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1. Background 
 

Current status of vaccine development 

Vaccines are the most effective public health measures developed and have saved million of lives. 
Vaccination programs represent one of the most cost efficient health intervention developed, and 
has resulted in smallpox being eradicated and many diseases being under control like polio, 
hepatitis A and B, tetanus, diphtheria, meningitis due to Haemophilus influenza and Meningitis A, 
C, Y, W135, measles, mumps and rubella and pneumococcal infections. Lately, vaccines against 
human papilloma virus have shown great promise to reduce cervical cancer. 

Vaccines have been developed against a variety of bacteria and virus, but chronic, life-long diseases 
like hepatitis, AIDS, malaria, toxoplasmosis and leishmaniasis have been difficult to prevent despite 
a huge research effort over the past two decades. Furthermore, the possibility of using vaccines not 
only for prevention but also for immunotherapy of individuals already infected is a goal given that 
drugs cannot eradicate many of the chronic infections. For instance, hepatitis C and toxoplasmosis 
are chronic infections where the disease can remain asymptomatic for years and current therapies 
are ineffective and with many side effects. For these infections an immunization after infection, or a 
vaccine which work an immune therapy, is needed. 

Vaccine development is a long and difficult process where the selection of antigens is often 
disorganized based on studies of immunogenicity, humoral or cellular. Also, the choice of antigen 
to be studied is often not completely rational, and many antigens are not tested, and most protein-
encoding open reading frames (ORFs) predicted from sequencing projects have remained 
completely uncharacterized at the functional level. Therefore, many antigens involved in protective 
immunity will be missed if not studied in a systematic way. 

 

Aim of the Lazio Vaccine Pole (LVP) 

The last two decades have been very fruitful for Italian biotechnology. After a broad preparation 
and training of scientific researchers, and a government sponsored investment process, Institutes 
from both private and public sectors now possess know-how and technologies for the R&D process 
of vaccine development.  

The aim of the Lazio Vaccine Pole is to integrate projects, expertises and technologies for the 
rational design and development of innovative vaccine products. It represents a unique opportunity 
to connect public Institutions with small (SME) and large private enterprises.  

The public and private partners composing LVP are the following: 

Public Institutes 

·  Istituto Superiore di Sanità 

·  University of Rome Tor Vergata 

·  Policlinico Tor Vergata 

·  University of Rome La Sapienza 

·  National Research Council 

·  National Institute for Infectious Diseases “L. Spallanzani” 

·  Istituto Zooprofilattico Sperimentale Lazio e Toscana 

·  Policlinico “Gemelli” 
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SME and large industries  

·  Okairos 

·  C4T (Colosseum Combinatorial Chemestry Centre for Technology) 

·  ReDD (Research Drug Development) 

·  Sigma-tau S.p.A. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Technological platforms  

The technological platforms developed by LVP partners represent exclusive tools to perform a 
microorganism-specific, wide screening for protective antigens and immunodominant B- and T-cell 
epitopes for the development of vaccines based on induction of humoral and cellular immunity, 
which are essential for protection against intracellular and extracellular pathogens. Nowadays, only 
a multidisciplinary and integrate approach to vaccine development is required to overcome the 
previous vaccine models of selecting single antigens based on availability, immunological data and 
personal preference of the scientist.  

The availability of Animal Stations (University of Tor Vergata and Istituto Zooprofilattico 
Sperimentle Lazio e Toscana) for preclinical investigations would allow verifying the efficacy of 
vaccines, which can be tested alone, with and without adjuvants, and in prime-boost strategies in an 
iterative process optimising the next experiment based on data on protection and immune response 
from the previous experiment. The close interaction between research groups and health centres 
(National Institute for Infectious Diseases “L. Spallanzani”, Policlinico Gemelli e Policlinico II Tor 
Vergata) would allow patients recruitment for Phase I and II clinical trials.  
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All of the steps required for vaccine development, including antigen discovery and validation, 
vaccine formulation, preclinical studies in animal models and clinical trials in humans can be 
achievable by integrating know-how and facilities owned by private and public Institutions 
composing LVP. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Scientific projects 

The principal investigator and the collaborators behind the different projects of LVP have all 
worked for many years with many infectious disease caused by human pathogens, including 
parasites (Toxoplasma gondii and Plasmodium falciparum) bacteria (Mycobacterium tuberculosis 
and Streptococcus pneumoniae) and virus (HCV, HBV and HCMV).  
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Both private and public research institutes are currently working on different disease projects, 
producing each years several scientific publications and patent applications. Some projects are 
currently entering in Phase I clinical trials while others are under preclinical investigation or within 
the vaccine discovery and formulation stages. 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

Strategies for Industrial development 

Although annual deaths and lost years of healthy life from infectious diseases have decreased over 
the past decade, the worldwide impact from infectious diseases remains substantial. Overall, 
infectious diseases remain the second leading cause of death worldwide.  

 

 
 

Of the estimated 57 million deaths occurring wordwide annually, about 15 million, >25%, are 
directly caused by infectious diseases. Millions more deaths are due to secondary effects of 
infections. 
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In the United States, the Centers for Disease Control and Prevention has devised strategies to 
prevent, monitor, and contain disease outbreaks. Within the NIH, the National Institute of Allergy 
and Infectious Diseases (NIAID) is the lead agency for infectious disease research. Over the 10 
years, the NIAID budget has quadrupled; spending on emerging infectious diseases has increased 
from <$50 million in 1994 to >$1.7 billion projected for 2005.  

 

 

In the last decade, many International Foundations have provided a strong impetus for vaccine 
research and development. For instance, the Gates Foundation’s commitment to the Grand 
Challenges in Global Health, which was launched in 2003 to accelerate the discovery of new 
technologies to improve global health, has committed over $450 million to support more than 40 
projects on topics such as making childhood vaccines easier to use in poor countries. 

Leading causes of disability-adjusted life years (DALYs) due to infectious diseases (2002 
estimates). Lower respiratory infections, HIV/AIDS, diarrheal diseases, and malaria 
contribute to the most DALYs each year throughout the world. 
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With regards to the private sector, it is now evident that vaccine development is a growing business 
area. By focusing on Italy, the Novartis Vaccines of Siena is an excellent example of business 
investment in this field. Novartis Vaccines is one of the main suppliers of Unicef and PAHO and it 
collaborates with several international institutions, such as WHO and GAVI (Global Alliance for 
Vaccines and Immunization) actively contributing to the common goal of raising awareness and 
promoting access to vaccination in all Countries. In 2008, Siena Research Area will host a separate 
non-profit research institute working on the diseases of developing countries, the Novartis Vaccines 
Institute for Global Health (NVGH).  
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2. LVP TECHNOLOGICAL PLATFORMS 
 

 
ANTIGEN DISCOVERY 
 
·  IN-SILICO PREDICTION OF ANTIGENS  
 
·  ANTIGEN DISCOVERY BY LAMBDA-DISPLAY  
 
·  NEW APPROACH FOR IDENTIFYING ANTIGENS FROM INTRACELLULAR PATHOGENS  
 
·  A NEW TECHNOLOGY FOR T CELL ANTIGEN IDENTIFICATION 
 
·  INNATE IMMUNITY AND T CELL ACTIVATION 
 
 
VACCINE FORMULATION 

 
·  ASSIMMETRIC LYPOSOMES AS VACCINE ADJUVANTS  
 
·  ADENOVIRUS VACCINE VECTORS  

 
·  IN VIVO EVALUATION OF NEW VACCINES AGAINST INTRACELLULAR BACTERIA 
 
·  PRODUCTION OF RECOMBINANT SUBUNIT VACCINES IN PLANTS  
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IN-SILICO ANTIGEN PREDICTION  
 
Introduction  

Prediction methods for identifying HLA binding peptides could minimize the number of peptides required to 
be synthesized and assayed, and thereby facilitate the identification of potential T-cell epitopes for vaccine 
design. We developed a bioinformatic tool for the identification, enumeration and characterization of peptide 
binding epitopes to HLA molecules in whole genomes. The immunoinformatic platform is crossing whole 
genome protein sequences on HLA-peptide binding motif databases using an algorithm of quantitative 
implemented peptide biding motif analysis in order to identify high immunogenic proteins targeting T-cell 
immunity. The platform

 
enables the characterization of the immunogenicity of whole genomes, the 

identification in the genome of the (i) most immunogenic targets, (ii) T-cell epitopes and HLA-promiscuous 
multi-epitopic peptides in each single protein, (iii) the enumeration of epitopes recognized in the genome by 
single or by a couple of HLA-alleles miming the recognition at single subject level.  
We are also developing new prediction algorithms based on the full structures dataset available to date in the 
Protein Data Bank. 
 
Platform description 

The identification of T-cell epitopes in proteins have been accomplished through a variety of methods 
including fragmented proteins and/or “overlapping peptides” spanning the sequence of a given antigen. 
Large data sets are now available on peptides that bind HLA class I and II alleles, and algorithms for T-cell 
epitopes prediction have been developed and successfully used for the identification of peptides for diagnosis 
and vaccine design. They are based on different computation of the HLA peptide binding motifs and/or HLA 
supertypes or on the use of artificial neural network system using HLA binding data set. However, most of 
the facilities using these algorithms are working on single protein sequence or with limitation in the number 
of amminoacids that can be input. Thus, no system is freely available so far for T-cell epitope prediction of 
large data sets of proteins as well as for whole genomes.  
 
We developed a platform software the identification of peptide binding epitopes to HLA molecules in data 
sets of proteins as large as microbial genomes. The platform has been developed on LabView (National 
Instruments, US) using a graphic language. Basically, it is an open system in which two different databases 
are uploaded and crossed. The first input database is represented by the protein sequences that can be 
uploaded from a file in FASTA format. The software also includes  a search and a protein editing tool. The 
second database is represented by matrice(s) describing the peptide binding capabilities of the HLA alleles 
under analysis. The present version of the software is equipped with a set of 51 additional matrices for the 
quantitive implemented HLA-DR peptide binding profiles. 
 
The matrices database also includes the threshold values for different affinity levels as reported in the 
original packages. The distribution of the matrix results of all the 209 possible peptides that can theoretically 
bind  is automatically generated as well as theoretical affinity thresholds. An editing tool allows the addition 
of more matrices. The possibility to use multiplicative based HLA-peptide binding matrices and to analyze 
data sets for HLA class I with different lengths of the bound peptide is under development. It is possible to 
customize the analysis by selecting single/multiple proteins and HLA alleles among the set of data loaded, 
threshold and other parameters.  
 
The system generates all the possible nonamer peptides in a protein sequence and analyzes them on the 
HLA-peptide binding matrices in analysis. For each protein and each HLA allele, all the peptides presenting 
a permissive amminoacid (AA) in relative position P1 are stored in memory together with its matrix score 
and relative position. All the outputs are dynamically linked, i.e., selecting a protein or an HLA allele in an 
output window automatically the other outputs will show the results related to that protein or allele. Further, 
the outputs are in independent windows that can be dimensioned for a personalized view. 
 
Different analysis can be performed crossing the two databases. The main analysis is represented by the “N 
proteins vs N HLA-alleles”. A graphical output is generated in which each single row is representing an 
HLA allele and each single column is representing a protein. A color grade indicates the intensity of 
recognition of the protein for that allele. The graphical output can be zoomed for increasing resolution. A 
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text output linked with the graphical window is also generated in which HLA-alleles and proteins are ranked 
by the parameter in analysis.  
Finally, a “Genome report” giving information respects the expected values of epitopes and intensity of 
recognition for the alleles, sequence length and composition in analysis is provided. This analysis is of 
interest for comparing different sets of proteins or genomes. Further, the full data set can be exported directly 
into an Excel file.  
 
The “N proteins vs. 1 HLA-allele” graphic output is representing a particular of the previous analysis.  
 
The “1 protein vs. N HLA-alleles” is the analysis typically performed for the identification of promiscuous 
epitopes along a protein sequence. The graphical output reports as a color box the nonamer-epitope predicted 
for the threshold used in analysis per each HLA-allele. When overlapping epitopes are present, a proper 
color scale shows the overlapping area. By default, the best promiscuous nonamer is highlighted. A menu 
allows the change of the peptide fragment length permitting the identification of the best promiscuous 
peptide fragment up to a length of 30 aminoacids. The best promiscuous peptide sequence is reported at the 
bottom of the graph. 
 
The “1 protein vs. 1 HLA-allele” plots the threshold profile for the protein in analysis, which can assist the 
users in selecting an appropriate threshold for locating promiscouos binders. A text output is also generated 
with the list of the peptide epitopes for the threshold used, sorted by matrix score. Further, a window 
summarizes the results obtained for the protein and allele in analysis respects the theoretical distribution of 
all the possible bound peptides for the allele. 
 
Finally, the “N proteins vs. 2 HLA-alleles”, has been developed to mime the situation of T-cell epitope 
recognition per each HLA locus in a single subject. In fact, the analysis allows the identification of the 
common or different peptide epitopes of the two HLA alleles co-expressed by an individual. The main 
graphic output shows by dots the percentage of identical epitopes in each protein for the two HLA alleles. A 
bar graph in the background summarizes the results for the whole set of proteins. Other two graphical result 
windows can be generated. A first is describing the diversity of recognition, a graphic output in which the 
number of epitopes recognized in the whole protein set is represented by proportioned circles for each allele 
and the number of common epitopes is reported as an overlapped area. A second output represents the 
identification of promiscuous epitopes as in the “1 proteins vs. N alleles”, for the two selected alleles and for 
each threshold level allowing the identification of the epitopes that can be recognized commonly or 
differentially by the two HLA-DR alleles carried by an individual for a selected protein.   
 
In brief, the platform is intended for a comprehensive analysis of antigenic sequences, thereby assisting 
scientists working in a panel of different disciplines in particularly for the rapid identification of useful 
targets within a genome for the development of T-cell diagnostics, T-cell based vaccines and 
immunogenetics. 
 
 
Involved Scientists and Institutions 
 

Principal Investigator: Massimo Amicosante 
 

Department of Internal Medicine, University of Rome “Tor Vergata”: Massimo Amicosante, Marco Pallante, 
Silvia Contini. 
 

Department of Biology, University of Rome “Tor Vergata”: Andrea Cabibbo, Luciano Giaco’ 
 

Contact already established for further development and collaboration: Faculty of Pharmacy, Medical 
University of Sofia: Irini Doytchinova. 
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ANTIGEN DISCOVERY BY LAMBDA-DISPLAY  
 
Introduction 

Antibodies represent the primary defence line of the immune system in containing and preventing infectious 
diseases. Neutralizing antibodies can intercept a virus before its attachment to the target cell and this is based 
on the antibodies' specific recognition of epitopes, the sites of the antigen to which antibodies bind. Thus, 
identifying and understanding the antibody/antigen interaction provide the starting point for the rational 
design of preventive and therapeutic vaccines.  
So far, the classical approach to discover and produce B-cell antigens recognized by the human immune 
response to a pathogen infection was to generate monoclonal and/or polyclonal antibodies using either the 
whole pathogen extract or sub-cellular fractions as immunogens. Thus, the proteins recognized by specific 
antibodies could be identified by proteomic analysis and functional genomics, followed by antigen cloning, 
expression and purification. Finally, a detailed characterization of antigen function, localization and structure 
is performed. However, this standard approach presents some limitations as follows:  
• many sophisticated techniques and expertises are required and several years are often needed 
 before a prototype vaccine can be available for clinical trials; 
• animal antibody responses against a pathogen not exactly reproduces human responses, thus 
 implying that  antigen/epitope validation in humans is required; 
• recombinant antigens very often are not properly folded and/or efficiently expressed by the 
 available expression systems. 
Because of the above limitations, there is an urgent need to employ novel genome-based approaches able to: 
i) speed up the antigen discovery phase, ii) avoid the need of many sophisticated techniques and iii) reduce 
the cost of recombinant antigen production. 
 
The lambda display technology         

During the last decades, many efforts have been made to develop innovative technologies for antigen 
discovery and production, in both academic and industrial environments. Within the Lazio Region, a main 
research activity of Kenton S.r.l., a biotech research company owned by the Sigma-tau S.p.A. enterprise, has 
been focused to the development of new technologies of antigen discovery and further antigen engineering 
into recombinant products.  
To overcome limitations and constrains of the standard technologies, a wide genomic approach was 
employed by selecting the antigenic domains of pathogen’s proteins via a direct challenge of polypeptide 
libraries with the whole antibody repertoire of infected individuals. To minimize the cost of antigen 
production, a bacterial system was chosen for the entire process of cloning, selection and recombinant 
protein expression. In particular, new concept phage-display vectors have been developed for isolating wide 
arrays of antigens of human pathogens, such us protozoan parasites, bacteria, fungi and viruses. 
Phage-display technology is based on the insertion of foreign nucleotide sequences into genes encoding coat 
proteins of bacteriophages, resulting in a heterogeneous mixture of phage particles, each displaying a 
different amino acid sequence encoded by the corresponding DNA insert. The physical link between any 
displayed fusion protein and its encoding DNA makes the phage a selectable and identifiable target.  
The lambda bacteriophage was chosen for generating a display system where the endogenous protein 
fragments are fused at the amino terminus of the coat protein D. With this system, libraries with a 
complexity of 107-108 independent clones were easily constructed. 
To explore potential of lambda-display technology for antigen discovery, infection caused by the protozoan 
parasite Toxoplasma gondii was used as model disease. The affinity selection of lambda-display libraries of 
T. gondii DNA fragments with sera from infected individuals allowed the identification of large collections 
of antigenic regions of parasite proteins. The selected antigenic regions, further engineered into chimeric 
antigens, were successfully employed to develop DNA-based anti-toxoplasma vaccines. To further validate 
the lambda-display technology for antigen discovery, infections caused by Streptococcus pneumoniae and 
human cytomegalovirus (HCMV) were also investigated. This allowed the identification of novel antigens 
and immunodominant B-cell epitopes from both the bacterial and the viral pathogen.  
There are several advantages in using this technological platform over the classical approach as follows:  
• Quickness in antigen identification and cloning; 
• High versatile systems for antigen expression and purification; 
• Low production cost of recombinant antigens;  
• Production of chimeric proteins containing multiple regions of distinct antigens.  
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Institutions and principal investigators involved 

- Kenton S.r.l. c/o sigma-tau S.p.A. (PI: Dr. Nicola Gargano) 
- University of Rome “ La Sapienza” (PI: Dr. Paola Del Porto)  
- University of Naples “Federico Del Porto” (PI: Dr. Wilma Buffolano) 
 
Patent applications 

1. Gargano N., Beghetto E., Spadoni A., De Paolis F. - Recombinant antigens of human 
 cytomegalovirus (HCMV) - International Application N° EP071018642 - Date: February 7, 2007. 
2. Gargano N., De Paolis F. - Vaccine against Streptococcus pneumoniae infection - International 
 Application N° EP06126856 - Date: December 21, 2006. 
3. Gargano N., Beghetto E., Spadoni A. – Chimeric recombinant antigens of Toxoplasma  gondii – 
 International Application N° PCT/05005065.7 – Date: March 8, 2005.  
 Patent number: WO 2006094665. 
4. Gargano N., Beghetto E., Di Cristina M., Felici F. - Antigen fragments for the diagnosis of 
 Toxoplasma gondii - International Application N° PCT/IT03/00162 – Date: March 7, 2003. 
 Patent number: WO 03080839. 
5. Gargano N., Felici F., Di Cristina M. - Frammenti antigenici di Toxoplasma gondii, metodo per  il 
 loro ottenimento, loro uso in kit diagnostici e per la preparazione di vaccini – Italian Application 
 N° RM2002A000568 Date: Nov. 13, 2002. 
6. Gargano N., Beghetto E., Felici F. – Frammenti antigenici per la diagnosi dell’infezione da 
 Toxoplasma gondii, metodo per il loro ottenimento, loro uso in kit diagnostici e per la  preparazione 
 di vaccini – Italian Application N° RM2002A000159 Date: Mar. 21, 2002. 
7. Felici F., Gargano N., Minenkova O., Monaci P. – Detection of infectious agents using  antigen 
 mimics - International Application N° PCT/IT00/00442 Date: Nov. 7, 2000.  
 Patent number:  WO 0237115. 
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NEW APPROACH FOR IDENTIFYING ANTIGENS FROM INTRACEL LULAR 
PATHOGENS  
 
Introduction  

Many human bacterial, viral and protozoan pathogens adopted a survival strategy which allow them to hide 
themselves from the host’s immune system by replicating inside host’s cells. These intracellular pathogens, 
modified to survive in the hostile environments of phagocytes, do modulate their gene expression 
accordingly. Host-pathogen interactions involve protein expression changes within both the host and the 
pathogen. An understanding of the nature of these interactions provides insight into metabolic processes and 
critical regulatory events of the host cell as well as into the mechanisms of pathogenesis by infectious micro-
organisms.  Intracellular pathogens can also change their proteome to adapt to the host cell and escape from 
immune surveillance, or can incorporate cellular proteins to invade other cells. The identification  of the 
genes, and therefore of the proteins employed by those pathogens to survive inside the host’s antigen 
presenting cells, provide important information in respect with their antigenic in vivo repertoire . Such a 
knowledge can be used to design immunodominant peptides for both T (CD4 and CD8+) and B (IgG, IgA, 
etc) host’s cells, by means of a bio-informatic approach. Subsequently the T and B peptides are used either in 
the design of innovative diagnostic tests, or in the development of new vaccines. We have recently used such 
an approach to study the M.tuberculosis gene expression profile inside human phagocytes, which brought to 
the effective identification of relevant in vivo expressed M.tuberculosis antigens, which resulted to be 
immunodominant for TB patients T and B cells. Therefore we have the complete technological and scientific 
know-how to utilise the very same approach to other, epidemiologically relevant, intracellular pathogens.    
 
 
Platform description 
The pathogen profile (figure 1) and the host-pathogen interaction (figure 2)  description proceed as follow. 
 
Phase I.  
- Intracellular pathogen relevant scientific literature study;  
- Establishment of the experimental model of infection (human cells, MOI, time period, etc);  
- Information collection about genome sequence availability 
 
Phase II. 
- Pathogen culture in vitro and preparation of a frozen stock whit a known titre . 
- Human cells infection  
- Total RNA extraction, cDNA synthesis, and macro or microarrays profile (according to those commercially 
available, or necessity to custom made ones) 
- Quantitative real time RT-PCR confirmation of in vivo modulated genes (which means over- and  under-
expressed genes as compared to synthetic medium culture), as depicted in figure 3. 
 
Phase III 
- Statistical analysis of microarrays data 
- Selection of the most significantly modulated genes in vivo 
- Design of T (CD4 and CD8+) and B cells peptides on selected genes 
- Peptides synthesis 
 
Phase IV 
- Population study 
- ELISpot assays on whole blood T cells (peptides for CD4 and CD8+ ones) 
- ELISA assay for antibodies detection against B peptides 
- Data analysis and statistics 
 
Phase V 
- peptides selection to set-up a new immunologic diagnostic test on whole blood (T cells) 
- peptides selection to set-up a new immunologic diagnostic test on sera (B cells) 
- Intellectual property protection 
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Figure 1. Pathogen profiling example (M.tuberculosis analysis)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.  Summary scheme of the principal steps in the host-pathogen interaction study 
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Figure 3. Sequential analysis of the gene, protein, metabolite repertoire of a data pathogen, to arrive to 
describe the clinical outcome due to its infection of the host. The platform starts from Transcriptome level, 
and could proceed to further steps. 
 
 
Involved Scientists and Institutions 

INMM-CNR, Rome, Italy 
Biology Department, University Tor Vergata, Rome, Italy 
 
 
Patent applications 

Domanda di Brevetto depositata all’Ufficio Brevetti Italiani e Marchi N° RM2003 A000411,  il 29/8/2003. 
Deposito Domanda Brevetto Internazionale (PCT) in data 25 Agosto 2004, N° PCT/IT04/000471.  
Titolo: “Uso di sequenze geniche specifiche di Mycobacterium tuberculosis e corrispondenti proteine per la 
diagnosi e la prevenzione di infezione tubercolare ”  
Titolari: Consiglio Nazionale delle Ricerche 
Inventori: Francesca Mariani, Giulia Cappelli, Vittorio Colizzi. 
 
Domanda di Brevetto depositata all’Ufficio Brevetti Italiani e Marchi N° RM 2005 A 000544 del 4/11/2005 
Titolo: Uso di peptidi marcatori di sopravvivenza di M.tuberculosis per la diagnosi e la prevenzione di 
infezione tubercolare e relativo kit diagnostico. 
Titolari: Consiglio Nazionale delle Ricerche, Università Tor Vergata 
Inventori: Francesca Mariani, Cesare Saltini, Vittorio Colizzi, Giulia Cappelli, Manuela Grassi, Massimo 
Amicosante.  
 
Domanda di Brevetto depositata all’Ufficio Brevetti Italiani e Marchi N° RM2006 A 000080 il 17/2/2006 ( 
Rif.: CNR 1708 VACCINO TBC )  
 
Titolo: Peptidi antigenici per la diagnostica e la vaccinazione anti-tubercolare  
Titolari: Università di Roma “Tor Vergata”-Consiglio Nazionale delle Ricerche 
Inventori: Massimo Amicosante, Larbi Baassi, Giulia Cappelli, Vittorio Colizzi, Rajae El Aouad, Francesca 
Mariani, Khalid Sadki, Cesare Saltini, Fouad Serhgeouchni 
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A NEW TECHNOLOGY FOR T CELL ANTIGEN IDENTIFICATION  
 
Introduction 

The generation of effective cellular immune responses is key to the survival against intracellular pathogens 
and critical for vaccination strategies aimed to protection against initial and repeated infections. Cellular 
immune responses involve helper and cytotoxic T lymphocytes. Thus, the identification of antigens and 
immunodominant T cell epitopes involved in protective immunity represents an important prerequisite for 
the rational design of prophylactic and therapeutic vaccine strategies. 
 
Presently, various approaches have been established for the identification of peptide epitopes recognized by 
cytotoxic T lymphocytes (CTL). One of these approaches relies on the availability of prediction algorithms 
for putative Human Leucocyte Antigen (HLA) binding peptides. However, the successful use of this analysis 
depends on a previous characterization of the restricting HLA molecule of a T cell response and it is limited 
by the lack of available algorithms for all HLA molecules. Moreover, the number of peptides that have to be 
synthesized and tested in functional assays can be very high when a new immunodominant CTL epitope in 
large polypeptides needs to be identified. 
  
Another approach relies on the use of pools of overlapping peptides spanning the entire coding region of an 
antigen; the application of this method to different human diseases has led to the identification of different 
CTL epitopes derived from viral antigens. However, with this approach a large number of peptides needs to 
be assayed with large volumes of blood samples from infected individuals. 
 
In view of the above considerations, there is an urgent need to develop innovative technologies for the 
discovery of novel antigens targeted by CTLs.  
  
A novel approach for the identification of immunogenic determinants for cytotoxic T cells 

Over the past five years there has been a series of technical and conceptual advances that have substantially 
improved T-cell assays. Standardized quantitative assays such as enzyme-linked immunosorbent spot 
(ELISPOT) assays which enumerate interferon-gamma (IFN-g) and interleukin-2 (IL-2) secreting T cells, 
have been developed.  Moreover, the use of polychromatic flow cytometry has enabled the simultaneous 
assessment of several T cell functions including the secretion of cytokines and chemokines, the cytotoxic 
potential (measured by perforin expression and degranulation activity) and T-cell proliferation (using the 
fluorescent dye 5,6-carboxyfluorescein diacetate succinimidyl ester, CFSE).  
These T-cell functions are generally assessed following antigen specific stimulation and among the different 
antigen formulations, such as recombinant proteins, single synthetic peptides and overlapping peptide, 
analysis of peptide pools represent the most frequently used approach.  
 

Recently, it has been shown that 5’ capped poly-adenylated RNA encoding an antigen of interest can be 
introduced into autologous antigen presenting cells to detect and quantify antigen specific CD8+ T cells. This 
method relies on the in vitro transcription of mRNA using as templates DNA vector cassettes followed by 
mRNA electroporation into professional antigen presenting cells such as dendritic cells (DC antigen 
presentation) to be used in quantitative T cell assays. Moreover, such a method provides a number of 
advantages as follows: 

1) the immediate translation of the mRNA in the cytosol enabling the use of non-dividing cells; 
2) the high expression of transfected antigens in all cells and the physiological composition of  naturally 

processed polypeptides; 
3)  the antigens are presented by professional antigen presenting cells (APC).  
 
During the last years, a main topic of the proposal laboratory (Department of Cellular and Developmental 
Biology Sapienza University Rome) has been focused on the use of “DC antigen presentation” combined 
with a genomic approach for antigen discovery of human pathogens (e.g. the lambda display technology). 
This combined approach is based on a preliminary molecular characterization of the candidate T cell 
antigens using the phage display technology followed by the identification of CTL epitopes by DC antigen 
presentation. 
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To explore potential of DC antigen presentation for T cell epitope discovery, infection caused by the 
protozoan parasite Toxoplasma gondii was used as a model system of human chronic diseases. In particular, 
the immunogenic properties of T. gondii antigens in humans have been deeply analyzed, and the ability of 
candidate antigens to confer protective immunity in a murine model of chronic toxoplasmosis has been 
investigated. Finally, the immunological dysfunction associated with chronicity for immunodominant T cell 
epitopes has been assessed in patients with congenital or acquired infection. 
 
 
Institutions and principal investigators involved  
 
- University of Rome “ La Sapienza” (PI: Dr. Paola Del Porto)  
- Kenton S.r.l. c/o sigma-tau S.p.A. (PI: Dr. Nicola Gargano) 
- University of Naples “Federico II” (PI: Dr. Wilma Buffolano) 
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INNATE IMMUNITY AND T CELL ACTIVATION 
 
Introduction 

Immunomodulation is one of the major goals of modern pharmacological research considering the high 
biological activity of immune cells and the large number of diseases whose pathogenesis consists of 
disregulation of the immune system.  
Among innate immune cells, gamma delta T cells (gd T cells) have shown to play many important roles in 
eliciting a protective response.�gd T cells expressing Vg9Vd2 receptors (2-10% of total circulating 
lymphocytes) are present only in humans and some primates and represent the main population of circulating 
T cells that can be efficiently and massively activated.  
Vg9Vd2 cells crossreact to both endogenous and bacteria-derived ligands: endogenous self ligands are 
generated in the mevalonate metabolic pathway and accumulated in stressed and tumour cells while different 
active non-peptidic ligands are produced by many types of bacteria. The combination of all these 
characteristics (large number, prompt activation and endogenous/bacteria derived ligands cross-reactivity) 
suggested that Vg9Vd2 population may exert an important function as sentinel cells activated during 
infections and tumour development. 
The first clinical evidence for in vivo manipulation of human Vg9Vd2 T lymphocytes came from 
aminobiphosphonates. Aminobiphosphonates are indirect inducers of Vg9Vd2 responses via inhibition of an 
enzyme of the mevalonate pathway (farnesyl-pyrophosphate synthase), which leads to accumulation of IPP 
metabolite, a weak agonist of Vg9Vd2 T cells.  
On the other hand biphosphonates can’t be considered ideal drugs to induce in vivo Vg9Vd2 activation: they 
are active in the micromolar range, they rapidly bind to bone tissue with a very long half-life,  they block the 
mevalonate pathway with undesired effects. 
These observations guided the development of novel synthetic phosphoantigens able to selectively stimulate 
Vg9Vd2 T cells. Few synthetic compounds have been described in literature and up to date only BrHPP 
(Phosphostim by Innate Pharma, a french biotech) is in phase II clinical evaluation in renal cell carcinoma, 
lymphoma non-Hodgkin and myeloid chronic leukemia.  
Unfortunately this molecule shows serious drawbacks from a therapeutic perspective as 
pyrophosphomonoesters are likely to be rapidly dephosphorylated under physiological conditions; 
phosphatases can quickly cleave the phosphate groups resulting in a significant loss of activity. 
Therefore Vg9Vd2-targeted immunotherapy represents one of the most innovative strategy in cancer and 
infectious disease and the discovery of new chemical entities with a suitable pharmacological profile and an 
high stimulating potency is one of the most attractive goal. 
 
gdgdgdgd-oriented Drug Discovery Platform 

The aim of the gd-oriented Drug Discovery Platform is to identify and develop new chemical entities (NCE) 
that efficiently stimulate human early immune responses. The Platform will join together Companies and 
Research Institutions that will focus their expertise on developing the technologies, knowledge and processes 
for the design and optimisation of NCE with immunodulatory activity. The aim is to translate NCE into drug 
candidates targeting TCR gd cells, thus exploiting their enormous potential in immune defence. 
C4T S.C.a r.l. is a biotech drug discovery research company focused on hit identification and lead 
optimisation processes using innovative computational and combinatorial chemistry approaches. The 
Company, founded in 2002 is a joint venture between Tecnofarmaci, University of Rome "Tor Vergata" and 
other investors.  
C4T has optimised innovative technologies to design and synthesise Vg9Vd2 activators generating a library 
of NCE able to selectively stimulate TCR gd cells (WO2007/099117A1). The main features of the new class 
are (i) high potency and (ii) in vitro high stability measured as resistance to phosphatases degradation.  
C4T has built an innovative technological platform to design and synthesise NCEs. Excellent academic 
research units (University of Rome "Tor Vergata", INMI L. Spallanzani, Ospedale San Pietro 
Fatebenefratelli and Fondazione Santa Lucia) supported the drug discovery process by carrying on the NCE 
in vitro evaluation.  
C4T rational drug design for new potent TCR gd ligands involve two different computational approaches. A 
direct approach, based on the crystal structure of the TCR Vg9Vd2 of the T cell clone G115 includes the 
identification of putative antigen-binding sites on the receptor. Computational methods can give indications 
on binding regions by homology or interaction sites by finding steric strain or other types of high energy 
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conformations or through identification of clefts that might accommodate ligands. The PASS software based 
on a genetic algorithm will be used for this aim. Hypothetical binding sites on the TCR gd have been 
identified and molecular docking experiments on these regions can be performed using well validated 
docking software (e.g. Gold, Autodock, Moe, Amber).  
To validate the method preliminary virtual libraries of potential ligands are generated and screened in silico. 
Additionally, an indirect approach for the design of new chemical entities involves the pharmacophore 
hypothesis generated from the known active compounds (ligand-based drug design) and/or from the 3D 
structure of the target (ligand/structure based drug design) (see Fig.1). QSAR and 3D-QSAR techniques are 
used to define pharmacophore models or rationalize our finding. A search for new scaffolds mimicking 
pyrophosphate group or bioisosters of pyrophosphate (hydrolysable or not) on our 3D molecular database 
(MODA, an in house developed database containing 3 millions of compounds) will be carried out. The better 
in silico pre-screened compounds will constitute the elements of a number of focused libraries that will be 
synthesised. These approaches will be used to optimize the drug discovery process and thus to identify new 
analogues of our patented compounds. 
 
 

 
 

Figure 1. Schematics of a database search approach based on a pharmacophore model 
 
The NCEs selected by in silico design are synthesised using parallel synthesis methodologies, followed by 
rigorous analytical characterisation. An innovative and efficient solid phase approach for the synthesis of 
pyrophosphate or pyrophosphate-like compounds has been developed at C4T. This new methodology allows 
the synthesis of a discrete number of compounds, thus speeding-up the classical synthetic procedure and the 
purification steps. 
 
Screening – In vitro biological Assays: C4T and the partner research units will validate in vitro the functional 
activity of NCEs on human Vgamma9Vdelta2 T cells, allowing the identification of a new, more stable 
compound. Aim of this step will be therefore to evaluate the newer compound efficacy by standardized in 
vitro bioassays measuring activation of Vgamma9Vdelta2 T cells. These tests will assess agonist activities of 
candidate NCE, in order to identify new more active compounds. Gamma/delta T cells are the first immune 
cells able to directly respond to environmental stimulation, and their effect is mediated by pro-inflammatory 
cytokine synthesis. Thus, NCE will be assayed for the ability to induce both Vgamma9Vdelta2 T cell 
replication and Th1 cytokines release by standard high-throughput assays. In particular, the aim will be to 
study the following in vitro effects of NCE-mediated Vgamma9Vdelta2 T cell activation: 
1. Vgamma9Vdelta2 T cells proliferation 
2. Modulation in Vgamma9Vdelta2 T cells differentiation pattern  
3. Vgamma9Vdelta2 T cells synthesis of Th1 cytokines (TNF-alpha, IFN-gamma). 
NCEs with optimal biological activity and good safety levels will be forwarded to be used for infection-
related biological tests. 
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The study will performed on anonymous blood donor "buffy coat" residual samples. 
·  Intervention(s)/Analytical procedures 

PBMC isolation. Peripheral Blood Mononuclear Cells (PBMCs) will be isolated from "buffy coat" blood 
donor peripheral blood samples by density gradient centrifugation using Lympholyte-H. 
NCE-induced in vitro gamma/delta T-cell activation NCE will be tested in vitro in scala doses (10M, 100M, 
1mM) on gamma/delta T-cell activation in blood donor PBMCs in comparison to IPP (20ug/ml) or 
Zoledronic Acid for 18 hours in presence of Il-2 (100U/ml). Brefeldin-A will be added after 1 hour of culture 
to allow intracellular cytokines accumulation. 
- FACS analysis 
The following FITC-, PE-, PerCP- or APC- conjugated antibodies will be used: CD25, CD69, CD27, 
CD45RA, CD62L, CCR7, NKG2D and Vdelta2 will be used for direct immunofluorescence staining to 
characterize the phenotype of gamma/delta T-cells. Vdelta2 T cell proliferation will be assesses by CFSE. 
Isotype-matched mAbs will be used in all experiments as controls. Briefly, the cells will be washed twice in 
PBS, 1% BSA and 0.1% sodium azide and stained with the mAbs for 15 min at 4°C. For intracellular 
staining to characterize Vdelta2 T-cells producing cytokines, the following PE and APC - conjugated anti-
TNF-alpha and anti-IFN-gamma monoclonal antibodies will be used. Briefly, after surface staining, the cells 
will be fixed with 1% paraformaldehyde, permeabilized and stained with anti human cytokines. After 
staining, the cells will be washed and analyzed using cytofluorimeter. 
- ELISA 
The supernatants of gamma/delta cultures will be collected after 18 hours and stored at -70°C. The cytokines 
IFN-gamma and TNF-alpha will be measured by ELISA. 
- EC50 determination 
For EC50 determination, TNF- alpha release capability measured by ELISA will be used. 

·  Indicator(s) 
Effective NCEs will be identified by the ability to induce Vgamma9Vdelta2 activation/expansion at the 
lowest EC50, and will be forwarded to other Units in order to evaluate NCE-induced capability on 
Vgamma9Vdelta2 T cells. 
In particular, Gamma/delta T cell responses will be evaluated by cell proliferation and Th1 cytokine 
production (TNF-alpha and IFN-gamma) measured as intracellular flow cytometry. 
Gamma/delta T cell differentiation profile will be evaluated by flow cytometry. 
- Statistical analysis 
Experimental data results will be analyzed by standard non-parametric statistical methods. 
 
The strong expertise of all these organizations and a tight collaboration between them will allow to speed up 
each of the following steps that characterize the gd-oriented Drug Discovery Process (Fig.2). 

 
 

Figure 2. gdTcell platform 
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Institutions and principal investigators involved  
 
- C4T S.C.a r.l. (PI: Dr. Alessandra Topai) 
- Unit Immunopathology - Research Centre – San Pietro Hospital “Fatebenefratelli” (PI: Giorgio Mancino 
Ph.D)  
- Lab. Neuroimmunology – Santa Lucia Foundation (PI: Luca Battistini MD) 
 
 
Patent applications 
 
1. Breccia P., Angeli F., Colizzi V., Pinza M., Poccia F., Topai A. Thiopyrophosphate organic compounds, 
method for preparing thereof and compositions containing them. International Publication number: WO 
2007/099117 A1.  
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ASIMMETRIC LYPOSOMES AS VACCINE ADJUVANTS 
 
Introduction 

Second lipid messengers are the essential intermediates linking extracellular stimuli—via receptor activation, 
to the required intracellular response, such as those seen in terms of proliferation, gene expression, mobility 
and vescicle trafficking. In this context, second lipid messengers (e.g. Phosphatidic acid, Sphingosine 1-
phosphate, Lysophosphatidic acid) participate in the maturation of phagolysosomes and promote the transit 
of mycobacteria in MHC class II compartments, and are hence involved in the activation of host 
antimicrobial innate immune response and of antigen processing/presentation. Moreover, intracellular 
microbes, or their molecular pathogenetic components, often interfere with host antimicrobial molecular 
pathways by inhibiting enzymes involved in second lipid messenger production as a strategy for intracellular 
survival. In this context, both M. tuberculosis and M. bovis BCG have been reported to survive 
intracellularly, to inhibit phagolysosome maturation and to promote intracellular sequestration of immature 
class II heterodimers in a way which is mediated by the mycobacterium induced inhibition of phospholipase 
D dependent phosphatidic acid production. Thus, the recovery of intracellular signalling underlying antigen 
processing/presentation activity (e.g. PLD) following BCG vaccination can be useful for the improvement of 
live vaccines like BCG.  
 
 
Platform description 

A novel strategic approach for the improvement of antigen specific immune response is to vehicle  second 
lipid messengers, in association with live vaccines and/or virulence associated antigens, with the aim to 
improve antigen processing and presentation capability of antigen presenting cells.  
In this context, asymmetric liposomes have been designed to present different natural phospholipids and/or 
microbial components (e.g. lipid A), at the outer side of lipid bilayer, and second lipid messengers (e.g. 
phosphatidic acid) able to restore or bypass molecular pathways inhibited by intracellular pathogens (M. 
tuberculosis) or by live vaccine (e.g. BCG), at the inner side of lipid bilayer (Fig.1). Briefly, the liposomes 
are prepared by assembling two, independently prepared, monolayers suspended in two different emulsion 
phases which are subsequently distributed on an aqueous phase. 
 
 
 

 
                 Fig. 1 
 
 
Our results show that asymmetric liposomes i) are efficiently pagocytosed by Antigen presenting cells, ii) 
induce intracellular Ca++ mobilization, iii) did not exert any in vitro toxic effect, iv) promote Ca++ dependent 
phagolysosome maturation in M. tuberculosis-infected macrophages, and v) induce intracellular 
mycobacterial killing. 
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This strategy may represent a versatile technological platform in which different second lipid messengers 
may be incorporated in liposomes in order to enhance or recover particular cellular responses (e.g. antigen 
processing/presentation and/or pro-inflammatory immune response). Moreover, the delivery of second lipid 
messengers, through these liposomes, allows to more precisely target antigen presenting cells, through 
external lipid A component. Furthermore, the incorporation of bioactive lipids inside liposomes can avoid 
the generalized activation of bystander cells which may occur when bioactive lysophospholipids, like 
Sphingosine 1-phosphate or Lysophosphatidic acid, are used due to their both intracellular and extracellular 
mode of action, by widely distributed cognate receptors. Finally, liposomes with asymmetrically distributed 
phospholipids, described in the present technological platform, coupling the needs to use phospholipids for 
both liposome scaffold and the activation (or inhibition) of particular signal transduction pathways, may 
overcome frequent problems associated with incapsulation procedures. 
 
 
Involved Scientists and Institutions 
 
Dr. Maurizio Fraziano, Department of Biology, University of Rome “Tor Vergata” 
Prof. Marco De Spirito, Institute of Physics, Catholic University of S. Heart “A. Gemelli” 
 
 
Patents 
 
Fraziano Maurizio, Marco De Spirito, Emanuela Greco, Gianluca Quintiliani. Asimmetric liposomes and 
their use in medical field. Patent N. RM2007A000394 – deposited on July 16th, 2007 
 



 25

ADENOVIRUS VACCINE VECTORS  
 
Introduction  

No vaccine is currently available for chronic infectious diseases like Malaria, HIV, HCV, TB. 
Classical vaccine approaches based on recombinant proteins (subunit vaccines) are capable of eliciting 
neutralizing antibodies which prevent infection of target cells. However, in those cases where the infecting 
pathogen can efficiently mutate the antigenic determinants of neutralization, vaccine induced B-cell 
responses are not effective. This is particularly true for those microorganisms that have a rapid kinetic of 
target cell infection and spread, requiring high titers of neutralizing antibodies to be maintained to achieve 
long-life protection. 
Therefore, in these cases, a protective immune response should include a strong component of cellular 
immunity including T helper CD4 cells (Th1) for increased and more sustained humoral response and 
cytotoxic CD8 T-cells capable of eliminating infected cells. 
Genetic vaccines (ie. naked DNA and viral vectors) elicit significant Th1 CD4 responses and are more 
efficient inducers of CD8 T-cells than peptide-based vaccines because they allow the antigen(s) to be 
expressed endogenously by the vaccine transduced cells resulting in a more efficient presentation on MHCI 
molecules. 
Among the different genetic vaccine vectors, replication defective viral vectors present the advantage of 
being safe while at the same time they efficiently transduce target cells in vivo resulting in more potent and 
frequent immune responses in humans than naked DNA plasmids. 
 
We are developing a platform technology for vaccine delivery based on novel replication deficient 
Adenovirus vectors to be used alone or in combination with other vaccine approaches (subunit vaccines, 
peptides, naked DNA, VLP, other viral vectors) in heterologous prime/boost regimens of immunizations to 
elicit a full spectrum of B- and T-cell immune responses. 
 
Novel Rare Adenovirus vectors: platform technology 
 
Adenovirus vectors are the vectors of choice for genetic vaccine delivery because they possess a number of 
desirable properties: i) capability to infect replicating as well non replicating cells ii) broad tissue tropism iii) 
ease of propagation in cell culture to high titers iiii) very inexpensive manufacturing process. Most 
importantly, head-to-head comparison with all the other vectors used for gene delivery (poxviruses MVA 
and ALVAC, VEE, naked DNA) clearly showed that Adenovirus vectors are the most potent delivery system 
for eliciting a T-cell mediated immune response against the encoded antigen(s). 
However, most of the human population has been infected by Adenovirus, and has antibodies that inactivate 
the most common human Adenovirus strains. This pre-existing immunity is a major obstacle that strongly 
decreases the immunological potency of human Adenovirus vectors. 
Okairòs solution to the problem of anti-human Adenovirus pre-existing immunity has been to develop a 
vector system based on Adenovirus isolated from chimpanzees. Chimpanzee Adenoviruses are of particular 
interest for many reasons. They are strongly related to human Adenoviruses, showing a high degree of DNA 
homology (80-95%) and similar genomic structure. In addition, the prevalence of antibodies capable of 
neutralizing chimpanzee Adenoviruses is very low or absent in the human population. 
We have isolated a large number of Adenovirus strains from chimpanzees (more than 2000) and have 
screened them for a number of properties including productivity, biochemical tractability, seroprevalence 
and immunological potency. The results of this extensive screening led to the identification of a subset of 
different Adenovirus serotypes from chimpanzees, from which we have constructed replication defective 
viral vectors with the following properties: 

- high productivity in the packaging cell lines accepted by regulatory agencies (ie.: 293,  
  PerC6®) 
- good biochemical properties compatible with large scale purification process 
- low/no seroprevalence of neutralizing antibodies in the human population 
- high immunological potency (ie.: comparable to human Ad5) tested in both rodents  
  and non human primates 

 
All Okair� s chimpanzee Adenovirus vectors derive from cloned genomes propagated in E. coli allowing 
exclusion of any risk of contamination with adventitious agents.  The Okair� s vectors are rendered defective 
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for replication by deleting the E1 genes, where the transgene cassette is located. Additional deletion of the 
E3 region further increases the safety of the vectors while increasing the capacity for inclusion of antigenic 
sequences. 
 
The large number of chimpanzee derived Adenovirus vectors with the above described features that we have 
isolated so far (> 20), represents a large collection of non cross-reactive vectors that can be exploited for 
several vaccine applications, as well as for the design of a vaccination strategy based on heterologous prime-
boost modality to maximize immunization strength. 
 
We recently obtained regulatory approval for testing Malaria and HCV candidate vaccines based on the 
chimpanzee Adenovirus vector technology in Phase I study for safety and immunogenicity. 
 
Institutions and principal investigators involved  
 
Osp. Maggiore Mangiagalli e Regina Elena, Italy (prof. Ferruccio Bonino) 
Erasmus Medical Centre, The Nethereland (prof. Albert Osterhaus) 
Univ. of Ghent, Belgium (prof. Geert Leroux) 
Univ. of Birmingham, UK (prof. Jane McKeating) 
Johann Wolfgang Goethe University, Germany (prof. Stefan Zeusem) 
Univ. of Gdansk, Poland (Krystina Biekowskaia) 
Univ. of Oxford, UK (prof. Adrian Hill, prof. Paul Klenerman) 
DIAGSERA, Egypt (Dr. Sayed Abdelwahab) 
The Johns Hopkins University, US (prof. Andrea Cox, prof. David Thomas) 
NIH, US (Dr. Barbara Reherman) 
Columbus Children's Research Institute, US (Prof. Chris Walker) 
 
Patent applications 
 
1. Emilio A Emini, David C Kaslow, Andrew J Bett, John W Shiver, Alfredo Nicosia, Armin Lahm, 
Alessandra Luzzago, Riccardo Cortese, Stefano Colloca. Merck & Co. Inc. Hepatitis C Virus Vaccine. 
WO03/031588 A2. 17 April 2003. 

2. Agostino Cirillo, Stefano Colloca, Bruno Bruni Ercole, Annalisa Meola, Alfredo Nicosia, Elisabetta 
Sporeno. IRBM P. Angeletti S.P:A.. WO2005/071093 A2. 4 August 2005. 

3. Armin Lahm, Stefano Colloca, Antonella Folgori, Alfredo Nicosia. S.P:A.. Hepatitis C Virus Nucleic 
Acid Vaccine. WO2006/133911 A2. 21 December 2006. 
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IN VIVO EVALUATION OF NEW VACCINES AGAINST INTRACEL LULAR BACTERIA  
 
Introduction  

The last few years have seen a new renaissance in the quest for a new vaccine and research in the field led to 
the development of new experimental vaccines, some of which provided promising results in preclinical 
animal model and for these reasons are now undergoing clinical trials.  Several strategies to identify a new 
vaccine have been tested  For instance, M. tuberculosis strains have been attenuated by allelic exchange by 
inactivating genes essential for growth in vivo.  Recombinant BCG strains expressing immunodominant 
antigens or genetically manipulated to facilitate antigen processing and presentation have been designed to 
increase immunogenicity.  Moreover, subunit vaccines expressing recombinant M. tuberculosis antigens as 
fusion proteins are another attractive options.  Likewise, DNA vaccination and immunization strategies that 
use viral vectors have been proposed as valid options. 
 
All the experimental vaccines have been tested in relevant animal models and their anti-TB activity 
compared to that induced by BCG.  The mouse model of TB is widely used because is not too expensive and 
the results obtained are usually confirmed in higher animal models such as guinea pigs and rabbits and  
vaccine-induced activity is measured by the reductions in tissue colonization and tissue damage.  It is 
frustrating that none of the new experimental vaccine tested have performed significantly better than BCG, 
including those that are undergoing human clinical trials.  It would be very important to learn the activity of 
these new vaccine in the foreseen clinical trials. 
  
Another big issue in the quest for a vaccine against TB is that we ignore the immunological correlates of 
protection.  Lack of information on the antigens, type and strength of the cellular immune response have 
hampered research and for these reasons investigations on a new vaccine is largely empiric 
For all these reasons it is very important to have the availability of a technological platform for the proper 
evaluation of the new vaccines against TB develop. 
 
Platform description 

To enter Phase I/II clinical trials a new vaccine against TB must be effective in relevant animal models of 
TB.  Four animal models of TB have been characterized (mouse, guinea pig, rabbit and non-human primates) 
and are used to assess vaccine protective activity.  Unfortunately, lack of correlates of immune protection 
and the complex immunopathogenesis of the disease do not allow for an easy translation of the results into 
human studies.  For instance, testing of BCG in two different strains of monkeys has been shown to produce 
completely different results in terms of protection.   
 
The mouse model of pulmonary TB has been extensively used to test new vaccines against TB. Mice do 
neither develop caseous necrosis nor cavitation and are more resistant to M. tuberculosis infection than guinea 
pigs. Nevertheless, a large amount of data indicates that vaccines that work well in mice are commonly 
effective in more relevant models of TB and can feasibly be selected to enter clinical trials. Compared to 
other pre-clinical models of TB, the mouse model is economic and allows a rapid assessment of vaccine 
effectiveness. Furthermore, the availability of immunological tools makes it easier to characterize the host 
immune response and to define correlates of immune protection. 
 
C57Bl/6 mice are vaccinated according to the different vaccination strategies.  BCG vaccination, used as a 
positive control, consists of injecting s.c. 5x105 CFU/mouse of the BCG Pasteur strain at least 10 weeks 
before challenge.  Following a rest period mice are aerogenically challenged with a low-dose (50-200 CFU) 
of a virulent M. tuberculosis strain using a Glas-Col chamber.  Protective activity is assessed at 28 and 70 
days post-infection, by assessing lung and spleen colonization by CFU counting in vaccinated and control 
mice.  Usually BCG vaccination provides a 1-1.5 Log CFU reduction and 1.5-2 Log CFU reduction over 
control animal in the lungs and spleens, respectively.  Experimental vaccines that are entering clinical trials 
gave similar results in the mouse model, indicating that these assays may be useful to assess vaccine 
protective activity.  Though histological lesions in mouse lungs are different from those seen in guinea pigs 
and rabbits, histopathological analysis of infected lungs provides important information for a proper 
characterization of a vaccine’s protective activity. 
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The mouse survival assay offers a better window to assess vaccine efficacy.  In this case, mice are 
aerogenically challenged with larger doses (1-3x103 CFU/mouse) of a virulent strain.  An effective vaccine 
should provide a significant extension in the median survival time over non-vaccinated mice. 
 
Using these models we plan to test vaccination strategies that include prime-boost regimens that may be 
useful to assess the possibility to improve immunogenicity of experimental vaccines and/or to see whether 
these new vaccines can boost anti-TB immunity in mice that have been previously vaccinated with BCG. 
Overall, the mouse model of TB is a well characterized and widely used model to test vaccine protective 
activity against TB. 
 
Involved Scientists and Institutions 
 
Università Cattolica del Sacro Cuore, Roma 
Prof. Giovanni Delogu, Prof. Giovanni Fadda, Dr.ssa Michela Sali, Dr.ssa Antonella Zumbo, Dr.ssa Sandra 
Clarizio 
Dr.ssa Maria Emiliana Caristo 
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PRODUCTION OF RECOMBINANT SUBUNIT VACCINES IN PLANT S 

 
Introduction  

Old, new and re-emerging infectious agents, together with the worrisome increase in resistance to existing 
therapies, pose an enormous threat that will become even greater in the future. Vaccines are one of the great 
successes of modern medicine. However, the development and implementation of new vaccines remains 
prohibitively expensive for economically depressed countries (where often such measures are needed most) 
or when the pandemic significance of some infections is considered. In the last  twenty years a growing 
number of research groups worldwide have studied different plant expression systems and antigen delivery 
strategies for selected sub-unit vaccines, some showing very promising potential. Plants are attractive as 
protein factories because they can produce large volumes of products efficiently and sustainably and, under 
certain conditions, can have significant advantages in decreasing manufacturing costs. Plant systems are far 
less likely to harbor microbes pathogenic to humans than mammalian cells or whole transgenic animal 
systems. These cost, scale, and safety advantages make plant-made pharmaceuticals very promising for both 
commercial pharmaceutical production and for manufacturing products destined to the developing world. 
Although the use of plants was first conceived for oral delivery of antigenic proteins  plant-made 
recombinant proteins have also been purified and used in many different applications. An enormous number 
of  proteins different in size, structure, origin and biological function have been successfully expressed in 
monocot and dicot plants such as maize , rice, wheat, potato, tomato, tobacco,  lettuce, alfalfa, lupin, carrots, 
barley, soybean  and thale cress. Many antigenic monomeric proteins from viruses  and prokaryotes  have 
been produced and in a few cases their immunogenic properties have been successfully evaluated in human 
volunteers during phase I clinical studies. 
 
 
Platform description 

There are two main systems for recombinant protein expression in plants: stable genetic transformation and 
transient expression. Stable transformation causes integration of foreign DNA into the nuclear or chloroplast 
chromosomal DNA. These lines can be propagated vegetatively or by seeds and thus readily scaled up for 
protein production. Transient expression uses non-integrated gene constructs that may or may not replicate in 
the host. Replicating vectors use a plant virus that carries the antigen coding gene, which is replicated and 
expressed during the infection of the plant host. Moreover plant virus can be utilized as molecular scaffold to 
expose immunogenic peptides on the outer side of the plant virions. In this case the sequence encoding the 
desires epitope is fused  in frame to the viral coat protein gene in order to generate Chimeric Virus Particles 
(CVPs), which altogether have extraordinary immunological properties. 
  
Both field and green-house production, using stable or transient transgenic plants, do not require large 
investments in hardware and culture media, thus making scale-up more economical than fermentation 
culture. In particular, the technology developed for stable genetic transformation of plants has provided the 
opportunity to use large-scale agriculture for the production of recombinant proteins. Most of the transient 
expression systems are based on non-food non-feed plants like tobacco, thus requiring purification steps 
prior to administration. Processing should comply with good manufacturing practice (GMP) standards, 
which would increase cost of manufacture but, on the other hand, guarantees homogeneity and quality 
control procedures typical of standard pharmaceuticals products. 
 
Improvements in antigen design, expression levels, antigenic and immunogenic properties, manufacturing, 
processing, and delivery strategies indicate a strong potential for plant vaccine technology.  
Different systems for production of recombinant proteins in plants and different strategies of vaccine 
administration are available, spanning the range from oral delivery of minimally processed plant material all 
the way to injectable delivery of highly purified antigens. An evaluation a priori of the best strategy is not 
always possible, and will usually need to be assessed on a case-to-case basis considering the recipient 
subjects, the specific infectious disease, and the particular protective antigen used. Purified antigens, 
produced by high yielding plant viral transient systems, administered orally, intranasally, or parenterally, are 
more likely to satisfy regulatory requirements, including stability and uniformity of vaccine doses, than 
unprocessed plant “edible vaccines”. The latter anyhow could be applied more easily and successfully to the 
animal health market. In any case production systems must maintain rigorous containment to prevent 
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contamination of food supplies using, for example, dedicated greenhouses and post-harvest processing 
facilities for pharmaceutical production. In addition, pollen-mediated gene flow should be limited in open 
field production settings, e.g. with male-sterile lines, chloroplast expression, or virus-vectored transient 
expression. 
 
 

             
 
 
 
Institutions and researchers involved        
 
University of Rome ‘Tor Vergata’ Dep. of Biology (PI: Luca Santi) 
University of Rome ‘Tor Vergata’ Dep. of Biology (PI: Maurizio Fraziano, Santucci Marilina) 
University of Rome ‘Tor Vergata’ Centro Interdipartimentale Centro Stazione per la Tecnologia Animale  
(PI: Vittorio Colizzi, Maurizio Mattei) 
Istituto Zooprofilattico Sperimentale Lazio e Toscana (PI: Gladia Macri’) 
Kenton S.r.l. c/o sigma-tau S.p.A. (PI: Nicola Gargano) 
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3. LVP PROJECTS 
 
 
PARASSITIC DISEASES 
 

·  DEVELOPMENT OF A CANINE LEISHMANIA VACCINE BASED ON CHIMERIC PLANT VIRUS 
PARTICLES  

 
·  PROPHILACTIC MALARIA VACCINE  

 
·  IDENTIFICATION OF CYTOTOXIC T CELL ANTIGENS IN TOXOPLASMA GONDII  

 
·  DEVELOPMENT OF VACCINES FOR INFECTION BY TOXOPLASMA  GONDII 

 
 

RESPIRATORY BACTERIAL DISEASES 
 

·  VACCINES AGAINST TUBERCULOSIS 
 

·  SET UP OF A NEW ANTI-TB VACCINE BASED ON ANTIGENS OF M. TUBERCULOSIS 
EXPRESSED IN VIVO 

 
·  NOVEL ADJUVANTS FOR VACCINATION AGAINST MYCOBACTERIUM TUBERCULOSIS 

 
·  DEVELOPMENT OF VACCINES FOR INFECTION BY  STREPTOCOCCUS PNEUMONIAE  

 

VIRAL DISEASES 
 

·  PROPHILACTIC AND THERAPEUTIC HEPATITIS C VIRUS VACCINE 
 

·  INNATE IMMUNE CELLS AS ADIUVANT FOR HCV VACCINE 
 

·  THERAPEUTIC HBV VACCINE WITH NASAL FORMULATION OF RECOMBINANT ANTIGENS 
 

·  DEVELOPMENT OF VACCINES FOR INFECTION BY HUMAN CYTOMEGALOVIRUS 
 

·  EFFICACY EVALUATION OF VACCINATION BY GENETIC POLYMORPHISMS 
�

 
�

�
�

�
�
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DEVELOPMENT OF A CANINE LEISHMANIA VACCINE BASED ON  CHIMERIC 
PLANT VIRUS PARTICLES 
 
PI  Luca Santi 
Institution Department of Biology, University of Rome “Tor Vergata” 
Address Via della Ricerca Scientifica 00133, ROMA (Italy) 
Phone  06-72594219; 334-1548020 
E-mail  luca.santi@uniroma2.it 
 
 
Visceral  Leishmaniasis        

The zoonotic visceral leishmaniasis (ZVL) is caused by Leishmania infantum an obligate macrophage 
parasite transmitted by the bite of phlebotomine sand flies. The parasite infects numerous mammal species, 
including humans. Dogs are believed to be the main reservoir of these parasites.  
 
 
     

    
 
 
The disease is endemic in the Mediterranean basin, where seroprevalence ranges between 10 and 37% and 
with the combined use of serological and molecular diagnostic techniques, the prevalence rates of canine 
infections in different endemic settings were found to be much higher than previously thought. Human 
susceptibility to L. infantum is low, therefore asymptomatic infections are common in healthy populations. 
Clinical disease is associated with age (infants below 2 years are most affected), malnutrition and 
immunosuppression. During the last few years Leishmania-HIV co-infection has been regarded as an 
emerging disease, actually the 1.5-9% of AIDS patients suffer from newly acquired or reactivated VL. The 
percentage of infected dogs living in an area where canine leishmaniasis is endemic has major public health 
implications.  
In its mammalian host  Leishmania is an obligate intracellular pathogen infecting the hematopoietic cells of 
the monocyte/macrophage lineage. In recent years, much interest has been turned towards vaccination 
against Leishmania infections, in fact leishmanicidal drugs are costly, often have serious side effects and do 
not seem to be sufficient to control zoonotic visceral leishmaniasis. Feasibity of a vaccine against this 
complex parasite is suggested by the fact that patients who have recovered from natural infection develop 
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strong immunity against Leishmania. In humans and dogs, resistance to visceral leishmaniasis is also 
associated with a Th1 response.  
 
Project state of the art 

An ideal vaccine against leishmaniasis should have several properties, including (i) it must be safe; (ii) a 
minimum number of boost immunizations should induce long-term protection; (iii) it must be produced as 
cost effectively as possible. To develop such a vaccine, it is necessary to characterize protective antigens and 
to deliver them using advanced creative systems able to activate the specific immunological response 
needed.  
The proposed vaccine is based on the display of immunodominant epitopes on chimeric plant virus particles 
(CVPs). In particular two selected Leishmania epitopes will be displayed on the surface of the icosahedral 
Tomato Bushy Stunt Virus, that will be produced and purified from Nicotiana benthamiana, a plant closely 
related to regular tobacco and commonly used for plant viral infection and CVPs expression. 
Like particulate emulsions, microparticles, and liposomes, CVPs can be targeted to antigen presenting cells 
displaying or incorporating specific molecules that interact with dendritic cells (DC). Contact with 
monocytes and DC induces maturation and triggers a lymphoproliferative response together with production 
of inflammatory cytokines. 
 Several Leishmania derived proteins have been identified as possible candidates for the development of a 
subunit vaccine. Epitopes from the glycoprotein 63 (gp63) have been identified for their ability to stimulate 
T cells proliferation. In particular two epitopes corresponding to amino acids 154-169 (PT3) and 467-482 are 
of particular interest. PT3 has shown to confer protection in mice when delivered as synthetic peptide while 
the use in vaccination of autologous dendritic cells (DC) pulsed with the 467-482 peptide resulted in disease 
exacerbation.  
The potential of a chimeric virus particle (CPVs)-based vaccine to induce a long-lasting protection against 
leishmaniasis will be evaluated  in a murine model,  analyzing the expansion of a pool of specific memory 
cells able to induce a Th1 immune response and to activate host macrophage machinery that could lead to a 
more rapid and efficient elimination of the parasite. The limited protection afforded by most vaccine 
strategies prompted us to investigate an alternative vaccine approach focusing on the development of more 
effective delivery system and adjuvants. In particular, in an effort to drive the immune response to Th1 and 
to achieve protection against leishmaniasis, immunization strategy will consist of a prime-boost vaccination 
protocol by using CpG and Bacille Calmette Guerin (BCG) as adjuvants. Moreover, will be evaluated 
whether the two peptides from the L. infantum glycoprotein 63 (gp63) fused on the surface of TBSV 
particles are recognized  in a specific manner by the adaptive immune system of dogs with leishmaniasis. For 
this pour pose, blood and serum from dogs with leishmaniasis will be collected, processed and tested for the 
presence of specific CD4 and CD8 T lymphocytes and specific antibodies respectively. 
 
Deliverables  

The efficacy of the vaccine formulation in mice together with its proved capability to trigger an immune 
reaction in monocytes from infected dogs will set a stable base for a future vaccination study directly on 
dogs. In particular this study will address: 
 
1-  The development of a vaccine formulation based on CVPs and related immunization strategy. 
2- The evaluation of the BCG and CpG as vaccine adjuvants able to enhance a Th1 immune response 

together with the TBSV derived CVPs  
3- The set up of production, extraction and purification strategies from leaves of Nicotiana 

benthamiana. 
4- The set up a of novel low cost and rapid diagnostic tool to be used for both seroprevalence studies 

and serological diagnosis of the infection in dogs.  
            Currently the standard serological test is represented by indirect immunofluorescent antibody test 

(IFAT), the antigen used consists of promastigotes of L. infantum in-house coltivated. The IFAT is a 
very laborious and expensive test. CVPs immobilized on ELISA plates will be tested for sensitivity 
and specificity in comparison to the IFAT standard 

 
Potential socio-economic impact of the deliverables 

The development of effective and reliable immunization tools against Leishmania infantum is pivotal for the 
control and prophilaxis of the leishmaniasis zoonotic disease and for the reduction of the economic losses 
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linked to their great diffusion in canine population and last but not least to improve animal welfare. In this 
context the proposed research will impact public health in the control and surveillance of canine 
leishmaniasis (CL) and human visceral leishmaniasis (VL) caused by Leishmania infantum. The results will 
be openly diffused as scientific congress communications and publications on peer reviewed international 
journals. The obtained results could be applied to develop a novel diagnostic kit and a vaccine formulation to 
be used on dogs. All the results will be transferred to the Ministry of Health and their possible industrial 
development will be reached involving regional, national or international private enterprises through specific 
agreements. This possibility will be evaluated and in case promoted by in house scientific translational 
research groups. 
 
Other involved institutions  
 
- Universita' di Roma ‘Tor Vergata’ Dipartimento di Biologia  
- Istituto Zooprofilattico Sperimentale di Lazio e Toscana  
- Universita' di Roma ‘Tor Vergata’ Centro Interdipartimentale Stazione per la Tecnologia Animale 
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Plants”. J Cell Physiol. 2008 Mar 10; [Epub ahead of print] 
3.  Oliva G., Scalone A., Foglia Manzillo V., Gramiccia M., Pagano A., Di Muccio T., and Gradoni L. 

“Incidence and Time Course of Leishmania infantum Infections Examined by Parasitological, Serologic, 
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PROPHILACTIC MALARIA VACCINE 
 
PI:   Alfredo Nicosia 
Institution:  Okairós 
Address:  Via dei Castelli Romani 22, 00040, Pomezia – Roma - ITALY  
Phone:  +39-06-97246470 
E-mail:  nicosia@okairos.it 
 
Malaria  

Malaria causes a huge global public health problem with about 40% of the world’s population at risk of 
infection. There were about 515 million clinical episodes of P. falciparum malaria in 2002 (1) and over a 
million people die from the disease annually. The disease is particularly prevalent in sub-Saharan Africa, and 
is common throughout tropical regions of China, India, Southeast Asia, and South and Central America. In 
Africa, a child dies from malaria every 30 seconds while in India about 70 million cases are reported each 
year, approximately half of which are attributed to P. falciparum and the other half to P. vivax (2). 
Travellers from malaria-free regions going to areas where there is malaria transmission are highly 
vulnerable. They have little or no immunity and are often exposed to delayed or wrong malaria diagnosis 
when returning to their home country. Thus, higher risk of infection is also linked to increased number of 
travelers to malaria regions. 
After spreading rapidly through the bloodstream to the liver, the parasite emerges again into the blood 
stream, finally to settle in the red blood cells, where it multiplies and emerges in bursts of new organisms. 
These parasites, because of their large numbers, can cause particular damage to the nervous system, liver, 
and kidney. In young children and adults who have not developed natural immunity, this cycle can result in 
death within hours from cerebral malaria. Others die later in the infection from overwhelming anemia or 
liver and kidney failure. Untreated, up to 20% of persons infected with falciparum malaria will die. 
Early and effective treatment of malaria disease will shorten its duration and prevent the development of 
complications and the great majority of deaths from malaria, but selection of resistant parasite genotypes 
occurs. There are currently no effective alternatives to artemisinins for the treatment of P. falciparum malaria 
either on the market or towards the end of the development pipeline. 
The burden is increasing, also due to insecticide resistance. No alternatives to DDT and pyrethroids are 
available and the development of new insecticides will be an expensive long-term endeavour. 
No vaccine is available and new therapeutic and prophylactic strategies to tackle malaria are thus needed. 
 
Project state of the art  

The Okairós Malaria vaccine candidate is a vectored vaccine encoding for the ME-TRAP (malaria epitopes-
thrombospondin related adhesion protein) fusion antigen. The ME epitope string contains B- and T-cell 
epitopes previously mapped in humans. The liver-stage thrombospondin related adhesion protein was shown 
to elicit potent and durable T cell response. In humans, genetic vaccination with DNA and Pox-virus vectors 
encoding ME-TRAP was safe, immunogenic and induced some protection against experimental challenge 
demonstrating that efficacy correlates with the extent and quality of vaccine induced T-cell response.  
Since Adenoviral vectors induce higher cellular responses than DNA and poxvirus (especially CD8 T-cells) 
we have developed a chimpanzee derived Adenovirus vector encoding ME-TRAP to be used in a 
heterologous prime/boost regimen with an MVA ME-TRAP. The choice of AdCh63 is based on its high 
immunological potency, but low seroprevalence in humans. 
 
AdCh63 ME-TRAP proved to be the most efficient vectored vaccine at inducing protection in a mouse 
model of liver-stage malaria (Figure 1).  
 
The vaccine is composed of two different vectors for a prime/boost heterologous regimen of immunization. 
One vector is based on chimpanzee adenovirus type 63 (AdCh63), a proprietary vector, which is rarely 
neutralized by anti-human adenovirus antibodies present in the human population. AdCh3 has equivalent 
immunological potency to the most potent human Ad5-based vectors and can be propagated in cell lines 
previously used for production of clinical material. The second vector on the Modified Vaccinia Ankara 
(MVA), a poxvirus derived genetic vector with proven safety and immunogenicity in humans (3). 
 
�
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Figure 1.  Protection against lethal Malaria challenge in mice. AdCh63 ME-TRAP was injected in 10 
mice and then vaccinated animals were challenged with a lethal dose of Plasmodium Berghei. In the vertical 
axis is indicated the percent of animals that survived the challenge. 
�
Immunization experiments in non human primates have shown that AdCh63 and MVA vectors encoding 
ME-TRAP in a heterologous prime/boost regimen induce extremely potent T-cell responses (Folgori et al. 
unpublished and Figure 2). 
�
�
�
�
�
�
�
�
�
�
�
�
�
Figure 2. AdCh63/MVA heterologous prime/boost in rhesus macaques. Macaques were injected with 
5x1010 vp of Ad at weeks 0, (prime) and 8 (boost). Responses were assessed using overlapping 15mer 
peptides spanning NS3-5b in an ELISpot assay. 
�
This regimen induces significantly higher CD4 T-cell responses than a regimen based on Adenovirus vectors 
only in non human primates and may provide for a viable alternative to the heterologous prime/boost with 
different Adenovirus vectors that we are bringing into the clinics for the HCV vaccine. 
We have obtained regulatory approval for testing AdCh63 and MVA vectors encoding ME-TRAP in a 
heterologous prime/boost regimen in healthy volunteers and have submitted an application for a Phase IIA 
study contingent on results from the first trial. 
A highly efficacious malaria vaccine will likely require a multi-antigen and/or multi-stage vaccine against P. 
falciparum. For this reason, we are developing viral-vectored blood-stage malaria vaccines based on the 
same Adenovirus and MVA vector backbones currently used for the liver-stage vaccine, but encoding two 
leading candidate blood-stage antigens: MSP1 and AMA1. These vectors will be combined with the ME-
TRAP vectors to induce a full spectrum of immune responses against multiple stages of the parasite. 
�
Deliverables  

After completion of Phase I clinical trials to evaluate safety and immunogenicity and to select the optimal 
dose and regimen, we plan to test the efficacy of the vaccine in a Phase IIa trial in humans. 
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1. cGMP preparations of Adenovirus and MVA vaccine vectors. 
2. Regulatory approval for Phase I clinical trials of Malaria vaccine in healthy volunteers for regimen 
optimization. 
3. Final report on safety and immunogenicity of Adenovirus vaccine in Phase I clinical trials in healthy 
volunteers. 
4. Regulatory approval for Phase IIA clinical trials of Malaria vaccine in healthy volunteers. 
5. Final report on safety, immunogenicity and efficacy of Malaria vaccine in Phase IIa clinical trials in 
healthy volunteers. 
 
Potential socio-economic impact of the deliverables 

The socio-economic impact of a Malaria vaccine would huge. Malaria causes an average loss of 1.3% annual 
economic growth in countries with intense transmission. When compounded over the years, this loss has lead 
to substantial differences in GDP between countries with and without malaria. Malaria traps families and 
communities in a downward spiral of poverty, disproportionately affecting marginalized populations and 
poor people who cannot afford treatment or who have limited access to health care. Malaria’s direct costs 
include a combination of personal and public expenditures on both prevention and treatment of disease. In 
some countries with a very heavy malaria burden, the disease may account for as much as 40% of public 
health expenditure, 30-50% of inpatient admissions and up to 60% of outpatient visits. Malaria has lifelong 
effects through increased poverty, impaired learning and decreases attendance in schools and the workplace. 
 
Other involved institutions  
 
CeInge, Italy 
Erasmus Medical Centre, The Netherland 
Univ. of Gdansk, Poland 
Univ. of Oxford, UK 
CBF, UK 
 
Related publications  
 
1. R. W. Snow et al., Nature 434, 214 (Mar 10, 2005).  
2. V. P. Sharma, Malar J 6, 105 (Aug 7, 2007).  
3. S.J. McConkey et al., Nat Med 6, 2003 
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IDENTIFICATION OF CYTOTOXIC T CELL ANTIGENS IN TOXOPLASMA GONDII   
 
PI   Paola Del Porto 
Institution:  “Sapienza” University of Rome 
Address:  Via dei Sardi 70, Rome, Italy 
Phone:  06 49917587 
E-mail:  delporto@uniroma1.it 
 
 
Human toxoplasmosis        

Toxoplasmosis is a disease caused by the protozoan parasite Toxoplasma gondii, affecting all warm-blooded 
animals, including humans. Similarly to other diseases caused by intracellular pathogens, the generation of 
cellular immune responses is critical for the containment of human toxoplasmosis.  
So far, much of the knowledge on the characteristics of adaptive immunity to Toxoplasma gondii infection 
derives from studies performed on murine models of acute and chronic toxoplasmosis, demonstrating that 
induction of strong cytotoxic and T helper 1 responses is required for protection against toxoplasmosis. In 
particular, while CD8+ T lymphocytes mediate their effect through IFN-gamma production and cytotoxic 
activity against infected cells, CD4+ T cells play a synergistic role by providing the necessary help for CD8+ 
T cell priming and maintenance. During the chronic phase of toxoplasmosis, the strong Th1 response 
generated during acute T. gondii infection must be tightly regulated by anti-inflammatory factors such as IL-
10, in order to avoid immunopathology.  
Although a variety of antigen candidates combined in different vaccine formulations that are capable of 
eliciting strong T-cell immunity are currently being tested in murine models of chronic toxoplasmosis, there 
are still no clearly defined immune correlates for vaccine-elicited protection. Moreover, no data are available 
on the specificity and functional properties of cytotoxic T cell responses in humans. 
 
       
Project state of the art 

In order to gain insight in understanding the human cytotoxic T cell responses induced by T. gondii infection, 
we have developed an assay system in which dendritic cells (DCs) are transfected with mRNA encoding full-
length antigens and then used as antigen presenting cells (APC). Transfected DCs were used to stimulate in 
vitro peripheral blood mononuclear cells (PBMCs) collected from patients with acquired infection and 
children with symptomatic or asymptomatic congenital toxoplasmosis. Quantification of antigen specific T 
cells was then achieved by using an ex vivo IFN-g ELISPOT assay, which detected the frequency of IFN-g 
secreting T cells.  
This approach allowed us to simultaneously screen the immunogenicity of several full-length T. gondii 
antigens which were previously isolated from the screening of lambda displays libraries of T. gondii DNA 
fragments with sera from infected individuals. Among them, an immunodominant antigen recognized by T 
cells from more than 80% of healthy individuals with chronic toxoplasmosis was identified. Subsequently, the 
epitope mapping of the immunodominant determinant/s within the whole protein was performed by 
subcloning the antigen cDNA in small DNA fragments of about 200 base pairs in length. These fragments 
were used as templates for the in vitro transcription of mRNA and the resulting molecules were then 
transfected into DCs and Epstein Barr virus (EBV) immortalized autologous B cells. By a combination of 
intracellular cytokine staining assay (ICS) and ex vivo IFN-g ELISPOT assay we were able to identify a 
restricted aa region targeted by CD8+ T cells from the majority of individuals. The identification of the 
epitope/s within the region of interest is under investigation.  
 
Deliverables        

The development of the project will involve the following activities, with the aim to have a large panel of 
immunodominant CTL epitopes to be used for prophylactic and therapeutic anti-toxoplasma vaccines: 
 
1. Analysis of  the immunogenicity of stage-specific parasite molecules; 
2. Comparison T cell reactivity against selected antigens in individual with acquired or congenital 
 infection.  
3. Analysis of  HLA-restriction of selected antigens.  
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Potential socio-economic impact of the deliverables     

An effective CTL-based vaccine, administered to female during infancy or before the fertility age, would 
eliminate the transplacental transmission of parasite infection during pregnancy. Also, vaccinated women 
will not be tested for T. gondii infection during pregnancy, thus eliminating the cost of preventive pre- and/or 
post-natal screening for congenital toxoplasmosis. 
With concern to acquired toxoplasmosis, the availability of a therapeutic vaccine would have a great impact 
worldwide and especially in many areas of South America, where T. gondii infection represents a main cause 
of visual impairment. Also, reactivation of chronic T. gondii infection cause severe diseases in transplant 
recipients and immunocompromised individuals. Therefore, an effective therapeutic vaccination would 
eliminate the repeated treatment of patients suffering from chronic diseases caused by this protozoan 
parasite.  
 
Other involved institutions 

- Kenton S.r.l. c/o Sigma-Tau  
- University of Naples Federico II  
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Toxoplasma gondii infection        

Toxoplasmosis is an infection caused by the intracellular protozoan parasite Toxoplasma gondii, affecting 
almost all warm-blooded animals, and specially humans. The disease is of major medical and veterinary 
importance, being a cause of congenital disease and abortion in humans and in domestic animals. 
Toxoplasmic retinochoroiditis is a major cause of visual impairment worldwide and the rate of ocular lesions 
in congenitally infected individuals is as high as 82%. In some agricultural regions in southern Brazil 
seropositivity is nearly 100% and up to 18% of the population has retinochoroidal scars.  
The oral route is the natural gateway of entry of parasites. Transmission of infection is generally acquired by 
ingesting either tissue cysts in raw or undercooked meat or oocysts as a result of environmental 
contamination. 
Acute T.gondii infection results in the activation of cells from the innate and adaptive compartments of the 
host immune systems, leading to a life-long immunity. Conversely, tissue cysts effectively evade the immune 
system and remain alive during host lifetime. 

 
Treatment of toxoplasmosis is difficult due to the toxic effect of available drugs; therefore, there is an urgent 
need to develop new anti-toxoplasma drugs or vaccines.  
In the last decade, there has been considerable progress towards the development of anti-toxoplasma 
vaccines, whose feasibility was suggested by the long-term immunity induced by the primary infection. A 
vaccine derived from a non-cysts-forming mutant strain of T.gondii was developed and is commercially 
available. However, this vaccine may cause side effects, has a short shelf life, and may revert to a pathogenic 
strain and therefore it is not suitable for human use. Vaccines consisting of homogenates or soluble extracts 
of killed tachyzoites are less immunogenic than live parasites and are unable to induce a significant level of 
protection.  
With the advent of molecular biology, a significant improvement has been made in the identification of 
vaccine candidates, which induced a partial protective immunity against toxoplasmosis in the mouse model.  
 
Project state of the art                               

To have a clear picture of the human immune response to Toxoplasma gondii infection, the lambda display 
technology was employed.  To this aim, libraries of cDNA fragments from the different infectious stages of 
the parasite were constructed. The affinity selection of the libraries with sera from patients with acquired or 
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congenital toxoplasmosis allowed the identification of large collections of known and unknown antigenic 
regions of parasite proteins. Antigen immunoreactivity in humans was deeply investigated and the antigenic 
regions displaying a strong and broad recognition by antibodies and T cell from infected individuals were 
further selected for immunization trials. The immunogenicity of selected fragments was investigated as DNA 
vaccines in mice models of chronic toxoplasmosis. Animals immunized with mixtures of plasmids 
developed, preferentially, specific IgG2a subclass antibodies, indicating a shift towards a Th1 immune 
response after DNA immunization. An effective and highly significant degree of protection was obtained in 
mice immunized with the plasmid combinations, as measured by a strong reduction of brain cyst burden (up 
to 85% of brain cyst reduction).  
The antigenic regions of T. gondii proteins were further assembled in chimeric constructs and the 
corresponding DNA was cloned in mammalian expression vectors. Mice were immunized via the 
intramuscolar route with the chimeric DNA constructs and subsequently infected via the oral route with T. 
gondii cysts. Microscopic examination and quantitative PCR analysis showed up to 95% reduction in brain 
cyst burden in mice immunized with the chimeric antigen constructs compared with empty plasmid 
vaccinated mice.  
We are currently analyzing the immunogenicity of engineered replication-incompetent adenovirus able to 
infect mammalian cells and directing the expression of chimeric antigens in their cytoplasm. The viral 
vectors will be used to vaccinate mice with prime-boost protocols (i.e. adenovirus and plasmid vector), to 
further enhance the protective immunity conferred by previous naked-DNA vaccines. 
 
Deliverables        

The development of the project will involve distinct research activities, with the aim to realize prototypal 
anti-toxoplasma vaccines for preventing toxoplasmosis in humans and in domestic animals: 
1. Development of intranasal vaccines based on the use of chimeric antigens in “prime-boost” 
 protocols (e.g. priming with recombinant adenovirus and boosting with naked-DNA vectors); 
2. Identification of vaccine adjuvants to further enhance the protective immunity obtained by 
 DNA vaccination with the recombinant chimeric antigens; 
3. Setting up therapeutic and prophylactic anti-toxoplasma vaccines to be tested in humans in 
 clinical trials (phase 1 and 2); 
4. Development of “edible” vaccines based on DNA cloning of chimeric antigens into plant 
 virus and/or transgenic plants; 
5. Setting up plant-based anti-toxoplasma vaccines to be tested in sheep and pigs.   
 
Potential socio-economic impact of the deliverables     

An effective prophylactic vaccine, administered to domestic animals which are responsible to transmission 
of T. gondii infection to humans (cats, pigs, sheep and goats), would lead to a drastic reduction of congenital 
toxoplasmosis. By the other hand, vaccinating women in the fertility age would eliminate the transplacental 
transmission of parasite infection. Also, vaccinated women will not be tested for T. gondii infection during 
pregnacy, thus eliminating the cost of preventive pre- and/or post-natal screening of congenital 
toxoplasmosis, supported in many European countries by national health systems (e.g. Italy, France, 
Austria). 
With concern to acquired toxoplasmosis, the availability of a preventive vaccine would have a great impact 
in many areas of South America, where seropositivity is close to 100% (e.g. Brasil) and where T. gondii 
infection represents a main cause of visual impairment.  
In the veterinary field, the availability of “edible” vaccines would have an enormous economical impact for 
domestic animals such as sheep, pigs and horses, where transplacental transmission of T. gondii infection 
results in abortion or premature animal birth. 
 
Other involved institutions         
 
- University of Rome “Tor Vergata”  
- University of Rome “La Sapienza”  
- University of Napoli “Federico II”  
- Aarhus University Hospital, DK  
- Istituto Zooprofilattico Sperimentale della Sicilia  
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PI:   Giovanni Delogu, Ph.D., Associate Professor 
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Tuberculosis 

Tuberculosis (TB) kills every day 5000 people, most of them in developing countries.  TB rates are higher in 
sub-Saharan Africa, South-East Asia and in the former Soviet Union countries.  The last few years have also 
seen the emergence of Mycobacterium tuberculosis strains that are resistant to two drugs (MDR-TB strains) 
and more recently outbreaks of Extensively Drug Resistant strain (XDR-TB) of M. tuberculosis, resistant to 
two or more drugs, have been identified.  XDR-TB strains have shown higher mortality rates due to the lack 
of effective drug regimen.  Since 1/3 of the world population is infected with M. tuberculosis without sign of 
disease (latent TB, LTBI), and that 8 million new cases of active TB and 1,5 million deaths are registered 
every year, it is easy to understand why TB is a global emergence and for these reasons more effective 
resources should be deployed to combat this ancient disease. 
 
Very few anti-TB drugs are available for the treatment and it has been decades since the last new drug 
against TB has been introduced.  WHO strongly supports the DOTS program (Directly Observed Therapy 
short-course), although the emergence of outbreaks by drug-resistant strains of M. tuberculosis has spread 
concerns worldwide.  Hence, the efforts to develop a new vaccine against TB should be encouraged since the 
impact of a more effective vaccine against TB would be enormous.     
 
Project state of the art   

It is a well established opinion that the development of a new and more effective vaccine would provide and 
invaluable tool in combating TB.  Bacilli Calmette and Guerin (BCG) is a live and attenuated vaccine 
developed in the early XX century.  It is the most widely used vaccine in the world and it is effective in 
preventing disseminating TB and TB meningitis in children.  For this reason BCG immunization is 
mandatory in countries where TB is endemic.  Conversely, several clinical studies carried out in many 
countries have challenged the effectiveness of BCG in preventing active TB in adults, and in some of these 
studies the protective activity induced by BCG was shown to be close to zero.  Moreover, it has been shown 
that BCG activity was lower in the poorest countries, probably as a result of hygienic conditions.   
 
A big issue in the quest for a vaccine against TB is that we ignore the immunological correlates of 
protection.  Lack of information on the antigens, type and strength of the cellular immune response have 
hampered research and for these reasons investigations on a new vaccine is largely empiric. 
 
The research group at UCSC has gained extensive experience in the field of TB vaccine.  Different strategies 
are being implemented such as use of DNA vaccines encoding multiple antigens, use of delivery systems 
such as the use of modified Escherichia coli strains, recombinant BCG, S-layer vaccines, Herpes virus-based 
contructs.  Moreover, use of innovative adjuvants molecules is being evaluated to enhance the 
immunogenicity of the new vaccines. All these new vaccines are evaluated in terms of antigen specific 
immunogenicity and most importantly evaluation of the protective activity in a the mouse model of 
pulmonary TB. 
 
Deliverables  

The project will be dividided in 4 activities with the main goal of developing an improved vaccine against 
TB to be introduced in human clinical trials: 
 

1) Development of recombinant BCG strains expressing M. tuberculosis antigens with enhanced 
immunogenicity and to be used in mucosal immunization strategies; 
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2) Development of multigenic DNA vaccines and polyprotein to be used in prime-boost immunization 
strategies in association with BCG; 

3) Characterization of the antigen specific host immune response induced by the new experimental 
vaccines; 

4) Evaluation of the new experimental vaccines in the mouse model of pulmonary TB by assessing 
bacterial colonization (lung and spleen), tissue damage and survival in immunized versus control 
mice. 

 
Potential socio-economic impact of the deliverables 

TB is a global threat and there is an urgent need to develop a new and more effective vaccine against TB.  TB 
kills millions of people every year and in developing countries poses a major social and economic problems.  
In fact, TB disease develops mainly in young adults, is a chronic disease that requires long lasting treatments 
and hospitalization and as a consequence poses a major burden over the growth of developing countreis.  
Moreover, increased mobility of workers into Europe who can bring with them diseases such as TB, has 
already prompted broad concerns in government authorities and in the public as well. 
Since BCG efficacy in adults ranges between 0-50%, a vaccine that is more effective than BCG would have a 
tremendous impact on the control of the disease. 
 
Other involved institutions  
University of Padua (recombinant BCG and Escherichia coli delivery system) 
University of Roma Tor Vergata (new adjuvant molecules) 
University of Sassari (polyprotein and subunit vaccines) 
Institute Pasteur, Paris (modified Escherichia coli delivery systems) 
Nano-S, Vienna (S-layer based vaccines) 
Holloway University, London (Bacillus spores based vaccines) 
University of Ferrara (Herpes virus based constructs) 
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Introduction         

Tuberculosis remains a leading cause of mortality worldwide, due to a single pathogen infection. 
Mycobacterium bovis Bacillus Calmette-Guerin (BCG) vaccine, an attenuated strain of M.bovis, is the only 
vaccine currently available against Mycobacterium tuberculosis (MTB) infection and the most widely used 
vaccine. While BCG protects children from miliary and meningeal TB, its protective efficacy in adults 
ranges from 0 to 80%.  Thus, development of a better TB vaccine is urgently needed to face the global threat 
of TB.  
One strategy might consist in the development of recombinant vaccines, which represent vehicles which 
allow simultaneous expression of multiple, and possibly protective, M.tuberculosis antigens.   
In this respect, BCG has been already transformed to allow expression of foreign antigens, either by extra-
chromosomal and integrative expression vectors. These recombinant BCG strains can elicit long-lasting 
humoral and cellular immune response to foreign antigens in mice.  
In respect with new candidates for TB vaccine, the improvement of BCG is still considered one of the best 
choices. We have also to consider that live bacteria are an absolute requirement for effective BCG 
vaccination as the immune responses using heat killed BCG are quite ineffectual in generating protective 
immunity. 

In this scenario, the major challenge to be faced today is to find the right mycobacterial antigens to improve 
BCG efficacy in protection.  
 
Project state of the art            

We focused the development of a new candidate TB vaccine on the use of recombinant BCG carrying, 
initially, three M.tuberculosis antigens, which are induced by M.tuberculosis in human macrophages 
infection. The premise of the approach has been that antigens produced by the pathogen during infection of 
human cells may be relevant for its survival therein and thus potentially important for the immune system 
recognition.  
As it is  known mycobacteria have the capability to survive within mononuclear phagocytes – cells capable 
of killing most internalised organisms – and, hence, these pathogens present a serious challenge to the 
immune system. Accordingly,  to choose the best MTB protein antigens to be inserted in BCG, we have 
chosen the expression pattern in human cells of their corresponding genes. With such an approach we 
selected a group of three genes preferentially expressed by MTB in the course of infection of human 
macrophages.  Many of the identified genes were not previously characterised in other studies in synthetic 
medium culture, or in murine macrophages.  
In the present study we transformed BCG Aventis-Pasteur strain with three MTB antigens which resulted 
induced during seven days of infection of human macrophages, as compared to synthetic medium culture: 
Rv1255c, Rv1767 and Rv3425. The first, Rv1255c,  is a possible transcriptional regulator, the second, 
Rv1767, is an hypothetical protein, and the third, Rv3425, is a member of the PE-Family protein. All of them 
belong to regions of difference (RD) which are variably missing in different strains of M.bovis-BCG, being 
Rv1255c located in the RD10, Rv1767 in the RD14, and Rv3425 in the RD11 region. The three recombinant 
BCGs were then employed to immunise Balb/C mice, and to study their relative survival and plasmid 
stability, together with exogenous proteins immunogenicity for B and T murine cells.  
We could observe that the MTB foreign antigens are actually translated by BCG in vivo, and that they 
induce, in different form according to the protein, the production of specific antibodies and the activation of 
specific T cells in terms of IFN-gamma production.   
We believe that this set of rBCGs is a good tool to study the possible protective role  elicited by in vivo 
expressed MTB proteins, when they are continuously produced by the vaccine strain BCG inside the host. 
The project will further set up other live rBCGs carrying MTB antigens identified in human cells to produce 
a series of “protective” vaccine candidates to be used in the murine model on experimental TB. 
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Contemporarily, the project will start to employ the co-adminstration of BCG wt and MTB peptides 
(designed on the in vivo expressed MTB genes) to in initiate the study  of their possible protective capacity.    
 
Deliverables  

- A set of at least ten recombinant BCGs carrying in vivo expressed MTB genes to be tested in mouse 
model of TB 

- A group of almost one hundred peptides, designed on in vivo expressed genes, tested  in human 
populations of TB+ and TB neg individuals 

- A protocol of intradermal  immunization, both for rBCGs and for BCG wt plus peptides, to get 
nearer to the routine administration of BCG vaccine worldwide  

- A group of at least thirty recombinant MTB proteins, identified in human cells, and tested in human 
populations of TB+ and TB neg individuals 

 
Potential socio-economic impact of the deliverable      

The discovery of novel biomarkers for infectious disease diagnosis is fundamental for the development of 
new diagnostic tests with improved characteristics. In particular, in the field of TB diagnosis, the 
identification of new biomarkers is a prerequisite for the realization of diagnostic tests with better sensitivity 
and specificity in formats that can fit the need of different economic reality. 
The development of new TB diagnostics with better characteristics respect to those employed at present is 
highly advisable and could have a dramatic effect on TB control. For example, it has been evaluated that a 
diagnostic test with 85% sensitivity in sputum smear positive cases (ss+) and 97% specificity, even if with 
0% sensitivity in ss- cases, could save 95.000 lives annually if available to people with access to sanitary 
infrastructure and 263.000 lives if accessible to all. The same test with 85% sensitivity also in ss- cases could 
save about 400.000 lives annually (Keeler et al. Nature. 2006 Nov 23;444 Suppl 1:49-57.).  
From the economic point of view, a TB test with good performances can be highly remunerative. The global 
diagnostic market for TB is about 1 billion $. About 326 million $ are spent in underdeveloped countries, 
where 73% of the test are performed 
(http://www.who.int/tdr/publications/publications/pdf/tbdi/tbdi_chap3.pdf). 
A diagnostic test for TB that meets the demand for better performances over those currently on the market 
could occupy a good position in this market. 
 
Other involved institutions 
- National Research Council  (MTB antigens identification, and live rBCG set up) 
- University of Rome “Tor Vergata” (peptide ex vivo assays, animal facility) 
- Centre Chantal Bija, Cameroun (peptide ex vivo assays) 
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Introduction   

Tuberculosis (TB) is one of the most dramatic pathologies in developing countries due to a single pathogen 
infection, is responsible for about 2 million deaths each year and its incidence is prevalently blamed to multi 
drug resistant strains and HIV pandemy. Today, the only available anti-TB vaccine is represented by BCG, 
with about 100 million doses administrated per year. Although BCG exerts protective effects against 
disseminated forms of tuberculosis and tubercular meningitis in children, immunity decreases with age, is 
not able to protect from the more common pulmonary tuberculosis of adults and can be related to its 
capability to inhibit phagolysosome maturation and to survive intracellularly. In this context, about 200 
novel anti-TB vaccines, comprising attenuated live, recombinant or sub-unit based vaccines combined to 
novel immunization strategies and novel adjuvants, are actually in pipeline.  
It has been reported that endogenous danger signals, such as monosodium urate crystals released dying cells, 
and microbial danger signal, such as CpG motifs present on bacterial DNA can exert adjuvant activity. Such 
adjuvant activity is associated, in case of CpG oligodeoxynucleotides, with the capability to promote 
phagolysosome maturation and intracellular killing of bacteria in a way which is mediated by the 
Phospholipase D dependent production of phosphatidic acid. In case of BCG vaccination, where bacillus is 
able to inhibit phagolysosome maturation and to survive intracellularly, the enhancement of 
antimycobacterial activity by some adjuvants may improve antigen processing and presentation to CD4+ T 
cells. 
On these grounds, the general topic of the present project is to improve antigen processing and presentation 
of BCG by associating it with phosphatidic acid containing liposomes or with natural adjuvants (such as 
monosodium urate crystals, ). 
 
Project state of the art  

The present research project will evaluate the possibile role of phosphatidic acid containing liposomes and of 
monosodium urate crystals, as novel endogenous adjuvants to be used in the vaccination against tuberculosis. 
In the context of the preparation and analysis of phosphatidic acid containing liposomes, we have already 
produced phosphatidic acid containing liposomes and we have demonstrated that the stimulation of 
mycobacteria infected human macrophages with these liposomes significantly i) induces higher intracellular 
Ca++ concentration than phosphatidic acid free liposome controls, ii) promotes Ca++ dependent 
phagolysosome maturation in mycobacteria-infected macrophages, and iii) induces phagolysosome 
maturation dependent intracellular mycobacterial killing. Altogether, these results show that such liposome 
formulation is able to enhance antigen processing.  
Then, we will evaluate the capability of phosphatidic acid containing liposomes and coexpressing lipid A (to 
provide “danger” signals for phagocytic cells) to induce proinflammatory cytokine expression. Finally, the 
capability of phosphatidic acid and lipid A coexpressing liposomes i) to stimulate the maturation of dendritic 
cells, ii) to enhance antigen specific T cell activation, and iii) to induce a preferential T helper-1 driven 
immune response will be analysed.  
The role of monosodium urate crystals as possible novel endogenous adjuvants for anti-TB vaccination will 
also be studied by assessing the capacity of monosodium urate crystals i) to activate antimycobacterial 
activity in monocytes/macrophages infected with BCG, focusing on molecular mechanisms involved in 
intracellular BCG killing (Ca++ mobilization, phospholipase D involvement, reactive oxygen intermediate 
and reactive nitrogen intermediate generation), ii) to promote phagolysosome maturation and the transit of 
mycobacteria in MHC class II compartments in BCG infected macrophages, iii) to induce dendritic cell 
maturation and consequent activation of antigen specific naïve T cell response. 
Finally, both phosphatidic acid containing liposomes coexpressing lipid A and monosodium urate crystals 
will be then tested in a model of BCG vaccination of mice aerogenically infected with M. tuberculosis. 
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Deliverables 

1) Identification of monosodium urate crystals as novel possible endogenous adjuvant for anti-TB 
vaccination characterized by low levels of toxicity; 
 
2) Identification of novel liposome formulations, expressing second lipid messengers (involved in the 
activation of antigen processing and presentation) together with conventional danger signals (e.g. lipid A) to 
be used to improve immunogenicity of live vaccines (e.g. BCG) or of molecules related to microbial 
virulence or pathogenicity. 
 
Potential socio-economic impact of the deliverables 

Alum has been used as adjuvant in practical vaccination for more than 60 years to induce an early, efficient 
and long lasting protective immunity and is, at present, the most widely used adjuvant in both veterinary and 
human vaccines. However, it suffers of some limitations such as some toxicity induction, ulcers and 
granulomas formations in site of injections, increased IgE production (Petrovsky N. et al., 2004), and a poor 
capability to induce a Th1 driven immune response (Petrovsky N. et al., 2004) which does not make it 
efficient to enhance a cell-mediated immunity. Although many candidate adjuvant molecules have been 
studied in phase I and II clinical trials, the majority of them have been demonstrated so toxic to exclude their 
clinical use. Thus, the availability of novel adjuvants able to trigger a cell mediated immune response with 
low toxicity profile is an important goal for vaccinology. 
 
Other involved institutions  

Prof. G. Delogu, Istituto di Microbiologia, Università Cattolica del Sacro Cuore “A. Gemelli”, Roma 
(murine model of tuberculosis) 
Prof. M. De Spirito, Istituto di Fisica, Università Cattolica del Sacro Cuore “A. Gemelli”, Roma (biophysical 
characterization of liposomes). 
 
Related publications  

1. Santucci M., Amicosante M., Cicconi R., Montesano C., Casarini M., Giosuè S., Bisetti A., Colizzi 
V., Fraziano M. Mycobacterium tuberculosis induced apoptosis in monocytes/macrophages: early 
membrane modifications and intracellular mycobacterial survival J. Infect. Dis. 2000;181:1506-9. 

2. Ciaramella A., Martino A., Cicconi R., Colizzi V., Fraziano M. Mycobacterial 19-kDa lipoprotein 
mediates Mycobacterium tuberculosis-induced apoptosis in monocytes/macrophages at early stages 
of infection. Cell Death Differ. 2000;7:1270-2.  

3. Fraziano M., Colizzi V., Mariani F. Mycobacterium tuberculosis and human macrophage: the 
bacillus with "environment-sensing". Folia Biol (Praha). 2000;46:127-30. 

4. Sanduzzi A., Fraziano M., Mariani F. Monocytes/macrophages in HIV infection and tuberculosis. J. 
Biol. Regul. Homeost. Agents. 2001;15: 294-8.  

5. Mariani F., Goletti D., Ciaramella A., Martino A., Colizzi V., Fraziano M. Macrophage response to 
Mycobacterium tuberculosis during HIV infection: relationships between macrophage activation and 
apoptosis. Curr. Mol. Med. 2001; 1: 209-16.  

6. Ciaramella A., Cavone A., Santucci M.B., Amicosante M., Martino A., Auricchio G., Pucillo L.P., 
Colizzi V., Fraziano M. Pro-inflammatory cytokines in the course of Mycobacterium tuberculosis-
induced apoptosis in monocytes/macrophages J. Infect. Dis. 2002; 186: 1277–82  

7. Garg S.K., Tagore P.R.N., Tiwari R.P., Chandra R., Fraziano M., Colizzi V., Bisen P.S. Analysis of 
Shotgun Expression Library Of Mycobacterium Tuberculosis Genome For Immunodominant 
Polypeptides: Potential Use In Serodiagnosis (Clin. Diagn. Lab. Immunol., 2003; 10: 1051-8). 

8. Santucci M.B., Ciaramella A., Mattei M., Sumerska. T., Colizzi V., Fraziano M. Batimastat (BB-94) 
reduces Mycobacterium tuberculosis-induced apoptosis in monocytes/macrophages. (Int.  
Immunopharmacol., 2003; 3: 1657-65) 

9. Auricchio G., Garg S.K., Martino A., Volpe E., Ciaramella A., De Vito P., Baldini P.M., Colizzi V., 
Fraziano M. Role of macrophage phospholipase D in natural and CpG-induced antimycobacterial 
activity (Cell. Microbiol., 2003; 5: 913-20). 



 51

10. Garg S.K., Volpe E., Palmieri G., Mattei M., Galati D., Martino A., Bonanno E., De Vito P., Baldini 
P.M., Spagnoli L.G., Colizzi V., Fraziano M. Sphingosine 1-phosphate induces antimicrobial 
activity both in vitro and in vivo (J. Infect. Dis, 2004; 189: 2129-2138)  

11. Ciaramella A., Cavone A., Santucci M.B., Bocchino M, Galati D., Martino A., Auricchio A., Stewart 
G.R., Neyrolles O., Young D.B., Colizzi V., Fraziano M. Cell wall associated 19-kDa lipoprotein 
induces apoptosis and IL-1beta release in the course of mycobacterial infection (J. Infect. Dis., 2004; 
190: 1167-76) 

12. Santucci M.B., Bocchino M.L., Colizzi V., Saltini C., Fraziano M. Expansion of CCR5+ CD4+ T 
lymphocytes in the course of active pulmonary tuberculosis (Eur. Resp. J., 2004; 24: 638-43). 

13. Garg S.K., Valente E., Greco E., Santucci M.B., De Spirito M., Papi M., Bocchino M., Saltini C., 
Fraziano M. Lysophosphatidic acid enhances antimycobacterial activity both in vitro and ex vivo 
(Clin. Immunol., 2006; 121:23-8) 

14. Greco E., De Spirito M. Papi M. Fossati M., Auricchio G., Fraziano M. CpG oligodeoxynucleotides 
induce Ca++-dependent Phospholipase D leading to phagolysosome maturation and 
mycobacteriocidal activity in monocytes (Biochem. Biophys. Res. Commun., 2006;347:963-9). 

15. Garg S.K., Santucci M.B., Panitti M., Pucillo L., Bocchino M., Okajima F., Saltini C, Fraziano M. 
Does pulmonary sphingosine 1-phosphate play a protective role in the course of pulmonary 
tuberculosis? (Clin. Immunol., 2006; 121: 260-4). 

16. Santucci M.B., Greco E., De Spirito M., Arcovito G. , De Angelis G., Cauda R., Fraziano M. 
Sphingosine 1-phosphate promotes antigen processing and presentation to CD4+ T cells in MTB-
infected monocytes. (Biochem. Biophys. Res. Commun., 2007; 361: 687-93). 



 52

DEVELOPMENT OF VACCINES FOR INFECTION BY STREPTOCOCCUS 
PNEUMONIAE 
 
PI  Nicola Gargano 
Institution Kenton S.r.l. c/o Sigma-tau S.p.A. 
Address Via Pontina Km 30,400 - 00040 Rome, Italy 
Phone  +39 06 9139 4042 
E-mail  nicola.gargano@sigma-tau.it 
 
 
Streptococcus pneumoniae infection        

Streptococcus pneumoniae, commonly known as pneumococcus, is a ubiquitous human pathogen which 
causes significant morbidity and mortality worldwide. It is a gram-positive bacterium that colonizes the 
upper respiratory tract of the host, causing various invasive diseases such as pneumonia, sepsis and 
meningitis. Despite the constant development of therapeutics, antimicrobial drugs and vaccines, 
pneumococcal infection still causes severe diseases in young children, elderly people and 
immunocompromised individuals. In adults, pneumococcal infection is the most common cause of 
community-acquired pneumonia and otitis media and, since the introduction of vaccination against 
Haemophilus influenzae (serotype b) and Neisseria meningitidis, also the most frequent cause of meningitis.  
In the last twenty years at least three different vaccines employing S. pneumoniae capsular polysaccharides 
have been developed and commercialized. Current immunization strategies focus on the use of S. 
pneumoniae polysaccharides-based vaccines, employing the 23-valent vaccine, which protects humans from 
two years of age, and the 7-valent toxoid-conjugated vaccine, used in children less than two years old. 
However, such formulations have limited efficacy in children due to the low immunogenicity of capsule 
polysaccharides and the lack of T-cell activation. Moreover, capsular polysaccharides are serotype-specific 
and thus the requirement for multivalent protection requires immunization with multiple polysaccharides.  
Conjugation of pneumococcal polysaccharides to carrier proteins can improve the host immune response and 
has been successfully introduced in clinical practice, although conjugated vaccine production is very 
expensive. Therefore, in the last decade there has been great interest in using vaccine formulations 
containing surface and secreted pneumococcal proteins, which are more immunogenic than capsular 
polysaccharides and can be conserved among a large number of serotypes. 
  
Project state of the art                               

In order to identify pneumococcal proteins recognized by host antibody responses, the lambda display 
technology was employed. A whole S. pneumoniae genome library of DNA fragments was constructed and 
cloned into lambda genome. The screening of such a library with the antibody repertoire of patients 
hospitalized for pneumococcal pneumonia allowed identification of phage clones carrying B-cell epitopes. 
Epitope-containing fragments within the families of the histidine-triad proteins (PhtE, PhtD), the choline-
binding proteins (PspA, CbpD) and zinc metalloproteinase B (ZmpB) were identified. Library screening 
allowed also the isolation of phage clones carrying three distinct antigenic regions of an unknown 
pneumococcal antigen (spr0075). Furthermore, an immunodominant epitope of the pneumococcal IgA1 
protease was identified. Noteworthy, the IgA1 protease epitope is conserved in all pneumococci strains, thus 
representing a very promising vaccine component. All antigen fragments selected from the S. pneumoniae 
display library were efficiently expressed as GST-fusion proteins in the cytoplasm of bacterial cells. The 
immunoreactivity of GST fusion proteins, as assessed with human IgG antibodies, highlighted a broad 
recognition of the selected antigen fragments by the human B-cell response. In particular, the IgA1 protease 
epitope was strongly recognized by antibodies present in sera from 90% of healthy adults and 68% of 
children less than 4 years old, thus representing a major target of the humoral response to S. pneumoniae 
infection.  
The antigenic regions displaying a strong and broad recognition by antibodies from healthy individuals and 
patients hospitalized for pneumococcal diseases were further engineered into chimeric antigens. The 
chimeric antigens were expressed as GST fusion proteins and purified in large amounts from the cytoplasm 
of transformed E. coli cells. We are currently generating an adenovirus vector carrying chimeric antigens of 
pneumococcus with the aim of developing a combined vaccine able to confer protective immunity against 
Adenovirus and S. pneumoniae infection in humans. 
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Deliverables        

The development of the project will involve distinct activities, with the aim to make prototypal vaccines for 
preventing S. pneumoniae diseases in children: 

1. Setting up vaccination protocols based on the use of recombinant chimeric antigens in mice models 
of pneumococcal disease (sepsis and pneumonia); 

2. Development of combined adenovirus-pneumococcus vaccines based on chimeric antigen constructs 
and used in “prime-boost” protocols (e.g. intranasal priming with recombinant  adenovirus followed 
by intramuscolar boosting with the recombinant protein); 

3. Identification of appropriate adjuvants to enhance the protective immunity conferred by chimeric 
antigens vaccination (e.g. bacterial polysaccharides, BGC, cholera toxin); 

4. Development of edible vaccines by DNA cloning of pneumococcal antigens into transgenic plants; 
5. Setting up vaccination protocols for the use of the chimeric antigens-based vaccines in phase 1 

clinical trial (children and adults).    
 
Potential socio-economic impact of the deliverables     

Approximately 2.6 million children <5 years of age die annually of pneumonia, predominantly in the 
developing world: approximately one-half of these deaths are attributable to pneumococci either solely or in 
conjunction with a viral respiratory infection, malnutrition or HIV infection. Thus, the availability of an 
effective preventive pneumococcal vaccine would have a great socio-economic impact in the worldwide. 
Moreover, by using a prophylactic vaccine administered very early in infancy has the potential to reduce 
substantially the incidence of drug-resistant pneumococcal infections.  
The ease of use of “edible” vaccines would have an enormous impact in many areas of developing countries, 
where the storage conditions (e.g. controlled low temperature) of the commercially available vaccines are 
often very difficult to achieve.    
Finally, the use of a combined vaccine formulation, such as an adenovirus-based pneumococcal vaccine 
adjuvanted with BCG or the Hepatitis B surface antigen (HBsAg), would confer protection against multiple 
pathogens and thus reduce the complexity of vaccination schedules during childhood. 
 
 
Other involved institutions         
 
- University of Rome “Tor Vergata”  
- University of Siena “Le Scotte”  
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Introduction �

An effective vaccine for hepatitis C virus (HCV) is undoubtedly an area of unmet clinical need. Currently 
there is no vaccine available for either the prevention (prophylactic vaccination) or the treatment (therapeutic 
vaccination) of HCV and the currently available therapy is frequently ineffective. 
HCV infects 180 million people world-wide and 3-4 million people are newly infected each year 1).  
Following infection approximately 20% of patients will spontaneously clear the virus, whilst 80% will 
develop persistent HCV infection. Persistent HCV is a significant cause of morbidity and mortality as 
patients develop progressive liver fibrosis. Eventually 20-50% of patients will develop cirrhosis and 
hepatocellular cancer and HCV infection is now the leading indication for liver transplantation (2). The 
current standard of care (a combination of Pegylated-Interferon Alpha and Ribavirin) is effective in about 
50% of patients completing therapy, is lengthy and often poorly tolerated (3). Therefore, there is a strong 
need for new alternative therapies that act through different mechanisms. New anti-viral drugs are in the 
early clinical stage of development, but the available pre-clinical and clinical data indicate that drug-resistant 
variants are likely to emerge during treatment. 
Thus, both a prophylactic vaccine that will reduce the rate of chronic infection and a therapeutic vaccine that 
will enhance the response to treatment and/or shorten the duration of treatment are urgently required. The 
development of a T cell induction strategy that induces T cell responses during treatment or reduces HCV 
viral load pre-treatment could be of major benefit to patients. 
 
Project state of the art                               

Adenovirus vectors are easily propagated in cell culture to high titres, have a relatively inexpensive 
manufacturing process and are one of the most potent delivery system for eliciting a T-cell mediated immune 
response against the encoded antigen(s). A major concern regarding adenoviral technology is the pre-existing 
immunity to the vector that can decrease the immunological potency of the vaccine. We have overcome this 
obstacle by developing Adenovirus serotypes with low seroprevalence in humans. 
The Okairós HCV vaccine is based on adenoviral vectors encoding for the 1985 amino acid-long HCV Non 
Structural (NS) region that contains a large number of T cell epitopes (more than 90 CD4+ and more than 70 
CD8+ epitopes (4)), and has a high degree of overall conservation between viral variants (80% homology 
with the six major genotypes). Published data with chronically and acutely infected patients suggest a critical 
role for epitopes mapped in the NS region in inducing T cell immunity (5,6). 
We have previously shown that an Adeno-based genetic vaccine encoding for the HCV NS region can 
protect chimpanzees from acute and chronic infection upon heterologous challenge (7). 
The vaccine is composed of two different non cross-reacting adenoviral vectors: the chimpanzee derived 
adenovirus type 3 (AdCh3), and the human adenovirus 6 serotype (Ad6). Both vectors are rarely neutralized 
by anti-human adenovirus antibodies present in the human population, have high immunological potency and 
can be propagated in cell lines previously used for production of clinical material. The vectors are rendered 
defective for replication by deleting the E1, where the transgene cassette is located, and E3 genes. The 
absence of E1 functions results in only minimal vector gene expression in the vaccinee other than from the 
cassette encoding for the vaccine antigen (8). 
We plan to use AdCh3 and Ad6 vectors encoding HCV NS region (AdCh3NSmut and Ad6NSmut) in a 
heterologous prime/boost regimen, having previously shown that this regimen induces significantly higher T-
cell responses than homologous prime/boost with the same adenovirus vector in rodents and non human 
primates (9) (Figure 1). 
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� �

�
Figure 1. Different prime/boost regimens in rhesus macaques. Macaques were injected with 1010 vp at 
weeks 0, 4 (prime) and 24 (boost). Responses were assessed using overlapping 15mer peptides spanning 
NS3-5b in an ELISpot assay. 
�
Pre-clinical toxicology studies in rodents and primates have shown an excellent safety profile for this 
vaccine, and Phase I clinical studies have been approved and will start in the second half of 2008. 
 
In most cases HCV escapes from neutralising antibodies (10-15), but early detection of anti-envelope 
antibodies associate with spontaneous resolution of HCV (15-19). Immunization of chimpanzees with 
heterodimeric E1E2 induced complete protection against challenge with homologous virus and reduced the 
rate of chronic disease upon challenge with heterologous virus (20-27). HCV infected individuals slowly 
develop cross-reactive nAb responses, suggesting the conservation of neutralization epitopes across diverse 
genotypes (10-12,28), supporting a model where vaccination may improve on the E1E2-specific antibody 
response elicited during natural infection (14,29). 
Therefore, we are developing a second generation of Adenovectors encoding for the HCV envelope 
glycoproteins. These vectors will be combined with the NS vectors to induce a full spectrum of immune 
responses.�
 
Deliverables  

After production of clinical lots, the vaccine will be tested in healthy volunteers to evaluate safety and 
immunogenicity at different doses and regimens. Contingent on the results of these trials, the vaccine will be 
tested alone and in combination with standard therapy in chronically infected patients. 
 
1. cGMP preparations of Adenovirus vaccine vectors. 
2. Regulatory approval for Phase I clinical trials of Adenovirus vaccine in healthy volunteers. 
3. Final report on safety and immunogenicity of Adenovirus vaccine in Phase I clinical trials in healthy 
volunteers. 
4. Regulatory approval for Phase I clinical trials of Adenovirus vaccine in HCV chronically infected patients. 
5. Final report on safety and immunogenicity of Adenovirus vaccine in Phase Ib clinical trials in HCV 
chronically infected patients. 
 
Potential socio-economic impact of the deliverables 

The initial population that will benefit from a prophylactic HCV vaccine will be those individuals at high 
risk for infection including health care workers, which are more than ~22 millions only in the US and 
Europe, with 1.2 millions new entrants/yr. It is expected that an effective HCV vaccine will be approved for 
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universal use in adolescents (similarly to what happened after launch of the vaccine against HBV) with a 
significant world wide impact on disease prevalence. 
 
With over 180 million people chronically infected, in the next decade the cohort of patients with long-
standing HCV will develop advanced liver disease, and the diagnosed population will also expand. Thus, the 
medical need for an HCV therapeutic vaccine will also greatly increase. 
The current gold-standard of therapy for HCV is Pegylated-interferon and ribavirin given for six months for 
HCV genotypes 2 and 3 and twelve months for HCV genotype-1. This treatment is prolonged, unpleasant, 
and expensive. A sustained virological response (SVR) to therapy is achieved in only 45% of the treated 
patients with HCV genotype-1 infection (accounting for about 80% of the infections world wide). 
New antiviral drugs targeting the viral protease and polymerase are being developed, however the high rate 
of virus production coupled with this error-prone replication mechanism are the basis of the genetic 
variability of HCV, that permit rapid evolution under selection by antiviral drugs which has been observed in 
vitro and in vivo in clinical trials. Thus there is an important opportunity for an HCV therapeutic vaccine to 
be used in combination with current therapy to increase SVR or with novel protease and polymerase 
inhibitors to improve SVR and prevent the emergence of resistant strains. 
 
Other involved institutions  
 

CeInge, Italy        Osp. Maggiore Mangiagalli e Regina Elena, Italy 
Erasmus Medical Centre, The Nethereland   Univ. of Ghent, Belgium 
Univ. of Birmingham, UK      Johann Wolfgang Goethe University, Germany 
Univ. of Gdansk, Poland      Univ. of Oxford, UK 
DIAGSERA, Egypt      The Johns Hopkins University, US 
NIH, US       Columbus Children's Research Institute, US 
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Innate immune cells and Hepatitis C Virus        

Hepatitis C virus (HCV) causes chronic infection accompanied by a high risk of liver failure and 
hepatocellular carcinoma. CD8+ T cell responses are important in the control of viremia. However, the T cell 
response in chronic infection is weak both in absolute numbers and in the range of epitopes targeted. 
Moreover, patients presenting a better HCV-specific CD8 cell proliferative potential at baseline are more 
likely to present a rapid and sustained viral response to standard treatment. Therefore, future treatment 
protocols should consider the development of strategies aimed at improving HCV-specific T-cell responses. 
Immunomodulation is indeed one of the major goals of modern therapy due to the high biological activity of 
immune cells and to the large number of diseases whose pathogenesis is contributed by dysregulation of the 
immune system. Among innate immunity cells, gamma/delta T cells have been shown to perform many 
important roles in eliciting a protective response. TCR Vgamma9Vdelta2 cells in particular represent 2-10% 
of total circulating lymphocytes in normal human beings. They therefore represent a main population of 
circulating T cells that can be activated very efficiently and massively (Hayday AC 2000 Annu. Rev. 
Immunol. 18:975). Moreover, these cells crossreact to both endogenous and bacteria-derived ligands. The 
endogenous self ligands are generated in the mevalonate metabolic pathway and accumulate in stressed and 
in tumor cells. The combination of these characteristics (large number, prompt activation and ligand cross 
reactivity) suggested that these cells function as sentinel cells activated during infections, and therefore is 
considered as an optimal target to promptly induce a massive release of soluble cytokines. Thus, an immune-
modulating strategy involving Vgamma9Vdelta2 cell subset has been proposed as a way to strengthen the 
immune competence during infectious diseases, by using their ability to induce DC maturation and Th1 
polarization of specific response. 
A crucial involvement of Vgamma9Vdelta2 T cells has been described in several microbial infections 
(Poccia et al. Microbes and Infections 2005). Specifically, a decrease of the TCR Vgamma9Vdelta2 cell 
subset is observed in the peripheral blood of patients with HCV infection when compared to those of either 
controls or responders to IFN-alpha therapy (Par G et al. 2002. J.Hepatol. 37:514), and in patients with septic 
shock (Venet F et al. 2005 Crit Care Med. 2005 33:2836), suggesting a Vgamma9Vdelta2 T cell specific 
involvement in these clinical situations. In HCV patients, both specific and innate immunity are frequently 
unable to eradicate the infection and the current regimens based on IFN-alpha and ribavirin are not effective 
in many HCV patients. Therefore, the development of additional therapeutical immunomodulating 
approaches is essential for a better management of these patients. Recent data obtained in our laboratory 
showed that the activation of Vgamma9Vdelta2 T cells by non peptidic antigens results in a strong HCV 
replicon inhibition and that this antiviral reactivity is mainly mediated by IFN-gamma release (Agrati et al. 
2006, Int Immunol, 18: 11).  
 
Project state of the art                               

T lymphocytes contribute to protection during viral infections by killing infected cells and helping B 
lymphocytes to produce neutralising antibodies. In HCV infections, the ability of T cells to produce IFN-
gamma in the acute phase has been associated with viral clearance in humans. In chronic HCV infected 
patients, an impairment of peripheral specific T cells to produce IFN- gamma has been reported. Moreover, 
in chimpanzees the expansion of a Th1-like (i.e. IFN- gamma secreting) T cells response was associated with 
the resolution of HCV infection. These data indicate that the establishment of chronic infection may be 
associated with a status of low inflammation, and that regulation of IFN- gamma production may be one of 
the key events for the resolution of HCV infection.  
Vgamma9Vdelta2 T cells recognize target cells infected with a broad set of viruses and intracellular bacteria. 
Upon activation, gamma/delta T cells readily release large amounts of IFN- gamma and other cytolytic 
soluble molecules and have been implicated in the defence against a variety of microbes. Therefore, their 
efficient and massive stimulation has been suggested as a possible novel therapeutic approach to be 
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associated with other conventional therapeutic regimes. Preliminary results obtained using subgenomic HCV 
replicon showed that activated Vgamma9Vdelta2 T cells from healthy donors exert an IFNgamma mediated 
antiviral activity, suggesting a possible therapeutical targeting of Vgamma9Vdelta2 T cells in HCV infection 
(Agrati et al., 2006). Nevertheless, in several chronic infection (such as HIV infection), a decrease in 
Vgamma9Vdelta2 T cell responsiveness was observed, probably due to an in vivo overstimulation. In this 
context, the analysis of Vgamma9Vdelta2 T cell reactivity during HCV infection represents a central element 
to be deeply analyzed in order to identify a possible new therapeutic scenario, given their ability to induce 
DC maturation and Th1 polarization of specific response. 
An effective protocol of vaccination should be able to elicit selective host immunity, but a successful method 
to induce a protective immune response against HCV is still unclear. In this context, T cells expressing the 
gamma/delta TCR may play a particular role. Several studies have shown that gamma/delta T cells are 
directly involved in the immune response against HCV and other viruses (Poccia F, et al. Microbes Infect. 
2005;7:518-28). These cells participate to the antiviral response similarly to NK cells, using both  cytolytic 
and non-cytolytic functions (Poccia F, et al. Immunol Lett. 2005100:14-20). It has been shown that 
Vgamm9Vdelta2 T cells recognize phosphorilated non-peptidic compounds (isopentenyl-pyrophosphate and 
dimethyl-allyl-pyrophosphate) produced by metabolic pathways found in all living organisms to produce 
isoprenoids, essential metabolites for steroid biosynthesis. Another relevant observation was the 
demonstration that Vgamma9Vdelta2 T cells have the features of both natural killer (NK) cells (Poccia F, et 
al. Immunol. Today 1998; 19:253) and maturation/memory pathways of T cells (Gioia C, et al. J. Immunol. 
2002; 168: 1484; Dieli F, et al. J Exp Med. 2003;198:391-7). Thus, the ability of gamma/delta T cells to 
interact with dendritic cells (DC) has a particular meaning in the early immune response. Gamma/delta and 
DC interactions result in a network that may improve the proinflammatory response and boost the adaptive 
immunity in lymphoid organs (Martino A, et al., J Clin Immunol 2005; 25:230; Casetti R, et al. J Immunol 
2005; 174: 252; Martino A, et al. Immunol Lett. 2005; 15:101).  
Given this background, our group was involved in the development of a prophylactic vaccine against 
tuberculosis through the combined usage of recombinant proteins and non-peptidic antigens in the 
framework of the European Project TB-VAC (http://www.tb-vac.org). This project supported the analysis of 
gamma/delta T cell mediated adjuvant effects in macaques. The functional characteristics of peripheral blood 
Vgamma9Vdelta2 T cells from “Homo sapiens” are identical to those from “Macaca fascicularis”. These 
lymphocytes react in vitro and in vivo to mycobacterial or synthetic phosphoantigens by proliferation, 
secretion of Th1 cytokines and perforin-mediated cytolysis. In addition, phosphoantigen-specific 
gamma/delta T cells display in vivo recall response to “Mycobacterium bovis” BCG, promote DC maturation 
and eventually exert antigen-presenting functions. Since synthetic phosphoantigens have been developed for 
gamma/delta T cell-based immunotherapies, a synthetic phosphoantigen was associated to a candidate 
ESAT-6-Ag85B (H-1) vaccine against tuberculosis and tested through prime-boost in two groups of eight 
macaques. After prime, all phosphoantigen-treated macaques showed a strong activation of circulating 
gamma/delta T lymphocytes leading to immediate release of systemic Th1 cytokines (IL2, IL6, IFNgamma 
and TNFalpha) followed by their subsequent anergy during boost regimens. After boost, an increased 
memory response to H1 antigens was observed in the phosphoantigen treated group. This study may have 
important implications for the development of gamma/delta T cell-based subunit vaccines (Cendron D., et 
al.. Eur Immunol. 2007, 37: 549). 
Aim of the present project is to verify how the adjuvancy role played by activated Vgamma9Vdelta2 T cells 
may increase the generation of antigen-specific responses to HCV epitopes by HCV-infected PBMC.  
 
Deliverables        

The development of the project will involve different activities, with the goal of setting-up and validating 
prototypal adjuvancy protocols aimed to strengthen HCV-specific immune responses in humans: 
1. Characterization of adjuvant role by activated Vgamma9Vdelta2 T cells, by using as readout the 
HCV-specific T cell response by PBMC from patients with HCV infection;  
2. Characterization of soluble factors produced by activated Vgamma9Vdelta2 T cells mediating the 
adjuvant role; 
3. Molecular description of the activating mechanisms induced by Vgamma9Vdelta2 soluble factors in 
Antigen-Presenting Cells; 
4. Development of Vgamma9Vdelta2-mediated adjuvancy protocols aimed to a possible use in HCV 
vaccination or immunotherapy strategies.  
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Potential socio-economic impact of the deliverables     

HCV is a major world health problem that affects an estimated 170 million individuals worldwide. In the 
absence of new antiviral therapies, the death rate is expected to triple over the next two decades. Current 
treatments, based on IFN-alpha and ribavirin, have a poor rate of success, particularly for genotype-1 
infections that predominate in Europe, Japan, and the U.S. These treatments are also poorly tolerated and 
expensive, adding urgency to the need for novel therapeutic agents. Moreover, HCV treatment is even more 
difficult in HCV-HIV co-infected patients leaving many susceptible to accelerate liver damage (cirrhosis 
may develop three times faster) and failure. It is known that appropriate stimulation of the immune system 
will improve the treatment outcome of chronic HCV infection and will reduce time on drugs with reduced 
costs for poorest countries, less compliance required, reduced-side effects, less resistance phenomena. 
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Introduction    

The long-term consequences of chronic carriage of HBV are cirrhosis, liver failure and hepatocellular 
carcinoma. This fact, along with the partial efficacy of antiviral therapies, their cost and side effects, 
underlines the need for development of more immunogenic hepatitis B vaccines. The vaccine described here 
could be used in specific active immunotherapy in HBV chronically infected patients or chronic carriers. An 
impaired T-cell immune response to major HBV antigens is a common scenario in patients with chronic  
infection. Conversely, patients resolving acute hepatitis, those with chronic infection resolving 
spontaneously, and patients who control the virus after treatment, display strong polyclonal and multi-
specific helper and cytotoxic T-cell responses against HBV nucleocapsid, polymerase and envelope proteins. 
Chronic HBV infection has also been associated with functional defects in dendritic cell populations (DC). 
Additionally, the secretion of HBeAg in saliva of the majority of infected patients has been detected. The 
negative immunomodulatory effect of the secreted protein in suppressing an inflammatory Th1 response vital 
for viral clearance has been consistently demonstrated. Recent developments to boost the weak HBV-
specific immune response or to break the non-responsiveness of T-cell immunity in chronic patients include 
combined prophylactic vaccines, plant-derived vaccines, vaccines administered through novel routes or with 
novel adjuvants, gene vaccine, and peptide vaccine. 
The Center for Genetic Engineering & Biotechnology in Havana has developed NASVAC, a novel hepatitis 
B vaccine candidate for nasal administration comprising HBsAg and HBcAg as vaccine antigens. NASVAC 
is based on the results of preclinical studies that have demonstrated a good safety and immunogenicity 
profile. Recent advances in the field of devices and methodologies for  mucosal immunization further benefit 
this strategy. Nasal administration enables antigens to access very specialized mechanisms for antigen 
sampling, including antigen uptake by M cells. M cells transport antigens from the luminal surface through a 
thin cytoplasm to a pocket at the basal surface. M cell pockets enable the interaction of the antigen with the 
cells of the immune system in a compartment protected from the modulatory effect of systemic immunity. 
Nasal administration also allows interaction of the antigens with DC in the tonsils, where professional 
antigen presenting cells (APCs) are organized in a surface network of approximately 500 DC/mm2. HBcAg 
has been demonstrated to be the immunodominant antigen at the Th cell and cytotoxic T lymphocytes (CTL) 
level in patients with self-limited HBV infection and might, therefore, be relevant for virus control. 
Recombinant HBcAg can induce strong HBV core (HBc)-specific Th cell and antibody responses in mice 
reconstituted with peripheral blood mononuclear cells (PBMCs) from patients with chronic HBV infection. 
In vaccine studies, HBcAg has been shown to be a potent immunogen even without adjuvants. 
 
Project state of the art    

Preclinical studies in mice with the combined HBsAg and HBcAg nasal vaccine candidate showed a high 
mucosal (nasal) immunogenicity of full length HBcAg and the immunoenhancing activity on co-
administered HBsAg. The strong immunogenicity of HBcAg has been attributed to its dual behavior as a T-
cell dependent and independent antigen. This is related to the ability of HBcAg to act as a potent B-cell 
activator, enabling activated B cells to work efficiently as primary APCs. 
Preclinical toxicological studies of the intranasal vaccine candidate were undertaken to determine mucosal 
irritating potential, acute toxicity, and local tolerance. All the experiments conducted in Sprague—Dawley 
rats revealed neither clinical adverse signs nor behavioural changes in animals under the studied dose. These 
results indicated that HBsAg—HBcAg vaccine candidate administered by intranasal route was neither 
irritating nor induced local damage in the nasal mucosa of the rats. 
In a phase 1 trial performed in healthy adults was studied the safety and preliminary immunogenicity of nasal 
co-administration of HBcAg and HBsAg.  
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The actual formulation of vaccine containing 2 different recombinant proteins is in course of development by 
CIGB, Cuba. The positive results obtained by Phase 1 stimulate to proceed with following clinical trials in 
healthy donors and patients. 
 
Deliverables  

Phase 1 and phase 2 clinical trials will be carried out in healthy volunteers and patients. 
Trial with healthy volunteers is aimed to optimize the dose, schedule, formulation, and device of vaccine. 
The phase 2 with chronic HBV patients and carriers of the virus, as well as hypo- and non-responders 
sensitive or resistant to the traditional (IFN & ribavirin) treatment is aimed to demonstrate the improving of 
antigen presentation and the induction of humoral and cellular immune responses protective against HBV 
infection. 
 
The project is intended to obtain the proof of concept for a model of therapeutic antiviral vaccine able to 
control HBV and other viral infections with heavy socio-economic impact such as HIV infection. 
 
The obtaining EMEA approval and then marketing in Europe and Africa (ReDD licence) is the final goal of 
the project.  
 
Potential socio-economic impact of the deliverables  

According to theWorld Health Organization, there were more than 400 million carriers of HBV worldwide 
by the year 2000. Among these, approximately 5—10% of adults and 80—90% of children became chronic 
carriers of the virus. The long-term consequences of chronic carriage are cirrhosis, liver failure and 
hepatocellular carcinoma. The present vaccine could be used in specific active immunotherapy in HBV 
chronically infected patients or chronic carriers facing up to the medical problem and connected socio-
economic implications for public health in developed countries (Europe) as well as developing countries 
(Africa, India).  
In addition, current strategies to treat hepatitis B using vaccine therapy are using multiple inoculations of 
antigens; however the use of syringes remains a problem for health systems in the countries where chronic 
Hepatitis B is more prevalent and for this reason this project is aimed to obtain a non-injectable therapeutic 
vaccine. 
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Human cytomegalovirus infection        

Human cytomegalovirus (HCMV) is the largest virus in the Herpesviridae family, with a DNA genome 
encoding over 200 predicted open reading frames. HCMV, like all herpesvirus, undergoes latency and 
reactivation in the host. The virus is prevalent in the human population, with 50% to 90% of adults becoming 
seropositive by the age of 50, depending on both socioeconomic factors and geographic location. Primary 
infection with HCMV is generally mild and self-limiting in the immunocompetent host, resulting in a 
lifelong carrier state with periodic reactivation and shedding of virus from mucosal sites. In contrast, 
reactivation of latent virus in immunocompromised adults may give rise to pneumonitis, encephalitis and 
retinochorioiditis, with very serious outcomes. Moreover, transplacental transmission during pregnancy or 
neonatal infection of premature newborns may lead to severe disease with dramatic consequences, such as 
deafness, psychomotor delay and mental retardation in early life.  
It is well established that both humoral and cellular immune responses play a crucial role in controlling 
HCMV infection. Clinical investigations clearly show that the host antibody response has a beneficial role in 
preventing the blood-borne spread of the virus and that treatment of pregnant women with HCMV-specific 
antibodies significantly decreases the risk of congenital infection and disease. The importance of cellular 
immunity is quite evident in various clinical settings and in murine models, demonstrating that the loss of T 
cell function results in increased reactivation and dissemination of viral infection. 
In the last decades several efforts have been made at developing an anti-HCMV vaccine, whose feasibility 
was suggested by the long-term immunity induced by primary infection. However, despite numerous 
attempts of using vaccines based on live attenuated HCMV, recombinant proteins, naked DNA and 
recombinant viruses, successful licensure of a vaccine formulation remains elusive, thus suggesting that new 
antigens should be considered in the design of an effective anti-HCMV vaccine. 
 
Project state of the art                               

In order to identify new HCMV antigens and to further characterize the human B-cell response to 
cytomegalovirus infection, the lambda display technology was employed. Thus, the project focused on 
isolating the antigenic regions of cytomegalovirus gene products by screening a lambda display library of the 
HCMV genome with immunoglobulins from infected individuals.  
By using sera from pregnant women with acquired cytomegalovirus infection and from children with 
congenital HCMV disease, a large collection of recombinant bacteriophages was obtained, with DNA inserts 
corresponding to known HCMV antigens as well as to uncharacterized viral proteins. Some phage clones, 
despite their deriving from different affinity selections, contained the same insert, therefore scoring their 
displayed polypeptides as immunodominant protein fragments involved in the human immune response to 
HCMV infection.  
The affinity selection procedure identified sixteen different clones, seven chosen for further analysis. All 
these peptide sequences, when removed from the phage display context and expressed as fusion proteins, 
were efficiently produced in bacterial cytoplasm, thus demonstrating that the lambda display approach easily 
provides a wide panel of recombinant HCMV antigens usable in many different applications. 
Among the already known HCMV B cell antigens, the results confirmed the immunogenicity of UL25, 
UL32, UL48, UL55 and UL56 gene products in humans. Also, within each protein, the antigen fragments 
containing B cell epitopes were characterized. Furthermore, the lambda display technology allowed 
identification of an immunoreactive protein region encoded by the open reading frame of the UL71 gene, 
whose product was previously unknown as a cytomegalovirus antigen. 
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We are currently generating plasmid vectors for the expression of recombinant chimeric proteins containing 
multiple B cell epitopes of HCMV antigens in bacterial cells. The immunogenicity of chimeric antigens will 
be assessed in animal models of CMV diseases with the aim of developing subunits vaccines able to confer 
protective immunity against cytomegalovirus infection and disease in humans. 
 
 
Deliverables        

The development of the project will involve different activities, with the goal of realizing prototypal 
cytomegalovirus vaccines to be used in humans: 

·  Characterization of chimeric antigens immunoreactivity with T cells from patients with  congenital 
or acquired CMV diseases;  

·  Construction of vaccine vectors for the delivery of chimeric antigens in mammalian cells by DNA 
vaccination; 

·  Setting up vaccination protocols based on the use of chimeric antigens (recombinant proteins and/or 
DNA vectors) in animal models of CMV infection; 

·  Development of adenovirus vectors and their further use in a “prime-boost” vaccination strategies 
(e.g. intranasal prime with recombinant adenovirus followed by intramuscolar boosts with naked 
DNA or recombinant protein); 

·  Setting up vaccination protocols for the use of the chimeric antigens-based vaccines in phase 1 
clinical trial (children and adults).    

 
Potential socio-economic impact of the deliverables     

An effective prophylactic vaccine, administered to women in the fertility age would eliminate the 
transplacental transmission of primary or reactivated HCMV infection in gestation. Also, vaccinated women 
will not be tested for cytomegalovirus infection during pregnacy, thus eliminating the cost of preventive pre- 
and/or post-natal screening for congenital diseases (ToRCH panel), screening which is supported in many 
countries by the public health system. 
With concern to the acquired infection, the availability of a preventive vaccine would have a great health 
impact for transplant recipients and immunocompromised individuals, where HCMV reactivation represents 
the main cause of severe diseases such as pneumonia and encephalitis.  
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Introduction 

The humoral immune-response has a wide spectrum of interactions with the cell mediated system mainly 
supported by the TNF ligand-cytokine signaling system. Stimulated CD4+ cells initiate the antibody 
response with the activation of naïve B cells in extrafollicular environment. The mechanisms for the 
generation of diversity are common in B and T immune receptor loci. The pathways of these interactions 
is far to be known and only few interactions were understood to play a role in the activation of B cells 
and in the induction of preferential Ig class switch. The accessibility to the sequential rearrangements is 
ensured by lineage specificity and sequential activation. The B cell maturation and Ig production 
undergo in a coordinated stepwise manner to regulated events induced by cellular and extracellular 
signalling. In this interactive network the Immunoglobulin Heavy Chain IgH 3’ Regulatory Region 
(3’RR) plays an important role for the IgH switch and maturation starting from pre-B cell phase to 
plasma cell and B memory cell reactivation. The mechanism of transcription induction has been 
proposed to act by bringing close the 3’RR to the V(H) sequences. A large loop of the DNA strand can 
allow the strict interaction of the two regulatory regions (ref.1). The IgH 3’RR main function is supposed 
to act through transcription enhancement. The central enhancer (HS1,2) of the 3’RR is polymorphic. The 
polymorphisms of the HS1,2 enhancer consist of a tandem minisatellite DNA (38 bp) sequence repeated 
from 1 (allele *1) to four (allele *4) times. The four alleles identified have been shown to have 
significant frequency variability in different populations. The repeated elements are separated by spacers 
with different lengths from 14 to 21 bp. The combination of these elements generate a pattern with 
consensus sequences for several transcription factors. Among them SP1 and NF-kB have variable 
number of sites in the different alleles (ref.2). In the Vaccination procedures it is well known that the 
efficacy can change dramatically in different subjects. The association of the HS1,2 polymorphism with 
several immunologic diseases and with different levels of Ig in the plasma suggested that in the immune 
response and hence in “vaccinations” it could be responsible for a modulation to the antigenic 
stimulation. In fact these alleles are associated to the Ig regulation.  
 
Project state of the art                        

The activation of the humoral immune response is modulated by a variety of mechanisms inducing Ig 
production. The stability of serum concentrations of vaccine-specific antibodies depends on a number of 
variables, among which memory plasma cells whose concentration changes with age. Larger variability 
of Ig production was observed in subject after vaccination compared to the more efficient response in 
those subjects after real infection where a total spectrum of antigens is present. The efficacy of 
vaccinations is one of the important tasks of health care economical foresight. Beside the identification 
of the effective antigen spectrum that is one of the most important causes of a possible efficiency of 
vaccination, the individual variability gives rise to another relevant cause to be aware of. Human 
Polymorphisms are giving new insights in the studies of biological paths. In this optic we selected the 
polymorphisms of the Ig heavy chain Regulatory Region 3’IgHRR as a variable that can modulate the 
vaccination efficacy. 
Chromatin epigenetic change is a crucial step leading to the regulation of the genetic activities of 
transcribed and not transcribed genomic regions. Only very recent studies take into account the 
biological relevance of polymorphisms of non-transcribed regulatory regions and therefore the IgH3’RR 
has been more deeply studied for the impact in human immune-regulation. In fact it is involved in the 
maturation of Ig and consequently of B cells. One of the epigenetic transformation that leads to the IgH 
chain activation proceeds with the progressive demethylation from the 3’ insulators of the IgH 3’RR. 
The methylated islands and consequently also their polymorphic isoforms are relevant in the modulation 
of the transcriptional activity leading to Ig maturation and production / secretion. 
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The polymorphisms can mediate both the different capacity to form complexes with DNA binding 
proteins and to produce different conformational structures that give different chromatine functionality. 
The variability of the Ig physiological humoral levels is supposed to be one of the variables that could 
influence the immunization (i.e. specific antibodies production). It is well known that the routine 
vaccinations not always give a prolonged and efficient immunity against the selected antigens.  
The polymorphisms of the HS1,2 enhancer of the IgH 3’RR can determine conformational changes of 
the entire region creating  complexes with different nuclear transcription factors. The polymorphisms of 
human HS1,2 enhancers indeed change the capability to bind NF-kb and SP1 complexes as suggested by 
EMSA analysis. Several studies associated the HS1,2 polymorphism with Celiac disease, Systemic 
sclerosis, Psoriasis and Rheumatoid Arthritis, suggesting a crucial role of the different alleles in the 
immune-regulation (ref. 3, 4, 5). In the protocol of new vaccination trials we want to introduce as a 
dependent variable of the efficacy the analysis of the allelic frequencies of the IgH3’RR.  
Follow-up of vaccination trial: 
time 0 – genotyping of the subjects participating to the trial (a control group of the same geographical 
area matched for age and sex will be selected) 
 -  Ig seric classes and subclasses concentration 
 - the number of CD19+/CD27- (mature B cells) 
 - CD19/CD27+ (IgM memory B cells) 
 - ratio of mature B cells and memory B cells.  
- follow up at 30 days, 6 months and 1 year of the same parameters depending on the boosts 
- boosts 
 
Other parameters will be checked following the other tasks and markers decided by the team of the trial 
program. 
 
Deliverables 

Assessment of the efficacy of vaccination on two types of vaccine (antitetanic and anti HBV). 
Determination of the association of the polymorphisms analysed with the individual variability to the 
vaccination response. 
Evaluation of vaccination improvement with a new protocol of vaccination as for the timing of boosts 
with respect to different individual haplotypes. 
 
Potential socio-economic impact of the deliverables     

The prevention of infections can be improved and determine a decrease of risk with an important 
reduction of morbidity in the subject with reduced response to vaccination or fast decrease of specific 
antigens titre. The reduced morbidity to common diseases has an economical impact for the medical 
expenses and labour productivity.  
 
Other involved institutions   

- Responsible of the project: Prof. Vittorio Colizzi and Ass.Prof. Domenico Frezza, Department of 
Biology, Univ. Tor Vergata. 
- Responsible of the vaccination and follow-up: Ass.Prof. Andrea Magrini, Department of Biopathology, 
Univ. Tor Vergata. 
- Responsible of Ig monitoring: Research staff Dr.Renato Massoud, Department of Internal Medicine. 
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