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1. Vaccinacao e Objetivos do desenvolvimento de vacinas

2 Tipos de vacina de mRNA:
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1. Vaccinacao e Objetivos do desenvolvimento de vacinas

Como induzir a imunidade duradoura®?

Doria-Rose N, Suthar MS, Makowski M, et al. 2021. Antibody persistence through 6 months after the
second dose of mRINA-1273 vaccine for Covid-19. N. Engl. 7. Med. 384:2259-61
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2. Vacina de mRNA

Componentes principais da vacina de mRNA:

5Cap | SUTR | ORF | BUTR | Poly-A

lonizable lipid Self-assembled

LipoParticle

nanoparticle micelle

Linares-Fernandez et al 2020 Trends in Mol. Medicine 26:311
Ayad et al 2021 Pharmaceutics 13 Trimaille et al 2019 Eur. J. Pharm. Biopharm 142:232i



2. Vacina de mRNA

Molécula de mRNA: estratégias para
aumentar a eficiéncia da traducao

5’ Cap
5 UTR
CDS otimizada

3’ UTR

Imunogenicidade

Nucleosideos modificados



2. Vacina de mRNA
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2. Vacimna de mRNA'

Imunogenicidade:

O sistema imunologico pode reconhecer motifs denominados PAMPs (padroes
moleculares associados com patdgenos) pelos receptores de reconhecimento
de padrao (PRRs).

Esses receptores sao expressos em elevada quantidade nas celulas
apresentadoras de antigenos (células dendriticas) presents no endossomo ou
citoplasma.

Receptores presentes no endossoma: TLR-7 e TLR-8 que ativam MyD88,
interferon tipo-1 e a secregéo de citocinas inflamatorias.

Receptores presentes no citoplasma: RIG-IHike (MDA-5) e OAS (oligoadenylate
Synthetase) e enzima kinase dependente de RNA (PKR).

Miao et al 2021 Mol. Cancer 20:41



2. Vacina de mRNA

Imunogenicidade:

Se PKR for ativada, o fator eucariotico de iniciagao da tradugao (elF-2) pode ser
fosforilado e bloquear a tradugdo do mRNA.
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2. Vacina de mRNA

Imunogenicidade:

dsRNA pode atrair a ligacao de OAS que pode ativar a enzima RNase L e levar
a degradacao do mRNA
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2. Vacina de mRNA

5UTR:

Otimizacao da regiao 5UTR para aumentar a eficiéncia da tradugao

Evitar a presenca de AUG ou codon de iniciagdo nao candnico (CUG) na regiao
5'UTR que podem diminuir a traducao da regiao ORF.

Evitar a presenca de estruturas altamente estaveis na regiao SUTR que podem
prevenir o recrutamento do ribossomo.

5 UTR de a-globina e 3-globina de Xenopus laevis ou Homo sapiens sao muito
utilizados.

Miao ef al 2021 Mol. Cancer 20:41



2. Vacina de mRNA

Otimizacao de codons:

Otimizar o conteudo de C e G na regiao “open reading frame” (ORF) para
aumentar a taxa de sintese durante a traducao do mRNA

Adicionar o0s codons presentes em maiores quantidades encontrados
naturalmente na célula-alvo.

Adicionar codons com abundancia de tRNA.

Evitar estruturas altamente estaveis na regiao ORF.

Miao ef al 2021 Mol. Cancer 20:41



2. Vacina de mRNA

Cauda poli-A:

Em geral, mRNA de células dendriticas derivadas de mondcitos apresentam
entre 120 e 150 nt, enquanto MRNAs de linfécitos T apresentam 300 nt em

comprimento.

A proteina ligante de cauda poliA (PABP) pode interagir com a regido 5’ cap e
promover uma estrutura que permitira uma maior eficiéncia da traducao.

Sao necessarios estudos adicionais para a compreensdao da cinética do
tamanho da cauda poli-A a nivel de traducao do mRNA.

Miao ef al 2021 Mol. Cancer 20:41



2. Vacina de mRNA

Nucleosideos modificados:

Receptores do tipo Toll reconhecem estruturas conservadas nos
patdgenos e ativam genes alvos da resposta inata e adaptativa.
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2. Vacinal de mRNA;

Marco historico: modificagoes quimicas nos nucleosideos de mRNA

Suppression of RNA Recognition by Toll-like
Receptors: The Impact of Nucleoside Modification
and the Evolutionary Origin of RNA

Immunity, Vol. 23, 165-1 75|

Katalin Kariké,'* Michael Buckstein,? Houping Ni,?
and Drew Weissman?

1 ’_\ H—y et Table 1. TLR Recognition of Microbial Components
Drew Weissman e Katalin Kariko Microbial Components Species TLR Usage

Viruses

DNA Viruses TLR9

dsRNA Viruses TLR3

ssRNA RNA viruses TLR7 and TLR8
Envelope proteins RSV, MMTV TLR4
Hemagglutinin protein Measles virus TLR2

TLRS LLE; %S ILRS" _xeotor Células 293 expressando receptores do tipo Toll (TLR),

simulando células do sistema immune que apresentam
esses receptores, reconhecem e respondem a acidos
nucleicos. A ativacdo desses receptores levam a
ND. producdo de interferon. A sintese de mRNA na presenca
ND, de nucleotideos quimicamente modificados modulam o

0 5 100 10 20 30 0 20 40 0 20

MC8 (pgim) | potencial imunoestimulatorio do RNA.

T
RNA-730 | RNA-1571,

Akira et al, 2006 Cell 124: 783. Kariko et al, 2005 Immunity 23: 165.




2. Vacina de mRNA

Modificacoes: pseudouridina e 5-metilcitidina
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3. Sistema de entrega da molecula de mRNA

Nanoparticula lipidica:

Discovery of mRNA
and its function'

In vitro translation of
isolated mRNA in a
cell-free system??

Lipid nanoparticles

Development of liposome—
mRNA formulations?*?

Free mRNA translation
post intramuscular
injection in mice?

Development of cationic
LNP-mRNA formulations?*

Injection of vasopressin
mRNA into rat brain as
protein replacement
therapy for diabetes
insipidus??

Development of liposome—
mRNA formulations as
influenza vaccine®*

Injection of
carcinoembryonic antigen
mRNA into mouse muscle
as a cancer vaccine'®

First clinical trial of mRNA-
engineered dendritic cells
(NCT00004211)

Nucleoside-modified
mRNA shows reduced
immunogenicity'®

Clinical trial of mRNA
therapeutics using
protamine-mRNA
formulations

(NCT00204607)

Clinical trial of LNP-mRNA
formulations for cancer
immunotherapies (NCT02316457)

Development
of liposomes?*

LNPs encapsulating
small molecules
(doxorubicin or
amphotericin B) were
approved by the FDA'®

LNPs encapsulating
daunorubicin were
approved by the FDA
and the EMA™®

LNPs encapsulating
verteporfin were
approved by the FDA'®

LNPs encapsulating
vincristine were
approved by the FDA™

First in-human test of
personalized mRNA
cancer vaccines?®

¢ Clinical trial of LNP-mRNA formulations
as influenza vaccines (NCT03076385)

¢ Clinical trial of LNP-mRNA formulations
for protein replacement therapies
(NCT03375047)

LNPs encapsulating
irinotecan were
approved by the FDA™®

LNPs encapsulating
cytarabine were
approved by the FDA'®

* mRNA-1273 and BNT162b (LNP-mRNA
formulations) COVID-19 mRNA
vaccines obtained authorization from
regulatory agencies in multiple
countries

¢ Clinical trial of LNP formulations
delivering gene-editing components
for genetic disorders (NCT04601051)

Onpattro (LNPs
encapsulating siRNA),
the first siRNA drug,
was approved by the
FDA and the EMA®®




3. Sistema de entrega da molecula de mRNA

Nanoparticula lipidica:

mRNA Lipid nanoparticles

Discovery of mMRNA
and its function?!

In vitro translation of
isolated mRNA in a
cell-free system??

Development
of liposomes?**

Development of liposome—
mRNA formulations?2??

Free mRNA translation
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Injection of vasopressin
mRNA into rat brain as
protein replacement
therapy for diabetes
insipidus?®?

Development of liposome—
mRNA formulations as
influenza vaccine'®*

LNPs encapsulating
small molecules
(doxorubicin or
amphotericin B) were

approved by the FDA™®

Injection of
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Hou et al 2021 Nature 6: 1078



3. Sistema de entrega da

molecula de mRNA

Nanoparticula lipidica:

First clinical trial of mRNA-
engineered dendritic cells
(NCT00004211)

Nucleoside-modified
mRNA shows reduced
immunogenicity'®?

Clinical trial of mRNA
therapeutics using
protamine-mRNA

formulations
(NCT00204607)

Clinical trial of LNP-mRNA
formulations for cancer
immunotherapies (NCT02316457)

First in-human test of
personalized mRNA
cancer vaccines?®

e Clinical trial of LNP-mRNA formulations
as influenza vaccines (NCT03076385)

e Clinical trial of LNP-mRNA formulations
for protein replacement therapies
(NCT03375047)

e mRNA-1273 and BNT162b (LNP-mRNA
formulations) COVID-19 mRNA
vaccines obtained authorization from
regulatory agencies in multiple
countries

e Clinical trial of LNP formulations
delivering gene-editing components
for genetic disorders (NCT04601051)

LNPs encapsulating
verteporfin were
approved by the FDA?

LNPs encapsulating
vincristine were
approved by the FDA®

LNPs encapsulating
irinotecan were
approved by the FDA?

LNPs encapsulating
cytarabine were
approved by the FDA®

Onpattro (LNPs
encapsulating siRNA),
the first siRNA drug,

was approved by the
FDA and the EMA®®

Hou et al 2021 Nature 6: 1078




3. Sistema de entrega da molecula de mRNA

4 moléculas lipidicas:
1. Lipideo catidénico

2. Lipideo ionizavel
3. Fosfolipideo

4. Colesterol

Nanoparticula lipidica: vacinas de mRNA anti-COVID-19

Cationic lipids
~ I O -
SN A0 —
+
DOTMA
0]
| OJI\/\/WW/
SN0 —
+
(0] DOTAP

DLin-MC3-DMA

HO\/\/\N/\/\/\/Om/\/
(0]
Om
(6]

ALC-0315

Hou et al 2021 Nature 6: 1078




3. Sistema de e

ntrega da molecula de mRNA

Nanoparticula lipidica: vacinas de mRNA anti-COVID-19

4 moléculas lipidicas:

3. Fosfolipideo

4. Colesterol

PEG.000-DMG
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Hou et al 2021 Nature 6: 1078




3. Sistema de entrega da molecula de mRNA

Nanoparticula lipidica: vacinas de mRNA anti-COVID-19

BNT162b2

mRNA-1273

lonizable cationic lipid

Helper lipids
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Schoenmaker et al 2021 Nature 6: 1078




3. Sistema de entrega da molecula de mRNA

Nanoparticula lipidica: vacinas de mRNA anti-COVID-19

mRNA - lipid nanoparticle complex

PEG -phospholipids

ChoIesteroIO W —_—

Pure Cap-1
Phospholipids g mRNA

lonizable lipids %

Brader et al 2021, Biophys J. 120: 2766 e Linares-Fernades et al 2021 Trends Mol Med 26: 311



mRNA and Protein Spike

Gene of the month

Gene of the month: the 2019-nCoV/SARS-CoV-2
novel coronavirus spike protein

Pillay TS. J Clin Pathol 2020;73:36!

Infection, Gen

118 528 589 846 912 1072 1163 1273

_—_‘—H _—W//A
SD2 FP CR  HR1 CH BH SD3 HR2 TMCT

S1/S2
S2

SARS-CoV-2 Spike Protein

tics and Evolution 84 (2020) 104389

6—369.

Proteina transmembranal do tipo |, semelhante a proteina ENV do HIV-1, apresenta
dois dominios S1 e S2 e dais sitios de clivagem no dominio S2.




4. mRNA and Protein Spike

Homology Model of Ribbon diagram of
SARS-CoV-2 Spike Protein Trimer SARS-CoV-2 Spike Protein Monomer

Lockman et al 2020 Infection, Genetics and Evolution 84 (2020) 104389
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M F VF L VL L P LV S S QCV N L TT
ATGTTTGTTTTTCTTGTTTTATTGCCACTAGTCTCTAGTCAGTGTGTTAATCTTACAACC
R T Q L P P A Y TN S F TR G V Y Y P D
AGAACTCAATTACCCCCTGCATACACTAATTCTTTCACACGTGGTGTTTATTACCCTGAC
K v F R S s VL HS T QDL F L P F F S
AAAGTTTTCAGATCCTCAGTTTTACATTCAACTCAGGACTTGTTCTTACCTTTCTTTTCC
N v T W FHATIHUV S G TN G T K R F D
AATGTTACTTGGTTCCATGCTATACATGTCTCTGGGACCAATGGTACTAAGAGGTTTGAT
N P VL P F NDGV Y F A S TE K S N I
AACCCTGTCCTACCATTTAATGATGGTGTTTATTTTGCTTCCACTGAGAAGTCTAACATA
I R GW I F 6T T L D S K T Q S L L I V
ATAAGAGGCTGGATTTTTGGTACTACTTTAGATTCGAAGACCCAGTCCCTACTTATTGTT
N NA TNV V I KV C E F F C N D P F
AATAACGCTACTAATGTTGTTATTAAAGTCTGTGAATTTCAATTTTGTAATGATCCATTT
L G VY Y HKNNDNI K S WME S E F R V Y
TTGGGTGTTTATTACCACAAAAACAACAAAAGTTGGATGGAAAGTGAGTTCAGAGTTTAT
s s A NNCTVF E Y V S Q P F L M D L E
TCTAGTGCGAATAATTGCACTTTTGAATATGTCTCTCAGCCTTTTCTTATGGACCTTGAA
G K Q G N F K N L REF V F KNI D G Y
GGAAAACAGGGTAATTTCAAAAATCTTAGGGAATTTGTGTTTAAGAATATTGATGGTTAT
F K I ¥ s K H TP INTLV RDUL P Q G F
TTTAAAATATATTCTAAGCACACGCCTATTAATTTAGTGCGTGATCTCCCTCAGGGTTTT
s AL E P L VDL P I G I NI TR F QT
TCGGCTTTAGAACCATTGGTAGATTTGCCAATAGGTATTAACATCACTAGGTTTCARACT
L L A L HR S Y L TP G D S S S G W T A
TTACTTGCTTTACATAGAAGTTATTTGACTCCTGGTGATTCTTCTTCAGGTTGGACAGCT
G A A A Y Y V G Y L P R T F L L K Y N
GGTGCTGCAGCTTATTATGTGGGTTATCTTCAACCTAGGACTTTTCTATTAAAATATAAT
E NG T I T DAV DCAULUDUPTUL S E T K
GAAAATGGAACCATTACAGATGCTGTAGACTGTGCACTTGACCCTCTCTCAGAAACAAAG
c T L K S F TV E K G I Y Q T S N F R V
TGTACGTTGAAATCCTTCACTGTAGAAAAAGGAATCTATCAAACTTCTAACTTTAGAGTC
Q Pp T E S I VRFUPNTITNTULTCUPTF G E
CAACCAACAGAATCTATTGTTAGATTTCCTAATATTACAAACTTGTGCCCTTTTGGTGAA
V F NA TRV FAS YV Y A WNU RI KU RTISN
GTTTTTAACGCCACCAGATTTGCATCTGTTTATGCTTGGAACAGGAAGAGAATCAGCAAC
c Vv A DY S VL YNSAS ST F S TTFIKCY
TGTGTTGCTGATTATTCTGTCCTATATAATTCCGCATCATTTTCCACTTTTAAGTGTTAT
G Vs P T KULNDTULTCT FTNUV Y A D S F
GGAGTGTCTCCTACTAAATTAAATGATCTCTGCTTTACTAATGTCTATGCAGATTCATTT
VI R G D E V R Q I A P G Q T G KI A D
GTAATTAGAGGTGATGAAGTCAGACAAATCGCTCCAGGGCAAACTGGAAAGATTGCTGAT
Y N Y K L PDDVF TG CV I AWNDNSNN
TATAATTATAAATTACCAGATGATTTTACAGGCTGCGTTATAGCTTGGAATTCTAACAAT
L DS KV GGNUYNYTLYRUILTFRIKSN
CTTGATTCTAAGGTTGGTGGTAATTATAATTACCTGTATAGATTGTTTAGGAAGTCTAAT
L K P F ERDTI S TETI Y QA AGS TP C
CTCAAACCTTTTGAGAGAGATATTTCAACTGAAATCTATCAGGCCGGTAGCACACCTTGT
N G VE G F NC Y F P L S Y G F Q P T
AATGGTGTTGAAGGTTTTAATTGTTACTTTCCTTTACAATCATATGGTTTCCAACCCAC
N GV G Y Q P Y RV YV VL S F EUL L H A
AATGGTGTTGGTTACCAACCATACAGAGTAGTAGTACTTTCTTTTGAACTTCTACATGCA
P A TV CG P KK S TNL V KN K C VN
CCAGCAACTGTTTGTGGACCTAAAAAGTCTACTAATTTGGTTAAAAACAAATGTGTCAAT
F N F NGLTGTGV L TE S N K K F L
TTCAACTTCAATGGTTTAACAGGCACAGGTGTTCTTACTGAGTCTAACAAAAAGTTTCTG
P F Q Q F GR DI ADTTDA AV R D P Q
CCTTTCCAACAATTTGGCAGAGACATTGCTGACACTACTGATGCTGTCCGTGATCCACAG
T L B I L D I T P C S F G G V s VvV I T P
ACACTTGAGATTCTTGACATTACACCATGTTCTTTTGGTGGTGTCAGTGTTATAACACCA

1}
Pfizer e BioNTech
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2041
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741
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G T N T S N V AV L Y Q DXV N C T E V
GGAACAAATACTTCTAACCAGGTTGCTGTTCTTTATCAGGATGTTAACTGCACAGAAGTC
P v A I H A D L T P T W R V Y S T G S
CCTGTTGCTATTCATGCAGATCAACTTACTCCTACTTGGCGTGTTTATTCTACAGGTTCT
N V F T R A G C L I G A E H V N N S Y
AATGTTTTTCAAACACGTGCAGGCTGTTTAATAGGGGCTGAACATGTCAACAACTCATAT
E CDTI P I GA G I CA S Y Q T Q T N S
GAGTGTGACATACCCATTGGTGCAGGTATATGCGCTAGTTATCAGACTCAGACTAATTCT
P R R AR S VA S Q S I I A Y T M S L G
CCTCGGCGGGCACGTAGTGTAGCTAGTCAATCCATCATTGCCTACACTATGTCACTTGGT
A E NS V A Y S NN S I A I P TN F T I
GCAGAAAATTCAGTTGCTTACTCTAATAACTCTATTGCCATACCCACAAATTTTACTATT
s v T T E I L PV S M T XK T S V D C T M
AGTGTTACCACAGAAATTCTACCAGTGTCTATGACCAAGACATCAGTAGATTGTACAATG
y I ¢ 6 D S T E C s N L L L Y G S F C
TACATTTGTGGTGATTCAACTGAATGCAGCAATCTTTTGTTGCAATATGGCAGTTTTTGT
T Q L N R A L T G I A V E D K N T Q E
ACACAATTAAACCGTGCTTTAACTGGAATAGCTGTTGAACAAGACAAAAACACCCAAGAA
vV F A V K Qg I Y K T P P I K D F G G F
GTTTTTGCACAAGTCAAACAAATTTACAAAACACCACCAATTAAAGATTTTGGTGGTTTT

12000 E L G K Y E Q Y I K W P W Y I W L G F
3601 CAAGAACTTGGAAAGTATGAGCAGTATATARAATGGCCATGGTACATTTGGCTAGGTTTT
122121 A G L I A I VvV M V T I M L C C M T S C
3661 ATAGCTGGCTTGATTGCCATAGTAATGGTGACAATTATGCTTTGCTGTATGACCAGTTGC
1241 C s C L K G C C s C G s C C K F D E D D
3721 TGTAGTTGTCTCAAGGGCTGTTGTTCTTGTGGATCCTGCTGCAAATTTGATGAAGACGAC
1261l s E P V L K G V K L H Y T *

3781 TCTGAGCCAGTGCTCAAAGGAGTCAAATTACATTACACATAA

Dominio CH
(central helix)

Dominio RBD

N F s ¢ I L P D P S K P S KR S F I E D
AATTTTTCACAAATATTACCAGATCCATCAAAACCAAGCAAGAGGTCATTTATTGAAGAT
L L F N K V T L A DA G F I K Y G D C

CTACTTTTCAACAAAGTGACACTTGCAGATGCTGGCTTCATCAAACAATATGGTGATTGC
L 6GDIAATRUDTILTITCA AZ QT KT FNGTLTV
CTTGGTGATATTGCTGCTAGAGACCTCATTTGTGCACAAAAGTTTAACGGCCTTACTGTT
L PP L L TDEMMTIA AGO QYT SATLTLAG
TTGCCACCTTTGCTCACAGATGAAATGATTGCTCAATACACTTCTGCACTGTTAGCGGGT
T I TS GWTTFGATGA A ATLOQTI P F A M
ACAATCACTTCTGGTTGGACCTTTGGTGCAGGTGCTGCATTACAAATACCATTTGCTATG
O M A Y RFNGTIG UV T N VL Y E N Q
CAAATGGCTTATAGGTTTAATGGTATTGGAGTTACACAGAATGTTCTCTATGAGAACCAA
K L I A N F N s A I G K I D S L s s
AAATTGATTGCCAACCAATTTAATAGTGCTATTGGCAAAATTCAAGACTCACTTTCTTCC
T A S AL G K L D V V N N A A L N
ACAGCAAGTGCACTTGGAAAACTTCAAGATGTGGTCAACCAAAATGCACAAGCTTTAAAC
T L V K Q L S S NTF GATI S SV LNTD I
ACGCTTGTTAAACALG TCCAATTTTGGTGCAATTTCAAGTGTTTTAAATGATATC
L S R L D A EV Q I DURTILTIT G R
CTTTCACGTCTTGA fAGGCTGAAGTGCAAATTGATAGGTTGATCACAGGCAGA
L Q S L Q V T Q Q L I RAAETI R A
CTTCAAAGTTTGCAGACATATGTGACTCAACAATTAATTAGAGCTGCAGAAATCAGAGCT
S AN L A AT XKMSETCVULGQS KR V
TCTGCTAATCTTGCTGCTACTAAAATGTCAGAGTGTGTACTTGGACAATCAAAAAGAGTT
D F CG X G Y HULMST FZPOQSATZPUHGV
GATTTTTGTGGAAAGGGCTATCATCTTATGTCCTTCCCTCAGTCAGCACCTCATGGTGTA
V F L HV T Y V P A E K N F T T A P A
GTCTTCTTGCATGTGACTTATGTCCCTGCACAAGAAAAGAACTTCACAACTGCTCCTGCC
I C HD G XK AUHTFPRTETG GV FV S NGT
ATTTGTCATGATGGAAAAGCACACTTTCCTCGTGAAGGTGTCTTTGTTTCAAATGGCACA
H WF V T R N F Y EP QI I TTODNT
CACTGGTTTGTAACACAAAGGAATTTTTATGAACCACAAATCATTACTACAGACAACACA
F Vs GUNOCDV VYV IGTIVN-NTTV Y DFP
TTTGTGTCTGGTAACTGTGATGTTGTAATAGGAATTGTCAACAACACAGTTTATGATCCT
L 9 PE LD ST FXKETETLTDIZ K Y F KN H T
TTGCAACCTGAATTAGACTCATTCAAGGAGGAGTTAGATAAATATTTTAAGAATCATACA
s P DV DZILGDTISGTINA ASUV VNI Q
TCACCAGATGTTGATTTAGGTGACATCTCTGGCATTAATGCTTCAGTTGTAAACATTCAA
K E I DR L NI EVAZ KNTLNUNTES L I DL
AAAGAAATTGACCGCCTCAATGAGGTTGCCAAGAATTTAAATGAATCTCTCATCGATCTC

Modemna e Pfizer

Destaques em: 1)
variantes brasileiras de
Fev/21 (dominio RBD
K417T); 2) variante
D614>G - mais comum
e 3) sitio de furina
(rosa).

Ha duas vacinas da
Pfizer: BNT162b1
(apenas dominio RDB)
e BNT162b2 (similar a
Moderna [completa e
2P])




4. mRNA and Protein Spike

Caracteristicas outras spikes: Pallessen et al 2017
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Perfil gel-filtracao a partir de 1 litro de
producao transiente. Com relacao ao
sitio assinalado: duas proteinas spikes
00! | s80 mutantes (2P) e duas selvagens.
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Immunogenicity and structures of a rationally designed
prefusion MERS-CoV spike antigen o\ as E7345.67357
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4. mRNA and Protein Spike

Caracteristicas spike hibrida: Pallessen et al 2017

All four proteiﬁs were expressed with a C-terminal T4 fibritin trimerization domain

C

220

160

S0

20

D12 G4 G2 AM14
we W MERS S-2P

Heavy chain

Light chain

Analise em SDS/PAGE da proteina
MERS-S-2P expressa em células 293-
T mostrando que mantém a
capacidade de reconhecer diferentes
anticorpos. AM14 — anticorpo controle.
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4. mRNA and Protein Spike

-

Spike: imunogenicidade - outros coronavirus

Immunogenicity and structures of a rationally designed Potent and persistent antibody responses against

prefusion MERS-CoV spike antigen the receptor-binding domain of SARS-CoV spike
oL et Costophar e o et . Becker, Lo Wapne, Wl Sh, WingPe Kons protein in recovered patients

Erica L. Andres?, Arminja N. Kettenbach®f, Mark R. Denison®9, James D. Chappell?, Barney S. Graham®,

Andrew B. Ward®2, and Jason S. McLellan®2 Zhiliang Cao'", Lifeng Liu®", Lanying DU?, Chao Zhang', Shibo Jiang®, Taisheng Li*", Yuxian He'"
B.
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. Neutralizacao da infeccao por
Spike 2P [MERS] ¢ gaop

pseudovirus SARS-CoV-1
utilizando anticorpo
especifico dominio RBD

atividade neutralizante
no soro

Pallesen et al 2017 PNAS E7349 Cao et al 2010 Virology J. 7:299



5. MRNA-1273 - MODERNA - SARS-CoV-2 §-SP
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5. mMRNA-1273 - MODERNA - Resposta humoral
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Figure 1. Antibody Responses after mRNA-1273 Vaccination in Rhesus Macaques.
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5. mMRNA-1273 - MODERNA - Resposta celular
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Aumento da resposta T helper 1 foi
observada 4 semanas apos a
segunda dose: 4/4 com 10 ug e 7/7
com 100 ug.

CD40L modula a ativacao de linfocito
B. 3/8 tiveram ativacdo de CD40-L
com 10 ug e 7/7 com 100 ug.

Th2 responses were low to undetectable in both vaccine dose groups
(Fig. 2B). CD8 T-cell responses were also low to
undetectable after mRNA-1273 vaccination.



5. mMRNA-1273 - MODERNA - SARS-CoV-2 S-SP

RESULTS 25. Pallesen J, Wang N, Corbett KS, et al.
Immunogenicity and structures of a ratio-
nally designed prefusion MERS-CoV spike

First, we evaluated temporal SARS-CoV-2 S-2P— antigen. Proc Natl Acad Sci U § A 2017;

. : .. 114:E7348-E7357.
specific antibody responses after vaccination. IgG ¢ Wrapp D, Wang N, Corbett KS, et al.

binding to the conformationally defined prefu- cCryo-EM structure of the 2019-nCoV

sion S-2P proteip?>% Jwas increased over baseline spike in the prefusion conformation. Sci-
. . ence 2020;367:1260-3.
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Como é a moléculas mMRNA da vacina anti-
SARS-CoV-2 da Moderna

5’'Cap 5’UTR Spike completa AU Poly (A) tail

PP

S’'UTR =7

JUTR =7




5. mMRNA-1273 - MODERNA - SARS-CoV-2 §-SP

The NEW ENGLAND JOURNAL of MEDICINE

‘ ORIGINAL ARTICLE ‘

Efficacy and Safety of the mRNA-1273
SARS-CoV-2 Vaccine

L.R. Baden, H.M. El Sahly, B. Essink, K. Kotloff, S. Frey, R. Novak, D. Diemert,
S.A. Spector, N. Rouphael, C.B. Creech, J. McGettigan, S. Khetan, N. Segall,
J. Solis, A. Brosz, C. Fierro, H. Schwartz, K. Neuzil, L. Corey, P. Gilbert, H. Janes,
D. Follmann, M. Marovich, J. Mascola, L. Polakowski, J. Ledgerwood,
B.S. Graham, H. Bennett, R. Pajon, C. Knightly, B. Leav, W. Deng, H. Zhou,
S. Han, M. Ivarsson, J. Miller, and T. Zaks, for the COVE Study Group*

RESULTS
The trial enrolled 30,420 volunteers who were randomly assigned in a 1:1 ratio to
receive either vaccine or placebo (15,210 participants in each group). More than




5. mMRNA-1273 - MODERNA - SARS-CoV-2 S-SP

Conclusao:

MRNA com 3822 nt contendo a regiao codificadora completa, isto €,
1273 aas da proteina spike e duas mutagdes missense nas
posicoes — K986 > P e V987 > P.

Perguntas:

Quais os tamanhos das regides 5’ UTR e 3’ UTR e suas
respectivas sequéncias?

Qual o tamanho da cauda poli A?




6. MRNA vaccine BNT162b2

Construcao da molécula de mRNA: similar a Moderna

5’'Cap 5’'UTR Spike completa <4Vap 8 Poly (A) tail
PP

Nanoparticula lipidica

4 moléculas lipidicas
(50:10:38.5:1.5)

BNT162b vaccines protect rhesus macaques

from SARS-CoV-2
Nature | Vol 592 | 8 Apl’l' 2021 | 28 BNT162b2 RNA
hnps-://doi.org/10.1038/541586-021-03275-y Annette B. Vogel™, sis Kane\::lk\‘/’"“’;rset Iﬁl::*“;a Il(zeer:‘a :t Muik! 5 ,I U-II-R S 1 ’ S 2 ‘ 3/ lIJTR
Published online: 1 February . | | S P R B D D D AAAA
|®|Check for updates |

(IJap analogue S Kgéap Poly(A) tail
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6. MRNA vaccine BNT162b2

Avaliacao da imunogenicidade em macaco:
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Concentragao do anticorpo IgG em
diferentes teipos apds a segunda
dose da vacina em duas diferentes
concentracgoes.

Elevada fracap de células T-CD4+
e T-CD8+ por meio do nivel de
producao de IFN-y.

** A seta no eixo X indica o dia da segunda dose




6. MRNA vaccine BNT162b2

The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 DECEMBER 31, 2020 VOL. 383 NO. 27

Safety and Efficacy of the BNT162b2 mRNA Covid-19 Vaccine

Fernando P. Polack, M.D., Stephen J. Thomas, M.D., Nicholas Kitchin, M.D., Judith Absalon, M.D.,
Alejandra Gurtman, M.D., Stephen Lockhart, D.M., John L. Perez, M.D., Gonzalo Pérez Marc, M.D.,
Edson D. Moreira, M.D., Cristiano Zerbini, M.D., Ruth Bailey, B.Sc., Kena A. Swanson, Ph.D.,

Satrajit Roychoudhury, Ph.D., Kenneth Koury, Ph.D., Ping Li, Ph.D., Warren V. Kalina, Ph.D., David Cooper, Ph.D.,
Robert W. Frenck, Jr., M.D., Laura L. Hammitt, M.D., Ozlem Tiireci, M.D., Haylene Nell, M.D., Axel Schaefer, M.D.,
Serhat Unal, M.D., Dina B. Tresnan, D.V.M., Ph.D., Susan Mather, M.D., Philip R. Dormitzer, M.D., Ph.D.,
Ugur Sahin, M.D., Kathrin U. Jansen, Ph.D., and William C. Gruber, M.D., for the C4591001 Clinical Trial Group*

RESULTS
A total of 43,548 participants underwent randomization, of whom 43,448 received
injections: 21,720 with BNT162b2 and 21,728 with placebo. There were 8 cases of
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: © Meningococcal group C (monovalent polysaccharide)

© Anthrax adsorbed © Native protein or polysaccharide
Live attenuated
@ Killed whole organism

® Recombinant or other molecular
modification

: © Pneumococcal (14-valent polysaccharide)
: © Meningococcal (monovalent groups A and C and bivalent groups A and C polysaccharide)

Adenovirus types 4 and 7 (oral) @ Rabies {human diploid cell)

: © Hepatitis B (plasma-derived surface antigen) & Meningococcal {quadrivalent polysaccharide)

: © Pneumococcal (23-valent polysaccharide)

2 © Haemophilus influenzae type b {polysaccharide)

© Hepatitis B (recombinant surface antigen)

1 © Haemophilus influenzae type b (conjugate)

Typhoid (Ty21a oral)

: © Pertussis (acellular)
: ® Japanese encephalitis (mouse brain)

: @ Typhoid Vi (polysaccharide)

Varicella @ Hepatitis A

: @ Rabies (chick embryo cell)

Rotavirus (tetravalent) @ Lyme disease (OspA)

2 © Pneumococcal (heptavalent conjugate)

——2003:

——2005:
——2006:

——2008:
——2009:
——2010:

——2012:
——2013:
——2014:
——2015:
——2016:
——2017:

——2019:

Influenza (intranasal)

© Meningococcal (quadrivalent diphtheria toxoid conjugate)
Rotavirus (pentavalent) Herpes zoster & Human papillomavirus {quadrivalent)

Rotavirus (monovalent)

Influenza HIN1 (monovalent pandemic) ~ # |apanese encephalitis {Vero cell) @ Human papillomavirus {bivalent)

© Pneumococcal (13-valent conjugate) ~® Meningococcal (quadrivalent CRM197 conjugate)

@ Influenza (cell based)

@ Influenza (baculovirus)

® Influenza (intradermal) ~ ® Meningococcal type B (bivalent fHbp) ~ ® Human papillomavirus (9-valent)

® Influenza (MF59 adjuvant) ~ ® Meningococcal type B (four-component, by means of reverse vaccinology)
Cholera (serogroup 01 oral)

® Herpes zoster (ASO1B adjuvant) @ Hepatitis B (CpG 1018 adjuvant)

Smallpox and monkeypox ~ ® Dengue (tetravalent) ~® Ebola Zaire (rVSV platform)
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Aresposta a COVID-19 foi o melhor
exemplo de como novas vacinas podem
agora serem desenvolvidas.

Em menos de 1 ano, o primeiro ensaio
clinico estava completo e foram as
primeiras vacinas autorizadas para o uso
emergencial.

Inicia-se um novo desafio em outras areas
da medicina. Ex. vacinas terapéuticas anti-
tumorais.




