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Desenvolvimento de antivirais

Existem relativamente poucas doencas para as duais tem sido
desenvolvidas drogas antivirais eficientes.

= Existem menos alvos “Obvios” para virus do que para bacterias.

= Os diferentes tipos de virus apresentam um conjunto proprio de
proteinas e estratégias de replicacao variadas.

= Alguns virus estabelecem laténcia e tratamento da infeccao produtiva
nao cura a doenca.

= Diferentes virus podem causar sintomas semelhantes, dificultando o
diagnostico.

= Para muitos virus o tratamento sO é eficiente se aplicado na fase
inicial da infeccao (quando muitas vezes nao ha sintomas...)



Desenvolvimento de antivirais

Uma molécula pode agir como antiviral se inibe alguma etapa da
replicacao viral sem ser toxica demais para o hospedeiro.

Os possiveis mecanismos de acao incluem:

= A capacidade de inativar particulas virais extracelulares.
= Prevenir a unido do virus a celula e/ou sua entrada.

= Prevenir a replicacao do genoma viral.

= Prevenir a sintese/funcéo de proteinas virais especificas.
= Prevenir a montagem e/ou liberacao de novos virions.



O ciclo dos diferentes virus apresenta
etapas comuns

= Adsorcao
= Penetracao
= Desnudamento

" Sintese dos componentes virais:
" Proteinas
= Acido nucléico

= Montagem
= Maturacao
" Liberacao



O ciclo de cada tipo viral apresenta
caracteristicas proprias
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O ciclo de cada tipo viral apresenta

caracteristicas proprias
Influenza
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O ciclo de cada tipo viral apresenta
caracteristicas proprias
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Inibidores de
adsorcao e fusao



Inibidores de fusao

1. Binding

2. Fusion and '/
entry
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Inibidores de fusao

"/ Pre-hairpin
intermediate

Qﬁ'ﬁ“ Fusion No fusion



Inibidor de entrada

Maraviroc: inibidor de CCR5

cD4 CCRS Maraviroc
bound to CCRS




Inibidor do desnudamento
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Inibidor do desnudamento

Amantadine Inside endosome

Inside virus



Inibidores das
polimerases virais



Inibidores das polimerases virais

Analogos de nucleotideos N&o analogos de nucleotideos
0 de nucleosideos. o de nucleosideos.

= Servem, exclusivamente, para tipos virias que codificam
polimerases proprias.



Inibidores das polimerases virais
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Inibidores das polimerases virais

Analogos de Nucleosideos
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Inibidores das polimerases virais
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Inibidores das polimerases virais

Analogos de Nucleosideos
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Inibidores das polimerases virais

Analogos de Nucleosideos
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Inibidores da DNA polimerase de
Herpesvirus



Inibidores da replicacéao de Herpesvirus

DNA polymerase Accessory protein UL42

Single-stranded DNA-
binding protein ICP8



Inibidores da replicacédo de Herpesvirus

Inibidores das polimerases virais
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Inibidores da replicacédo de Herpesvirus

Inibidores das polimerases virais

a Nucleoside analogues target viral
DNA polymerase
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Inibidores da replicacédo de Herpesvirus

Inibidores das polimerases virais

b Non-nucleoside drugs that target viral DNA polymerase
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Inibidores da DNA polimerase de
Retrovirus



Inibidores da replicacéo de Retrovirus
Inibidores da transcriptase reversa
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Inibidores da replicacéo de Retrovirus
Inibidores da transcriptase reversa
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Inibidores da replicacéo de Retrovirus
Inibidores da transcriptase reversa

Analogos de nucleosideos.

b NH,
F !
) [gN
s N~ ~o0
2N
HO/H \ /
O_
Racemic
(£)FTC (FAOTC)
Racivir NH,
X

[
)

ACH-126443 (B-L-Fd4C)
Elvucitabine

0

NH;
(1
NS

S

AVX-754 ((-)dOTC)
SPD-754 0

Apricitabine H,C )J\

\L /L
h' \0

F

MIV-310 (FddThd, FLT)
Alovudine

(@]

DPC-817 (3-D-Fd4C)
Dexelvucitabine

Reverset
NH,
N XN
</N '—“\/\/CJ\
HO/___\(O\/ N NH,
L

Diaminopurine
dioxolane (DAPD)
Amdoxovir



Inibidores da replicacéo de Retrovirus
Inibidores da transcriptase reversa
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Inibidores da replicacéo de Retrovirus
Inibidores da transcriptase reversa

Nao analogos de nucleosideos.
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Inibidores da replicacéao de Retrovirus
Inibidores da transcriptase reversa
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Inibidores da RNA polimerase de
flavivirus



Inibidores da RNA polimerase dependente de RNA
(replicase inhibitors)

Inibidores da NS5B de HCV
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Inibidores da RNA polimerase dependente de RNA
(replicase inhibitors)

Inibidores da NS5B de HCV analogos de nucleosideos
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Inibidores da RNA polimerase dependente de RNA
(replicase inhibitors)

Inibidores da NS5B de HCV NAO anélogos de nucleosideos
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Inibidores da RNA polimerase dependente de RNA
(replicase inhibitors)

a b Benzimidazole Benzofuran
GI52

P495
i 6 NNI site 1
M423 P495L .
M414 . NNI site 4
NNI site 2
Y448 C316F/Y
M423T S365T/A
NNI site 3
H95Q
N4T11S
Thiophene MatdL/T
carboxylic acid Y448H
Benzothiadiazine
Unico sitio de ligacdo de . . .
i ; Existem 4 sitios de ligacao de
inibidores da replicase inibidores da re IicagsegNAO
analogos de nucleosideos P

analogos de nucleosideos



Intbidores de outras
enzimas virais



Inibidores da integrase de HIV
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Inibidores da replicacédo de Herpesvirus

C Helicase—primase inhibitors
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Inibidores da replicacédo de Herpesvirus

d Inhibitors that block protein-protein interactions
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Inibidores do brotamento
Influenza

a Neuraminidase activity

Host cell R Budding virus
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“Relenza” “Tamiflu”



Inibidores do brotamento Influenza
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Inibidores da endonuclease de influenza

= Baloxavir (aprovado em 2018)
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Inibidores de proteases



Inibidores de Protease HCV

= Alguns virus, por exemplo Retrovirus e Flavivirus produzem poliproteinas
gue precisam ser processadas.
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Inibidores de Protease

A Natural substrate of the HIV-1 protease
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Inibidores de Protease
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Inibidores de Protease




Virology Lectures 2020 - Prof. Vincent Racaniello + Columbia University

Resumindo...

Attachment j—— HVv
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Principles of Virology, ASM Press



Qutros inibidores...



E possivel criar um antiviral de amplo espectro?

Favipiravir (Avigan)
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Favipiravir-RTP Favipiravir

» Broad-spectrum inhibitor of RNA viruses
» Target: RdRp, a nucleoside analog
* (+) RNA: WNV, YFV, ZIKV, WEEV, CHIKV, picornaviruses, norovirus

* (-) RNA: Lassa virus, EBOV, Rabies virus, measles virus, Pichinde, Junin,
Rift Valley fever virus, Hantaviruses, Respiratory syncytial virus,
parainfluenza virus

* Licensed in Japan to treat influenza

Virology Lectures 2020 - Prof. Vincent Racaniello « Columbia University https://doi.org/10.1016/j.antiviral 2018.03.003



E possivel criar um antiviral de amplo espectro?

Virus Family

Ebola” (cat A) Filoviridae
MarburgL (cat A) Filoviridae

L J OO 1 Influenza A" (cat A) Orthomyxoviridae
Junin® (cat A) Arenaviridae
Rift valley fever” (cat A) Bunyaviridae
LaCrosse” (cat B) Bunyaviridae
NipahL,P (cat C) Paramyxoviridae
Omsk hemorrhagic fever” (cat Flaviviridae
C)
RSSE" (cat C) Flaviviridae
PIV-5" Paramyxoviridae
HPIV-3" Paramyxoviridae
'Newcastle disease” " Paramyxoviridae
HIV—lL,P * Retroviridae
Murine leukemia Retroviridae
Yellow fever” Flaviviridae
Hepatitis ct Flaviviridae
west Nile" Flaviviridae
Vesicular stomatitisL,P Rhabdoviridae
CowpoxL Poxviridae
vaccinia®” Poxviridae
Adenovirus® * Adenoviridae
Coxsackie B" " Picornaviridae
Reovirus” Reoviridae

Virology Lectures 2020 + Prof. Vincent Racaniello *+ Columbia University
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http://www.ncbi.nlm.nih.gov/pubmed/20133606



E possivel criar um antiviral de amplo espectro?

LJOO1

DMSO LJ025 LJOO1

Virology Lectures 2020 « Prof. Vincent Racaniello + Columbia University



Neutralizing Antibodies

(monoclonal, covalescent plasma

SARS-CoV-2 antivirals under evaluation ,, / \/ 0'

Tocilizumab
@ \
d / E )
hos immune responses

« Camostat mesylate - inhibitor
of TMPRSS2 protease

* Chloroquine - raises
endosomal pH

« Remdesivir, Favipiravir -
nucleot/side analogs

* Lopinavir, Ritonavir, Darunavir
- HIV-1 protease inhibitors

« 79 trials at clinicaltrials.gov

Virology Lectures 2020 + Prof. Vincent Racaniello * Columbia University
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26/09/2022 --- 8269 clinical trials em andamento.
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Virus da Hepatite C

= Varias atividades enzimaticas.

géi} HCV RNA genome
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Virus capsid and Non-structural, replication complex

envelope proteins



Virus da Hepatite C

NS proteins

V3

53 4A Protease lhh‘lm

Envelope
glycoproteins

Telaprevir®
Boceprevir?
Simeprevir®
Paritaprevir®
Grazoprevir®
Faldaprevir
Asunaprevir
Vedroprevir
Sovaprevir
Voxilaprevir
Deldeprevir
Glecaprevir

Metalloprotease
Serine protease
RNA helicase
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.
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.
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RNA polymerase
|

NS5A NS5B

ors

Daclatasvir®
Ledipasvir®
Ombitasvir?
Velpatasvir®
Elbasvir®
Odalasvir
Ravidasvir
Samatasvir
Ruzasvir
Pibrentasvir

Nucleos(t)ides Nonnucleosides

Sofosbuvir®

Dasabuvir*
Deleobuvir
Beclabuvir
Radalbuvir

/

Gastroenterol Hepatol (N Y). 2017 Jan;13(1):22-31.




Virus da Hepatite C

Table 9.2 Examples of drugs targeted against HCV proteins

Target
Polymerase (NS5B)

Nucleoside

Nonnucleoside

RNA binding
(NS5A)

Protease (NS3/4A)

Combinations

Brand name
Sovaldi

Generic hame
Sofosbuvir
Mericitabine
Deleobuvir
ABT-333
Ledipasvir

Daclatasvir
ABT-267
Telaprevir Incivek
Boceprevir Victrelis
Simeprevir Olysio
Faldaprevir

Vaniprevir

Samatasvir

Sofosbuvir + ledipasvir

Faldaprevir + deleobuvir

Simeprevir + samatasvir +
TMCe647055/r

ABT-450/r + ABT-267 and
ABT-333

MK-8742 + MK-5172

Developer

Gilead Sciences
Roche

Boehringer Ingelheim
Abbott

Gilead Scienes

Bristol-Myers Squibb
Abbott

Vertex/Johnson & Johnson
Merck
Janssen/Tibotec/Medivir
Boehringer Ingelheim
Merck

Idenix

Gilead Sciences
Boehringer Ingelheim

Janssen
Abbott

Merck

Date approved/
Trial phase

2013

11

[11

I11

111 (filed)

I11
I11
2011
2011
2013
I11
I11

11

[11
I11

11

11

11




Virus da Hepatite C

Evolucéao das terapias: Maior eficacia.

= i
AAS , 20137 95-100
. DAAs ,

2011
PEG-IFN/' 85 +

Standard IFN

70+

1998
@60 3 /
< 1991
e
>
240 34
20 - 16
6 i
O T T =
IFN IFN IFN/RBV IFN/RBYV PEGIFN PEGIFN/ PEGIFN/ DAA All oral
6 mos 12 mos 6 mos 12 mos 12 mos RBV RBV/ +RBV IFN fi
12 mos DAA +PEGIFN LEe
DAAs
sustained virologic response (SVR) — RNA de HCV nao detectavel 2T

p . P 1110s
apos 24 semanas de finalizado o tratamento. dx.doi.org/10.5772/66719



Virus da Hepatite C

Evolucao das terapias: menor tempo.

I Length of longest treatment
B Length of shortest treatment

pegylated IFNa boceprevir + telaprevir + ombitasvir/ ledipasvir/ grazoprevir/ glecaprevir/ velpatasvir/ voxilaprevir/
+ ribavigin pegylated IFNa  pegylated IFNa paritaprevir/ sofosbuvir elbasvir pibrentasvir sofosbuvir velpatasvir/
+ ribavirin + ribavirin ritonavir/ sofosbuvir
+ dasabuvir
Before 2013-2015 2015-2016 After 2016

2013
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HAART Highly active antiretroviral therapy



HAART Highly active antiretroviral therapy

Drogas anti-retrovirais que inibem a reproducao do HIV no

sangue;
Terapia anti-retroviral, também chamada de coquetel;

Atualmente, sdo dezenas de medicamentos divididos em

cinco classes.



HAART Highly active antiretroviral therapy
inibidores de transcriptase reversa analogos de
nucleosideos

inibidores de transcriptase reversa nao analogos de
nucleosideos

Inibidores de protease
Inibidores de fusao

Inibidores da integrase



HAART Highly active antiretroviral therapy

Membrane gp120

gp41
p24

HIV-RNA

Reverse
transcriptase l Fusion

inhibitors

Cell membrﬂap_e m

Protease
inhibitors.
q {7
l Y% 7 ° viral proteins
NRTT| A RNA
NNRTI| ~ = DNA

DNA P
XOOOC AN\ MRNA
DNA AN

Nucleus Integration of DNA



Target
Reverse transcriptase

Nucleos(t)ide inhibit

Generic name
Zidovudine (AZT)
Did ine (ddI)

Nonnucleoside

inhibitors

Protease

Integrase

Entry

Combinations

Zalcitabine (ddC)
Stavudine (d4T)
Lamivudine (3TC)
Abacavir (ABC)
Tenofovir (TDF)
Emtricitabine (FTC)
Nevirapine (NVP)
Delavirdine (DLV)
Efavirenz (EFV)
Etravirine (ETR)
Rilpivirine (RPV)
Saquinavir (SQV)
Ritonavir (RTV)
Indinavir (IDV)
Nelfinavir (NFV)
Amprenavir (APV)
Lopinavir/RTV
Atazanavir (ATV)
Fosamprenavir (FPV)
Tipranavir (TPV)
Darunavir (DRV)
Raltegravir (RAL)
Flvitegravir (FVG)
Dolutegravir (DTG)
Enfuvirtide (T20)
Maraviroc (MVC)
ITC/AZT
ABC/ATC/AZT
TDF/FTC
DRV/cobicistat (COBI)
TDF/FTC/EFV

TDF/FTC/RPV
TDF/FTC/EVG/COBI
DTG/ABC/3TC
RAL/3TC

ATV/COBI
TAF/COBUFTC/EVG
TAF/RPV/FTC
TAF/FTC

DTG/RPV
Bictegravit/FTC/TAF

Brand name
Retrovir

Videx

Hivid

Zerit

Epivir

Aptivus
Prezista
Isentress
Vitekta
Tivicay
Fuzeon
Selzentry
Combivir
Trizivir
Truvada
Prezcobix
Atripla

Complera
Stribild
Triumeq
Dutrebis
Evotaz
Genvoya
Odefsey
Descovy
Juluca
Biktarvy

Manufacturer
GlaxoSmithKline
Bristol-Myers Squibb
Hoffmann-1.a Roche
Bristol-Myers Squibb
GlaxoSmithKline
GlaxoSmithKline
Gillead Sciences
Bristol- Myers Squibb
Roxane

Pfizer

DuPont

Tibotec

Tibotec
Hoffmann-La Roche
Abbott

Merck

Agouron
GlaxoSmithKline
Abbott

Bristol-Myers Squibb
Viiv

Bochringer Ingelheim
Tibotec

Merck

Gilead Sciences
GlaxoSmithKline
Genentech

Pizer

Viiv

ViV

Gilead Sciences
Janssen

Bristol- Myers Squibb/
Gilead Sciences
Gilead Sciences
Gilead Sciences
Gilead Sciences
Merck

VitV

Gilead Sciences
Gilead Sciences
Gilead Sciences

Viiv

Gilead Sciences

HAART Highly active antiretroviral therapy

2011
2012
2014
2015
2015
2015
2016
2016
2017
2018




FDA Approval of HIV Medicines

1981: First AIDS cases are reported in the United States.

1987

Zidovudine {NRTI)

1991 1992 1994
Didanosine (NRTI) Zalcitabine (NRTI) Stavudine (NRTI)
1995 1996 1997 1998
Lamivudine (NRTI) 'fldm.av” (P) co".‘b'.v" (FDC) Abacavir (NRTI) '9’9,
Saquinavir (PI) Nevirapine (NNRT1) Delavnr(dmel(NNRTl) Efavirenz (NNRTI) Amprenavir (Pl)
Ritonavir (P1) Nelfinavir (Pl)
2000 s B 2004
Didanosine EC (NRTI) 2001 somenave (1} .
Kaletra (FDC) Tenofovir DF (NRTI) Emluuh?hl'ue {NRTI) Epzicom (FDC)
AR Enfuvirtide (FI) Truvada (FDC)
Trizivir (FDC)
Fosamprenavir (P1)
2005 2006 i 2008
Tipranavir (PI) Atripla (FDC) SRS Etravirine (NNRTI)
. Darunavir (P1) Raltegravir (INSTI)
20m 2014
Complera (FDC) 2012 2013 Cobicistat (PE)
Nevirapine XR (NNRTI) Stribild (FDC) Dolutegravir (INSTI)  Elvitegravir (INSTI)
Rilpivirine (NNRTI) Triumeq (FDC)
2018
Biktarvy (FDC)
Cimduo (FDC)
2015 2016 Delstrigo (FDC)
Evotaz (FDC) Descovy (FDC) 2017 Doravirine (NNRTI) 2019
Genvoya (FDC) Odefsey (FDC) Juluca (FDC)  Ibalizumab-uiyk (PAI)  Dovato (FDC)
Prezcobix (FDC) Symfi (FDC)
Symfi Lo (FDC)
Symtuza (FDC)
Temixys (FDC)
Drug Class Abbreviations:
CA: CCR5 Antagonist; FDC: Fixed-Dose Combination; FI: Fusion Inhibitor; INSTE Integrase Inhibitor; NNRTE: Non-
Nucleoside Reverse Transcriptase Inhibitor; NRTE: Nucleoside Reverse Transcriptase Inhibitor; PE: Pharmac
Enhancer; Pl: Protease Inhibitor; PAR Post-Attachment Inhibitor

Kir
AIDS/ro
Note: Drugs in gray are no longer available and/or are no longer recommended for use in the United
States by the HHS HIV/AIDS medical practice guidelines. These drugs may still be used in fixed-dose combination formulations,
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HAART Highly active antiretroviral therapy
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HAART Highly active antiretroviral therapy

Terapia combinada:

= trés inibidores da transcriptase reversa,
= dois inibidores da transcriptase reversa e um inibidor de

protease.

Terapia combinada

PrEP e PEP




Duas Historias de
sucesso...

Por qué apenas
duas?



O desenvolvimento de Antivirais é lento e caro

Target structure-function Medicinal chemistry,
studies (X ray, NMR, computation) analog synthesis,
combinatorial chemistry
Cell-virus molecular Cell-virus molecular Cell- or Animal
biology research biology research Mechanism-based models

¢ l screeg i
Medical need ____ __ Target  ______. Relevant “Hits” —p Lead > Drug » Clinical
identified - identification >mechanism‘< T compound candidate testing

in silico
screens

Libraries: natural products, Animal pharmacology,
compound collections, toxicology, metabolism,
combinatorial chemistry, RNAI pharmacokinetics
Prova de conceito = Biodisponibilidade.

= Farmacocinética.
= Seguranca.

= Nao existem modelos experimentais para alguns virus.

= Alguns virus sao muito perigosos para trabalhatr.

= O antiviral precisa ser potente (atividade parcial ndo € aceitavel).



O desenvolvimento de Antivirais é lento e caro

Compound Antiviral effect

synthesized in cells
or purified / Acceptably low
toxicity in cells
100,000 <
= Rejected
10’000; Antiviral effect
. In animals Acceptably low
1,000 < / toxicity in animals
Representative =
numbers of - Rejected Acceptably low
compounds 100 - toxicity in humans
= Rejected Antiviral effect
_ in humans
10 = Rejected / Compound
= approved for
. Rejected general use
1 —
0

Time required 10-15 years



O desenvolvimento de Antivirais é lento e caro

B 0iscovery/synthesis
- Preclinical

Ongoing Safefy
Surveillance

Seguranca

. FDA review

| | | | |
0 5 10 15 20 25

Years v

Efeitos colaterais,
superioridade



O desenvolvimento de Antivirais é lento e caro

= Poucos farmacos antivirais disponiveis.

45
40 - {
& 35 — HIV-1 HIV-1 drugs
- HCV (n=41)
g 30 - — HSV
o —— Influenza HSV drugs HCV drugs
° 25 — HBV (n=10) (n=18)
B — V2V
o 20 - — HCMV
S - RSV HBV drugs
E 154 — HPV (n=8)
E 10+
2
e Influenza drugs
e (n=9)
0 I T I 1 1 1 i 1 1 1 1 1
1959 T 1965 1970 1975 1980 I 1985 1990 1995 2000 2005 2010 2015 2018
Discovery of Discovery of Discovery of Discovery of
HBV (1963) HPV (1965) HIV-1 (1983) HCV (1989)

Idoxuridine
(1963)



O desenvolvimento de Antivirais é lento e caro

= Poucos farmacos antivirais disponiveis.

B Hiv-1

[ Hcv

B HBV

B HSV, HCMV
B Influenza
[7] other

B Polymerase
[ Protease
[ Integrase
[l NSSA

[[] Other virus
[ Host




ANTIVIRAIS

Novas drogas devem ser desenvolvidas.
Novas estratégias devem ser implementadas.
Medidas “simples”, porém efetivas podem ser aplicadas.

Imiquimod, Interferon...

PREVENCAO



Entender melhor o ciclo viral e seus componentes em termos
moleculares permitira desenvqlver drogas mais eficientes

HIV gp120 ﬂ

RNA
Transcription

a  HV

Capsid core

Reverse
transcriptase Fusion

Virus adsorption inhibitors

|

Co-receptor
antagonists

Y

CD4 receptor and
CXCR4 or CCR5
co-receptor proteins

Qﬁla’cion
Polypeptide M

Proteolytic processing
by viral protease

/ ' Protease
o Uncoating inhibitors

=
© Reverse Viral proteins and
Integrase Reverse transcriptase RNA assemble at
bt i transcription | jnhibitors the cell membrane
DNA —==a & (NRTIs,
® NtRTIs,
== > {nnrmiy

f Integration \
(Strand transfer)



Obrigado!!!



