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As1 yamitlar: nasil olusur? L8C
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As1 yanitlar: nasil olusur?-2

Naif CD4+T hicreleri, APC’ler (DC gibi) tarafindan sunulan
antijenler tarafindan uyarilir

Th ler, T-B sinirindaki B hticrelerine yardimci sinyaller
saglayarak;

* kisa omurli ekstrafolikiler PC'ler olusturur veya

e TFH farkhlasmasini gerceklestirerek GC yanitlarinin

baslatilmasini ve stirdtrtlmesini destekler.

Germinal merkez B hiicreleri gliclt proliferasyona (SHM)
ugrar veya yuksek afiniteli antikorlar veya hafiza B huicreleri
salgilayan LLPC terminal farklilasmasi+

Naif CD8+T hucreleri de DC tarafindan ¢apraz sunulan
antijenler tarafindan aktive edilebilir; bu, kisa 6murlu
efektor hiicrelere veya kalici hafiza hiicrelerine farkhlasmayi
yonlendirir
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Immunojenisitenin Belirleyicileri

_ Antigens
* Hangi antijene maruz kalindigi - ¥ e e
* Antijenin fiziksel ve kimyasal 6zellikleri Y 4
 Verilis yolu ( IM, SK, ID...) <,
* Dozlar ve doz araliklari,
* Adjuvan varligi
* Asilanan bireyin genetik 6zellikleri,
* Asilanan bireyin fizyolojik durumu Antibody

* Yas,

Beslenme durumu,

Cinsiyet,

Gebelik,

Stres,

infeksiyon durumu,

immin durumu (immin yetmezlik ?)
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As1 yanitlarimin ol¢ulmesi

* Asi yanitlari; . HUMORAL CELL-MEDIATED
o H U mora | ya Nnit _ Intact Antigens engulfed and Antigens displayed
antigens displayed by phagocytes by infected cells

* Hlicresel yanit

Binding IgG Neutralization
| i i { "

| e e e =

BN EBCG fbisms e e



As1 yanmitlarimin ol¢uilmesi-2

e Cogunlukla asi yanitlari.....Serumda spesifik antikor varlgi

e Kizamik ve kizamikgik asilari.....Serum antikor varligi klinik hastaliktan
korunma ile korelasyon +

* Ancak serokonversiyon yalnizca humoral immiuin yanit parametresi***

* Sekonder asi yanitsizligi....Onceden bagisiklik yaniti olan birinde zamanla
kaybolmasi,

* Antijenle tekrar karsilasmamis
* Memory T ve B lenf KAYBI ( Orn. KHN,...)

KLIMIK DERNEGI ERISKIN a ~
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As1 yanitlarinin ol¢ulmesi-3

* Antikor devamliligi... Antikor varligi ile klinik korumanin korele oldugu
astlar icin onemli ***

* Olgiilebilir antikor yoklugu korunma olmadig anlamina gelmez
"

e Titre azalmasi/ negatiflesme....Booster doz....Hizli ikincil yanit

* Hizl 1gG artisi **Kalici bagisikhik
* Eslik eden anlamli IgM artisi (-)
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Humoral yanmitlarin ol¢culmesi

* Antikor duzeylerinin dlctlmesi
* EIA,ELISA ile 1gG o6lcimii

* Fonksiyonel antikor duzeyi***
* Notralizan antikor dizeylerinin dl¢culmesi

* Opsonofagositik antikor dlizeylerinin dlcilmesi
» Bakteriyel polisakkarit asilar*!!!

* Bakterisidal antikor dlizeylerinin dlcilmesi
* Meningokok asilari, kolera asisi !!
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Humoral yanitlarin él¢ulmesi-2

Notrolizan antikor olcumiu;

7BC:

CEMISLARVET™W 100, P

Amac: Notralizan/ koruyucu 6zelligi olan antikor tayini
Altin standart: Plaque reduction neutralization test (PRNT)

e Serum ornegi seri dilisyonlar..

. virusla inkdbasyon

* Immuin kompleks-hiicre kiltiri inkiibasyonu

e Sitopatik etki 6lcimu

* Dezavantajlari: Uzun sureli — sinirli sayida 6rnek

Alternatif yontemler:

* Focus reduction neutralization test (FRNT)

(kisa sureli- daha fazla 6rnek)

% KLIMIK DERNEGI ERISKIN
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Humoral yamtlarin o6l¢ulmesi-3

Opsonofagositik antikor 6lciimiui:
(The opsonophagocytic killing (OPK) assay)
Amac: Asiya bagli olusan antikorlarin islevsel kapasitelerini 6lcmek

e in vitro analiz

* Asi kaynakli antikorlarin etkili kompleman birikimini ve ardindan
opsonofagositik 6ldirmeyi saglayip saglamadigini gosterir

e Bakteri suslari ile serum + kompleman ....inktbasyon..... Plakalara farkl
dilisyonlarda ekim...inkiibasyon ——— S—

* Koloni sayilari kontrollerle karsilastirma
* Serumdaki antikorlarin éldurme ylGzdesi***

KLIMIK DERNEGI ERISKIN g— &= :
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Humoral yanitlarin ol¢tilmesi-4

Bakterisidal antikor olcumu e
Amac: Kompleman aracili bakteri lizisini A
gostermek =

e in vitro analiz

* Asi kaynakli ya daUFegiriImi§ - s oot
infeksiyonlara bagh olusan antikorlar
olabilir

* Dolagimdaki antikorlarin, kompleman
varhiginda bakterileri lizise ugratma
yetenegini olcer; (klasik yol - kompleman
aracili oldurme)

KLIMIK DERNEGI ERISKIN
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Hucresel yamitlarin olculmesi

» Hafiza CD4 ve/veya CD8 eksprese eden T hiicreleri veya hafiza B
hicreleri tarafindan yonlendirilen immuin reaksiyon

* Hlcre aracih bagisikligin 6lcimu, bircok durumda devam eden
korumanin derecesinin degerlendirilmesinde yardimci !!!

* Kosullar genellikle arastirma laboratuvarlariyla sinirhdir ve sinirl asilar
ile calismalar !
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Hucresel yanitlarin olculmesi-2

COMSLIRYE W 100, U

* Bazi viral infeksiyonlar icin olctlebilen antikorlarin rolt ve koruyucu

etkinligi ??7?
(Herpes zoster, kabakulak ve bogmaca gibi)

* Hepatit B gibi koruyucu antikor duzeyleri saptanamaz
sonra devam eden koruma ???!!!

l/‘

Serologic screening EDTA blood Spectral flow cytometry High-dimensional analysis ]\
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Hucresel yanitlarin olculmesi-3

biyolojisi yaklasimlari
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Sitokin yanitlarinin élcima
Fenotipleme ve T/B lenfosit karakterizasyonu
T hiicre proliferasyonunun degerlendirilmesi

Cytotoxic T call destrays infected body
Pathogen
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Antijen spesifik sitotoksisite degerlendirilmesi

Diferansiyel gen ya da mikro RNA ekspresyonunu iceren yeni sistem




Hucresel yanitlarin ol¢ulmesi-4

A. Sitokin temelli olcumler
ELISPOT (enzyme-linked immunosorbent spot)

e Kan orneginden (veya mevcut diger bazi hiicrelerden) izole edilen B
veya T hlicreleri antijen ile uyarilir.

» Aktive hlicrelerden sitokin/ antikor salinimi
* Test plagi bu sitokin/ antikorlari yakalayacak antikorlar ile kapl
* Baglanan antikorlarin enzim aracili géruntilenmesi

* FloroSpot teknolojisi...ayni plakta coklu sitokin/ antikor
degerlendirmesine olanak tanir

KLIMIK DERNEGI ERISKIN
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Hucresel yamitlarin ol¢culmesi-3

ICS (Intracellular Cytokine Staining)

* Flowsitometri yontemiyle antijen spesifik sitokin saliniminin
goruntulenmesi

* Spesifik yizey markerlari olan htcreler (Th1, Th2, Th17, CD4+ or CD8+)
e Hafiza hucre markerlari CD45R0, CD62L, CCR7 ....
* Yuzek markerlarinin varhgi ya da yokluguna gore sonuclanir.



Hucresel yanitlarin olculmesi-6

CBA or CTA (cytometric bead array)
* Flow sitometri temeline dayali baska bir yontemdir.

e Serum drneginde sitokin ve kemokinlerin es zamanli 6lcimleri icin antikor
kapli boncuklar kullanilir

* Sinirl serum 6rneginde birden fazla sitokin tayini es zamanli yapilabilir
Flow Cytometry/Cell Phenotyping Assay

e Antijen spesifik hucresel yanitlarin kantitatif dlcimu imkani taniyan glicli
teknoloji

(Hem hucre tipini hem de aktivasyon durumunu belirleme)
* En 6nemli avantaji hizli ve cok parametreli degerlendirme.



Hucresel yanitlarin olculmesi-7

B. immiin fenotipleme
* Tetramer staining
-Antijen spesifik CD8+ ve CD4+ lenfositlerin tayininde kullanilan yontem

-Tetramerler, antijen spesifik T hlicre reseptorlerine baglanabilen sentetik
MHC-spesifik antijen kompleksleri

* Time-of-flight mass spectrophotometry (CyTOF)
- CyTOF sitometri temelli bir teknoloji

- Tek basamakta 60 parametre kapasiteli (ylizey markerlari, aktivasyon
markerlari ve hucre ici molekdller dahil)

-Floresan isaretli antikorlar yerine agir metal isaretli antikorlar+,
(Flowsitometride karsilasilabilecek spektral 6rtlisme problemi yok)



Hucresel yanmitlarin ol¢culmesi-7

Lenfosit proliferasyon testleri (LPA)

* Antijenle (protein veya peptidler) hicre kiltlri stimilasyonunu
takiben tam kanin veya PBMC'nin cogalmasi

* Hiicre sayisi ya da oran degisikligi .....hucresel aktivasyon olcimu™***
Cell-mediated cytotoxicity assays
Biyolojik sistemler.....
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Longevity of vaccine protection: Immunological
mechanism, assessment methods, and improving strategy
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Vaccines

Diphtheria
Hepatitis B

HPV

Influenza

Measles
Meningococcus
Mumps

Pertusis acellular
Poliomyelitis (Sabin)

Rubella
Smallpox

Tetanus

Tuberculosis (BCG)

Yellow fever

Vaccine type

Toxoid subunit
Subunit

VLP

Killed virus, subunit
Live-attenuated
Subunit
Live-attenuated
Subunit
Live-attenuated

Live-attenuated

Live-attenuated
Toxoid subunit

Live-attenuated

Live-attenuated

['he protection duration and correlates of protection of major vaccines

Estimated
protection
duration

Over 20 years

Over 10 years

Over 10 years

Decline within
1 year

Over 10 years
Decline within
1 year in infants

Decline within
10 years

Decline within
2 years
Over 10 years

Over 20 years

Over 10 years
Over 20 years

Over 10 years

Over 10 years

Major CoP

Antibody titer measured by
neutralizing assays

Antibody titer measured by ELISA

Antibody titer measured by ELISA

Antibody titer measured by
hemagglutination Inhibition
assay

Antibody titer measured by ELISA

Antibody titer measured by
bactericidal assays

Antibody titer measured by
neutralizing assays

Antibody titer measured by ELISA

Antibody titer measured by
neutralizing assays

Antibody titer measured by ELISA

Antibody titer measured by
neutralizing assays

Antibody titer measured by
neutralizing assays

CD4*T-cell responses

Antibody titer measured by
neutralizing assays

e
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Cell mediated immunity (CMI)

Characteristics of the immunoassays

Assays Sample

Read- out

Cytokine-based assays

ELISA Plasma
Or SCrum

CBA

Luminex/
MagPix

ELISpot PBMC
FluoroSpot

(Tand B

cells)

Intracellul  Whole
ar cytokine  blood or
staining PBMC
(ICS)

EBCG
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Total T cell
response

Total T cell
response

Cytokines
Multiparameter
readout

Total T-cell
response
Number of
secreting cells.
Single or dual
readout
Surface and
intra-cellular
markers.

Multiparameter

Sensi-
tvity

High
throughput

Advantages

Simple
Well validated

Multiplexing capability
Require small samples
sizes

Multiplexing capability
RNA probing
Dedicated platform for
analyzing

data

Qualitative and
quantitative

Most sensitive technique
for low-frequency cells

No cell fixation: cells can

be restudied
Multiple cytokines at
single cell level.

Cell phenotyping
{subscts, activation
markers)

Disadvantages

One cytokine per assay

No cell phenotyping (subsets or
activation markers)

Low sensitivity for low
frequency cells

Low sensitivity for low-
frequency cells

No cell phenotyping
Dedicated instrumentation
and trained personnel

Low sensitivity for low-
frequency cells: No
phenotyping

Requires cell culture

No phenotyping

Single- or dual detection (no
multplexing)

Cells cannot be sorted for
further analysis due to fixation
and permeabilization.

Validated for HIV clinical trals
(SOPs)

i €,
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Assays Sample

Cell phenotyping

Tetramer Whole
staming blood or
PBMC

Whole
blood or
PBMC

Characteristics of the immunoassays

Sensi- High
uvity  throughput

Epitope
specific CDS
and CD4

Multiparameter

Differentiation

Lymphoprolipheration assays (LPA)

38 PBMC
thymidine

Incorpo-

mation

CFSE

(FC-

based)

Ki67
(FC-based)

Whole
blood or
PBMC

FASCIA.
FC-LPA
(FC-based)

Total T cell +H++
Single

paramecter
Multiparameter

paramcter
Functional and

differentiation

Blast-formation +++

Cytotoxicity assays (CTL)

Chromium  PBMC
release

(Cr51)

Bl EBCG fbommesiston e

Lytic activity.
T- or NK cell-
mediated
activity

Advantages

Identify antigen-specific
T-cell population

Can usc to enrich for rare
ccll populations

Phenotypic
characterization of
immunec cells; T, B, NK,
others and cffector,

central memorvy cells etc

Conventional
Well validated

Non-radioactive

Cell phenotyping
possible. Long term (4-6
days) in vitro stimulation
Non-radioactive, non-
toxic. Does not require
cell culture. Cell
phenotyping possible
Non-radioactive. non-
toxic. Cell phenotyping
possible

Conventional
Directly measures
cytotoxic activity

Allows comprchensive
phenotyping
of CTLs
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Disadvantages

Limated by peptide choice
Requires individual MHC allcle
typing

Not well validated in human
studics

SOPs

Radioisotope
Semi-quantitative
No phenotyping

CFSE is toxic

Relatively insensitive. Lack of
standardization. Long term (4-6
days) in vitro stimulation
Cells must have recently
proliferated

Cells must be fixed

Relatively insensitive

Long term (4-6 days) in vitro
stimulation

Sensitive

Radioactive
No cell phenotyping



{ Infectivity
4 Severity

Protection
from Vaccine
Enhanced
Disease

(e0%)
\\o o‘/'

\

TLR/PRR Targeting
Nanoparticles
Virus-like Particles

Vaccination —_ /\
/ ® 2 '\.

Adenovirus Vectors

Live Viral
Infection

Neutralizing
Antibody
Tissue-resident
Memory T cells
(Trm)

KLIMIK DERNEGI ERISKIN
EBCG BAGISIKLAMASI CALISMA GRUBU

l Harnessing Cellular
Immunity

TLR2
TLR3/4
TLR7/8
TLR9

B cell
Maturation
CD8+ \‘x,‘ ,,/'/
Cytotoxic
Response

Properly
Trained DC

Type-1IFN

e
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against Respiratory Viruses
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SARS-CoV-2
Spike protein

Spike protein mRNA

mRNA in lipid
nanoparticles

The vaccine is

mjected i'm in the
human body

SARS-CoV-2

‘.l.. QI ’\
(B — e — ——~ -

Humomnl ,‘

immune ‘,'Y" 4

response Pb’_ =
5

Cellular

immune

response

mRNA vaccine mechanism of action I

Propagation of virus in cell culture Virus inactivation by

Antibody based immune Th cells generate
response is generated ,, cytokine response IL-2,
P | O m4adins

The spike protein is
O expressed on the cell surface

mRNA reaches ribosome
ﬁ And gets translated to viral spike :
- m e
o OO — =¥

I Inactivated vaccine mechanism of action I

and purification heat or chemical

Inactivated vaccine

B cells CD3+

®. . —8&

T eells CD8+ / : Vinl proteins on

—@ i~ i

Memory cells Recognition by

helper T cells (Th)

Spike protein gene
segment cloned in
Chim Adenoviral

The vaccine 1s injected.

I Adenoviral vectored vaccine mechanism ]

?(-:‘ Immune response is

{ % f - "4 " .
\ 7 LR \. . .

The S protein is expressed
on the Cell membrane

Viral DNA enters Ribosomes translate the
cytoplasm and migrates mRNA into viral Spike
1o cell nucleus protein

4
Y

A ®)-

The Adenovirus gets internalized in the cells

Figure 1. The mechanism of action by which immune response is generated by mRNA vaccine,
adenoviral vaccines, and inactivated vaccines. Figure created using Biorender (https://biorender.
com/ accessed on 6 April 2022).
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What determines the longevity of
vaccine protection and how to

improve it?

Adjuvants

N

B

VLP vaccines

A

Live-attenuated
vaccines

/ Subunit vaccines

NS

Inactivated vaccines

£

Protection
duration
|

Antibody tire
<«

!

l

¥
l

1. Enhancing primary responses

By improving the antibody quality regarding:

affinity/avidity
neutralising efficacy

Other functionalities such as ADCC
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2. Improving the quality of
vaccine-induced antibodies

By identifying and applying the optimal
‘prime-boost’ vaccination regimen
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3. Inducing memory response
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Longevity of vaccine protection: Immunological
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mechanism, assessment methods, and improving strategy
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Sonuc olarak;

* Asi yanitlarinin élcima, asilarin gelistirilmesinden sonrasindaki
bagisikhgin devamliliginin takibine kadar farkli asamalarda glindeme
gelmekte

* Bazi asl yanitlarinda humoral yanitlarin bazilarinda hucresel yanitlarin
Olcimu énemli

* Antikor yoklugu her zaman bagisikligin olmadigi anlamina
gelmemekte

* Fonksiyonel antikor dlcimleri !

* Hicresel yanitlarin élcimlerinin kolaylastirilmasi ...
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