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GENOVE TECHNOLOGIE

Technologie v imunologii
protilatky (struktura, funkce), cileny ndvrh protilatek, monoklonalni protilatky, ELISA, vakciny (tvorba a vyroba, identifikace

potenciadlnich novych antigen(, DNA vakciny)
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Uvod

— Okolni prostfedi je plné infekénich mikroorganismu a virt
— Ochrana organismu pomoci bunék imunitniho systému
— Antigeny — vétSinou proteiny na povrchu mikroorganismud = aktivace imunitni reakce

— Protilatky — rozeznavaji a vazi se na antigeny = produkovany B-bunkami adaptivniho
imunitniho systému

— Protilatky vétSinou sekretovany do lymfy, nékteré se vazi na povrch = B-cell receptory
— Masivni produkce B-bunéek produkujicich protilatku rozeznavajici dany antigen

— Imunitni systém zaznamenava vSechny uspésne pouzité protilatky= rychlejsi a masivnéjsi
odpovéd
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Uvod

Antigen-binding site
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ANTIBODY BINDS ANTIGEN
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PREPARATION

Gene shuffling generales vasl
numbers of different antibodies.
Each B cell makes one typa.

RECOGNITION
Foreign antigan Foreign antigen
appears is recognized
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Antigen, protilatka, epitop

— Antigen — cizoroda molekula aktivujici imunitni systém

v osow

— Velmi Casto slouzi jako antigeny také polysacharidy
obsazené na povrchu mikroorganismu

— Jako antigen muaze rovnéz slouzit DNA

— Zivogisny imunitni systém je zaloZen na specifické (ziskané)
imunité délici se na:
- humoralni imunitu (zprostfedkovana imunoglobuliny)
- bunécnou imunitu (T — lymfocyty = T, a T)

— Protilatka = vazba na celé proteiny

— T-lymfocyty = vazba na fragmenty protein

— Epitop — oblast proteinu rozpoznavana protilatkou
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T-lymfocyty

— rozpoznavaji pouze antigeny exprimované na povrchu ostatnich bunék, pfevazné makrofagu, bunék

infikovanych viry nebo B-lymfocyty

komplexu (MHCs)

— Trida | aktivuje Ty buriky a tfida Il aktivuje T bunky
— MHC receptory jsou kédovany rodinou genu specifickych pro kazdého jedince

— MHC receptory nazyvame také hlavni histokompatibilni systémovy komplex HLA
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T-lymfocyty

Lymphocytes

Regulatory
CD8T Cell B Cell T Cell

CellCartoons.net

CDA4T Cell
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Struktura a funkce imunoglobulint

— Protilatky déleny do 5 zakladnich trid s \I/
| | Y e Y
— Nejabundantngjsi jsou IgG v séru /N~ I
— Pouze IgG protilatky prochazi pres IgM I8G IgA IgE IgD
p|acentu Heavy Chain L (mu) ¥ (gamma) a (alpha) £ [epsilon) & (delta)
MW (Da) S00k 150k 385k 200k 180k
— IgA — sekrecni potilatky dulezité v % of total antibody 6% 80% 13% 0.002% 1%
v ;. v, in serum
potlaCovani respiraCnich a
. ., , . , Fixes complement Yes Yes No MNo No
gastrointestinalnich infekci o : - o
Function F.'I‘ITI'IE!"p' response, Mau:l blaad Secreted into .ﬁ.nbhud'!' af ailt.‘r.g'p B cell Receptar
fixes complement. anl'.Lhud',', . mucus, tears, sallva and anh.-plarasmt
— IgM — 10 vaznych mist = obaleni | e e

mikroorganismu a stimulace bunék

Levels of circulating antibodies to a specific antigen

— IgE — na povrchu zirnych bunék,

. - r 4 r 4 r JL
stimulace alergické odpovédi uvolnénim e | ant
) ) ntigen 19G
histaminu | ¥ om
%
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Struktura a funkce imunoglobul

— 1gG protilatka se sklada ze dvou lehkych a dvou
téZkych fetézcu

— Lehké retézce kdédovany jednim ze dvou genovych
lokusu K nebo A

— Kazdy z lehkych a téZkych fetézcu se sklada z jedné
az Ctyrech konstantnich oblasti a jedné variabilni

— Variabilni oblasti tvofi tzv. paratop — vazba antigen
— Mame miliony rtznych variabilnich oblasti

— V Pantové oblasti Ize protilatky rozdélit chemicky
(papainem) na Fc a dva Fab fragmenty
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Diverzita protilatek

— Existuje témér nekonecny pocet antigent = je tfeba i témér
nekonecny pocet protilatek

— Geneticky problém tykajici se poc¢tu genu kddujicich jednotlivé
protilatky

— Cely lidsky genom by kodoval jen nékolik milidna protilatek

— Imunitni systém generuje velké mnozstvi sekvenci z relativné
malého poctu genu v procesu V(D)J rekombinace

— Imunitni systém sklada geny pro protilatky ze sbirek kratkych
DNA segmentu

— V(D)J rekombinace probiha v kostni dfeni béhem vyvoje B-
bunék a je iniciovana proteiny RAG1 a RAG2 s naslednou
NHEJ
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V(D)J rekombinace

b Spacer N N Spacer Hep
Vsegments D J Cy CACAGTG 12(N) ACAAAAACC TGITTTTGT 53 N) CACTGTG
. GTGTCAC TGTTTTTGG ACAAAAACA GTGACAC
Ch r. 2 Chr 14 LoV L v D0 J 10 c, G, c, o

‘Germline configuration of the
DNA. - B .- - h !
immunoglobulin gene locus

Vi (40)
1-17 1-19 1:1-:5 3-14 1-12 1-8 Somatic
recombination
‘ ; (by RAG)
Germline S LoV L Vi D4 C, c, c,

oo (EIE F NN NN BN

Somatic
recombination

’ 655 bp - ~1 Mb

RAG1/RAG2

Inversion Vy, Promoter (by RAG)

I L,v,D, )N' c, c, c, Cleavage
Ly Vi Dy C, G, L

P H— -~ frneeen T
transcript = R

Cleavage Phase

Rearrangement

Deletion

Transcription

Coding end repair Signal end repair

Hairpin opening ;
IgH l
IgL :
Ligation
IgH g
laL "
Translation
X Non-templated nucleotide addition and ligation

o
N
Protein

mRNA

oo (e e

Initial polypeptide

Joining Phase

Mature K L chain

Non-homologous end joining (NHEJ)

Goding Joint “Signal Joint

II Smith et al. 2019
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Monoklonalni protilatky

— Protilatky nachazi Siroké klinické vyuziti
— Potfeba jedné specifickeé protilatky proti antigenu
— Jeden antigen ma mnoho epitopu = polyklonalni protilatky

— Polyklonalni protilatky = smés protilatek s riznou mirou specifity a
vaznosti

— Monoklonalni protilatka = jedna konkrétni protilatka z jedné B-bunky

— Zivotaschopnost B-bun&k mimo organismus je velmi nizka = fuze s
myelomovymi bunkami

— Vzniklou bunku nazyvame hybridom = navzdy ziva bunka
produkujici cilenou protilatku
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Vyuziti protilatek

ELISA
A0 AN KED To Engvie Rychlé testy
= RE—
PAPER WICK FROM HOME PREGNANCY TEST

Liquid wicks from left -
Anti-hCG Secondary Secondary

¥
A
Urine or
WASH AWAY UNBOUND ANTIBODY blood
applied
Qere
antibody #1 antibody #2

B
ADD COLORLESS SUBSTRATE FOR ENZYME F
o’ 1S ; *J

ENZYME MAKES COLORED PRODUCT ’ Paper
. hCG bound to Colorless Turns Turns blue
some anti-hCG blue if anti-hCG is
antibodies when wicked to this
hCG/anti-hCG end of paper

D attaches

MEASURE ABSORBANGE OF LIGHT
E BY COLORED PRCDUCT
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“Polidsteni monoklonalnich protilatek

— Lidsky imunitni systém rozpoznava mysi protilatky

— Neékolik reseni:

- Nahrazeni C-oblasti lidskou variantou protilatky

- Nahrazeni V-oblasti nezahrnutych v rozpoznani antigenu lidskou variantou

- Complementarity Determining Region (CDR) — hypervariabilni oblast
rozpoznavajici Ag

Names Trade Names Target Antibody Format Malignancy
Bevacizomab Avastin VEGF Humanized 1gGl Glioblastoma, NSCLC, metastatic colon and kidney cancer
Cetuximab Erbitux EGFR Chimeric IgG1 Head and neck squamous cell carcinoma, mCRC
Thymic carci i 3 ma,
Cixutumumab IMC-A12 IGFIR Fully human IgG1 ymic soft tissue sar coma, breast
cancer, Ewing's sarcoma
Panitumumab Vectibix EGFR Fully human IgGl Metastatic colon cancer
Pertuzumab Perjeta HER2 Humanized IgGl Metastatic breast cancer
Ramucirumab Cyramza VEGFR2 Human IgGl Gastric cancer
H i B t i tric ad cinoma. 1} 1j -
Trastuzumab creeptn HER2 Humanized IgGl reast cancer, gasine ma, & phagealjune
(Herclon) tion adenocarcinoma
Trastuzumab .
Kadeyla HER2 Humanized 1gGl Advanced breast cancer
emtansine

rowth factor receptor, HER: human epidermal growth factor receptor, VEGFR: vascular endothelial growth factor receptor.

VEGF: vascular endothelial growth factor, NSCLC: non-small cells lung carcinoma, EGFR: epidermal growth factor receptor, mCRC: metastatic colorectal carcinoma, IGFR: insulin|
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Herceptin a Casirivimab

— Monoklonalni protilatka rozpoznava receptor HER2 (epidermal growth factor receptor type 2)

U pacientek s rakovinou prsu je nadprodukce HERZ2 spojena s rezistenci k chemoterapii

Vazba protilatek na receptor brani jeho internalizace = lepSi u€innost chemoterapie

— Casirivimab - monoklonalni protilatky rozpoznavajici spike protein coronaviru SARS-CoV-2

Her2
receptor

CANCER CELL IMMUNE SYSTEM KILLS
CELL WITH HERCEPTIN BOUND
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Casirivimab/
Imdevimab
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_'\F"\. CONVENTIONAL ANTIBODY
' 73

i)

Nanobodies

Fab

— Protilatky velbloudu, alpak a lam maji pouze tézky fetézec (heavy-
chain antibodies, hcAb)

— Antigen vaze koncova variabilni oblast tézkého fetézce nazyvana
VHH (12-15 kDa)

— Rekombinantni protilatky obsahujici pouze tuto ¢ast nazyvame HEAVY CHAIN ANTIBODY VHHI NANOBODY
nanobodie (Nb)

— VHH oblast ma velmi vysokou afinitu pro antigen

— Nanobodie dokazi pfechazet do mozku

Schromotek ®

new tools for better research

part of Proteintech Group
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Vakciny

— Imunitni systém si pamatuje cizi antigeny — imunitni pamét
— Imunitni pamét’ zprostfedkovavaji specialni pamétové B-buriky

— Vakciny se skladaji z odvozenych infekénich agens, které jiZ nemohou zpUsobit onemocnéni,
ale jsou stale antigenni

— Vakciny:

- atenuované = stale zivé patogeny, které vSak jiz neprodukuji toxiny nebo proteiny zpusobuijici
onemocnéni

- podjednotkové = efektivni pouze proti jedné komponenté z patogenu, ¢asto nutné pouziti
adjuvans

- multivalentni = cili na nékolik proteinl z jednoho nebo vice virt

— NejlepS$i imunitni odpovéd je indukovana vétSinou vakcinami z atenuovanych mikroorganismu

I
[
|

16 GENOVE TECHNOLOGIE — Technologie v imunologii

w
QD Y e




Vakciny

Atenuované vakciny

HEAT DENATURED VIRUS

Virus
ALY
TR L K
X
A
ATTENUATED BACTERIA
Bacterium Virulent gene

is deleted

Other virulence
Virulence gene mutated

proteins

VIRULENT—
AUSES DISEASE AND
IMMUNE REACTION

ELICITS IMMUNE REACTION
WITHOUT DISEASE
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Subjednotkové vakciny
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Hledani vhodnych antigenu a adjuvans

Reverzni vakcinologie = postupné klonovani genu patogenu a exprese proteinl pouzivanych pro

imunizaci (vakcina pro Neisserie meningitidis séroskupina B)

Adjuvant
Aluminum

AS04
MF59
ASO18

CpG 1018

No adjuvant

Composition

One or more of the following: amorphous aluminum
hydroxyphosphate sulfate (AAHS), aluminum hydroxide,
aluminum phosphate,

potassium aluminum sulfate (Alum)

Monophosphoryl lipid A (MPL) + aluminum salt
Qil in water emulsion composed of squalene

Monophosphoryl lipid A (MPL) and QS-21, a natural
compound extracted from the Chilean soapbark tree,
combined in a liposomal formulation

Cytosine phosphoguanine (CpG), a synthetic form of DNA
that mimics bacterial and viral genetic material
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Vaccines

Anthrax, DT, DTaP (Daptacel), DTaP (Infanrix), DTaP-IPV
(Kinrix), DTaP-IPV (Quadracel), DTaP-HepB-IPV (Pediarix),
DTaP —-IPV/Hib (Pentacel), Hep A (Havrix), Hep A (Vaqta),
Hep B (Engerix-B), Hep B (Recombivax), HepA/Hep B
(Twinrix), HIB (PedvaxHIB), HPV (Gardasil 9), Japanese
encephalitis (Ixiaro), MenB (Bexsero, Trumenba),
Pneumococcal (Prevnar 13), Td (Tenivac), Td (Mass
Biologics), Tdap (Adacel), Tdap (Boostrix)

Cervarix
Fluad
Shingrix

Heplisav-B

ActHIB, chickenpox, live zoster (Zostavax), measles, mumps
& rubella (MMR), meningococcal (Menactra, Menveo),
rotavirus, seasonal influenza (except Fluad), single antigen
polio (IPOL), yellow fever

=

QDI s
— =




In Vivo indukovana antigenni technologie (IVIAT)

Hledani vhodnych antigenu a adjuvans

Reverzni vakcinologie

o=

EXPRESSION LIBRARY OF GENES FROM
INFECTIOUS ORGANISM

|ISOLATE PROTEINS

o’

CHECK EAGH PROTEIN
FOR IMMUNE RESPONSE IN MOUSE
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Adenovirove vakciny

y Y

HERV specific
antibodies

<

expressed viral
protein from cell
‘ degradation
VLP endocitosis t

fromother U‘
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. . . .. Bermejo et al, 2020
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COVID-19 OXFORD VACCINE TRIAL

Chimpanzee adenovirus

! Spike

k Modified protein
Unable to cause Q, «—_{}\,
o« disease T
N ' LN )
GENE
[ & K SEQUENCING | /
ChAdOx1 viral -
vector

Cells express ChAdOx1 nCov-19
spike protein vaccine

spike proteins

Body produces @ I
antibodies against |

SARS-CoV-2
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v

Genes coding
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If infected, immune
system attacks
SARS-CoV-2

https://sputnikvaccine.com/about-vaccine/
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MRNA vakciny

a Unmodified, unpurified mRNA

Endosomal-
RNA sensing
*TLR3
* TLR7
* TLR8
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MRNA vakciny

mRNA Construct

signal peptide
transport the protein

sp I

3'- untranslated region
increases mMRNA half life

5o~ @OO

AAAAAA(40-150)-3'

; }
l 5'- untranslated region
CAP increases mRNA half life gene of interest Poly A tail
increases the stability DNA sequence of vaccine increases translation efficiency and stability
candidate
Cloning Transcription Capping Purification

® — 6 — o — ©

Co-transcriptional capping

X

capped MRNA purified capped mRNA

CDNA mRNA

Versteeg et al, 2019
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a Naked mRNA

AAAAAL:“;?M»%M
AAAAAA M“

AAAAAA

d Cationic nanoemulsion

100-130 nm

g Cationic polymer

e
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100-300 nm

j Cationic lipid nanoparticle

b Electroporation
AAAAAA%
AAAAAALL M

AAAAAA

¢ Protamine

e Modified dendrimer ticle

100-200 nm

k Cationic lipid, cholesterol
nanoparticle

80-200 nm

80-200 nm

600 nm

L Cationic lipid, cholesterol,
PEG nanoparticle

80-200 nm
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