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The Sequence of the Human Genome
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NEWS FEATURE

/
What makes a successful resegrch team?

el

-

GROUP THEOR

“A good scientist is someone who succeeds in getting the various scientific disciplines to work together
harmoniously just as the fingers of a hand can function properly only if they work in concert.” P. Janssen




Multi-University Research Teams:
Shifting Impact, Geography, and
l Stratification in Science

l 3 Benjamin F. ]une51u‘ Stefan Wuchtylj‘ Bran Uzzi'*™

. cience SCIENCE VOL 322 21 NOVEMEBER 2008 1259

Yellogg School of Management, Northwestern University,
Evarston, IL 60208, USA. *Mational Bureau of Economic Re-
search, Cambridge, MA 02138, USA. *Northwastern I nstitute
on Compleaty (NICO), Northwestern University, Evanston, IL
B0208, USA. *Hax School of Business, Univerdty of Cali-
forma at Berkeley, Berkeley, CA 94720, USA.

A pesquisa clentifica contemporanea se faz em ambiente de rede.
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EJB15
Para completudide em sua atuagao com plena formacdo de M&D,| a PG precisa interagir além de sua propria arena, sem ir de lado mas com
decisao.
Eliezer J. Barreiro; 04/03/2010

E4 Eliezer; 22/04/2010
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TEN DECADES OF DRUG DISCOVERY

Analytical Chemisiry | Chemical & Engineering News | Modern Drug Discove
| Today's Chemist at Work | E-Mail Us | Electronic Readers Service

1800s to 1919

| We lve today in a world of dmgsl Drugs for pain, drugs for disease, drugs for allergies, drugs
for pleasure, and drugs for mental health, Dirogs that have been rationally designed; drugs that have been
synthesized m the factory or purified from nature. Dirugs fermented and drugs engmeered. Dirugs that have been

clinically tested. Effective Safe .
N/ zZo0om

“We live today in a world of drugs. Drugs for pain, drugs for
disease, drugs for allergies, drugs for pleasure, and drugs

for mental health. Drugs that have been rationally designed;
drugs that have been synthesized or purified from nature.
Drugs fermented and drugs engineered. Drugs that have been
clinically tested. Effective. Safe.”
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EJB29 Eliezer J Barreiro; 02/05/2010
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The production of knowledge

PASTEURS
()LJADRAN 1 Bohr Pasteur

Basic Scieng:e
and Technological

Innovation

Donald E. Stokes

D. E. Stokes; Pasteurs Quadrant: Basic Science and Technological
Innovation, Book MNews, Inc., Fortland, EUA, 1999,

M. Gibbons et al., The new production of knowledge: the dynamics of
science & research in contemporary societies, SAGE, London, 1994.
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EJB30 The production of knowlegde
Eliezer J Barreiro; 02/05/2010



Nobel Prize, 1959

“for their discovery of the mechanisms in the
biological synthesis of RNA and DNA”

“We have the paradox of the two cultures,

ChemiStr! and biOIog 2:

growing further apart even as they

discover more common ground....

Pharmaceutical chemistry was until

cently the bastion of organic chemistry...
..ln the search for alternative or superior

rugs for the treatment of various diseases.”

' Arthur Kornberg
Biochemistry 1987, 26, 6888-6891
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EJB17 Rio de Janeiro, 05 de margo de 2010, Prof. Eliezer J. Barreiro, LASSBio, UFRJ.
Eliezer J. Barreiro; 04/03/2010
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A interdisciplinaridade é indispenséavel

para a solucao de problemas

ou desafios complexos !

A28 g

As ciéncias dos farmacos sio complexas

e diversas: Saude, Bioldgicas, Exatas
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A inovacao tecnoldgica € um
PHARMACEUTICAL
INNOVATION _ -d?S |-)I‘OCESSOS- _
mais dinamicos da atividade

[ \‘:"’ J, industrial. Este dinamismo se

-y expressa de forma

\\‘ ' ; l . acentuada na inovacao
AETS v Jf tecqolog& |
. N farmacéutica que, mais do
: J.‘L{,.. e s que qualquer outra,
depende da efetiva interacao
entre

Ciéncia & Tecnologia




R&D intensity / market orice

-Advanced Software
‘Pharmaceuticals,

Nutraceuticals

‘Equipment and Electro

instruments

Telecommunications

*Aeronautics Components
*Chemicals -Chemical specialties
*Electric Machifies g TR e

«Advanced Materials

)

¥ ] arts
*Machine Tools

... da pesquisa cientifica !
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' Science 2000, 287, 1951 (J.Uppenbrink, J.Mervis)

Science 2004, 303, 1713 (Donald Kennedy Ed)
e Rethinking Drug Discovery
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e Surviving the Blockbuster Syndrome
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e Orphan Drugs of the Future?
e Protein Kinase Inhibitors: Insights into Drug Design
from Structure

, _  Polyketide and Nonribosomal Peptide Antibiotics:
L3 A Modularity and Versatility

' | ﬁ e Organic Chemistry in Drug Discovery

e <5 e The Many Roles of Computation in Drug Discovery

bl
o )

e Drug Delivery Systems: Entering the Mainstream

is scientific research based.

“Science is made of facts, just as houses are made of stones; but a mere collection of facts is no more
science than a pile of stones a house” L
ﬁ Henri Poincare, 1902
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Pesquisa & Criatividade

I

CREATIVITY IN “discoveries and inventions become virtually
inevitable (1) as prerequisite kinds of knowledge
SC I EN C E accumulate in man’s cultural store; (2) as the
attention of a sufficient number of investigators
is focused on a problem - by emerging social

- ol F

Dean Keith Simonton

needs, or by developments internal to the particular
science, or by both”

Robert K. Merton (1961)

The role of genius in scientific advance. New Scientist, 12, 306-308

B O ambiente propicio a criatividade existe,
naturalmente, na Academia (= liberdade académica),
favorecendo a criacao do conhecimento novo
e a pesquisa cientifica inovadora !
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O Governo

O Univ. & cutros

Realizagao de P&D
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Adaptado de C. H. Brito Cruz & C. A. Pacheco, “Conhecimento & Inovagao: Desafios do Brasil no
Século XXI”, em www.inovacao.unicamp.br/report/intc-pacheco-brito.pdf (2/01/2009)
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CROSSING THE VALLEY OF DEATH"'

A chasm has opened up between biomedical researchers and the patients who need their
discoveries. Declan Butler asks how the ground shifted and whether the US National

Institutes of Health can bridge the gap.

D. Butler, Nature 2008, 453, 840
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EJB32 Nature 2008, 453, 840
Eliezer J Barreiro; 02/05/2010
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# Apresentacao # Institutos # Noticias # (ontato

€ Noticias

Pesquisadores do INCT de Astrofisica
publicam 100 artigos em oito meses

Um dos maiores

programas

> . UFEMG faz pesquisa picneira para tratamento

\ L N
de Ciéncia f :, da dengue

e Tecnologia Q E
e 9 14 INCT de Fixagao Biologica de Nitrogénio

do Brasil promove simpoésio internacional em
: setemiro

122 projetos INCT’s
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Project CNPqg 573.564/2008-6

A missao do INCT-INOFAR

INCT-INOFAR

Team = ~ & 2 r g 2
o Organlzar ds competenmas cientificas nacionais em uma

Scientific adviser board rede efetiva de pesquisa em farmacos;
(SAB)

s Apoiar projetos de pesquisa cientifica multi-institucionais
i v voltados para novos farmacos;
Research people pEEFE L R g

s Contribuir para a inovacao incremental e radical em novos

Useful articles farmacos e genéricos;

Publications s Estudar e desenvolver a sintese total de geneéricos,
intermediarios avancados e matérias-primas;

Contribuir para a formacao cientifica qualificada de pessoal
em quimica medicinal & farmacologia;

Promover a divulgacido das ciéncias dos farmacos e dos
medicamentos, assim como seu uso racional e seguro;
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Governance committee

wwwinct-inofar.cos. ufrjbr

Comité de Governanga & Coordenagdo Consultoria Cientifica
Acompanhamento (CGA) Dr Eliezer ) Barreiro (UFRJ)
Dra Vanderlan Bolzani (UNESP)

Vice-coordenacgio Dr. Francisco S Guimardes (USP-5P)
Dra Heloisa Beraldo (UFMG) Dr Fernando Q Cunha {USP-RP) Dr Vitor F Ferreira (UFF)
Dr Angelo CPinto {UFRJ) 3
Dr Luiz Carlos Dias (UNICAMP) | Dr Antonio Monge (Espanha)
Dr Marco :Qurélin Martins Dr Camile G Wermuth {(Franga)
‘\L (Fiocruz) _‘/ Superintendéncia Cientifica \ Dr Simon Campbell
Dra Lidia Moreira Lima (UFRJ) -~
. | Foreign scientific consultants
Grupos de Pesquisa
Associados
13 IES &3 ICT
L
inct Antonio Monge, Universidad de Navarra,ES
giﬂf:ﬁaﬁ;ﬂ&m Camille G. Wermuth, Prestwick Co., llkirch, FR

Simon Campbell, ex-Pfizer Major Scientist UK
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Composto Protétipo

Qualificagdo de pessoal técnico, técnico-cientifico (graduado e pés-graduado) / Universidade-Empresal sigilo & confidencialidade

Fase Pré-Clinica

Biodisponibilidade Farmacologia Clinica

Terapéutico

Planejamento
Molecular

_— ®&——— Descoberta N ADMET*———e @—— Ensaios Clinicos——e
Eleicao € e P GLP >
do E - "
Alvo Estratégias de | Farmacologia Via de Toxicidade aguda

Bioensaios
in vitro/ in vivo

—| Administracdo | Toxicidade cronica| Fase 1 Fase 2 Fase 3 Fase 4’

Metabolismo || Scale-Up primario

I

I I I | | |

‘ patologia HQuimica Medicinal /

Bioquimica

— * ADMET = Absorgao; Distribuicao; Metabolismo; Eliminagao; Toxicidade.F

Estrutura do biorreceptor
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Validagao do
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terapéutico
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em Farmacos
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Cadeia da inovaca

e Medicamentos

Protecao
patentaria

Rota sintética escalonada

Alvo
terapéutico l Propriedade intelectual ’

Scale up secundario

Métodos analiticos quantitativos

Informatizagdo do processo

Métodos analiticos qualitativos

Métodos bioquimicos

Desenvolvimento farmacotécnico

@ " .
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r
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Normas regulatérias
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world market, in 2010 = US$ 850 bi
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* A. Mullard, 2010 FDA drug approvals, Nature Rev. Drug Discov. 2011, 10, 82.

‘ “In the 10-year period between 1999 and 2008, the FDA approved 183

small-molecule drugs...”,
D Swinney & J Anthony, Nature Rev. Drug Discov. 2011, 10, 507.
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combinatorial . chemistry
& hlgh-‘tﬁ’ou'ghput screening
approaches resu lted from

inappropriate compound selection...”
24 Hugo Kubinyi
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Annual Activities Report

Interdisciplinar & multi-team

\__—/ .
research projects

 Radical innovation
pain, inflammation,
asthma, CNS,
@ W neglected diseases,
cardiovascular system,
O anticancer
- Incremental innovation

SUS (BR healthcare)
new generic drugs

ANNUAL ACTIVITIES REPORT

www.inct-inofar.ccs.ufrj.br/download/aar/2010.pdf
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Radical Zrmovation

Development of new anti-asthmatic
pharmaceutical prototypes (LASSBio-598),
Prof. Fatricia Risken Macedo Roooo (LIFR]) -

Frof. Lidia Moreira Lima (LFR])

Study of functionalized n-phenyipiperazine
derivatives as prototypes for the
development of new atypical antipsychotics.
Prof. Se=fa Maris Kuze Rates (UFRGE)

Study of the potential anti-inflammatory
effect of the LASSBio 837 compound, on
silicosis and asthma modeis.

Prof. Patricia Machado Rodrigues & Silva
(FROCRUZ-R])

Frof. Marco Aursfio Martes (ROCRUZR])

22%

43%

1

&

Benzaldehyde Semicarbazone{ES]

Prof. Heloim de Oiiveira Beraldo: [UFMHG)
Therapeutic potential of the new vasodilator
compound [LASSEie 1289) in arterial and
pulmenary hypertension

Prof. Gisele Zapata Sudo (UFR])

Evaluation of antiparasitary activity of
series of semicarbazone and hydrazine-n-
acylhydrazone derivatives.

Frod. Magna Suzana Alexandre Moreira [UFAL) -

Prospection of @pportunities in New Generic
and Innovative New Generic Medications.
Prof. Adsfaide Maria de Souzs Arures [IMF)

« Planning, synthesis and pharmacological

evaluation of veetorized and self-organized
neuroactive protolypes
Prof. Ricardo Menegaca (UFGE)

Planning, synthesis, structural characterization
arnd pharmacel egicel evaluation of new anti-
mflammeatory, anti-infective, and neroactive
phermaceuion] oondidates,

Prof. Claudic Viegas Junice (UBIFAL-MG)

3

Theoretical Investigation of the Action
Mechanism of Dialkyiphesphorylhydrazones
as Ribose 5-Phosphate lsomerase Ennyme
Inhibitors of Trypanosema cruzi and
FPlasmedium falciparum.

Prof. Carlos Mavricio R. de SancAnra (UFRR]) -

Evaluation of the antitumoral activity of new
molecules planned structurally from the
imatinik prototype.

Prof. Patricia Dias Fermandes (LIFR])

Triage of new replication inkibitors for the
aequired human immunedeficiency virus Trpe
1 (HIV-1) from the LASSBip Chemical Library.
Prof. Lucana jesus da Cosa (FR])

Pharmacolegical evaluation of new
neurcactive Zolpidem derivatives.
Frof. Roberto Takashi Sudo (UFR])

“Tn sitico” prediction and “in vitro” production
through bioconversion of kuman metabolites
of pharmaceutical protofype candidates.
Prof.Valeria de Oiliveira (UIFG)

35%



Novo candidato a farmaco anti-asméticy ‘a
| | AN

N\o?
S\N

C15H15N2055,
406,4
~ LogP=2/CLogP =180
i MR =103,02
Atua por mecanismo
Pre-dlinic studies | PIBR 0208767-7 - 08/11/2002 farmacologico de agao

PIBR 0401660-2- 27/04/2004 |inédito = Inovacio !

L. M. Lima et al., Bioorg. Med. Chem. Lett., 12, 1533, 3067 (2002) ; P. R. M. Rocco et al., Eur. Respir. J., 22, 20 (2003) ;
L. M. Lima et al., Antii-nflammatory & Anti-allergy Agents in Medicinal Chemistry, 3, 9 (2004) ; J. V. Bevilaqua et al.,
Applied Biochem. Biotechnol., 121, 117 (2005); M. S. Alexandre-Moreira et al., International Immunopharmacology, 5,

485 (2005); H. S. Campos et al., Braz. J. Med. Biol. Res., 39, 283 (2006) ; L.M. Lima et al, Anti-inflammatory & Anti-alergy
Agents in Medicinal Chemistry, 5, 79 (2006)
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LASSBio-596: da descoberta aos ensaios pré-clinicos

Rocco, Patricia R. M.;? Xisto, Debora G.;* Silva, J. D.;® Diniz, Magareth F. F. M.;"
Almeida, Reinaldo H.;h Luciano, Melissa l"'.l.',h Medeiros, Isac A.;h Cavalcanti, Bruno C.;"
Ferreira, José R. 0.;° de Moraes, Manoel O.;" Costa-Lotufo, Leticia V.;" Pessoa, Claudia

do O;° Dalla-Costa, T.;d" Cattani, Vitoria B.',d Barreiro, Eliezer J.%, Lima, Lidia M."

Rev. Virtual Quim., 2010, 2 (1), 10-27. Data de publicagdo na Web: 30 de agosto de 2010
http://www.uff.br/rvg

Resumo

Meste artigo € revisado a trajetoria que vai da descoberta de um novo candidato a farmaco antiasmatico, o
acido 2-[4-(1,4-tiazinan-4-ilsulfonilfenilcarbamoil|benzoico (LASSBio-596), @ realizacdao dos primeiros ensaios
pré-clinicos, com enfogue nos efeitos de LASSBio-596 em modelo murino de asma aguda e cronica, estudos
farmacocinéticos e toxicologicos em roedores e determinacdo do seu potencial genotoxico e mutagénico.

LASSBi0o-596
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» Preambulo introdutorio

» A pesquisa cientifica contemporanea: status-quo;
» A interdisciplinaridade da ciéncia e do farmaco;

» A inovacao tecnologica farmacéutica;

< b -
20 INCT-INOFAR
oA
» Concepcao & missao: quo-vadis; e ol

» Inovacao radical em farmacos: a busca por novos prototipos de

farmacos (novas entidades quimicas = NCE’s);

Inovacao incremental em farmacos: estudo de rotas sintéticas de

novos farmacos genéricos (oportunidades & SUS) e de

b T
II Iy,

intermediarios avancados estratéegicos;



Drug Discovery —
Editorial

Donald Kennedy |
Editor-in-Chief Science 2004, 303, 1717

“... The process of druq discovery is not only

of sclientific interest, it entails a rascinating

interplay among a variety of economic,

social, and political instituions..”.




O “Caminho das Indias” dos
nossos farmacos (genéricos!)

Precisamos resolver, com urgéncia, a grave situacao
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Cristalia Produtos QuimiCos Farmacéuticos Ltda
EMS - Sigma Pharma {Cata da Boa Esperancs 188w
Eurofarma Laboratorios Lteae rus s cumnaTse MRS 2
Genom Farmacéutica Ltda ; Substancias

, . - Farmacéuticas

Laboratoérios BIOSINTETICA o g i

Laboratério Neo Quimica Industria Farmacéutica Ltda
Laboratdério Teuto Brasileiro

LIBBS Farmacéutica

Medley S/A Industria Farmacéutica

Mantecorp

Zambon Laboratérios Farmacéuticos Ltda




Farmacos
s/ protecdo
patentéria

Intermediarios
estratégicos
avangados

Y

Sintese

novos farmacos genéricos

Rotasintética
descrita

mg-g

|

Matéria-prima  Small-scale

Y

Inovagdo
NO processo

l

Inovacao Incremental

farmacos genéricos novos

Rotinade
. Produgdo
Scale-up primdrio ' ESCALA
25 kg | piLoTO
5-25 kg
1kg 5k 10-20L Planta de
Escala produgéo
multimolar
otimizada 2100Kg
Escala de - Escala vy
bancada multimolar
seguranca
Scale-up impactoambiental
. G equipamento padrdo

‘ { > 3000g ]

Genéricos Novos X Novos Genéricos

** O grave gargalo do escalonamento
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50 mg / 28 caps ca. R$ 20.837,90

" . Vendas de tinibes no
* Inibidor BCR—ABL Tyr-quinase

mercado
« Indicado para Ca-estdmago/rim norte-amerlcano:
USS 18,5 bi (2009)
» Nova sintese Prof. Angelo da Cunha Importacdes
Pinto & Dr Barbara Vasconcelos S
Q-UFRJ, em 2011, pelo INCT- €@+ US% 3 milhdes/ano
INOFAR S Aggarwal, Nature Rev Drug Discov 2010, 9, 427



Os farmacos best-seller em 2010* -
rF Clopidogrel (BMS, 2011)
Seretlde on /XAO o _ocH,
. "\“/\CH3 HO/\/O)\/NWO 3 O\j: m
Ho C25H37NO4 . Cl S
fluticazona -
salmeterol z
Cellali0SGsK, 2012)

c&m Rosuvastatlna
(CrestorR, AZ)

Etanercept 0
{EnbrelR, biofarmaco) s
N N
Infliximab /
(Remicader, biofarmaco) ~
sreeOlanzapina N 3
(ZyprexaR,Ely Lilly) 2
Adalimumab Q\S C17H19N303S
(HumiraR Abbott)

Esomeprazola (AZ)

C33H35FN,05

3 L Atorvastatina
(8,7%) * R Mullin, C&EN 2010 (06/12) 14-21 (Pfizer; 06/2011)

75.0 Quetiapina (AZ, 2012)




Atorvastatina HO CO.H
1991 i croH
« Sintetizada, em 1985, por Bruce D. Roth

- Patente US 5273995 Pfizer (1991)

* Nova sintese Prof. Luiz Carlos Dias &
Dr Adriano Siqueira, IQ-UNICAMP, em
2010, pelo INCT-INOFAR

B. D. Roth, BD (2002). "The discovery
and development of atorvastatin, a potent
' novel hypolipidemic agent”, Prog Med
' Chem 2002, 40, 1-22

» K. Maggon, "Best-selling human

Today 2005, 10, 73942
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LC Dias, AS Vieira, EJ Barreiro, Processo de obtencao
de atorvastatina calcica utilizando novos intermediarios
Pl 018110015039 (protocolado no INPI, em 25/04/2011)

professor Luiz CaHo:
s -dos h] ndo d s queira v'e
rota é mais b -ata e eficiente

* Prof. Luiz Carlos Dias & Dr Adriano V Siqueira, IQ-UNICAMP

Ca?
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Novos arranjos institucionais sao necessarios

Dn,g Disc{)\en,r T{ﬂaytu’dum 14, Numbers ‘|l|l‘2vl-januanf 2009 07 OCtOber 2009 VOI 1, issue 1 y 95'101
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Drug discovery: new models for
industry-academic partnerships

Reviews * POST SCREEN

Cathy J. Tralau-Stewart, Colin A. Wyatt, Dominique E. Kleyn and Alex Ayad

Drug Discovery Centre and Business Development, Imperial College London SW7 2AZ, UK

The re-focusing of pharmaceutical industry research away from early discovery activities is stimulating
the development of novel models of drug discovery, notably involving academia as a ‘front end’. In this
article the authors explore the drivers of change, the role of new entrants (universities with specialised
core facilities) and novel partnership model Is

Is
PG Wyatt, The emerging academic drug-discovery sector. Future Med. Chem. 2009, 1, 1013; R

Kneller, The importance of new companies for drug discovery: origins of a decade of new drugs.
Nature Rev. Drug Discov. 2010, 9, 867; Al Stevens et al., The role of public-sector research in the
discovery of drugs and vaccines. N. Engl. J. Med. 2011, 364, 535.




HENRY CHESBROUGH

“Most innovations falil.

» O

UPEH And companies that don’t &+

INNOVATION . - & Gl
e ew mperst innovate die '

lor Lreating and Prafising
Frian Teches Bgy

Big-Pharmas estao adotando esta estratégia para minimizar
sua crise de produtividade. Novos paradigmas de gestao da
pesquisa cientifica para chegar a farmacos inovadores estao

em curso de se desenharem.
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The effective and productive industry-university interaction in

Brazilian pharmaceutical sector is poor, superficial and occasional.




inovacao no setor de farmacos,

:1&..&/ exige mais do que
: ou parcerias entre
universidade, empresa

publica/privada e
Exige qualificado,
acoes articuladas, integradas,

dos

gargalos empresarial
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