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* Conceitos, definicoes, classificacoes:
imunologia <@mmE) biotecnologia

**Avancos na Imunologia Biotecnoldgica, Translacional e
de Precisao

»* Terapias avancadas: definicOes e perspectivas

s Historico: da hemoterapia a imunoterapia, da
imunoterapias as terapias avancadas




Biotecnologia: definicao

“Qualquer aplicacao tecnoldgica que utilize sistemas bioldgicos, organismos
vivos ou seus derivados para fabricar ou modificar produtos ou processos
para utilizacao especifica” (ONU, 1992).

' BIOTECNOLOGIA

ENGENHARIA
BIOQUIMICA — - -

BIOLOGIA
FARMACOLOGIA

-~ FARMACOTECNICA
BIOQUIMICA
BIOLOGIA MOLECULAR
IMUNOLOGIA

QUIMICA
(FARMACEUTICA)




Biotecnologia: marcos historicos
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Biofarmacos: definicao
* Definicao mais utilizada (Walsh, 2002):

” Um biofarmaco é uma proteina ou uma substancia farmacéutica baseada
em acidos nucleicos usada para fins terapéuticos e para diagndsticos in
vivo, produzido por outros meios que nao a extracao direta de uma fonte
bioldgica nativa (nao “engenheirada”).”

 Desenvolvimento de técnicas da biotecnologia moderna — revolucao na medicina

v" Tecnologia do DNA recombinante

v' Tecnologia de hibridomas

Walsh G (2002), Biopharmaceuticals and biotechnology medicines: an issue of nomen- clature, Eur. J. Pharm. Sci. 15:135-138.
Vitolo, M., Pessoa Junior, A., Monteiro, G., Carvalho, J. C. M. de, Stephano, M. A., & Sato, S. (2015). Biotecnologia Farmacéutica: Aspectos sobre aplicagdo industrial. Sdo Paulo: Blucher. 5




Biofarmacos: definicao

Sao obtidos a partir de organismos vivos, tais como:

Células animais ou vegetais Bactérias Virus Fungos - Leveduras

submetidos a algum procedimento biotecnoldgico, tais como tecnologia do

DNA recombinante, tecnologia de hibridomas, dentre outras.




Principais classes de produtos biotecnolagicos: exemplos

Metabdlitos primdrios e

, . secunddrios
Células ou Biomassa

microbiana
Enzimas

Proteinas
recombinantes
Medicamentos
bioldgicos

Biofdrmacos




Produtos medicinais bioldgicos para uso humano

/ Todos produtos bioldgicos sao biofarmacos? \
Todos envolvem técnicas/métodos de biotecnologia?

O que sao biofarmacos?

\ O que s3o “produtos biolégicos avancados” ? /

8
https://www.ema.europa.eu/en/human-regulatory/overview/advanced-therapy-medicinal-products-overview



Em geral, os biofarmacos sao proteinas
recombinantes, tais como:

e ANTICORPOS MONOCLONAIS

« ENZIMAS TERAPEUTICAS

e VACINAS RECOMBINANTES

e FATORES DE CRESCIMENTO

« CITOCINAS

* FATORES DE COAGULACAO SANGUINEA

Também sao considerados “biofarmacos”:

e PRODUTOS DE TERAPIA GENICA

e PRODUTOS DE TERAPIA CELULAR

« PRODUTOS DE TERAPIA GENICA BASEADA
EM CELULAS



POR QUE, ENTAO, O

Farmacos Sintéticos

Moléculas pequenas
Estrutura simples
Custo Baixo

Estaveis

Processo simples

Baixa degradacao oral

Faceis de alcancar o alvo

Imunogenicidade
ocasional

| Biofdrmacos INTEBES SE EM r? ?’_)
Moléculas grandes BIOFARMACO S? .g\ X

Estrutura complexa

Custo elevado ‘A‘

Instaveis

Processo complexo e desafiador

Problemas de farmacocinética

- Rapido metabolismo MAIOR
sanguineo (sdo degradados ESPECIFICIDADE
antes mesmo de chegar ao E POTENClA!!
alvo).

- Baixa penetrac¢do nos tecidos

Imunogenicidade frequente —
reacao do organismo contra o
medicamento

10




Avancos imunologicos e biotecnologicos

imunologia <€) biotecnologia

11



* Apenas nas ultimas trés décadas os produtos biofarmacéuticos
(biofarmacos) atingiram a fase de aprovacdao no mercado.
o i o * 4 grandes “ondas”:
a Bo (_j A\
) Primeira onda
2 £ = Ex: Proteinas recombinantes

=)

Segunda onda
Ex: Anticorpos monoclonais

Terceira onda
Ex: Biossimilares

Quarta onda
Ex: Terapia génica/terapia génica
baseada em células

John Geigert. The Challenge of CMC Regulatory Compliance for Biopharmaceuticals. Springer, 2014. 12



E outros produtos medicinais biolégicos para uso humano,
que nao sao biofarmacos???

VACINAS TRADICIONAIS

 PRODUTOS BACTERIANOS (EX. BCG) E EXTRATOS IMUNOGENICOS (EX. BARATA)
PARA IMUNOTERAPIAS INESPECIFICOS

« SOROS IMUNES (HUMANO, CAVALO, COBRA, ESCORPIAO)

« TRANSPLANTE DE CELULAS NAO MODIFICADAS GENETICAMENTE
(HEMOTERAPIA/TRANSFUSAO SANGUINEA; MEDULA OSSEA TOTAL )

e« TRANSPLANTE DE ORGAOQOS

13




COMO CLASSIFICAR TUDOQO ISSO JUNTO 2:/
e

IMUNO
TECNOLOGIA LOGIA ERAPIA CELULAR
B\O "~
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~ <5 S TERAPIA
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https://www.ema.europa.eu/en/human-regulatory/overview/advanced-therapy-medicinal-products-overview



TERAPIAS QUE ENVOLVEM ADMINISTRACAOQ DE BIOFARMACOS

Terapia de
substituicao

T “m Ny Terapia génica

| Ve
" wl= ,

| N, VAN
$ Terapia celular

\/

‘

Terapia
imunossupressora

Cellular & Molecular Immunology (2021) 18:805 - 828 15



Imunoterapua: componentes do sistema imune como
ferramentas terapéuticas

Organs Immune Cells Proteins
. Myeloid Cells
\ \L. , ﬁ
i) | ! = ‘ / ,w . Complement
. > ( f/""‘ '
ot ', Dendritic cell Macrophage Na(;:nglolg:ller

Granulocytes |

Eosinophil Basophil Neutrophil Mast cell
Primary

Pathogen recognition
receptors (PRRs)

Bone marrow .

Thymus ¥ Lymphoid Cells u Antibodies
> \/ (secreted B cell receptors)
ssanta @) L 8

Spleen ) _

Lymph nodes T /\QA .
Tonsils A ‘

Peyer's patches B cell T cell Cytokines

16



TIPOS DE TERAPIAS IMUNOLOGICAS ou IMUNOTERAPIAS?

; T'TPES ®F

@MMUNC’)THERAP‘T’

17



IrQunoterapias :
CANCER

Approaches for cancer immunotherapy

e N
Cell-based therapies Other
ﬂ’ immunotherapies
R %
\ % ,’] CAR-T cell Cancer vaccines
Antibody-drug
CRISPR conjugate
‘ engineered
/ T cell
Bispecific
antibody
: 9
CAR-NK cell ° . °
©s 00 Cytokines
® 9
\. 5/ . 4
N
Immune checkpoint blockade therapy
Dendritic Naive Activated  Immune

Maciophage T"Z'e"a'tﬁe" cells T cells T cell umox cexl

SIRPa cp47gf 1ot

Anti-CD47
antibody

< / . P .
(/ Anti-CTLA4 Anti-PD-1
antibody antibody

attack death
/—\ S

ﬁo-u ey
Anti-PD-L1

antibody

Trends in Cancer
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Terapias Avancadas: 4 grupos principais (2023)

Transplantation

Advanced Therapeutic Medicinal Products (EMA - CAT) Anthodias f Vaspines

Tissue-
engineered

Gene therapy Combined

Al medicines
medicines

19
https://www.ema.europa.eu/en/human-regulatory/overview/advanced-therapy-medicinal-products-overview



Terapias Avancadas (Advanced therapies)

- englobam as terapias/imunoterapias celulares, mas ndo se restringem a elas
- “explosao” recente: 2017 (primeiro produto de células CAR-T pelo FDA)

4 “Advanced therapy medicinal products (ATMPs) are A

medicines for human use that are based on genes,
tissues or cells. They offer groundbreaking new
opportunities for the treatment of disease and injury”

https://www.ema.europa.eu/en/human-regulatory/overview/advanced-therapy-medicinal-products-overview0



Terapias Avancadas: 4 grupos principais

Medical Devices Medicinal Product for human use
Reg. EU 2017/45 Biologics Reg. (EC) No 726/2004 and Dir. 2001/83/EC
Dir. 93/42/EEC

Dir. 90/385/EEC

Type of treatment/product modality

Fess==sc===== s s M s isss =~ ~—"" - M= == == = = = 1
1 | 1
| Medical Devices i | Tissue Therapy : : Cell Therapy : E Gene Therapy : : Vaccine | : Biotech i
. 1 1 1 i
1 1 I (M| I I 1 1
eg. Attenuated E i eg.Insulin,
viruses, viral  ,, antibodies, EV
vectors, mAbs, | : with transgenic
mRNA : | protein
I
Synthetic
oligonucleotide,
By EMA legal legally speaking,
C|aSSIflcatI0n a" gene are not gene
Advanced Therapy Medicinal Products (ATMP) therapies are GTMPs therapies
Reg {EC) No 1394/2007 and Dir. 2009/120/EC
eg. medical device
only, deceullarised eg. skin transplant SE Boncimaney
scaffold for burns treatment tratr::rrm]lsa}:gi:rl}c;od N OT ATM PS

atmpsweden.se
21
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- Transplante de microbiota fecal (FMT)

Microbiota intestinal: saude X doenca

Healthy Gut Microbiome 99 In a healthy gut microbiome, good Disrupted Gut Microbiome
- 4 o L and bad bacteria are balanced P ing
N O N 94
A = syl =
N E i N i
~ - - ~ - . -
=% IS But if your gut gets disrupted, \ 4
TA-) 99 your body’s natural defense - 7"*
Gut bacteria

ﬁ)\ against C. diff is weakened

Bad bacteria

This causes some people
to get C. diff again and again

Up to 35% of people

o,
who get a e B
diff infection may have a
recurrence

recurrence may have a
second or third or

more
23




- Transplante de microbiota fecal

PROS X CONTRAS

Step 1 Step 2

Bowel preparation FMT delivery

methods

~——, ¢ Stool suspension via

= endoscope,
3-7 days of antibiotic 16555, W H U naso-enteric tube, or
before FMT ' capsules by ingestion

=

Donor stool

-

Oral polyethylene
glycol with electrolyte
purgative

Stool suspension
duodenal tube, rectal
tube, colonoscopy

24



- Transplante de microbiota fecal

Produtos biologicos aprovados pelo FDA:

Vo
& Wi
fy af A
- ) 4l
| ] " K
T L A |
L U Y

) N P
) . v 4

C‘q

RE BYOTA ;

(fecal microbiota, live-jsim) i tee |'°;)W

Reapsyles

25



- Transplante de microbiota fecal

Produtos biologicos aprovados pelo FDA: REBYOTA
-y

REBYOTA is...

¢ A microbiome-based treatment to
keep recurrent C. diff infection from
coming back. It is not an antibiotic’

* A consistent mix of important
bacteria—including more than
15 million CFU? (colony-forming units)
live Bacteroides—in each dose’

* Delivered right where it's needed—
your gut microbiome—in 1 dose and
1 doctor’s office visit

e Administered within minutes and
does not require laxatives/bowel prep,
fasting, anesthesia, or colonoscopy

*CFU=An estimated number of live bacteria in a sample.

RE BYOTA

(fecal microbiota, live-jsIm) s i

Getting ready for treatment with REBYOTA'

BEFORE DURING
TREATMENT TREATMENT
No preparation is required Administration happens

within minutes

» You should complete your « Anesthesia or colonoscopy are not necessary
antibiotic prescription 1to 3 days

before your REBYOTA treatment » The doctor or nurse will place you in the

preferred position for the administration
» No laxatives/bowel prep or

fasting are required » You will be asked to remain in place for about

15 minutes to minimize any cramping that
may occur

AFTER
TREATMENT

You can return home

» Follow your doctor's instruction

Talk to your doctor...

« If any side effects persist

- Before taking antibiotics

for any reason for 8 weeks after
treatment with REBYOTA

26



1.

- Transplante de microbiota fecal

REBYOTA: Preparo

Tube Spike |
Bag containing = ‘
thawed REBYOTA in
sealed opaque bag

Administration ©

|/

J

Administration Set

H Pinch
Spike =
Port i

Water-Soluble
Lubricant
(not included)

Disposable Underpad
(notincluded)

Open the administration set and close the pinch clamp by pushing the clamp until it is fully closed (see

Figure 2).

-1

Sa7

2

b

REBYOTA

(fecal microbiota, live-jsim)irical:

for rectal use

2. Remove the tab from the spike port of the bag containing thawed REBYOTA and remove the cap from the

administration tube spike. Insert the administration tube spike through the spike port of the bag conta'hn]ing
thawed REBYOTA (see Figure 3).



&

- Transplante de microbiota fecal R
REBYOTA

REBYOTA: a d ministra gﬁ @) (fecal microbiota, live-jsim)isfessitee

1. Prepare the patient for administration by requesting they empty their bladder and bowel, if possible. Place
the patient in the left-side position or the knee-chest position with a disposable underpad beneath the patient

Figure 7
(see Figures 4 and 5). @%m @

Figure 4 Figure 5 § = . :
I Y
C 1)
Left-side position: Lie on left Knee-chest position: Kneel, then 4. When the entire dose has been delivered, close the pinch clamp and then slowly withdraw the tube. Take
side with knee bent and arms lower head and chest forward until care to prevent any residual REBYOTA remaining in the tube from leaking out.
resting comfortably. left side of face is resting on surface
with left arm folded comfortably.

2. Apply water-soluble lubricant to the administration tube tip. Gently insert the administration tube tip into

the rectum about 12 cm (5 inches) in a direction pointed slightly toward the navel (umbilicus) (see Figure 5. Keep the patient in the left-side position or the knee-chest position for up to 15 minutes to minimize any
6).

cramping that may occur (see Figure 9 and 10). There are no restrictions on the patient’s use of the
restroom.

£ up
15 mln

Figure 6 Figure 9 \ Figure 10 N
/ﬁ Insert approximately { upto ‘ upto "
1 % ::':

/l/”'/_ 12 ¢m (5 inches) into rectum
12cm

I (5 inches)

3. Hold the administration tube in place with one hand for the entire procedure to maintain the tube position in
the rectum. With the other hand, open the pinch clamp on the administration tube, and then gradually raise
the bag to allow delivery of REBYOTA via gravity flow (see Figure 7 and 8).

28




Transplante de microbiota fecal

Produtos biologicos aprovados pelo FDA: VOWST

- ST (fecal microbiota spores,
\\ 24 live-brpk) capsules

o * Esporos de Firmicutes
fecal microbiota

Spores, live-brpk . p
VOWST * Doadores qualificados

ool

)M-

Reapsyles .
e (Capsulas (via oral)

» Cada cdpsula contém 1 x 10° a 3 x 107 CFU de esporos de Firmicutes.

Actual size of capsules

29




Transplante de microbiota fecal VWST

VOWST: Preparo

BEFORE VOWST

Finish the full course of antibiotics
To kill C. diff bacteria that cause your infection

e Drink 10 ounces of a laxative (magnesium citrate)*

within 1-3 days of finishing antibiotics
To rid leftover antibiotics from your gut

*Tell your doctor if you have kidney disease because you
may not be able to take the magnesium citrate laxative.

One-dose, Typical
one-time laxative colonoscopy prep

° “That’s less than a can of soda.” @
o ~Person with recurrent C. diff

Only 10 ounces 128 ounc3()905




- Transplante de microbiota fecal VWST

VOWST: Administracao

TAKING VOWST

Start VOWST the next day, before your first meal
on an empty stomach

Do not eat or drink (except for a small amount of water)
for at least 8 hours before starting your 1st dose of VOWST
-This will be 2-4 days after finishing antibiotics

Which can help prevent another C. diff recurrence

DAY 1 DAY 2 DAY 3

OO DD Y DD
O DD W DD
Z Z Z

VOWST is 4 capsules taken orally once a day for 3 days
in a row. Swallow each capsule whole. DO NOT crush, chew,
or break the capsules

Do not take VOWST at the same time as antibiotics or the laxative

31




- Transplante de microbiota fecal

Perspectivas futuras de aplicacao em outras doencas:

Crohn's disease

- - Wk, “'r_r'\edlcmew T
B¢ I e
. al mmun €=

Liver and Jhzers - vttt  Sas
bile duct and sores
Irdammation » !
- Stomsach
= Vomiting
Intestinal '
Diarrhea T

'y ‘
Abdominal pain s = %y Mcrovascelar . Mast cell
Cramging Weag e s 1 teombosis ‘1 0] activatic
LAcers in Daxreasas / * y b syndrome
digestive tract prel .
" Ao £S5 t
Joint = \\ meunty P‘"‘"""
gt P2 and arhastatic
bleadin swelling \
. Clvsgns - Sl ot b o on v uchycersa
3] Oyabioss — syndrome
BA »~

[ & ~
e negative
- .y Parwatort e " <~c~(. CNs 1
Ulcerative Colitis % ool | AN S
darangement v & eysfunction
Trarsverse Colon \ ’
i

viral Pl Q Reactivation of
porsistence &g toment viruses

Cug \ : : j
Bt
Y -

p ¥
Appendix -

Rectum — '

o [N\v;m(ulosz

32




E as novas “Terapias Avancadas”????

- Vesiculas extracelulares “nativas” (nao sao ATMPs)
- Vesiculas extracelulares engenheiradas (sao ATMPs)

........... » Tetraspanins
- \ (CD9,CD63,CD81
/ () - 'y © Apoptotic bodies ... ...
@ 0000850804, ®
1-5 pm &’ o0*° ®00s °
\ @ Mu u Originate from P\ o® o
\\ 4 @ o
4\ apoptic cells ‘0 < tei ©
@ Exosomes o © O © e S proteins
@ (J
@
@

Q
€]
@]
Q
40-100 nm ..
Q
]
Receptors
Q
@
0
0
@
@
.0
QO
@

Originate from kj T

endolysosomal ® i X .
pathway @8 Microvesicles MHC ® . 9
100-1000 nm : mMRNAs

Outward budding of ®
plasma membrane .. .o. T W .o.
) === ] DNA @
® ® e ®
® %, &
‘ Extracellular Vesicles Subtypes ) % circRNAs o®
... .‘0. . .o‘. o°
0.. °

Adhesion molecules --------- > ® Composition and Structure of
(Integrins, EpCAM, Ephrin extracellular vesicles (EVs)
etc.) 33




E as novas “Terapias Avancadas”??7??

- Vesiculas extracelulares engenheiradas (sao ATMPs)

L)

ﬁ pharmaceutics ﬁVI\D\Py
F

Review

Engineered Extracellular Vesicles for Drug Delivery in Therapy

of Stroke

Wagqas Ahmed "2, Muhammed Shibil Kuniyan 2, Aqil Mohammad Jawed ? and Lukui Chen 1*

Department of Neurosurgery, Neuroscience Center, Integrated Hospital of Traditional Chinese Medicine,
Southern Medical University, Guangzhou 510310, China; ahmed.waqas3@gmail.com

2 School of Medicine, Southeast University, Nanjing 210009, China; shibil1996@gmail.com (M.S.K.);
doctorjawedaqil@gmail.com (A.M.].)

Correspondence: neuro_clk@hotmail.com

Abstract: Extracellular vesicles (EVs) are promising therapeutic modalities for treating neurological
conditions. EVs facilitate intercellular communication among brain cells under normal and abnormal
physiological conditions. The potential capability of EVs to pass through the blood-brain barrier
(BBB) makes them highly promising as nanocarrier contenders for managing stroke. EVs possess
several potential advantages compared to existing drug-delivery vehicles. These advantages include
their capacity to surpass natural barriers, target specific cells, and stability within the circulatory
system. This review explores the trafficking and cellular uptake of EVs and evaluates recent findings
in the field of EVs research. Additionally, an overview is provided of the techniques researchers
utilize to bioengineer EVs for stroke therapy, new results on EV-BBB interactions, and the limitations
and prospects of clinically using EVs for brain therapies. The primary objective of this study is to
provide a comprehensive analysis of the advantages and challenges related to engineered EVs drug
delivery, specifically focusing on their application in the treatment of stroke.

Chen et al. Journal of Nanobiotechnology ~ (2022) 20:132
https://doi.org/10.1186/512951-022-01330-y

Journal of Nanobiotechnology

; : , ®
Engineered extracellular vesicles: potentials ==
in cancer combination therapy

Jiangbin Chen', QiTant, Zimo Yang" and Yang Jin"

Abstract

Extracellular vesicles (EVs) are a group of secretory vesicles with cell-derived membrane and contents. Due to the
cargo delivery capability, EVs can be designed as drug delivery platforms for cancer therapy. Biocompatibility and
immune compatibility endow EVs with unique advantages compared with other nanocarriers. With the development
of this field, multiple ingenious modification methods have been developed to obtain engineered EVs with desired
performance. Application of engineered EVs in cancer therapy has gradually shifted from monotherapy to combina-
tional therapy to fight against heterogeneous cancer cells and complex tumor microenvironment. In addition, the
strong plasticity and load capacity of engineered EV make it potential to achieve various combinations of cancer
treatment methods. In this review, we summarize the existing schemes of cancer combination therapy realized by
engineered EVs, highlight the mechanisms and representative examples of these schemes and provide guidance for
the future application of engineered EVs to design more effective cancer combination treatment plans.

Keywords: Extracellular vesicles (EVs), Engineered EVs, Cancer therapy, Combinational therapy
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E as novas “Terapias Avancadas”?

- Vesiculas extracelu

* Nanotecnologia
Biotecnologia farmacéutica
* Engenharia genética

— '3
-3 ')
Q) =)
Q.

Q)

n

ares engenhe

Producing Cell Modification

=

|

Producing cells

EV Modification

o

Active loading cargo Genetic manipulation wess.  Nucleic acid
@ 1
N . Drugs
»
73 : .. .
& 7 Natural EVs
Passive loading cargo Membrane modification Hybridization
|
| | | |
Electroporation  Freeze Sonication Extrusion
i ™ s . i &
i $ 5 =
i "
Engi od EVs ! Thaw e 7 ) 5
A o Y A
> v o
20 4 s A
i W 0
i W ﬁ -
&
Y wna > L S
* 4 D
e o> n Y
& & * =% 4 >, 2% A
N\ N

v

Biomimetic EV

Fig. 3 Strategies of EV engineering. EV modification (right) is a direct method to obtain engineered EVs, including passive loading cargo, EV
membrane modification, hybridization, and biomimetic EV production. Producing cell modification (left) is the indirect method to get engineered

EVs through engineering parent cells by active loading cargo or genetic manipulation
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Producao de ATMPs

* Laboratdrios especializados de terapia celular/génica (Good Manufactoring Practice
-GMP facility)

* Normas GMP: controle de qualidade e seguranca (ISOs), padronizacao de protocolos
(POPs), etc

* Marco regulatério desenvolvido pela Anvisa é formado pela RDC 508/2021, que
dispde sobre a adocao de boas praticas em células humanas para uso terapéutico e
pesquisa clinica, pela RDC 506/2021 (versdao em inglés), que estabelece regras para a
realizacao de ensaios clinicos com produto de terapia avancada investigacional no
Brasil, e pela RDC 505/2021, que dispde sobre o registro de produto de terapia
avancada.

https://www.fda.gov/vaccines-blood-biologics/cellular-gene-

therapy-products |
https://www.gov.br/anvisa/pt-br/assuntos/sangue/terapias-avancadas k‘ ﬁ = 1


http://antigo.anvisa.gov.br/legislacao
http://antigo.anvisa.gov.br/legislacao
https://www.gov.br/anvisa/pt-br/assuntos/sangue/terapias-avancadas/board-of-directors-resolution-rdc-no-260-dated-december-21-2018.pdf
http://antigo.anvisa.gov.br/legislacao

Producao de ATMPs
no Brasil

1. Nutera Sao Paulo (Instituto Butantan-USP)




2. Nutera Ribeirao Preto (Instituto Butantan — Hemcentro RP i




Producao dos ATMPs no Brasil
@ vejasp e

@ vejasp @ @ vejasp @ @ vejasp ¢
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Percentual de vendas
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