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Project Execution

The main objective of this 5 years Integrated Project was the development, up to clinical Phase I, of a specific HIV microbicide for the prevention of sexual transmission/acquisition of HIV infection, based on the interruption of viral replication at the mucosal level.

Some Members of a new class of non-nucleoside reverse transcriptase inhibitors (NNRTIs), the DABOs, proved capable of irreversibly knocking out HIV-1 replication. This property correlates with their ability to tightly bind to the HIV-1 reverse transcriptase. The lead compound of this series of tight binding NNRTIs is MC1220.

The work programme was organized in: 
i) the research engine for the validation of the concept of MC1220 as a microbicide in in vitro assays and for the design / synthesis optimization of DABOs and new uracil-based NNRTIs; 
ii) pharmaceutical and preclinical development of the candidate lead compound; 
iii) formulation screening and challenge efficacy model for proof of principle in a validate primate model for vaginal RT-SHIV challenge; 
iv) studies and tasks directly aimed at conducting Phase I tolerability studies in women.

The Project integrated all the constitutive skills required to the above aims, chemistry, virology, enzymology, pharmacology, toxicology through several animal models including primates, and clinical research. 

Eleven Partners, from academy to industry, contributed to the Project & focused on the respect of timing and achievement of planned objectives. Specifically,  the Consortium Partners were:
	Partner Name
	Country

	Università di Cagliari
	Italy

	Università di Roma
	Italy

	University of Southern Denmark
	Denmark

	CNRS-AMFB
	France

	Laboratoires Idenix SARL
	France

	University of Patras
	Greece

	German Primate Centre
	Germany

	CIRMF
	Gabon

	Università di Milano
	Italy

	IRD Montpellier
	France

	Hôpital de la Salpétrière
	France


The SHIVA Project has been very productive and successful in many aspects. 

With respect to the project objectives, among the major fulfilments it is noteworthy the rational development of two different classes of powerfull back-up NNRTIs, represented by the leads IM46 and YML 220, which have been synthesized by the chemist groups of Idenix and SDU, respectively.

None of the above molecules, however, showed antiretroviral properties superior to those of the lead compound MC 1220. As a matter of fact, MC 1220 turned out to be clearly superior not only to its back-up compounds, but also to the other NNRTIs (UC 781 and TMC 120) that are currently being developed as microbicides. In fact, in cell-based assays MC 1220 shows outstanding biological properties in terms of potency and spectrum of antiretroviral activity against most of the HIV-1 clades responsible for AIDS all over the world, as well as for its unique capability of irreversibly knocking out the HIV-1 multiplication. Not to mention the fact that, at least in vitro, the “memory effect” of MC 1220 (i.e. the capability of knocking out the HIV multiplication even after a pre-treatment limited to a few hours before infection and incubation of the infected culture in continuous absence of the drug) is by far the best among the NNRTIs tested, UC 781 and TMC 120 included.

At least in part, the above properties of MC 1220 have been confirmed in the monkey challenge experiments, which represent an additional outstanding achievement of the Project. For the first time, in fact, an animal model (consisting of female monkeys challenged with the chimera virus RT-SHIV) has been defined and validated to test the efficacy, alone or in combination with compounds addressing different targets, of the sole class of microbicides so far proved to be able to irreversibly knock out the HIV-1 multiplication: the NNRTIs. 
Unfortunately, the first liposomal formulation of the MC-1220 developed in the SHIVA project, provided a 55% protection at a concentration of 0.5%. Surprisingly, when the concentration was increased from 0.5% to 1.5% the protection did not increase. This was probably due to a high affinity of the drug for liposomes and its low solubility in the aqueous environments.

This result prevented the SHIVA Project to proceed, as originally planned, towards clinical experimentation and led to a re-design of activities in order to identify  alternative solubilizers of MC-1220 i.e. cyclodextrins, that would increase the solubility of the drug in aqueous media, possibly without causing irritation if administered in the form of a vaginal gel (or emulsion). 

In cell-based experiments it was shown that the anti-HIV-1 potency of MC 1220 dissolved in cyclodextrins increased up to 200-fold when compared to that of MC 1220 dissolved in liposomes.

Notwithstanding, also the new formulation proposed by our partner was not successful providing only a 55 % protection in monkeys.

The partial protection of monkeys, obviously, prevented the Consortium to achieve the last planned objective, that is the clinical Phase I trials which should have involved the HIV medical teams (Consortium Partners) already engaged in the development of clinical trial and treatment networks in Africa.

Dissemination and Use

Section 1 – Exploitable knowledge and its Use

Since MC1220 remains the strongest lead of its class, the knowledge acquired during the project formulation phase will be extremely useful in the future efforts to identify more suitable formulations.

Chimico-physical characteristics of MC1220 make it very suitable for sustained release from a polymeric device, such as a vaginal ring or diaphragm. To this end, the Project Coordinator, will continue to undertake a strong action to promote the molecule further development and to identify interested Industrial and research Partners willing to invest on new formulations including vaginal ring and diaphragm. 
Section 2 – Dissemination of knowledge

The Consortium Partners attended several Conferences/Workshops in order to disseminate interim and final results of the Project. 
Among them, the major events are:
2nd Internation Symposium on Drug Discovery and Process Research – Belgaum (India) 10-12 February 2006. Title of intervention: “MC1220 as knocking out NNRTI to prevent sexual transmission of HIV”. (Coordinator)

World AIDS Day – Beijin (Cina) 2 December 2006 - Session Seven: Microbicides: A Powerful New Prevention Tool in the fight against HIV/AIDS. Title of intervention: “the potential topical application of a new class of tight-binding NNRTIs”. (Coordinator)

HIV DART 2006 Frontiers in Drug Development for Antiretroviral Therapies – Cancun (Mexico) 10-14 December 2006 -  Title of oral presentation: “X-Ray Characterization of MC1220 Active Enantiomer and Structure Based Design of New Analogues for Microbicide Application”. (Coordinator)
EDCTP Microbicides – Oslo (Norway) 8 June 2007 - Title of oral presentation: “Products in the pipeline: SHIVA”.(Coordinator)
Annual EUROPRISE Conference, Stockholm (Sweden), June 2006 – Title of oral presentation: “NNRTI-based microbicide protects rhesus monkeys against vaginal RT-SHIV infection”, (DPZ) 
Scientific Workshop on HIV Vaccine and Microbicide Research, Robert-Koch-Instititue Berlin, (Germany), June 2009 Title of oral presentation: “Testing microbicides in non-human primates”, (DPZ) 

eStrategies/Projects: Press release “Giving women the power to protect themselves”, www.britishpublishers.com  (Coordinator)

Annual EUROPRISE Conference, Lisbon (Portugal), 15-18 November 2010 – Title of oral presentation: “In vitro release of MC1220 from maquaque matrix vaginal rings”, (Coordinator) 

All main results achieved by the SHIVA Project have also been published or submitted for publication.  
1. Aly Y. L. and Pedersen E.B., La Colla P. and Loddo R. Synthesis and Anti-HIV-1 activity of novel new MKC-442 analogues containing alkenyl chains or reactive functionalities in the 6-benzyl group. Monatshefte für Chemie 137, 1557-1570 (2006).

2. Aly Y.L., Pedersen E.B., La Colla P., and Loddo R. Novel Synthesis and Anti-HIV-1 Activity of 2-Arylthio-6-benzyl-2,3-dihydro-1H-pyrimidin-4-ones (Aryl S-DABOs). Synthesis 13, 1955-1960 (2007).
3. Aly Y.L., Pedersen E.B., La Colla P., and Loddo R. Synthesis and anti-HIV-1 activity of new MKC-442 analogues with an alkynyl-substituted 6-benzyl group. Archiv der Pharmazie 340, 225-235 (2007).
4. Aly Y.L., Pedersen E.B., La Co lla P., and Loddo R. Synthesis and anti-HIV-l activity of 1,3-phenylene bis-uracil analogues of MKC-442. J. Heterocyclic Chem. 44, 381-387 (2007).
Loksha Y.M. and Pedersen E.B., La Colla P. and Loddo R. Synthesis of some novel 2,6-disubstituted pyridazin-3-ones as TMC120 analogues. J. Heterocyclic Chem., 44, 1351-1356 (2007).
5. Danel K., Larsen L.M., Pedersen E.B., Sanna G., La Colla P., and Loddo R. Synthesis and antiviral activity of new dimeric inhibitors against HIV-1. Bioorg. & Med. Chem., 16, 511-517 (2008).
El-Brollosy N.R., Sørensen E.R., Pedersen E.B., Sanna G., La Colla P. and Loddo R. Synthesis and Antiviral Evaluation of 6-(Trifluoromethylbenzyl) and 6-(Fluorobenzyl) Analogues of HIV Drugs Emivirine and GCA-186. Archiv der Pharmazie 341(1), 9-19 (2008) (2008).
6. Loksha Y.M., Globisch D. and Pedersen E.B., La Colla P., Collu G. and Loddo R. Synthesis and Anti-HIV-1 Evaluation of 1,5-Disubstituted Pyrimidine-2,4-diones. J. Heterocyclic Chem., 45, 1161-1166 (2008).
7. Danel K., Larsen L.M., Pedersen E.B., Sanna G., La Colla P., Loddo R. Synthesis and antiviral activity of new dimeric inhibitors against HIV-1. Bioorganic & Medicinal Chemistry (2008), 16(1), 511-517.

8. Danel K., Jørgensen P.T., Pedersen E.B., La Colla P., Collu G., Loddo R. Synthesis and anti-HIV-1 evaluation of new Sonogashira modified Emivirine (MKC-442) analogues. Helvetica Chimica Acta 92,(7), 1385–1403(2009)
9. Loksha Y.M., Pedersen E.B.; Bond A.D., La Colla P, Secci B., Loddo R. Prompt lithiation of 1-dimethylsulfamoylthymine used for synthesis of 1-allyloxymethyl-6-(α,2,6-trifluorobenzyl)thymine. Synthesis (2009).

10. Loksha Y.M., Pedersen E.B., La Colla P., Loddo R. Synthesis and anti-HIV-1 activity of 1-substituted 6-(3-cyanobenzoyl) and [(3-cyanophenyl)fluoromethyl]-5-ethyl-uracils. Archiv der Pharmazie (2009).

11. Caron M, Besson G, Etenna SL, Mintsa-Ndong A, Mourtas S, Radaelli A, Morghen Cde G, Loddo R, La Colla P, Antimisiaris SG, Kazanji M. Protective properties of non-nucleoside reverse transcriptase inhibitor (MC1220) incorporated into liposome against intravaginal challenge of Rhesus macaques with RT-SHIV. Virology. 15;405(1), 225-33 2010. 
12. Loksha YM, Globisch D, Loddo R, Collu G, La Colla P, Pedersen EB. A Novel Synthetic Route for the Anti-HIV Drug MC-1220 and its Analogues. ChemMedChem. 2010 Aug 16

13. Stolte-Leeb N., Antimisiaris S., Schultheiss T., Sauermann U., Franz M., Loddo R., La Colla P. and Stahl-Hennig C. Topical non-nucleoside reverse transcriptase inhibitor MC 1220 prevents vaginal RT-SHIV infection of macaques. Retrovirology (2010). Submitted 
14. S. Mourtas, S. Fotopoulou, S. Duraj, V. Sfika, C. Tsakiroglou, S.G. Antimisiaris*.. Liposomal drugs dispersed in Hydrogels. Effect of liposome, drug and gel properties on drug release kinetics. Colloids and Surfaces B: Biointerfaces, 55 (2), pp. 212-221 , 2007. 
15. S. Mourtas, S. Duraj, S. Fotopoulou, S.G. Antimisiaris*. Integrity of liposomes in presence of various formulation additives, in aqueous dispersions and in hydrogels, Colloids and Surfaces B: Biointerfaces, 61 (2), pp. 270-276,  2008  
16. Spyridon Mourtas, Maria Haikou, Maria Theodoropoulou, Christos Tsakiroglou and Sophia G. Antimisiaris*, How liposome type, composition and loading concentration influence the rheological properties of a liposomal gel. J. Colloid & Inter. Scienc B: Biointerfaces, 317 (2), pp. 611-619, 2008
17. S. Mourtas, C. Aggelopoulos, P. Klepetsanis, C. Tsakiroglou, S.G. Antimisiaris*, “Complex gel formulations for topical drug administration: Rheological properties and aging”, Langmuir, 25 (15), pp. 8480-8488, 2009  
18. Caron, M., Besson, G., Etenna, S.L.D., Mintsa-Ndong, A., Mourtas, S., Radaelli, A., Morghen, C.D.G., (...), Kazanji, M.  “Protective properties of non-nucleoside reverse transcriptase inhibitor (MC1220) incorporated into liposome against intravaginal challenge of Rhesus Macaques with RT SHIV” Virology 405 (1), pp. 225-233, 2010

19. S. Mourtas, P. Klepetsanis and S.G. Antimisiaris. MC1220 gels for vaginal administration: Preparation, Stability, and Absorption/vaginal irritation after in vivo administration in rabbits. under preparation, 2009

Posters:

· S. Mourtas (Dr), V. Sfika (Dr), P. Klepetsanis (Dr), S. G. Antimisiaris, “Development of formulation for vaginal delivery of MC1220: in vivo preclinical studies”, 5th International Biotechnology Forum (IBSF5), Athenes (Greece), May 8-9, 2009. (UNIPATRAS)
· Mourtas Spyridon, Klepetsanis Pavlos, Antimisiaris Sophia, “Vaginal formulations of a novel NNRTI microbicide. In vivo evaluation of pharmakociketics and toxicity”, International Conference “From Drug Delivery Systems to Drug Release, Dissolution, IVIVC, BCS, BDDS, Bioequivalence and Biowaivers, Athens (Greece), May 28-30, 2009 (UNIPATRAS)
· Blois S., Marongiu E., Sanna G., Collu G., Secci B., Giliberti G., Loddo R., Pedersen E., De Giuli Morghen C., Stahl-Hennig C., and La Colla P., “Results on different formulations of an NNRTI candidate (MC1220) for application as topical microbicide”, 9th NATIONAL CONGRESS OF THE ITALIAN SOCIETY OF VIROLOGY, Orvieto (TR) (ITALY), September 7-9, 2009. (COORDINATOR)[image: image1.png]
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