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Características da Resposta Imune

• Diversidade
• Uma função crítica do sistema imune é ser capaz de reconhecer e 

interagir com o universo de moléculas existentes  

• Especificidade
• Uma função crítica do sistema imune é ser capaz focar sobre apenas um 

tipo de padrão molecular

• Memória
• Uma função crítica do sistema imune é ser capaz de reconhecer e 

especificamente uma molécula com o qual já teve interação anterior de 
iniciar uma resposta imune rapidamente 

• Tolerância 
• Uma função crítica do sistema imune é distinguir o próprio do não-próprio



O universo de moléculas  - Antígenos

Por definição, na ciência de Imunologia um antígeno é uma molécula, estrutura molecular ou matéria
particulada como grão de pólen capaz de interagir quimicamente com os receptores de 
reconhecimento da imunidade adquirida/adaptativa/configurável do Sistema Immune. Isto é: 
anticorpos e receptores de linfócitos T

Nem todo antígeno desencadeia resposta immune
aulas de: as reações antígenos-anticorpos; apresentação de antígenos, ativação da resposta
immune e tolerância

Inicialmente antígeno se referia a substância que gerava anticorpos
‘geno’ - gerador de
‘anti’ - contra
“gerador de anti corpo” ou “gerador de anti entidade molecular”

Antigen comes from a French word, antigène, from Greek root anti-, "against, and the word-forming 
suffix -gen, "thing that produces or causes."

Antigens can be proteins, peptides (amino acid chains), polysaccharides (chains of 
monosaccharides/simple sugars), lipids, or nucleic acids.



Resposta configurada antes de encontrar antígenos (inata) 
•baixa diversidade de moléculas para reconhecimento de antígenos

VERSUS:

Resposta configurável depois de encontrar antígenos (adaptativa ou 
adquirida) 

•alta diversidade de moléculas de reconhecimento de antígenos



Defesa x Aquisição de Nutrientes
Não-próprio x Próprio

Danos - Perigo x Apoptose – Homeostasia
Reparo de Tecidos x Renovação de Tecidos



As Cinco Causas de Doenças

• Neoplasia

• Degeneração

• Isquemia

• Infecção

• Inflamação
• Entre os primatas, o Homo sapiens deve sua 

grande longevidade à capacidade de inflamar 
mais que outros primatas não-humanos

• Inflamação tem um preço... Life spans of primates



Hominídeos comem carne há pelo
menos 2,6 milhões de anos



Pergunta: 

Como a aquisição de mutações na Apolipoproteína E contribuiu para 

permitir mudanças na dieta do ser humano de vegetariano para 

omnívoro, maior capacidade para inflamar e, consquentemente 

maior longevidade por combater melhor as infecções?



Proc Natl Acad Sci U S A. 2010 Jan 26;107 Suppl 1:1718-24. 
doi: 10.1073/pnas.0909606106.

http://www.ncbi.nlm.nih.gov/pubmed/19966301


“DNA differences between humans and chimpanzees shows 
evidence of positive selection. 

Fixed divergence at the species level for proteins is about 1%. 

Genes undergoing positive selection based on the ratio of 
nonsynonymous:synonymous mutations are overrepresented 
for immunity and host defense, diet, and brain. 

Moreover, genes associated with immunity and brain have 
variation clusters of highly localized groups of changes in coding 
regions”



Estimated worldwide human allele frequencies of ApoE * in Caucasian population

Allele ε2 ε3 ε4

General 
Frequency

8.4% 77.9% 13.7%

AD Frequency 3.9% 59.4% 36.7%

Apolipoprotein E: a meat-adaptive candidate 
gene in the increases of the human lifespan
(apud Sapolsky & Stanford) “Apolipoprotein E (ApoE) alleles modulate chronic inflammation and 

many aspects of aging in brain and arteries. 

Blood apoE mediates the clearance of triglyceride-rich lipoprotein 
components, and brain apoE transports cholesterol to 
neurons ApoE4, the minor allele in all human populations (<1%–45%), 
is considered ancestral in the genus Homo. The uniquely 
human apoE3 allele spread about 0.226 million years ago and 
precedes the emigration of modern H. sapiens from Africa and 
overlap with the increased organized hunting of large animals and 
the use of fire.
The apoE4 allele shortens lifespan by several years and accelerates 
degenerative changes in arteries and brain; carriers have higher 
total blood cholesterol, more oxidized blood lipids, and greater risk 
of coronary heart disease (ca. 40%) and Alzheimer’s 
disease; E4/E4 homozygotes have >10-fold excess 
risk). ApoE4 carriers also have worse outcomes in traumatic brain 
injury and some neurological conditions. One mechanism may involve 
heightened inflammatory responses.”



A Tolerância à Doença como Estratégia de Defesa Ruslan Medzhitov, 
David S. Schneider, Miguel P. Soares
Science 24 February 2012: Vol. 335 no. 6071 pp. 936-941 DOI: 10.1126/science.1214935 

• “Avoidance” = Evitar o parasita

• Resistência = Diminuir a carga do parasita (versus matar o parasita)

• Tolerância – Tolerar as injúrias 
• mediadas pelo parasita (toxinas, hemólise, etc)

• mediadas pela Resposta Imune (imunopatologia)

• Repelência = repelir o parasita

El Garrotillo por Francisco de 
Goya y Lucientes (1808-1812)

Diphthera: “leather”; couro. Mediada por toxina da bactéria
Corynebacterium diphteriae que inibe síntese protéica de c’lulas do 
hospedeiro



Two types of fitness costs 

associated with infections. 

Pathogens can directly damage the 

host tissues. The immune system of 

the host reduces the pathogen 

burden through the resistance 

mechanism. The immune response 

can also damage the host tissues. 

The host can reduce fitness costs 

through tolerance mechanisms that 

reduce both the direct tissue damage 

by pathogens, and 



Different tissues and physiological processes vary in tolerance capacity. Tissues 

depicted in red have the lowest tolerance to damage, the blue has an 

intermediate tolerance, and the green has the highest tolerance capacity. 



Tolerance capacity is a 
function of :
• intrinsic damage 

susceptibility, 
• repair capacity,
• functional 

autonomy
• damage sequelae of 

different tissues and 
organs. 

Although tissues 
generally tend to fall at 
the same ends of the 
four spectra, the four 
characteristics do not 
necessarily correlate 
with each other



A is more tolerant to a given level of pathogen burden than B. An equivalent 

increase in pathogen burden will have greater negative impact on B than on A. 

A and B are typically different genotypes studied in the same environment. 

Alternatively, A and B can be two different environments where an organism 

with the same phenotype has different tolerance to infection.



“Given these adverse effects of apoE4, at least in modern environments, the 
persistence of the allele has been proposed as the result of balancing selection, as in:
• malarial protection by heterozygotes of hemoglobinopathies
• hepatitis C infections, apoE4 carriers incurred less fibrotic damage by allele dose
• Brazilian slum children carrying apoE4 showed less diarrhea and associated 

impairments of cognitive development

The hyperreactivity of human T cells noted previously, and the inflammatory 
responses in apoE4 carriers, may be part of an evolved group of heightened immune 
defenses relative to great apes that decreased baseline mortality represented in the 
qmin, as discussed earlier. However, the heightened immune responses could then have 
delayed adverse effects in cardiovascular disease and other chronic conditions of 
aging that involve inflammation and that became more prevalent in the 20th century. 
This suggestion extends the antagonistic pleiotropy theory of aging in which genes 
selected for early advantages can have delayed adverse effects that are under 
weaker selection. 

The unique human social system of multigenerational support in child nurture has 
been argued as a key factor in the selection for delayed disability and increased life 
expectancy at later ages”





Conceitos Fundamentais em Imunologia:
• A Resposta Imune apresenta grande DIVERSIDADE

• A Resposta Imune apresenta ESPECIFICIDADE
• A Resposta Imune é TOLERANTE
• A Resposta Imune possui MEMÓRIA

Resposta configurada antes de encontrar antígenos (inata) 
•baixa diversidade de moléculas para reconhecimento de antígenos

VERSUS:

Resposta configurável depois de encontrar antígenos (“adaptativa” ou adquirida) 
•alta diversidade de moléculas de reconhecimento de antígenos

Defesa x Aquisição de Nutrientes
Não-próprio x Próprio

Danos -Perigo x Apoptose – Homeostasia
Reparo de Tecidos x Renovação de Tecidos
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