the foreign antigen present in the 

capsid is processed by the exogenous MHC II pathway. This is the basis of the capsid-

display HPV L2 adenovirus recombinants that have been developed and evaluated here.  

 

Pre-existing immunity: 

Concerns about adenovirus-vectored vaccines have focused on the fact that humans have 

pre-existing immunity (PEI) to many of the adenovirus serotypes used as vectors. Pre-

existing antibodies to the adenovirus vector serotype can interfere with the immune 

response to the antigen.47, 48 However this problem can be addressed by using adenovirus 

serotypes that are uncommon and by using a different serotype for the second or 

subsequent doses. Studies have also shown that despite PEI, homologous serotype boosts 

can be effective.49 In cases where adenovirus vaccines where administered mucosally, 

transgene specific antibodies as well as T Cell responses were elicited despite 

PEI.49,50,51,52,53 Modifications to certain regions of the hexon have been shown to help in 

evasion of neutralizing antibodies.44,54 
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rAD HPV L2 Recombinants: 

The L2 protein is conserved and the HPV 16 (12-41) epitope is cross-protective but 

weakly immunogenic.3 Here, this epitope has been introduced into HVRs 1 or 5 of 

Adenovirus serotype 5 as either a substitution (constructs 1.5.18 and 2.7.6) or insertion 

(constructs 2.6.1 and Q) mutation to produce recombinants that were evaluated. 

 

HPV recombinants 2.6.1, 2.7.6 and 1.5.18 were produced as previously described (by 

Palma et al.12) prior to my arrival in the lab. The remaining virus recombinants (Table 1) 

were produced by synthesis of a ds-DNA fragment of 400-700 nt that encoded an ~200 

amino acid fragment of hexon incorporating the desired modification. That fragment was 

subcloned into a shuttle plasmid containing an ~8 kb of the adenovirus genome including 

the hexon gene by Dr. Okey Ibeanu. The modification was introduced into intact viral 

genomes by co-transfection of HEK293 cells with the modified ~8kb fragment and virion 

genomic DNA cut with the restriction enzyme Nde I. 

After transfection, individual viruses were isolated by means of a plaque assay (as 

described below) and expanded. The adenovirus recombinants are shown in Table 1. 

Here we have focused on four of the recombinants (2.6.1, 2.7.6, 1.5.18. Q) and their 

immunogenicity in BALB/c mice. 

The precursor virus used in the construction of recombinants in this study was NVDP404, 

a recombinant engineered by Palma et al12. The hypervariable region of the capsid protein 

hexon was originally modified by Palma et al to include NANP repeat sequences from 

Plasmodium falciparum circumsporozoite protein. The presence of the malaria epitope 
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makes it possible to detect the parental virus by western blot, permitting assessment of 

parental contamination in HPV recombinant plaques or stocks.  

Human adenoviruses cannot replicate in mice.7 Since the virus is replication deficient, it 

requires multiple doses of high titers to get a good immune response in mice. As a result 

mice are models to test safety and immunogenicity in the absence of viral growth. 

Macaques have been used in immunization experiments with replicating adenoviruses but 

this can only be accomplished with the use of an Ad5 mutant which has a host range 

mutation called hr404 located in the DNA binding protein that allows replication in 

monkeys. The parental virus for our recombinants (NVDP404) contains this hr404 

mutation and therefore can replicate in monkeys. As a result, it may be possible, in the 

future, to examine the immunogenicity of our recombinants in an organism where 

replication occurs. 

 

Other recombinants not examined here contain a spacer of the amino acids GSG, which 

potentially helps the epitope of interest protrude so that it is more accessible to the 

immune system, or provide greater flexibility in the epitope conformation which is 

thought to provide more broadly cross-protective antibody. Previously, in mice, studies of 

adenovirus hypervariable regions have suggested that recombinants with insertions in 

HVR5 are better at inducing antibody responses than those with HVR2.55 Here we have 

looked at the antibody responses induced by the modifications of HVRs 1 and 5. 
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Materials and Methods: 

 

Plaque assay to isolate a single recombinant: 

Incorporation of modifications into hexon genes by recombination into transfected cells 

results in a mixed stock containing parental and recombinant virus. Individual 

recombinant viruses were isolated from the mixed population after transfection by means 

of a plaque assay. 6 cm dishes were seeded to prepare a monolayer of HEK293 cells. The 

mixed virus stock was treated with IGEPAL (octylphenoxypolyethoxyethanol), a non-

ionic, non-denaturing detergent at a 0.05% concentration and then extracted with 1, 1, 2-

Trichlorotrifluoroethane in order to dissociate clumps. It was then serially diluted in 

MEM containing 10% FBS. The medium was removed from the 6 cm dishes, 1 ml of 

diluted virus was added to the monolayer and then the dishes were incubated at 37°C for 

2 hours. 5ml of agar medium (0.9% Bacto-Agar and MEM with 2% FBS without phenol 

red) was added to each dish and allowed to harden. The dishes were placed in the 

incubator and on the third day after plaquing 2.5 ml of agar medium was added to each 

plate. On the sixth day 2.5 ml of agar medium containing phenol red (1:40 dilution of 

GIBCO stock solution) was added. The dishes were examined for plaques the next day as 

well as subsequent days and individual plaques were picked. These individual plaques 

were then grown on 293 cells in 6cm dishes and the cell lysate was collected. 
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Confirmation of antigenic epitope by Immuno/Western Blots: 

To confirm the presence of the desired antigen L2, western blots were performed using 

10% acrylamide gels. 293 cells grown in 5cm dishes were infected with the recombinant 

adenovirus and the cells were collected 48-72 hours later. 200µl of Laemelli sample 

buffer (PLS) was added to each sample and boiled to denature the proteins. 16 µl of each 

sample was run on the gel and transferred electrophorectically to a PVDF membrane. 

Blots were probed with either a mouse monoclonal antibody against HPV 16  L2 17-36 

(RG-1) or a mouse monoclonal antibody against NANP repeats (2A10) in order to check 

that the previous epitope had been lost, and with anti-serum against adenovirus late 

proteins (rabbit polyclonal). Blots were incubated with primary antibody at RT for 1 hour 

in 5% non-fat dry milk made in PBS with Tween 20 at a dilution of 1:50 for RG-1, 1:100 

for 2A10 and 1:3000 for anti-late. Blots were then incubated with goat anti-mouse HRP 

conjugated secondary antibody and developed with a Millipore chemiluminescent 

detection kit as recommended by the manufacturer.  Images were captured on film. 

Recombinant purification: 

Recombinant adenovirus infected 293 cells (40 10-cm tissue culture plates) were 

collected by centrifugation (10 minutes, 10,000 rpm, Sorvall GSA Rotor), re-suspended 

in 20 ml of supernatant and HEPES buffer (pH 7 to 50 mM) was added. The supernatant 

was extracted by solvent extraction (Freon 10 ml and 0.05% IPEGAL) and centrifuged 

(15000 rpm for 10 mins, Sorvall SA 600). The clarified aqueous phase was layered over a 

discontinuous cesium chloride gradient containing 5 ml CsCl (density 1.25g/ml) and 5 ml 
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of CsCl (density 1.70g/ml) in a 35ml centrifuge tube (Sorvall). Adenovirus particles form 

a band between the the two CsCl density solutions after centrifugation (90 mins, 17,000 

rpm, Sorvall SV288 vertical rotor). The desired band was collected and centrifuged in a 

continuous CsCl gradient of density 1.34g/ml (35,000 rpm for 16 hrs, 4 deg C, Sorvall 

TV685 rotor). The band containing the virus was collected and the virus was dialyzed in 

HEPES buffered saline with 5% sucrose containing Mg and Cl (20mM). It was then 

aliquoted and stored at -80°C. 

Adenovirus particle determination: 

The dialyzed virus suspension was diluted 5-fold into virus lysing solution (VLS) 

(0.125% SDS in TE) and the mixture was heated at 50°C for 30 minutes. Using a 

Nanodrop spectrophotometer the optical density was measured at 260 nm and the particle 

concentration was determined as being equal to A260 x 5 x 1.1 x 1012 particles/ml.62  

Preparation of Virus and Adjuvant: 

The virus was mixed with adjuvant for groups of mice in one part of the experiment. In 

this case we used aluminium hydroxide gel (13 mg/ml) and Lipid monophosphoryl A (1 

mg/ml). Each dose required 50 µg of alum and 5 ug of MPL. PBS was added to make up 

the volume to 150 µl /dose. 

Immunization of Mice: 

Female 3-6 week old BALB/c mice were purchased from NCI.  Mice (n=10/group for 

non-adjuvant experiment and n=5/group for adjuvant experiments) were immunized by 

subcutaneous injection with 1x1010 adenovirus particles suspended in PBS (or adjuvant). 
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Mice were boosted with the same virus at 3 weeks and 6 weeks after initial vaccination. 

Serum was collected every 3 weeks and used in later analysis. 

Four weeks after the third immunization, mice were treated with Depo-provera and four 

days later vaginally challenged by twice instilling within the vaginal tract 10 µl 0.6% 

carboxymethylcellulose containing HPV pseudovirus (PsV) encapsidating a luciferase 

reporter, before and after induction of local epithelial trauma. The vaginal epithelium was 

abraded by inserting and rotating an endocervical brush with bristles, allowing the 

pseudovirus access to the basal epithelium. Three days later, the vaginal tracts were 

instilled with luciferin (20 µl at 7 mg/ml) and the mice were imaged for 10 min with a 

Xenogen IVIS200. Equally sized areas encompassing the site of inoculation were 

analyzed using Living Image 2.20 software, and plotted after background subtraction. 

Using Graphpad software, the results of challenge were tabulated. All experiments were 

approved by the ACUC of Johns Hopkins University.   

 

Ad ELISA: 

96 well plates (Immunolon) were coated overnight at RT with 7.85 x 1011 virus 

particles/plate in PBS. The virus was either immunologically wild-type GFP-Ad (Gene 

Therapy Inc) or WT Ad5 that was grown in HEK293 cells and purified as described 

above. The plates were then washed three times with PBST (0.01% Tween 20) and three 

times with PBS. The wells were then blocked with 1% BSA in PBS for 1 hour at room 

temperature. Mouse serum was serially diluted in 1% BSA in PBS, added to the wells 

and incubated at RT for 1 hour. Plates were washed again as previously described with 

PBST and PBS. HRP-conjugated sheep anti-mouse antibody (GE Healthcare) was added 
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at a dilution of 1:5000 in 1% BSA in PBS and incubated at RT for 1 hour. Plates were 

washed one final time with PBST and PBS. The plates were developed for 15 minutes 

with reagent and then optical density was measured at 405 nm using a microplate reader. 

Experiments were performed in triplicate and each experiment had duplicates of each 

sample. The endpoint ELISA titer was determined as the highest dilution at which the 

average optical density of the sample was greater than twice the average of the negative 

control. 

L2 antigen production/purification: 

E. Coli (Rosetta) were transformed with PET8a plasmid (Novagen) that contains 8 

tandem repeats of HPV16 amino acids 11-88 inserted along with a 6X His tag. Bacteria 

were transformed and plated on to agar plates containing Kanamycin and 

Chloramphenicol. A colony was picked, grown to an optical density of 0.6 in LB broth 

and then induced with IPTG (isopropylthio-β-galactoside). After induction it was allowed 

to grow for 4 hours and then the cells were collected by centrifugation (4000 g 15 min). 

The bacterial pellet was resuspended in urea lysis buffer (8M Urea, 10 mM Tris-HCL, 

100 mM NaH2PO4, pH =8) for 1 hour and briefly sonicated. The bacterial solution was 

centrifuged (15 min, 10,000 g) to clarify and the supernatant collected; 1 ml of Ni-NTA 

agarose (Qiagen) was added to the supernatant and allowed to mix at 4°C overnight. The 

preparation was passed through columns, washed and the recombinant protein was eluted 

by passing buffers with progressively lower pH over the column. Fractions were dialyzed 

overnight to remove urea. The fractions containing recombinant protein were identified 

by analysis using western blotting with previously described monoclonal antibody RG-1 

and Coomassie staining.  
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L2 ELISA: 

96 well NUNC Maxisorp plates were coated with bacterial L2 antigen (11-88x8, 10 µl in 

10 ml PBS) and incubated overnight at 4°C. The plate was washed 3 times with PBST 

(0.01% Tween 20) and 3 times with PBS. The wells were then blocked with 1% BSA in 

PBS for 1 hour at room temperature. Mouse serum was serially diluted in 1% BSA in 

PBS, added to the wells and incubated at RT for 1 hour. Plates were washed again as 

previously described with PBST and PBS. HRP-conjugated sheep anti-mouse antibody 

(GE Health) was added at a dilution of 1:5000 in 1% BSA in PBS and incubated at RT 

for 1 hour. Plates were washed one final time with PBST and PBS. The plates were 

developed for 30 minutes with reagent and then optical density was measured at 405 nm 

using a microplate reader. The endpoint ELISA titer was determined as the highest 

dilution at which the average optical density of the sample was greater than twice the 

average of the negative control 

Adenovirus Neutralization: 

500 µl of medium containing 100 pfu of the HPV recombinant was mixed with an equal 

volume of serially diluted mouse sera and the mixture was incubated at 37°C for 30 

minutes. The mixture was then added to 6 cm plaquing dishes containing a 293 cell 

monolayer. The virus was adsorbed for 2 hours and the MEM was overlaid with agar 

medium without phenol red (0.9% Bacto-Agar, 2% FBS, penicillin and streptomycin). 

On the third and sixth day after the agar medium overlay the cells were fed with 2.5 ml of 

the same medium. On the seventh day cells were stained with neutral red and the dishes 

were observed for plaques.  
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HPV neutralization: 

The HPV 16 pseudovirus encapsidating a secreted alkaline phosphatase (SEAP) reporter 

plasmid was incubated with mouse sera for 1 h at RT. The mixture was used to infect 

cells in a 96-well plate. 72 h post-infection, the supernatant was collected and SEAP 

activity was measured using a highly sensitive chemiluminescent reporter system. A 

reduction in SEAP activity indicates antibody-mediated PsV neutralization. Serum 

neutralization titers were defined as the highest dilution that caused at least a 50% 

reduction in SEAP activity.61 
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Results: 

Four of the recombinants (2.6.1, 2.7.6, 1.5.18 and Q) were studied. In addition there was 

one more recombinant used as a control – rAd HA2A. A portion of the hemagglutinin 2 

alpha helix (HA2A), amino acids 71 to 91 of the HA2 of A/WSN/33 (an H1N1 serotype) 

was inserted in the hexon by Cailin Deal.  This region is highly conserved within group 1 

HA (group 1 consists of H1 and H5 along with others) but does not cross-react to group 2 

HA (notably H3).  Antibodies to this region are neutralizing and they work by preventing 

the conformational changes required for fusion.  

Capsid display recombinants 

Recombinant name Peptide Location Mode Status 

2.6.1 HPV 16 L2 12-41 

  

HVR 5 (between 

hexon amino acids 

271 and 272) 

Insertion Evaluated 

in mice 

2.7.6 HVR 5 (replaces 

hexon amino acids 

271 - 281) 

Substitution Evaluated 

in mice 

1.5.18 HVR 1 (replaces 

hexon amino acids 

138 -167) 

Substitution Evaluated 

in mice 

Q HVR 1 (between 

hexon amino acids 

128 and 129) 

Insertion Evaluated 

in mice 

 

Each of the rAd-HPV recombinants was engineered from the original NVDP404 

recombinant which contains the CSP malaria epitope in the hexon. As a result it was 

necessary to confirm that the HPV recombinants had lost the original CSP epitope and 
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had been replaced with the desired 12-41 L2 HPV epitope. This was done by plaque 

purification of the recombinants which allows isolation of a single recombinant.  

 

Confirmation of desired epitope on recombinants: 

The insertion of the desired antigen into HVRs of the hexon of individual recombinants 

was confirmed by western blotting with a monoclonal antibody (RG-1) against HPV L2. 

The data for this confirmation for individual Q recombinants is presented in Figure 5. 

Western blots revealed a reactive band of approximately 120 kDA with the same size and 

mobility of wild type hexon (Figure 5a). In addition western blots using the 2A10 

antibody (which recognizes the malaria CSP epitope) revealed no detectable CSP signal. 

Reaction with the antibody to the anti-late adenovirus protein allowed for confirmation 

that all the adenovirus proteins are present. (Figure 5b) All four recombinants were 

similarly screened. It was concluded that the recombinant viruses contain the desired 

modifications and with minimal or no parental contamination.   

Preparation of Virus and Adjuvant: 

The virus stocks were purified by CsCl gradient centrifugation and the particle 

concentrations of the recombinants were measured. (Table 2) Based on the particle 

concentration in the virus stock, 6 doses of 1010 virus particles were obtained by diluting 

them in PBS. 
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Immunization with Capsid Display Recombinants Induce Antibody Against 

Adenovirus and Recombinant HPV L2 Proteins: 

ELISAs to detect antibodies against adenovirus and HPV L2 were performed on the 

serum collected at 3 week intervals. Every mouse in each group produced antibodies 

against the adenovirus vector. In general, individual mice responded to the first 

immunization with anti-Ad titers of between 1000 and 3000, with increases after each 

subsequent immunization to achieve titers of 25000 or greater after the third dose. 

(Figure 6) The anti-Ad titers were similar for the HA2A controls. Adjuvant did not 

noticeably increase the anti-adenovirus antibody titers. 

Mice immunized with each HPV recombinant also produced antibodies reactive with 

HPV L2 recombinant proteins as confirmed by ELISA. End point L2 ELISA titers are 

shown in Figure 6 for each recombinant. Unlike anti-Ad titers, L2 responses differed 

dramatically between adjuvant and non-adjuvant groups.  Mice receiving recombinants 

without adjuvant frequently produced no detectable antibody after the first immunization.  

Most mice mounted responses after the second immunization, and antibody titers in some 

animals rose after the third.  In contrast, all mice receiving adjuvant responded with 

detectable L2 titers after a single immunization, and in most mice titers rose after each 

boost.  Interestingly, while high titers were generally achieved sooner in adjuvant mice, 

the final titers achieved by adjuvant and non-adjuvant mice were similar. 

Since Gardasil is made up of L1 VLPs the Gardasil immunized mice produced no 

antibodies to HPV L2 or adenovirus, similar to the PBS negative control mice. We can 

conclude that the recombinants induced high titers of antibody against adenovirus and 

moderate titers of antibody against HPV L2.  
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Immunization induces neutralizing antibodies to HPV L2: 

Three weeks after the third immunization, mouse sera from the adjuvant group were 

titrated for neutralizing activity against HPV16 using the SEAP assay. (Figure 7) All 

mice in the control Gardasil group produced high titer neutralizing antibodies. In the 

negative control PBS group and in the rAd-HA group none of the mice produced 

neutralizing antibodies, as expected.  Four mice in the 2.6.1 group, two in the 2.6.7, and 

three mice in both the 1.5.18 and Q groups produced detectable neutralizing antibody 

titers. Neutralization serum titers were defined as the highest dilution of serum that 

caused 50% reduction in luciferase signals when compared to the wells with no added 

serum. This was done with the help of William Wu who also performed the neutralization 

assays without adjuvant. In the group without adjuvant it was seen only one recombinant 

(2.7.6) produced neutralizing antibody titers whereas with adjuvant (Figure 7) all four 

recombinants induced neutralizing antibody titers. This confirms that the adjuvant was 

indeed effective and boosted anti-L2 antibodies. 

 

Immunization protects mice against homologous challenge but not heterologous 

challenge: 

Vaccine efficacy was checked by challenging the immunized mice with HPV 

pseudovirus (PsV) encapsidating a luciferase reporter. The mice were vaginally 

challenged homologously with HPV16 pseudovirus (Figure 8) and heterologously with 
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HPV56 pseudovirus (Figure 9) as described previously. Three days after challenge, the 

mean luciferase activity was measured to check if they had been infected.  

 

The PBS and HA2A mice showed high luciferase activity, indicating they were infected. 

The Gardasil group showed low luciferase activity, indicating complete protection. The 

group that was immunized without adjuvant showed only partial protection against 

HPV16 irrespective of the recombinant used. However in the adjuvant group, both 2.6.1 

and Q showed complete protection, as seen for Gardasil vaccination. Vaccination with 

adenovirus recombinants 2.7.6 and 1.5.18 produced partial protection (with luciferase 

levels lower than in the non-adjuvant group). All the recombinant groups (with or without 

adjuvant) exhibited high luciferase activity when challenged with HPV56 pseudovirus 

indicating that they were still susceptible to HPV56. The results show that the mice were 

protected against high dose infection with HPV16 (Figure 10); however there was no 

significant protection in the heterologous challenge with HPV56.  

 

Statistical analysis was done by a multiple group comparison test. The one way analysis 

of variance (ANOVA) was conducted to compare the effect of the recombinant vaccine 

candidates on the mice. For the HPV16 challenge, there was a significant effect of the 

rAd HPV recombinants on group means, both with [F (6, 28) = 2.774, p < 0.05] and 

without adjuvant. [F (6, 28) = 6.657, p < 0.05]  In order to determine where this 

significant difference exists, a post hoc test was conducted. Post hoc comparisons using 

the Tukey HSD test for the HPV16 challenge (with adjuvant) indicated that the mean 

score for all four recombinants as well as Gardasil was significantly different from the 
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PBS group. As expected the mean score for rAd-HA2Awas not significantly different 

from the PBS group. This indicates that all four HPV recombinants had a significant 

effect on the susceptibility of the mice to HPV pseudovirus infection. There were no 

statistically significant differences between group means at the p <0.05 level as 

determined for both of the HPV56 challenge experiments with adjuvant [F (7, 31) = 

2.905, p = 0.0186] or without adjuvant [F (7, 31) = 2.503, p = 0.0367].   

 

Discussion: 

A second generation vaccine that is both affordable and one that neutralizes multiple 

HPV types has been our goal. Previous work that identified the HPV L2 N-terminus 

provided hope for a pan-HPV vaccine. Given that we have an epitope that elicits cross-

protective and cross-neutralizing antibodies what remains is developing a viable platform 

to deliver the antigen in such a way so as to get a protective immune response. The use of 

adenovirus as a vaccine vector allows us to present the antigen by inserting it into the 

hyper-variable regions of hexon so that they are displayed on the surface of the capsid. In 

addition adenovirus has the advantage of being well-characterized, safe, and affordable to 

mass produce. 

 

Using this approach we have had limited success. We have demonstrated that adenovirus 

vectors are able to display foreign antigens in the capsid and that these antigens are 

recognized by the immune system. The adenovirus HPV recombinants have been 

effective at providing protection against homologous HPV16 challenge. However, the 

recombinants have failed to induce sterile protection against heterologous type HPV 56 in 
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a vaginal challenge model. This is a surprising result given prior data using vaccination 

with this peptide coupled to KLH and the induction of broad immunity.24,34 Likewise, 

vaccination with this peptide fused to a T-helper epitope and a TLR ligand also induced 

cross-protection.63 However recent studies from the Chackerian laboratory may explain 

this discrepancy. His group showed that capsid display of the RG-1 epitope resulted in 

limited cross-HPV type protection unless one end of the epitope was free.60,64,65 Their 

findings imply that conformational flexibility in the epitope is necessary for a broad 

response, and that perhaps the adenovirus display is too rigid.64,65 We speculate that the 

inclusion of GSG linkers may enhance the flexibility and thus the breadth of cross-

protection and efforts to generate such constructs are ongoing. 

 

Indeed, native L2 epitope has a consensus furin cleavage site near its N-terminal and 

during infection it is cleaved in such a way that the L2 portion is free at one end and 

sticks out. In comparison, the L2 epitope in the recombinant adenovirus is in the form of 

a loop and this constraint may be the reason for the lack of cross-protection. Future work 

could incorporate this furin cleavage site into the recombinants so that the L2 epitope 

may be displayed in its native configuration. In silico modeling may predict if this is a 

better approach to vaccine design. 

 

Another possible reason for the failure to provide heterologous protection is that the 

HPV16 and the HPV56 L2 antigenic epitopes are sufficiently different despite closely 

related amino acid sequences. As a result, antibodies elicited by recombinant virus 
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particles might not recognize HPV56, although anti-peptide sera do. This might be 

circumvented by using a consensus sequence for the epitope (see Figure 4) 

Both HVR1 and HVR5 seem to be equally affective at presenting antigen and eliciting an 

immune response. However it may be valuable to make insertions of L2 into both HVR 

sites to further increase the L2 epitope density on the capsid surface and potentially 

enhance immunity, assuming the structure will tolerate such changes. 

 

 Our study has also yielded information about the effects of adjuvant on the immune 

response. The adjuvant boosted L2 antibody titers and the mice in the adjuvant 

experiment were protected against HPV 16 whereas the one with no adjuvant were 

incompletely protected. However it is important to recognize that this construct would 

produce an active infection in humans or monkeys (whereas it is non-replicative in mice) 

and thus may be self-adjuvanting in these hosts. 

 

The implications of the HPV16 challenge cannot be underestimated. If these 

recombinants are as effective at protecting from homologous challenge in monkeys as 

they are in mice, it is possible that this may be the basis for a competitor HPV vaccine in 

the market that could be administered as a single dose, without needles in a heat stable 

and inexpensive pill form. However it is also important to examine the longevity of the 

response as this is a critical factor in developing the next generation of vaccines. If such a 

competitor were affordable then it would drive down the price of the current HPV 

vaccines on the market giving public health programs much needed hope. 

 



 

28 
 

The most immediate future work would be to look at the other recombinants that are as 

yet untested in mice – the HVR 2 recombinants and the recombinants with the HPV16- 

HPV18-GSG inserted sequences to see if there is any improved immune response by 

increasing epitope density, flexibility and sequence diversity. Two new recombinants: O 

(HVR2, HPV16 12-42 insertion) and P (HVR1, HPV16, 18, GSG, 12-41 substitution) 

have been confirmed and purified virus stock is ready. Other recombinants will undergo 

similar testing. By looking at all of the recombinants together we will be able to better 

compare the immunogenicity of all the different HVRs, see if some are better than others 

and conclude which is the best for inducing an immune response. We will also be looking 

at whether substitution or insertion mutations are better for these larger epitope sequences 

and find out if a GSG linker helps both the breadth of cross-type immunogenicity and 

retaining viability of the adenovirus recombinants with larger insertions. 

In order to further refine this model, future studies could attempt recombinants that 

display L2 from more HPV types. For instance, one epitope from one L2 type, another 

from a different HPV type etc. all fused together to make a multimer vaccine. The 

drawback with this approach would be the possibility that some may be immunologically 

dominant and others may not get a response. Another possibility is a single adenovirus 

recombinant that contains multiple HPV L2 sequences (from different types) in different 

sites such as fiber or penton.  

 

While the current recombinants are replication deficient in mice, they are expected to 

replicate in monkeys because of their hr404 mutation. The most pressing question is 

whether the current constructs can elicit a durable protective L2 response when 
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administered as a single dose in monkeys without adjuvant. The inflammatory responses 

associated with an active and spreading L2 recombinant adenovirus infection are likely to 

elicit more potent and durable immune responses than even three immunizations in 

adjuvant with non-replicative particles. 
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Figures and Tables: 

 

Table 1 – List of recombinants 

List of rAd- HPV recombinants involved in the experiment as well as those which will be used 

for future experiments.  

 

Capsid display recombinants 

Recombinant 

name 

Peptide(12-41) Location Mode Status 

2.6.1 HPV 16  HVR 5 Insertion Evaluated in 

mice 

2.7.6 HPV 16  HVR 5 Substitution Evaluated in 

mice 

1.5.18 HPV 16  HVR 1 Substitution Evaluated in 

mice 

Q HPV 16  HVR 1 Insertion Evaluated in 

mice 

O HPV 16  HVR 2 Insertion Banded stock 

N HPV 16  HVR 2 Substitution TBD 

P 16,18, GSG HVR 1 Substitution Banded stock 

S 16,18,31 GSG HVR 5 Substitution Mixed 

population 

K 16,18 GSG HVR 5 Substitution TBD 

L 16,18,31 GSG HVR 1 Substitution TBD 

M 16,18,31 GSG HVR 2 Substitution TBD 

 

 



 

31 
 

Table 2 – Purification of virus recombinants: 

The purified stocks of rAD recombinants and the amount of virus per ml of the banded stock. 

 

Recombinant Virus particles/ml 

NVDP 404 1.76 x 1012 

WSN HA2A* 1.57 x 1012 

2.6.1 2.2 x 1012 

2.7.6 2.37 x 1012 

1.5.18 1.80 x 1012 

Q 1.76 x 1012 

O 2.76 x 1012 

P 2.14 x 1012 

*Purification done by Cailin Deal 

 

 

 

 

 

 

 

 



 

32 
 

Figure 1  

 HPV mediated progression to cervical cancer 

 

 

Figure 1. Stages of HPV infection to invasive cancer. 

 

HPV infects the cells of the basal epithelial layer and initially exists in the cells as the 

episomal viral DNA form. However when the HPV viral DNA integrates with the cell 

DNA there is disruption or loss of the E2 gene that controls the expression of oncogenic 

proteins E6 and E7. As a result the integrated form promotes genetic instability which 

leads to invasive cancer. 

 

Source: Woodman, C. B., et al. (2007). "The natural history of cervical HPV infection: unresolved issues." 

Nat Rev Cancer 7(1): 11-22. 
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Figure 2  

Molecular mechanism of HPV oncogenesis 

 

E6 and E6-AP causes rapid ubiquitination of p53 and thus proteosomal degradation of 

p53. The p53 cellular protein integrates responses to different types of cellular stress 

including DNA damage and viral infection and signals cell cycle arrest or apoptosis. E7 

competes with transcription factor E2F for binding to pRb. When pRb is bound to E2F it 

cannot act as a transcription factor and so prevents cell division. When not bound to E2, 

E7 binds to pRb and now E2F is now free to act as a transcriptional activator of cellular 

genes involved in DNA synthesis and so the cell cycle progresses to the S phase. (AP = E6-

AP/UBE3A, and E3 protein ubiquitin ligase) 

 

Source :  Stephen K. Tyring, MD, PhD Human papillomavirus infections: Epidemiology, pathogenesis, and host 

immune response Journal of the American Academy of Dermatology, Volume 43, Issue 1, Part 2, July 2000, Pages 

S18–S26 http://dx.doi.org/10.1067/mjd.2000.107807 

http://dx.doi.org/10.1067/mjd.2000.107807
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Figure 3:  

3A: Structure of Adenovirus capsid 

                                                                          

The adenovirus capsid is icosahedral with the hexon (blue and yellow) making up most of 

the capsid structure with the peripentinal hexons (yellow) arranged around the protruding 

fiber protein with the penton at its base. 

Structure of the HPV capsid: Capsid made up of L1 and L2 proteins 

 

 

Source:  Adenovirus structure : Credit: Dr Richard Feldmann via National Cancer InstituteHPV structure 

: http://www.bristol.ac.uk/biochemistry/gaston/HPV/hpv_information.htm 

http://www.bristol.ac.uk/biochemistry/gaston/HPV/hpv_information.htm
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Figure 3 b: Hypervariable regions in Adenovirus hexon 

The locations of the HVR’s in the adenovirus hexon. In this project the HVRs involved were 

HVR1 (blue) which is not very well exposed to the surface and HVR5 (purple) which is very well 

exposed. 

 

 

Key:  Ad5 hexon HVR1 (137-181)- blue, HVR2 (187-193) red, HVR3(211-218) yellow, 

HVR4(247-260) green, HVR5 (267-282) purple, HVR6 (304-315) pink, HVR7 (421-449)orange, 

PMD 3IYN  

Source: Cailin Deal, Andrew Pekosz, Gary Ketner, (2013) Prospects for oral replicating 

adenovirus-vectored vaccines, Vaccine, Jul 11;31(32):3236-43  
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Figure 4:  

L2 amino terminal conservation 

                                          

 

   HPV 56                  QLYKTCKLSGTCPED 

 

The amino acid sequences of HPV L2 17-31 ( or equivalent) were derived by Tumban et al by 

aligning 23 different papillomavirus sequences . Amino acids are in single letter code and the dots 

indicate that the amino acid is identical to the consensus sequence and the amino acids which are 

different are shown by the letter code. (+ indicates that there is no consensus at this position) The 

region that the RG-1 antibody binds to is shown also. In addition, the same residue on the HPV 

56 L2 protein are shown at the bottom.* 

Source - Tumban E, Peabody J, Peabody DS, Chackerian B (2011) A pan-HPV vaccine based on bacteriophage PP7 

VLPs displaying broadly cross-neutralizing epitopes from the HPV minor capsid protein, L2. PLoS ONE 6: e23310 

 *Source for HPV56 sequence: Genbank  ABO76829 http://www.ncbi.nlm.nih.gov/protein/138374829 

 

 

 

http://www.ncbi.nlm.nih.gov/protein/138374829
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Figure 5a: Q recombinants possess the HPV epitope and have lost the CSP epitope 

 

Western blot (Q) with RG-1 antibody (against HPV L2) and 2A10 antibody (against P.falciparum 

CSP protein) 

Figure 5 b: Adenovirus proteins in Q recombinant 

                             

 

Western blot (Q) with anti- Ad5 late protein antibody 

In both blots, lanes contain cell lysate of individual Q recombinants isolated by plaque 

purification and grown in 6 cm dishes.  In panel 5a, despite the fact that the film was exposed 

very briefly, the high intensity of the RG-1(L2) signal, which was easily visible by eye in the 

dark, has bleached the autoradiogram at the position of the hexon protein.
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Figure 6 – ELISA results        

 
     6A - (HA2A without adjuvant) Anti-Ad titers                                                       6B - (HA2A with adjuvant) Anti-Ad titers                                   

 

      
 

 

 

Figure 6A, 6B: Each panel shows results from individual mice a group of five mice immunized with the same antigen formulation. 6A shows anti-adenovirus titers 

after each immunization with the recombinant alone while 6B shows anti-adenovirus titers with the recombinant + adjuvant formulation. 
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Figure 6 - 2.6.1 

6C - (2.6.1 without adjuvant) Anti-Ad titers                                           6D - (2.6.1 with adjuvant) Anti-Ad titers                                   

    

6E - (2.6.1 without adjuvant) Anti-L2 titers                                              6F - (2.6.1 with adjuvant) Anti-L2 titers                                                                                      

                                                                        
Figure 6C,D,E,F: Each panel shows results from individual mice a group of five mice immunized with the same antigen formulation. 6C and 6E show titers after each immunization with the recombinant alone while 6D and 6F 

show titers with the recombinant + adjuvant formulation. 
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Figure 6 -   2.6.7 

6G - (2.6.7 without adjuvant) Anti-Ad titers                                                           6H - (2.6.7 with adjuvant) Anti-Ad titers                                   

     
 

6I - (2.6.7 without adjuvant) Anti-L2 titers                                                         6J - (2.6.7 with adjuvant) Anti-L2 titers                                                                                        

                                                  
Figure 6G,H,I,J: Each panel shows results from individual mice a group of five mice immunized with the same antigen formulation. 6G and 6I show titers after each immunization with the recombinant alone while 6H and 6J 

show titers with the recombinant + adjuvant formulation 
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Figure 6 - 1.5.18 

6K - (1.5.18 without adjuvant) Anti-Ad titers                                                         6L - (1.5.18 with adjuvant) Anti-Ad titers                                   

     
 

6M - (1.5.18 without adjuvant) Anti-L2 titers                                                          6N - (1.5.18 with adjuvant) Anti-L2 titers                                  

                                                                   
Figure 6K,L,M,N: Each panel shows results from individual mice a group of five mice immunized with the same antigen formulation. 6K and 6M show titers after each immunization 

with the recombinant alone while 6L and 6N show titers with the recombinant + adjuvant formulation 
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Figure 6 - Q 

6O - (Q without adjuvant) Anti-Ad titers                                                           6P - (Q with adjuvant) Anti-Ad titers                                   

             
 

 

6Q - (Q without adjuvant) Anti-L2 titers                                                   6R - (Q with adjuvant) Anti-L2 titers                                                               

                                                             
Figure 6O,P,Q,R: Each panel shows results from individual mice a group of five mice immunized with the same antigen formulation. 6O and 6Q show titers after each immunization 

with the recombinant alone while 6P and 6R show titers with the recombinant + adjuvant formulation 
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Figure 7:  L2 neutralization assay results 

7A – Groups immunized with recombinant alone 

 

Credit: Thanks to William Wu 

7B  - Groups immunized with recombinant + adjuvant  

 

Figure 7: All mice in the Gardasil group produced neutralizing antibodies. In the negative control 

PBS group and in the HA group none of the mice produced neutralizing antibodies, as expected. 

An ELISA titer of 1:50 is considered neutralizing. No Detectable (ND) titer at 1:50 is also 

indicated. Comparison of the group with adjuvant to the group without adjuvant shows that the 

HPV recombinants produced antibodies that were higher than the neutralizing titer when adjuvant 

was present. (ND: None Detected) 
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Figure 8  - HPV 16 challenge results with and without adjuvant 

Without Adjuvant: 

 

With Adjuvant: 

 

Both the uninfected background (BK) and protected Gardasil groups show low luciferase activity. 

The rAd HA2A and PBS both functions negative controls and show high luciferase activity. For 

the other recombinants, luciferase activity is higher without adjuvant indicating incomplete 

protection. With adjuvant luciferase activity is much lower, similar to the Gardasil levels, 

especially for 2.6.1 and Q. 
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Figure 9:  HPV 56 challenge results  

Without Adjuvant 

 

With Adjuvant 

 

Both the uninfected background (BK) shows low luciferase activity.  Since Gardasil does not 

protect against HPV56 luciferase levels are high. The rAd HA2A and PBS both function as 

negative controls and show high luciferase activity. For the other recombinants, luciferase activity 

is high both with and without adjuvant indicating no protection. The individual variation among 

mice is higher among the group with adjuvant and is reflected in the chart. 
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Fig 10  

Mouse Imaging for HPV challenge 

                 PBS                                                        2.6.7 

                        

 

Mice as seen during imaging: On the left is the PBS group which shows infection with 

HPV pseudovirus that contains luciferin which is expressed when the substrate is instilled 

into the mouse vagina. On the right is the 2.6.7. vaccinated group which shows little or no 

luciferase activity due to the fact that the mice had immunity against the HPV16 

pseudovirus that was used to infect them. 
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Appendix:  

Statistical Analysis 

HPV16 with adjuvant 

 

Groups Count  Sum Avg Variance 

PBS 5 8982000 1796400 1.52E+13 

GAR 5 200300 40060 7726400 

HA 5 10789000 2157800 2.78E+13 

2.6.1 5 222300 44460 1.28E+08 

2.6.7 5 758100 151620 2.24E+11 

1.5.18 5 862700 172540 1.98E+11 

Q 5 259400 51880 4.29E+08 

     

 

ANOVA SS df MS F Pvalue Fc 

       

Between 

Groups 

22690 6 3782 2.773600162 0.05 2.45 

Within Groups 13680 28 488.4    

Total 36370 34     
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HPV16 without adjuvant 

Groups Count  Sum Avg Variance 

PBS 5 4269000 853800 9.19E+11 

GAR 5 92200 18440 2530400 

HA 5 3706000 741200 1.16E+12 

2.6.1 5 819000 163800 2.72E+11 

2.6.7 5 366100 73220 4.06E+10 

1.5.18 5 626700 125340 9.73E+10 

Q 5 442400 88480 5.02E+10 

 

 

 

ANOVA SS df MS F Pvalue Fc 

       

Between 

Groups 

3.63E+12 6 6.047E+11 F (6, 28) = 

6.657 

P = 0.0002 2.45 

Within Groups 2.54E+12 28 90840000000    

Total 6.17E+12 34     
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Table 1 – Anti – Ad titers (with and w/o adjuvant) 

Recombinant Mouse 

no 

Anti-Ad titer (no adjuvant) Anti Ad titer (with adjuvant) 

  Bleed 1 Bleed 2 Bleed 3 Bleed 1 Bleed 2 Bleed 3 

HA2A 11 1000 5000 25000 1000 5000 25000 

 12 1000 25000 25000 5000 25000 25000 

 13 1000 5000 25000 5000 5000 125000 

 14 1000 25000 25000 1000 25000 25000 

 15 5000 25000 25000 5000 125000 125000 

        

2.6.1        

 21 1000 5000 25000 1000 25000 125000 

 22 1000 5000 25000 1000 5000 25000 

 23 1000 25000 25000 5000 25000 125000 

 24 1000 5000 25000 5000 25000 25000 

 25 1000 5000 25000 5000 25000 125000 

        

2.6.7        

 31 0 5000 25000 5000 5000 25000 

 32 1000 25000 25000 5000 5000 25000 

 33 0 5000 25000 5000 25000 25000 

 34 1000 25000 25000 5000 5000 125000 

 35 5000 5000 25000 25000 25000 25000 

        

1.5.18        

 41 5000 25000 125000 1000 25000 125000 

 42 5000 25000 125000 1000 125000 125000 

 43 25000 25000 125000 1000 125000 125000 

 44 5000 25000 125000 1000 125000 125000 

 45 25000 25000 125000 1000 25000 25000 

        

Q        

 51 1000 5000 125000 5000 25000 25000 

 52 5000 5000 125000 25000 25000 125000 

 53 5000 5000 125000 5000 25000 25000 

 54 5000 25000 125000 5000 25000 25000 

 55 5000 25000 125000 5000 25000 25000 

Note: Mice 1-5 (Gardasil group) and mice 61-65 (PBS group) were negative for anti-Ad 

antibodies 
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Table 2a – Anti – L2 titers (with adjuvant) 

 

L2 Titers with adjuvant 

L2 Bleed 1 

  

Round 

1 

Round 

2 

Round 

3 

Round 

4 

Round 

5 

Round 

6 

2.6.1        

 1 3200 1600 3200 1600 1600 800 

 2 400 400 200 400 400 400 

 3 100 200 200 100 200 100 

 4 100 100 100 100 100 100 

 5 25 25 50 50 50 25 

        

2.6.7        

 1 50 50 25 25 50 50 

 2 100 100 400 200 100 100 

 3 100 100 100 50 100 50 

 4 25 25 50 50 25 25 

 5 25 25 25 25 50 50 

        

1.5.18        

 1 200 200 100 50 200 100 

 2 25 25 25 50 25 25 

 3 25 25 25 25 50 50 

 4 100 100 200 200 200 100 

 5 100 100 100 200 100 50 

        

Q        

 1 50 50 50 50 50 50 

 2 25 25 100 50 25 25 

 3 200 100 200 200 200 200 

 4 25 25 25 25 25 50 

 5 50 50 100 50 100 100 

Each serum sample was tested six times by ELISA to determine average titer. 
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Table 2b: L2 Bleed 2 

L2 Bleed 2       

        

group mouse no Round 

1 

Round 

2  

Round 

3 

Round 

4 

Round 

5 

Round 

6 

        

2.6.1        

 1 800 800 1600 1600 800 800 

 2 1600 1600 3200 1600 3200 1600 

 3 100 200 200 200 200 100 

 4 800 800 1600 800 1600 800 

 5 1600 3200 3200 3200 1600 3200 

        

2.6.7        

 1 800 1600 1600 1600 800 1600 

 2 200 800 400 400 400 800 

 3 400 800 1600 800 800         

400 

 4 50 100 100 50 100 50 

 5 800 1600 1600 800 1600 1600 

        

1.5.18        

 1 0 100 100 50 100 100 

 2 200 400 400 200 400 400 

 3 50 100 100 100 100 50 

 4 400 800 400 400 400 800 

 5 3200 3200 1600 3200 1600 1600 

        

Q        

 1 800 800 800 800 800 800 

 2 50 100 100 50 100 50 

 3 3200 3200 6400 6400 3200 1600 

 4 100 200 400 200 200 100 

 5 200 400 400 400 400 200 

        

        

 

 

Each serum sample was tested six times by ELISA to determine average titer 
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Table 2c: L2 Bleed 3 

L2 Bleed 3       

        

group mouse no Round 

1 

Round 

2  

Round 

3 

Round 

4 

Round 

5 

Round 

6 

        

2.6.1        

 1 1600 3200 6400 1600 800 3200 

 2 3200 1600 3200 1600 3200 1600 

 3 6400 6400 3200 1600 3200 6400 

 4 1600 800 800 1600 1600 1600 

 5 800 400 400 400 400 800 

        

2.6.7        

 1 3200 1600 1600 3200 6400 3200 

 2 800 800 400 400 800 800 

 3 800 1600 1600 800 800 800 

 4 3200 1600 1600 3200 3200 1600 

 5 3200 1600 3200 800 3200 1600 

        

1.5.18        

 1 800 800 1600 1600 400 200 

 2 400 200 400 800 800 800 

 3 1600 1600 1600 800 800 1600 

 4 800 800 1600 800 800 1600 

 5 3200 6400 1600 3200 6400 6400 

        

Q        

 1 12800 6400 3200 6400 6400 6400 

 2 400 800 800 1600 800 400 

 3 6400 3200 1600 6400 6400 1600 

 4 1600 800 1600 1600 1600 800 

 5 800 400 1600 800 1600 800 

        

        

        

Each serum sample was tested six times by ELISA to determine average titer 
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Table 3 – anti-L2 titers (w/o adjuvant) 

Recombinant Mouse no Anti-L2 titer (no adjuvant) 

  Bleed 1 Bleed 2 Bleed 3 

2.6.1     

 21 0 0 100 

 22 0 100 400 

 23 0 200 400 

 24 100 100 100 

 35 0 200 100 

     

2.6.7     

 31 0 200 400 

 32 0 800 1600 

 33 0 100 50 

 34 50 400 1600 

 35 0 1600 12800 

     

1.5.18     

 41 0 0 0 

 42 0 100 200 

 43 0 0 50 

 44 0 400 400 

 45 0 800 3200 

     

Q     

 51 0 51200 3200 

 52 0 0 0 

 53 0 1600 400 

 54 0 100 200 

 55 0 800 800 

 

Note: Mice 1-5  (Gardasil group), mice 61-65 (PBS group) and mice (11-15) were 

negative for anti-L2 antibodies 
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Table 4 – 3rd Bleed anti-Ad titers for mice challenged with HPV 56 (NO Adjuvant) 

Recombinant Mouse no Anti-AD titer (no 

adjuvant) 

  Bleed 1 

HA2A 16 25000 

 17 25000 

 18 5000 

 19 25000 

 20 25000 

2.6.1   

 26 25000 

 27 25000 

 28 25000 

 29 25000 

 30 25000 

   

2.6.7   

 36 25000 

 37 125000 

 38 25000 

 39 125000 

 40 25000 

   

1.5.18   

 46 125000 

 47 125000 

 48 125000 

 49 125000 

 50 125000 

   

Q   

 56 125000 

 57 25000 

 58 25000 

 59 25000 

 60 25000 

Note: Mice 6-10  (Gardasil group) and mice 66-70 (PBS group) were negative for anti-

Ad antibodies 
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2009 
 

Research Experience:                                                                                                                                                                       
Evaluation of recombinant adenoviruses that display a HPV16 L2 epitope 
on the surface in mice as potential vaccine candidates                                                                                                                                                                                 
2011 – 2013  
PI:  Dr. Gary Ketner and Dr. Richard Roden 

Johns Hopkins Medical Institutions.  
 
Evaluation of Adenovirus recombinants that display a cross-protective HPV16 L2 
epitope in mice, looking at immunological responses generated and challenged 
with HPV pseudovirus 
                                                                                                                                                                                                      
 
2010-2011 
Sequencing and analysis of the S segment of Nairobi Sheep Disease 
Ganjam strain and bioinformatic analysis of mutations in different strains 
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PI: Dr. Pragya Yadav 

National Institute of Virology 
 
Different strains of Ganjam virus were analysed for mutations in the S segment to 
see changes with time and region 
                                                                                                                                                                                                       
 
2010 
 PCR and sequencing to confirm novel strain of Adenovirus found in bats   
PI: Dr. Pragya Yadav 

National Institute of Virology 
 Performed PCR and sequencing on bat adenovirus DNA extracted from Vero 
cell culture                                                                                                                                                                                                                                                                  
 
Feb 2011                              
Assisted in diagnosis of human samples for Crimean-Congo hemorrhagic 
fever (CCHF) during the outbreak in India   
Performed RNA extraction, real-time PCR and sequencing 
 
Techniques: 
Plaque assay, SDS PAGE, western blots, virus purification, ELISA, neutralization 
assays, mouse handling and bleeding, vaginal challenge, bacterial 
transformation, protein purification, cell culture, agar plating. PCR, nested PCR, 
RT-PCR, RNA and DNA extraction sequencing, phylogenetic analysis of 
sequences by KODON software and CLUSTALW 
 
Social Work                                                                                                                                                     
2006-2009 
Volunteer for a grassroots youth organization Yugpath working for the betterment 
of society. Activities included: planning and organizing PR events for the 
organization which included making a documentary about the organization, 
working with local police to help regulate traffic, writing examination papers for 
blind students.  
 
 
Professional Development: 
Languages: English, Marathi, French  
Software: MS Office, Graphpad, KODON, CLUSTALW 
Poster Presentation: Presented at 5th Annual Vaccine Day poster competition 
at JHSPH   
Conferences attended: 2013 ASM Biodefense and Emerging Diseases 
Conference 
 
 

 

 


