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Posso manipular a
imunologia??
ou seja
Posso utilizar

ferramentas da imuno
para algo de
“utilidade pratica”?



Anticorpos

uma ferramenta altamente especifica
Elevada especificidade dos AC = PERFEITOS PARA

- ldentificar

- Separar/Purificar

- Quantificar

- Caraterizar/Observar

- "veicular” outras moléculas confra um alvo

)ﬂt\ /JLL\ Pesquisa

Diagnostico
Terapia




Anticorpos

Producao

epitopos

Ag ﬁ Epitopes

varias células B afivadas pelo
Ag (clones diferentes)

produziram varios fipos de AC

(contra os diferentes epitopos)

AC policlonais

nas seguintes imunizacdoes com
O mesmo Ag, posso obter AC
o com maior afinidade (media)!

Ab-1
Ab-2 Ab-3
Ab-3
Ab-4

N

Polyclonal antiserum

soro policlonal
Kuby, 7th 2013



Anticorpos

Producao

Georges Kéhler and Cesar Milstein (1975), Nobel prize 1984

* e ibridoma
O O O selecdo das
® O

Select with células

hypoxanthine/aminopterin/ e
Hybridize O thymidine (HAT medium) hibridas
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Plasma cells  Myeloma cells Hybridomas ‘8 ‘:8 @% ‘:8
plasmocitos celulas de | | ctones | |
mieloma
Rt OO
grande quantidade de AC de Rt
uma Unica célula B (AC 4 pg 4 4
monoclonais)
NN AN

Monoclonal antibodies

Kuby, 7th 2013




Anticorpos

Modificacao de mAC

manipulo 0 MAC
- coloco aregido de ligacdo especifica do mAC do animal em uma

estrutura mAC humana (AC quimera)
- conjugo uma toxina a Fc do mAC

foxina

human Fc

S 2\

mouse

“f

mouse

mMinimizo reacdo contra medio a lise da cella
AC non proprios reconhecida




Anticorpos

Modificacao de mAC

ligo de modo covalente o mAC (Fc) com
- marcador: radio-isotopo, enzima (biotina, peroxidase), fluorocromo
- partficulas inorgdnicas ou sintéticas (resina, magnete, ouro)

2N PN

Ac primario marcado Ac primario NAO marcado
Ac segundario anti-Fc marcado



TECNICAS com AC

Imuno-precipitagcao
quando AC e Ag (soluvel) sdo misturados (1:1)
- a natureza bi- ou multivalente dos AC permite que um Unico AC ligue mais de 1 Ag

- se 0 Ag é multivalente pode ligar mais AC
o resultado é a formacdo de complexos que tendem a precipitar

Precipitate

multivalent

binding,

cross-linking
monovalent monovalent
binding binding

/
[

J

Increas 0
ing Ab concentration Kuby, 7th 2013




TECNICAS com AC

Imuno-precipitagcao

Tecnica que utiliza um Ac especifico para isolar um Ag proteico numa
mistura de proteinas

SO

‘ E | e
’.J Collect
, ‘ oulrl:gmtgn
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Ac preso quimicamente a uma particula de fase solida (i.e. agarose) € incubado com a mistura
de proteinas

As proteinas que nao se ligam ao Ac sao eliminadas por lavagem

Os Ag especificos sao soltos (eluidos) do Ac pela alteracao do pH ou de outras condicoes do
solvente que reduzam a afinidade de ligacao




TECNICAS com AC

Aglutinacao

quando AC bi- ou multivalentes ligam bacteria ou outros Ag multivalentes se formam
complexos de Ac/Ag grandes e visiveis a olho nu (é uma imuno precipitacdo que
leva a formacdo de complexos maiores)

Hemo-aglutinacao

i g SR GRS TG S

q
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hemdcias + anti-soro contra hemdacias .\6’
O
O
&
N
anti-soro contra hemdacias

Kuby, 7th 2013




uso clinico

Hemo-aglutinagcao

tipagem ABO

hemdcias vem misturadas com antisera anti-A ou anti-B

detecao de virus e AC anti-virus

hemdcias vem misturadas com antisera de paciente com
virus com aglutininas (exemplo: influenza virus)

AC_]




TECNICAS com AC

Sensibilidade dos testes

Sensitivity*
Assay (g antibody/ml)

Precipitation reaction in fluids 20-200
Precipitation reaction in gels
Ouchterlony double immunodiffusion
Agglutination reactions
Direct 0.3
Agglutination inhibition 0.006-0.06
Radioimmunoassay (RIA) 0.0006-0.006
Enzyme-linked immunosorbent assay (ELISA) ~0.0001-0.01
ELISA using chemiluminescence ~0.00001-0.01"
Immunofluorescence 1.0
Flow cytometry 0.006-0.06

*The sensitivity depends on the affinity of the antibody used for the assay as well as the epitope density and distribution on the antigen.
1 Note that the sensitivity of chemiluminescence-based ELISA assays can be made to match that of RIA.
Source: Updated and adapted from N. R. Rose et al,, eds., 1997, Manual of Clinical Laboratory Immunology, 5th ed., Washington, DC: American Society for Microbiology.

.

Kuby, 7th 2013




TECNICAS com AC

Ensaios com
moléculas ligadas a
superficies solidas

TY o g

AC ligado a Ag ligado a AQ com sterg (begds)
suporte solido suporte solido inorgdnica/sintetfica

(ploca dg (placa de
reacdo, lamina) reacdo, lamina)

l detecta Ag

detecta Ag detecta AC




TECNICAS com AC

Imunocromatografia

\// Anti-NS1 marcado
com ouro coloidal

Legenda: i ns1
Amostra com

Complexo:
Antigeno NS1

Anti-NS1 +
ouro coloidal +
o NS1

e &
iy
e |

4
\W\//\

Teste (T)

\\ // Anti-NS1 o
monoclonal Antl‘antl'Nsl
www.biomedicinapadrao.com.br
Anticorpos que

ndo se ligaram ao
NS1 e sobraram

Excesso de
reagente

Controle (C)

ouro coloidal

Fita de
nitrocelulose

Fluxo - migracdo por capilaridade

Q BIOMEDICINA PADRAD



uso clinico

Teste rapido

AgQ virais sdo fixados em um suporte solido

COVID-19 COVID-19 COVID-19 COVID-19
TEST TEST TEST TEST
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LSS

https://www.igenomix.com.br




Separacdo de células

TECNICAS com AC

OO0

1. Magnetic labeling

Cells of interest are magnetically
labeled with MACS MicroBeads.

2. Magnetic separation

Cells are separated ina
MACS Column placed in

a MACS Separator.

The flow-through fraction
can be collected as the
negative fraction depleted
of the labeled cells.

3. Elution of the labeled cells

The column is removed from the
separator. The retained cells are
eluted as the enriched, positively
selected cell fraction.




TECNICAS com AC

ELISA

Enzyme Linked Immuno-Sorbent Assay

detecta AC contra o Ag
fixado na placa

&% WY
wash wash wash

Antigen- Add specific Add substrate (S)
coated well antibody to be and measure
measured color

(a) Indirect ELISA

(b) Sandwich ELISA

wﬁ

Antibody- Add antigen
coated well to be measured

detecta Ag reconhecidos pelo

AC fixado na placa e 2°
Kuby, 7th 2013




TECNICAS com AC
ELISA

como visualizo a reacdoe

‘ o AC 2° é conjugado com um enzima
- fosfatase alcalina (PA)

- peroxidase de rafano (horseradish) (HRP)

= cromogeno
ONPP (PA)
TMB (HRP)

/// \\x ﬂ substrato do enzima

Y
e Nl

muda cor




TECNICAS com AC

ELISA

como quantifico areacdo¢ Curva padrao (referencia)

- Molécula de concentracdo conhecida
Diluicdes seriais
Curve fit
Extrapolacdo dos dados hao conhecidos

| Placa de 96 cavidades J

rA. Sensibilizacéo da placa com o Ag |

—»

500uL  500ulL  500pL 500 L 500 pL

- Y YW W YW \
500 L Std.

IC. Adigao do anticorpo marcado com enzima
(1

ELISA) ,
- - - - A

x /{ 250 pg/mL 125pg/mL 625pg/mL  31.2pg/mL 156 pg/mL 7.8 pg/mL 3.9 pg/mL
R —

CALIBRATOR DILUENT RD5-5 .D. Average Corrected

|70. Adigéo do substrato e E. Reag&o enzimética - reagéo colorida - leitura da X 0.025 —
cromogeno Densidade 6tica (DO) no espectrofotdmetro 1 o T

0.112 0.087

0.202 0.177

0374 0.349

Optical Density

0.724 0.699

1358 1333

10 100

2506 2481
Human IL-1B Concentration (pg/mL)




Clinica

W
|

Dosagem no soro
- de Ac
- de proteinas

uso clinico e in lab

Pesquisa

Dosagem no sobrenadante

- de moleculas secretadas/liberadas
(ex: citocinas; NO; ROI)

Dosagem no lisado celular

- de proteinas




TECNICAS com AC

WESTERN BLOT

identifica uma protfeina alvo e determina uma primeira
quantificacdo/caraterizacao (PM) dentro de uma mistura

eletroforese blotting

I Antigen samples | Blotting tank

Proteins transferred to
nitrocellulose sheet (blot)

incubagdo com
AC marcado

X =

Immuno- B
Develop and fix staining of blot
autoradiograph

-+

Antigen bands
visualized

revelagao/visualizagao




TECNICAS com AC

WESTERN BLOT

Exemplo
Pro-caspase-1 (46 Kda)

s Cleaved large
7 Fragment m

a cell lysates supernatants
LPS - LPS LPS

3 ATP
pro-casp-1 - .
d A casp-1
pdB -b“ onor : . ¢op0
——
"~ Cipre - . .

"-CBDre '. = .




TECNICAS com AC

VISUALIZACAO DE
CELULAS/TECIDOS

AC pode ser conjugado com

- Enzima: HRP, PA —> imuno-histoquimica € microscopia optica

- Ouro —> microscopia electronica

- Fluorocromo: isotiocianato de fluoresceina (FITC); ficoeritrina (PE);
tetrametil rodamina —> imuno-fluoresciencia

Metodo indiretto
Metodo diretto

FLUOROCROMO o ANTICORPO
SECONDARIO
FLUORESCENTE
PRIMARIO ; g9 \
PRIMARIO Y &
= \%/

Doppia colorazione




TECNICAS com AC

IMUNO HISTOQUIMICA

FIGURE 20-14 Immunohistochemical staining of lymph node. Human lymph node material was embedded in paraffi n, fi xed, and stained
with antibody to CD4 (red stained cells). The lymph node was then counter-stained with hematoxylin (blue). [Courtesy R&D Systems, Inc.,
Minneapolis, MN, USA.]
Kuby, 7th 2013




TECNICAS com AC

IMUNO
ELETROMICROGRAFIA

FIGURE 20-15 An immunoelectronmicrograph of the surface of a B-cell lymphoma was stained with two antibodies:

one against class || MHC molecules labeled with 30-nm gold particles and another against MHC class | molecules labeled
with 15-nm gold particles. The density of class | molecules exceeds that of class Il on this cell. Bar 500 nm. [From A. Jenei
et al., 1997, PNAS 94:7269-7274; courtesy of A. Jenei and S. Damjanovich, University Medical School of Debrecen, Hungary.

Kuby, 7th 2013




TECNICAS com AC

IMUNOFLUORESCIENCIA

FIGURE 20-16 Fluorescently-labeled cells and the passage of light through a fl uorescence microscope. (a) Fluorescence microscopic image of a
human dendritic cell infected with engineered Listeria monocytogenes. The green fl uorescence is generated by Alexa fl uor 488-conjugated phalloidin
(which binds actin fi laments). Red fl uorescence derives from red fl uorescent protein expressed by the bacterium. DNA is stained with DAPI (blue).

Kuby, 7th 2013




TECNICAS com AC

IMUNOFLUORESCIENCIA

/N AV

Confocal image of a mouse omentum. The omentum was stained with green dye-conjugatedantibodies specifi ¢ for CD31, which stains all endothelial
vessels in the omentum. A second, red dye-conjugated antibody was then added specifi ¢ for the molecule DARC, that is present only on the
endothelial cells of the post-capillary end venules (the vessels from which extravasation of immune cells can occur). The red and green images were
acquired separately and merged. Vessels staining both red and green appear yellow in this image. [(b) Courtesy Aude Thiriot and Ulrich von Andrian,
Harvard Medical School.]

Kuby, 7th 2013




TECNICAS com AC

CITOMETRIA DE FLUXO
*»

&

Sheath fluid——> in suspension)

Sample
J/ (stained cells

% Hydrodynamic focusing
Nozzle Cells pass through in “single file”

Fluorescence emitted from

© stained cells detected  FLUORESCIENCIA

©
=~O‘ Forward and side scattered DIMENSAO E
O I light from all cells detected COMPLEXIDADE

Laser light source

©
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TECNICAS com AC

CITOMETRIA DE FLUXO

Que populacdo celular?
Dimensdo e complexidade




TECNICAS com AC

CITOMETRIA DE FLUXO

Que populacdo celular?
Célula especifica

S'eattor-Gatod Human Lymphocytes

=)
en4
™

—

anti-CD4
anti-CD8

FL1LOG




Uso clinico

CITOMETRIA DE FLUXO

Paciente com deficiencia células B

Patient

anfi-CD19

—

CD19 (PE)




TECNICAS com AC

Sensibilidade dos testes

Sensitivity*
Assay (g antibody/ml)

Precipitation reaction in fluids 20-200
Precipitation reaction in gels

Ouchterlony double immunodiffusion
Agglutination reactions

Direct 0.3

Agglutination inhibition 0.006-0.06

Radioimmunoassay (RIA) 0.0006-0.006
Enzyme-linked immunosorbent assay (ELISA) ~0.0001-0.01
ELISA using chemiluminescence ~0.00001-0.01"
Immunofluorescence 1.0
Flow cytometry 0.006-0.06

*The sensitivity depends on the affinity of the antibody used for the assay as well as the epitope density and distribution on the antigen.
1 Note that the sensitivity of chemiluminescence-based ELISA assays can be made to match that of RIA.
Source: Updated and adapted from N. R. Rose et al,, eds., 1997, Manual of Clinical Laboratory Immunology, 5th ed., Washington, DC: American Society for Microbiology.

.

Kuby, 7th 2013




uso clinico

AC contra cancer

a Direct tumour cell killing b Immune-mediated tumour cell killing

s -
Receptor = m Phagocytosis Complement

Receptor antagonist : Macrophage NK cell
agonist Antibody :

ADCC

Cor'rjugated Granzyme
antibody and perforin

€ Vascular and stromal cell ablation peptide / CD3% or CD28

scFv
Monoclonal

antibodies ~ Genetically

Anti-CTLA4 modified T cell
Tcell

Conjugated Activatiok
antibodies

Cross-presentation
and T cell activation

Dendritic
Blood vessel cell

Nature Reviews | Cancel




Posso manipular as
células imunes?




DC como imunoterapia

uso clinico

Cross presentation !

Immune suppression!

l‘“‘*‘P"“‘*“ [solahon l)lﬂ'cmmmwn Maturation C
—
CDwI“

Homing to LNs!
Stimulation!
Suppressive environment |

Monocytes

Immature l)(lsﬂ

ent!
Immune enhancement!
Available!
Cost!

Preparation

Potent!

Thi polarizing!
Treg induction!
MDSC induction |

Easily available! Tumor
Tumor specific! antigens

Mature DCs




uso clinico

Celulas T contra cancer
|

Insert gene for CAR

a4
E{> @ ==

(CAR)
_

CART cell

Cancer cell

UT Southwestern

Medical Center




Analise Genetica na gyt
IMUNOLOGIA e na Jf g
CLINICA

IMUNOLOGICA




ANALISE GENETICA

Biologia Molecular — Genética Medica

v Analise do material genetico

- Cromossomos/cariotipo




ANALISE GENETICA

v Analise do material genetico - cariotipo

Leucemia mieldide croénica (ou LMC)

Translocacdo entre o cromossomo 9 e 22; 1(9;22).
Cromossomo Filadélfia (Ph1).

Ocorre a fusdo de dois genes Nnos Cromossomos 9
e 22, chamados respectivamente de abl e bcr.

Proteina de fusao € uma quinase
iper ativa que stimula a proliferacao
leucemica dos mieloblastos

)

—
-
———
ra <> <>
| — —_ —_
ﬁ < 22q11.21 BCR-.!
BCR ABL*
: -
p— —) Philadelphia-
— -~ Chromosom
— -
-
- = i
903412 e
ApL-E8 E
—
A
-
9 22 9+ 22-




ANALISE GENETICA

v Analise do material genetico — sequencia do DNA

Sangue
periferico

27
R -

Isolamento de DNA genomico

__—

Assembly
analyses

N

T

|
¢ ) Loy oy \

STTOGAAT T T FOOGAAATToC 77 7o

'l
MLk
[ 1l

Analise dos eletroferogramas
Busca de mutacgoes

b

- Amplificacao especifica
de uma regiao de gDNA

Marcacao para
sequenciamento

£ 4

e

Sequenciamento
da regiao amplificada

N

Sequencing
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ANALISE GENETICA

Agamaglobulinemia ligada ao X

Paciente 3: JV, 2 anos, masculino
PACIENTE CONTROLE

Auséncia de linfocitos B e
agamaglobulinemia

Leucdcitos totais

Linfocitos

Linfocitos T

Linfécitos T CD4

Linfocitos T CD8

7(
Linfécitos B CD19
\

Linfécitos T CD56

I I
O,8%> 11,8%

—/

CD19-PE

CDS3-FITC CDS3-FITC

Paciente

210 220
T T T ¢cCA G TJo IYG G T G G T C C

My

Controle

Btk
cromossomo X
Xq21.3 - Xq22

220
T T T ¢CC A G T




ANALISE GENETICA

Y Analise do material genetico — analise de HLA

HLA Haplotype Inheritance
HUMAN HLA COMPLEX

MHC Regions: ~ DP DQ DR DP DQDRB C A

HHH
e O | HHHHH

Gene Loci:  DPr DPB DO DO DRex DRB 4 Bf (2

NV 1

Cllentn {HHHHH-
BN ——g
Extracellulor Space z: g: ; o e g: _IM_II_I_I_

af af of

Molecules:  DP DQ DR B ( A Father

[ Coss 1 Class 11 Class T1T

Predisposicao para auvtoimunidade

Disease Assaciated HLA allele  Relative risk”

Transplante

Ankylosing spondylitis B27 90 Tiro DI TRAPIANTO NECESSITA DI IncipEnza p1 GVHD

Goodpasture’s syndrome DR2 16 AN IEONE
Gluten-sensitive enteropathy DR3 12 autologo no no
Hereditary hemochromatosis A3 9.3 allogenico da no no
Bl4 23 gemello monoovulare
A3/Bl4 90 allogenico da ] ; + +
Insulin-dependent diabetes mellitus DR4/DR3 20 fratello HLA identico
Multiple sclerosis DR2 5 a"[i’lgﬁ’;"fﬁ da ik stk
Myasthenia gravis DR3 10 on c:)::‘]::;’
Narcolepsy DR2 130 R e
Reactive arthritis ( Yersinia, Salmonella, Gonococcus) B27 18 f.ﬁA parzialmente
Reiter’s syndrome B27 37 compatibile
Rheumatoid arthritis DR4 10 da sangue cordonale
Sjogren'’s syndrome Dw3 6
Systemic lupus erythematosus DR3 5




ANALISE GENETICA

v Analise do material genetico — SSP-PCR para analise de

HLA

SSP-PCR (Sequence Specific Primers):.

o0 Amplificato comune

0  Amplificato specifico (gruppo specifico/ allele specifico)

Class Il Class Ill Class |

DP DQ DR_Cp HSP TNF B C

DOB
TAP2
LMP7

DPB1 R3 DMB TAPI DQA1
DPA1 DN DMA

kb: 0 100 200 300 400 500 600 700 800 900 1000

Functional (closed boxes) and
non-functional DRB loci on
common haplotypes

DRB1, DRB5 and DQ alleles on
B DR2 haplot inC i
DR1 - aplotypes in Caucasians

B1 B5
DR2 2w DQB1 DQA1 DRB1 DRBS 060

Bi B2 B3 2 0102 1501 0101
5,6 NN
DR3,5,6 0601 0103 1502 0102

DR47.9 m oz o B 0502 0102 160x 020
B1
DR8

HLA-A*O1

Figure 3 - Representative result of HLA-A*01 genotyping. Lane 1, 2 and
7 show a positive band, indicative of the HLA-A*01 allele.




ANALISE GENETICA

Y Analise do material genetico — analise de polimorfismos

SNP’s: Human Genetic Variation

SNP = single nucleotide TGA ( ﬂ
polymorphism
(>1% abundance)

Human genome has ~3 million
SNPs distributed randomly

A SNP profile can be used to stratify patients
Drug treatment worked mm

Drug treatment didn't work -{-—+—-H—-H—+H—-++—H{+—

SNPs predictive of efficacy B
SNPs predictive of NO efficacy




v Farmacogenetica diagnéstico

ANALISE GENETICA

Pacientes com o mesmo

Variabilidade individual na resposta a

Disease

Asthma

Hypertension
Solid Cancers
Depression

Diabetes

Arthritis

Schizophrenia

medicamentos

/ |
112 22
12222

Resposta preditiva
Resposta preditiva boa para o ruim ou ausente

medicamento
Use outro

medicamento

poor response

Beta-agonists 40-75%
Various 30%
Various 70%

SSRIs, tricyclics 20-40%

Sulfonylureas, others 50%
NSAIDs, COX-2 inhibitors 30-60%

Various 25-75%

Risco de toxicidade alto

Diminuir a dose ou usar
outro medicamento




ANALISE GENETICA

v Farmacogenetica

Thiopurine S-methyltransferase (TPMT)
Terapia anti-cancer para leucemia linfoide acuta em criancas

6MP Dosage

r 1 15 22 0 bl

TPMT Activity ¢ AHHHHHHE )
s \ S

TPMT Alleles

= Dose adjustments = Molecular 2 JHHHHHE -
to avoid toxicity mechanisms i

N P o AL -

GASCA ATG
= Molecular Diagnosis [ >6 Additional Alteles |

Wre/wa




