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Imunologia Aplicada à Biotecnologia (e vice-versa): 
Definições, Conceitos, Classificações, Aplicações e Perspectivas
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v Conceitos, definições, classificações:
     imunologia                 biotecnologia

vAvanços na Imunologia Biotecnológica, Translacional e 
de Precisão

v Terapias avançadas: definições e perspectivas 

vHistórico: da hemoterapia à imunoterapia, da    
imunoterapias às  terapias avançadas

Tópicos
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Biotecnologia: definição
“Qualquer aplicação tecnológica que utilize sistemas biológicos, organismos 
vivos ou seus derivados para fabricar ou modificar produtos ou processos 
para utilização específica” (ONU, 1992).
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Biotecnologia: marcos históricos



Biofármacos: definição
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• Definiçāo mais utilizada (Walsh, 2002):

” Um biofármaco é uma proteína ou uma substância farmacêutica baseada
em ácidos nucleicos usada para fins terapêuticos e para diagnósticos in
vivo, produzido por outros meios que não à extração direta de uma fonte
biológica nativa (não “engenheirada”).”

• Desenvolvimento de técnicas da biotecnologia moderna – revoluçāo na medicina

ü Tecnologia do DNA recombinante

ü Tecnologia de hibridomas

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



Biofármacos: definição

Células animais ou vegetais Bactérias Vírus Fungos  - Leveduras

submetidos a algum procedimento biotecnológico, tais como tecnologia do 

DNA recombinante, tecnologia de hibridomas, dentre outras.

São obtidos a partir de organismos vivos, tais como:
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Principais classes de produtos biotecnológicos: exemplos

Células ou Biomassa 
microbiana

Metabólitos primários e  
secundários

Enzimas
Proteínas 

recombinantes
Medicamentos 

biológicos

Biofármacos
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Produtos medicinais biológicos para uso humano

Todos produtos biológicos são biofármacos?

Todos envolvem técnicas/métodos de biotecnologia?

O que são biofármacos?

O que são “produtos biológicos avançados” ?

https://www.ema.europa.eu/en/human-regulatory/overview/advanced-therapy-medicinal-products-overview
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Em geral, os biofármacos são proteínas 
recombinantes, tais como:

• ANTICORPOS MONOCLONAIS
• ENZIMAS TERAPÊUTICAS
• VACINAS RECOMBINANTES
• FATORES DE CRESCIMENTO
• CITOCINAS
• FATORES DE COAGULAÇÃO SANGUÍNEA

Também são considerados “biofármacos”:

• PRODUTOS DE TERAPIA GÊNICA 
• PRODUTOS DE TERAPIA CELULAR
• PRODUTOS DE TERAPIA GÊNICA BASEADA 

EM CÉLULAS
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POR QUE, ENTÃO, O 
INTERESSE EM 
BIOFÁRMACOS?

MAIOR 
ESPECIFICIDADE 
E POTÊNCIA!!

Fármacos Sintéticos Biofármacos

Moléculas pequenas Moléculas grandes

Estrutura simples Estrutura complexa

Custo Baixo Custo elevado

Estáveis Instáveis

Processo simples Processo complexo e desafiador

Baixa degradação oral Problemas de farmacocinética

Fáceis de alcançar o alvo

- Rápido metabolismo 
sanguíneo (são degradados 
antes mesmo de chegar ao 
alvo).
- Baixa penetração nos tecidos

Imunogenicidade 
ocasional

Imunogenicidade frequente –
reação do organismo contra o 
medicamento

10



Avanços imunológicos e  biotecnológicos
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• Apenas nas últimas três décadas os produtos biofarmacêuticos
(biofármacos) atingiram a fase de aprovação no mercado.  

• 4 grandes “ondas”:

Primeira onda
Ex: Proteínas recombinantes

Segunda onda
Ex: Anticorpos monoclonais

Terceira onda
Ex: Biossimilares

Quarta onda
Ex: Terapia gênica/terapia gênica

baseada em células

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



E outros produtos medicinais biológicos para uso humano, 
que não são biofármacos???

• VACINAS TRADICIONAIS

• PRODUTOS BACTERIANOS (EX. BCG) E EXTRATOS IMUNOGÊNICOS (EX. BARATA) 
PARA IMUNOTERAPIAS INESPECÍFICOS  

• SOROS IMUNES (HUMANO, CAVALO, COBRA, ESCORPIÃO)

• TRANSPLANTE DE CÉLULAS NÃO MODIFICADAS GENETICAMENTE 
(HEMOTERAPIA/TRANSFUSÃO SANGUÍNEA; MEDULA ÓSSEA TOTAL ) 

• TRANSPLANTE DE ÓRGÃOS
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COMO CLASSIFICAR TUDO  ISSO JUNTO

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

IMUNOLOGIA

BIOTECNOLOGIA 

MEDICAMENTO 

BIOLÓGICO

BIOFÁRMACOS

TERAPIA CELULAR

TERAPIA GÊNICA 

IMUNOTERAPIA 

CELULAR

IMUNOTERAPIA 
HUMORAL

TERAPIAS 

AVANÇADAS

Imunobiotecnologia

farmacêutica?
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FARMACÊUTICA 



TERAPIAS QUE ENVOLVEM ADMINISTRAÇÃO DE BIOFÁRMACOS

Terapia de 
substituiçāo

Terapia gênica

Terapia celular
Terapia

imunossupressora

Imunoterapia
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Imunoterapua: componentes do sistema imune como
ferramentas terapêuticas
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TIPOS DE TERAPIAS IMUNOLÓGICAS ou IMUNOTERAPIAS?

17



18

Imunoterapias :  
CÂNCER



Terapias Avançadas: 4 grupos principais (2023)

https://www.ema.europa.eu/en/human-regulatory/overview/advanced-therapy-medicinal-products-overview
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Terapias Avançadas (Advanced therapies)

“Advanced therapy medicinal products (ATMPs) are 
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-overview

- englobam as terapias/imunoterapias celulares, mas não se restringem à elas
- “explosão” recente: 2017  (primeiro produto de células CAR-T pelo FDA)
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Terapias Avançadas: 4 grupos principais

https://atmpsweden.se/about-atmps/what-are-atmps/

X
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E as novas “Terapias Avançadas”!????

- Transplante de microbiota fecal
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Up to 35% of people 
who get a C. 
diff infection may have a 
recurrence

Up to 65% of people 
who experience a 

recurrence may have a 
second or third or 

more

Please see Important Safety Information throughout, and click here  
for Patient Information and full Prescribing Information.4

RECURRENT C. DIFF HAS  
BEEN TYPICALLY TREATED  
WITH ANTIBIOTICS ALONE

IMPORTANT SAFETY INFORMATION
The most common side effects of VOWST are:
• bloated abdomen • constipation • diarrhea
• fatigue • chills

These are not all the possible side effects of VOWST. Call your 
doctor for medical advice on side effects. You are encouraged  
to report negative side effects to the FDA. Call 1-800-FDA-1088  
or visit www.fda.gov/MedWatch.

In a healthy gut microbiome, good 
and bad bacteria are balanced

But if your gut gets disrupted,  
your body’s natural defense  
against C. diff is weakened

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

VOWST can help prevent another recurrence

The role of antibiotics in C. diff

Antibiotics are an important piece of 
treatment because they kill C. diff bacteria 
that cause your infection

Unfortunately, antibiotics do not restore the balance of good 
and bad bacteria in your gut, which can lead to another  
C. diff recurrence

Your large intestine (colon) is full of trillions 
of bacteria that make up the gut microbiome

Microbiota intestinal: saúde X doença

- Transplante de microbiota fecal (FMT)
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PROS X CONTRAS

- Transplante de microbiota fecal
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Produtos biológicos aprovados pelo FDA:  

- Transplante de microbiota fecal

Please see Important Safety Information throughout, and click here  
for Patient Information and full Prescribing Information.12

VOWST* CONTAINS THE SAME 
GOOD BACTERIA…
…Found naturally in people’s healthy gut microbiomes

Actual size of capsules

IMPORTANT SAFETY INFORMATION (CONTINUED)
The most common side effects of VOWST are:
• bloated abdomen • constipation • diarrhea
• fatigue • chills

These are not all the possible side effects of VOWST. Call your 
doctor for medical advice on side effects. You are encouraged  
to report negative side effects to the FDA. Call 1-800-FDA-1088  
or visit www.fda.gov/MedWatch.

FDA approved
VOWST is not a probiotic. It is an FDA-approved 
therapeutic composed of good bacteria isolated 
from the stool of qualified donors

Undergoes strict quality control 
Qualified donors are carefully screened and 
samples are routinely tested during the VOWST 
manufacturing process

*Inactive ingredients: glycerol, saline.
25



Produtos biológicos aprovados pelo FDA: REBYOTA  

- Transplante de microbiota fecal
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- Transplante de microbiota fecal

 

Ferring Pharmaceuticals Inc.    Page 3 of 12 

 

 

 

1. Open the administration set and close the pinch clamp by pushing the clamp until it is fully closed (see 
Figure 2). 

 

 

 

 

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 containing 
thawed REBYOTA (see Figure 3). 

 

 
DO NOT remove air from the administration tube prior to insertion to avoid loss of REBYOTA. 

 

2.3 Administration 

Administer REBYOTA 24 to 72 hours after the last dose of antibiotics for CDI. 
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REBYOTA: Preparo
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REBYOTA: administração  

- Transplante de microbiota fecal

 

Ferring Pharmaceuticals Inc.    Page 4 of 12 

 

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 
(see Figures 4 and 5). 

 

 

 

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 
6). 

  

 

 

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). 

 

DO NOT allow the administration tube to sag or loop as this will prevent the entire dose from being delivered. 

 

DO NOT squeeze the bag to deliver REBYOTA as this could be uncomfortable for the patient. 

 

DO NOT hang the bag from an IV stand. 

 

 

Ferring Pharmaceuticals Inc.    Page 5 of 12 

 

 

 

4. When the entire dose has been delivered, close the pinch clamp and then slowly withdraw the tube. Take 
care to prevent any residual REBYOTA remaining in the tube from leaking out. 
 

NOTE: Some REBYOTA will remain in the tube after administration. 

 

5. Keep the patient in the left-side position or the knee-chest position for up to 15 minutes to minimize any 
cramping that may occur (see Figure 9 and 10). There are no restrictions on the patient’s use of the 
restroom. 

 

Dispose of all components in medical waste. 

 

3 DOSAGE FORMS AND STRENGTHS 

Suspension. A single dose is 150 mL. 

 
4 CONTRAINDICATIONS 

Do not administer REBYOTA to individuals with a history of a severe allergic reaction (e.g. anaphylaxis) to 
any of the known product components [see Description 11]. 

 
5 WARNINGS AND PRECAUTIONS 
5.1 Transmissible infectious agents 
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- Transplante de microbiota fecal

Actual size of capsules

FINALLY, IT’S HERE!
Introducing the only FDA-approved microbiota-based 
therapeutic in oral capsules that can help keep C. diff  
from coming back again

INDICATION 
What is VOWST?
VOWST is a prescription medicine used to prevent 
Clostridioides difficile (C. diff) infection from coming 
back in people 18 years of age or older after antibiotic 
treatment for C. diff infection has been completed.
VOWST is not intended for treatment  
of C. diff infection.

IMPORTANT SAFETY INFORMATION
Do not take VOWST at the same time as  
antibiotics. VOWST contains live bacteria  
and antibiotics can interfere with VOWST. 
Swallow each capsule whole. DO NOT  
crush, chew, or break the capsule.  
See Patient Information for complete  
information about how to take VOWST.

Please see Important 
Safety Information 
throughout, and  
click here for Patient 
Information and full 
Prescribing Information.

Please see Important Safety Information throughout, and click here  
for Patient Information and full Prescribing Information.12

VOWST* CONTAINS THE SAME 
GOOD BACTERIA…
…Found naturally in people’s healthy gut microbiomes

Actual size of capsules

IMPORTANT SAFETY INFORMATION (CONTINUED)
The most common side effects of VOWST are:
• bloated abdomen • constipation • diarrhea
• fatigue • chills

These are not all the possible side effects of VOWST. Call your 
doctor for medical advice on side effects. You are encouraged  
to report negative side effects to the FDA. Call 1-800-FDA-1088  
or visit www.fda.gov/MedWatch.

FDA approved
VOWST is not a probiotic. It is an FDA-approved 
therapeutic composed of good bacteria isolated 
from the stool of qualified donors

Undergoes strict quality control 
Qualified donors are carefully screened and 
samples are routinely tested during the VOWST 
manufacturing process

*Inactive ingredients: glycerol, saline.

• Esporos de Firmicutes

• Doadores qualificados

• Cápsulas (via oral)

• Cada cápsula contém 1 × 106 a 3 × 107 CFU de esporos de Firmicutes.

Produtos biológicos aprovados pelo FDA: VOWST
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- Transplante de microbiota fecal
VOWST: Preparo

Please see Important Safety Information throughout, and click here  
for Patient Information and full Prescribing Information.10

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

IMPORTANT SAFETY INFORMATION (CONTINUED)
Do not take VOWST at the same time as antibiotics. VOWST 
contains live bacteria and antibiotics can interfere with VOWST. 

Swallow each capsule whole. DO NOT crush, chew, or break the 
capsule. See Patient Information for complete information about 
how to take VOWST.

Using a laxative is important because it helps  
clear out leftover antibiotics from your gut  
so that VOWST can work properly

HOW TO TAKE VOWST

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

One-dose,  
one-time laxative

Typical  
colonoscopy prep

VS.

Only 10 ounces 128 ounces

BEFORE VOWST

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

2 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.

TAKING VOWST

3 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 3DAY 2DAY 1

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

Please see Important Safety Information throughout, and click here  
for Patient Information and full Prescribing Information.10

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

IMPORTANT SAFETY INFORMATION (CONTINUED)
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in a row. Swallow each capsule whole. DO NOT crush, chew,  
or break the capsules
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- Transplante de microbiota fecal
VOWST: Administração

Please see Important Safety Information throughout, and click here  
for Patient Information and full Prescribing Information.10

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

IMPORTANT SAFETY INFORMATION (CONTINUED)
Do not take VOWST at the same time as antibiotics. VOWST 
contains live bacteria and antibiotics can interfere with VOWST. 

Swallow each capsule whole. DO NOT crush, chew, or break the 
capsule. See Patient Information for complete information about 
how to take VOWST.
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for at least 8 hours before starting your 1st dose of VOWST
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DAY 3DAY 2DAY 1

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
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- Transplante de microbiota fecal

Perspectivas futuras de aplicação em outras doenças:
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E as novas “Terapias Avançadas”????

- Vesículas extracelulares “nativas” (não são ATMPs)
- Vesículas extracelulares engenheiradas (são ATMPs)
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E as novas “Terapias Avançadas”????

- Vesículas extracelulares engenheiradas (são ATMPs)
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E as novas “Terapias Avançadas”????
- Vesículas extracelulares engenheiradas

• Nanotecnologia
• Biotecnologia farmacêutica
• Engenharia genética
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Produção de ATMPs
• Laboratórios especializados de terapia celular/gênica (Good Manufactoring Practice 

-GMP facility)

• Normas GMP: controle de qualidade  e segurança (ISOs), padronização de protocolos 
(POPs), etc

• Marco regulatório desenvolvido pela Anvisa é formado pela RDC 508/2021, que 
dispõe sobre a adoção de boas práticas em células humanas para uso terapêutico e 
pesquisa clínica, pela RDC 506/2021 (versão em inglês), que estabelece regras para a 
realização de ensaios clínicos com produto de terapia avançada investigacional no 
Brasil, e pela RDC 505/2021, que dispõe sobre o registro de produto de terapia 
avançada.

https://www.gov.br/anvisa/pt-br/assuntos/sangue/terapias-avancadas

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


Produção de ATMPs 
no Brasil

1. Nutera São Paulo (Instituto Butantan-USP) 37



Produção dos ATMPs no Brasil

2. Nutera Ribeirão Preto (Instituto Butantan – Hemcentro RP 38



Produção dos ATMPs no Brasil
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Mercado de trabalho promissor para farmacêuticos:
biotecnologia farmacêutica / imunobiotecnologia
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Percentual de vendas

Faturamento por categoria

Mercado de trabalho promissor para farmacêuticos:
biotecnologia farmacêutica / imunobiotecnologia
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Mercado de trabalho promissor para farmacêuticos:
biotecnologia farmacêutica / imunobiotecnologia
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Exercício: Tipos de imunoterapias para câncer ou Lúpus (revisões)

1.Quais são
biofárcamos? 
Por quê?

2. Quais são
terapias
avançadas? 
Por quê?
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